ME 455/555 Intro to Finite Element Analysis Fall 2016 Abaqus/CAE Axisymmetric tutorial

Abaqus/CAE Axisymmetric Tutorial (Version 2016)

Problem Description
A round bar with tapered diameter has a total load of 1000 N applied to its top face. The bottom of the bar is completely
fixed. Determine maximum von Mises stress developed in the bar resulting from the load.
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ME 455/555 Intro to Finite Element Analysis

Analysis Steps

1. Start Abaqus and choose to create a new model database

Fall 2016

Abaqus/CAE Axisymmetric tutorial

2. Inthe model tree double click on the “Parts” node (or right click on “parts” and select Create)

3. Inthe Create Part dialog box (shown above) name the part and select

a. Axisymmetric
b. Deformable
c. Shell

d. Approximate size = 0.2 (part dimensions are in meters)

4. Create the geometry shown below (not discussed here).

5. Note axisymmetric parts must be drawn about the marked axis of rotation, and in the positive quadrant. Abaqus

may require a “construction line” to be drawn on the vertical axis.
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Abaqus/CAE Axisymmetric tutorial

6. Double click on the “Materials” node in the model tree [ % &dit Materia (S |
Mame: | Steel
Description: ,.)
a. Name the new material and give it a i CEERTEE
description
b. Click on the “Mechanical”
tab=>»Elasticity=>Elastic
c. Define Young’s Modulus and the Poisson’s General [ Mechanical Thermal —Other ) ¥
. : I
Ratio (use Sl units) Plsticity N e
i. WARNING: There are no predefined Damage for Ductile Metals *  Hyperfoam
. L Damage for Traction Separation Laws ~ » Low Density Foam
system of units within AbaC|US, so the Damage for Fiber-Reinforced Composites Hypaelastic
user is responsible for ensuring that e =
Deformation Plasticity Viscoelastic
the correct values are specified Damping
Expansion
t__ ] Egs
Mame: | steel Viscosity
Description: el S PP T P U

Elastic

Mumber of field variables: 0=

Material Behaviors

General Mechanical Thermal Electrical/Magnetic  Other

Type: | Isotropic E|

[] Use temperature-dependent data

Moduli time scale (for viscoelasticity): | Long-term E|

[T Mo compression

7] Mo tension
Data
Young's Poisson's
Modulus Ratio

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

da.

b.
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Name the section “Axisymmetric_Properties” and select
“Solid” for the category and “Homogeneous” for the type
Select the material created above (Steel)
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o= Create Section

Mame: | Axisyrmmetric_Properties

Category = Type

1 Shell Generalized plane strain
@ Beamn Eulerian

) Compaosite
() Other

Cancel

Abaqus/CAE Axisymmetric tutorial

-
= Edit Section

ez

Type:

Mame: Axisymmetric_Properties

Solid, Homogeneous

Material: | Steel

[] Plane stress/strain thickness: |1

M B

Cancel

8. Expand the “Parts” node in the model tree and double click on “Section Assignments”

a.

Select the surface geometry in the viewport

b. Select the section created above (Axisymmetric_Properties)

Maodel | Results | Material Library |

H=

HI

£ Model Database

{

4

E#§ Models (1) ;
£ Model-1 y
By Parts (1) 4

=l Bar J
M & Features (1) ¢
b Sets {
- My Surfaces b
- Skins 'I
ﬁ Stringers f
ﬁ{} Section Assignments r.
e Orientations ;
B Composite Layups 1
(483 Engineering Features :f
~Bn Mesh (Empty) i
4

o AR Magerals W) e s e

.
= Edit Section Assignment

Region

Region: (Picked)

Section

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

Type: Solid, Homogeneous
Material: Steel
Thickness

Assignment: @ From section

Section: | Axisymmetric_Properties EI i

() From geometry

Cancel

9. Expand the “Assembly” node in the model tree and then double click on “Instances”

a.
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Select “Dependent” for the instance type
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¢ Create Instance

Parts

Instance Type

@ Dependent (mesh on part):

() Independent (mesh on instance]

Note: To change a Dependent instance's
mesh, you must edit its part's mesh,

[7] Auto-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 “General”, and select “Static, General”
b. Give the step a description

& Create Step =
Model | Results :
Name: | Apply_Load
& Model Database B z i Insert new step after 4= Edit Step 2
= 42 Models (1 i ol | Name: Apply_Load
= Model-1 9 Type: Static, General
L
% Parts (1) JI Basic | Incrementation | Other |
|F2 Materials (1) 4
&F Calibrations i Description: | Apply pressure load to the top of the bar
e Sections (1) : iy Cenerd H Tirne period: |1
B Profiles b Dynamic, Explicit - )
1 Dynamic, Temp-disp, Explicit @ Off " i - "
ﬁ Assembly 3 Pl Nigeom: (This setting controls the inclusion of nonlinear effects
o f eostatic - 1 on of large displacements and affects subsequent steps.)
Hest transfer
- L
-5 Field Cutput Requests r EAE‘SSd'ﬁ“‘M s Automatic stabilization: | Nene E|
Bt History Output Requests 1 o
fs Time Points J Static, Riks s - ]
-Bm ALE Adaptive Mesh Constraint: Include adiabatic heating effects
Continue... Cancel
o s Thdnteractions et ) e e k|t e R gL e e g ny oy el

11. Expand the Field Output Requests node in the model tree, and then double click on F-Output-1 (F-Output-1 was
automatically generated when creating the step)
a. Uncheck the variables “Strains” and “Contact”
r# Edit Field Qutput Request ﬁ1

MName: F-Output-1

Step: Apply_Load
Model | Results Procedure: Static, General

- & =

Model Database EI - Domain: | Whole model E|

Elﬁ Meodels (1) Frequency: | Every n increments E| n: |1
= Model-1

Timing: | Qutput at exact times

L Parts (1)

[Pz Materials (1) Output Variables
&% Calibrations @ Select from list below () Preselected defaults () All () Edit variables
ﬁ!'_r,'* Sections (1) S.U,RF.CF

@‘ Profiles

; ﬂ Assembly

of'- Steps (2)

EJ % Field Output Requests (1)

:

% Histor D utput Requests (1)
I*j Time Points

=E;p ALE Adaptive Mesh Constraints

PRI — PR PR ey,

»

p [ Stresses

[] Strains

[H| Displacement/Velocity/Acceleration
[H] Forces/Reactions

ol o Akeiid e kbl AR

m

[] Energy
p [ Failure/Fracture B

R = T e | LT P, L

v vywvw

S e, Ak s

12. Expand the History Output Requests node in the model tree, and then right click on H-Output-1 (H-Output-1 was
automatically generated when creating the step) and select Delete

Elokh Steps (2)
EJ B= Field Qutput Requests (1)

History Output Requests (1)

lﬁ Time
B ALEs O
-G, Inten O
E Inter: Rename...
QII Cont

3 4‘2— Cont Suppress

Q:l Cons Resume
LI~ s S

Switch Context Ctrl+5Space

\ s g s bt b S e
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13. Double click on the “BCs” node in the model tree
a. Name the boundary conditioned “Fixed” and select “Displacement/Rotation” for the type

@ Connector Sections
= F Fields

Pb' Amplitudes
[ Loads

eE
- ined Fields

‘ Rermeshing Rules
30 4 Optimization Tasks
ﬂb Sketches

Annotations

4
Eli; Analysis
i g

b. Select the bottom edge of the geometry
c. Set Ul and U2 to zero (full restraint)

d. Select the vertical left edge for symmetry BC.
Set U1 to zero to restrain the radial displacement.

©2016 Hormoz Zareh
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el
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14. Double click on the “Loads” node in the model tree
a. Name the load “Pressure” and select “Pressure” as the type

- ™
2 Create Load S5

MName: |Pressure |

Step: | Apply_Load E|

Procedure: Static, General

- Optimization Tasks

- ’ .&k‘etches#

Category Types for Selected Step
-4 Contact Initializations F @ Mechanical Concentrated force i~
'Q:l Constraints J Thermal Moment
AE Connector Sections i e T W
B .T Fields 1 - Shell edgesload 5
. " Surface traction
- Amplitudes d & :
PIBU u } () Electrical Pipe pressure
! Mass diffusion || | Body force
=] D;,l BClag2) ) ) Other Line load
-Ba Predefined Fields f Gravity
-- Remeshing Rules { Bolt load -
{
e

B pma pas gt i,

b. Select surface named “Pressure”

c. Forthe magnitude enter the applied pressure in F/(n*r?) or 1000N

2
7*(0.01m)
f # Region Selection
Eligible Surfaces
e |52,
Surfaces below may contain faces. - —
e l:l ¥ Mame:  pressure_load |
Name Type Type:  Pressure J
Pressureload Surface 1
s Step: static (Static, General) !
Region: (Picked) k 4
{
[T] Highlight selections in viewport Distribution: | Uniform E“ fix) I
Magnitude: |3.1831E+006 |
Amplitude: | (Ramp) E" PG'

Assembly with load and all boundary conditions is displayed to the right.
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15. In the icon panel switch the Module to “Mesh” and switch the” Object:” from Assembly to 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 “Axisymmetric Stress” for family
d. Uncheck “Reduced integration” and note that the name of the element (CAX4) and its description are
given below the element controls

Module: | Load hd

Part

Property
Assembly Module:
Step

= Mesh EI Model: |- Maodel-1 : Object: () Assembly @

Interaction
Load
Mesh |
" | |Optimizaticn
Job
Visualization
Sketch

FrrF
b ED ED

1=3
L0

|

] ] 4
L k J Element Libra Famil !
! y amily
g@ w i @ Standard () Explicit Acoustic :i
i { =
i Geometric Order Cohesive
Assign { @ Linear ) Quadratic Cohesive Pore Pressure '1
Element Type 'r 3
L == 4 ]
E‘—L..JL r Quad | Tni
ot e

-

] Hybrid formulation [ Reduced integration [} Incompatible modes

Element Controls

Hourglass stiffness: @ Use default Specify

v
| »

m

Viscosity: @ Use default () Specify

Second-order accuracy:

Distortion control: @ Use o

Houralace canteale (@ lca dafanlt @ Enban cad Sffn g

CAX4: Ad-node bilinear axisymmetric quadrilateral,

Bl e T
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16. In the toolbox area click on the “Assign Mesh Controls” icon
a. Change the element shape to “Quad”
b. Change the Algorithm to “Medial axis” for a more structured mesh

EEY i
b IR i
,’ﬁ Assign ‘a
%4 Mesh Controls J
) /

: i
B, ]
I H Y ) ISP TS __,_.'-._.r;

Abaqus/CAE Axisymmetric tutorial

F
# Mesh Controls

Element Shape
@ Quad ) Quad-dominated () Tri

Technique

Algorithm

@ Free

() Structured . ) Advancing front

Bl

SWeep Use mapped meshing v

Multiple

Minimize the mesh transition :[;]'-

vhere appropriate

Cancel

17. In the toolbox area click on the “Seed Part” icon

a. Setthe approximate global size to 0.0015

18. In the toolbox area click on the “Mesh Part” icon. A mesh of about 432 elements

should be generated.

2= Global Seeds

el
v

Seed ParEI

i<
O T Iy i .

Min

@RS

i
\
!

b

Sizing Controls

Approximate global size: | 0.0015

Curvature control

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

imum size control

@ By fraction of global size (0.0 < min < 1.0)

() By absolute value (0.0 < min < global size)

01
(Approximate number of elements per circle: 8)

01
0.000:

II

[

| Defaults |

oK ] (_Apply |

[ Cancel ]

e OK to mesh the part? @;

r

Pty s Ny iy o g bt 1l

19. In the model tree double click on the “Job” node

a. Name the job “Bar”
b. Give the job a description
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L Optimizati
Y Sketches
>\{' Annotations
Bi; Analysis

‘2

g ad

~BEH Co-execution

[z Preaetined hields
Remeshing Rules

on Tasks

ivity Processes

s

el o Optimization Processes

Submissi

-
% Create Job |

Mame: | Bar

Source: | Model B

FIRE T I W W S Y .

@ Imm

Analysis product: Abaqus/Standard

Description: | static analysis of axisymmetric bar

Job Type

@ Full analysis

() Recover (Explicit)
N () Restart

Run Mode

@ Background () Queus:

Submit Time

Fall 2016 Abaqus/CAE Axisymmetric tutorial
(& it Job [ = ]
Mame: Bar
Meodel: Model-1

on | General | Memory | Parallelization | Precision

ediately

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

da.

b.
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@ |5 BCs ()

- Switch Context Ctrl+5pace

S
; 1&_ Copy...
\.‘l Ann Rename...
Delete... Del
Write Input
Data Check
{n:ntinl.tg 3
Monitor...
[ Results
Gle ki

43
DwllThe Bpot _ k]

Switch Context Ctrl+5pace

1

Copy.. !

Rename... J

Ei: Analysi  Delete.. Del |f
58 fobs  Write Input ;
M Data Check !
~Bg Adap  submit 1
M Co-¢  Continue i
— 432 ¢ Results 5
e D K .
sl doh E, _Eport 5

PRy .pf"r'__,_’,_._

In the Monitor window check that there are no errors or warnings
If there are errors, investigate the cause(s) before resolving
If there are warnings, determine if the warnings are relevant, some warnings can be safely

ignored

10
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21. In the model tree right click on the submitted and successfully completed job (Bar), and select “Results”

|5 BCs (2)

] Prede”
e Switch Context Ctrl+5pace
Reme

Edit...

~[IX Optin
I Sketct  COPY-

*\{' Annotations Rename...

; Delete... Del

Write Input
] Data Check
Bg Adaptivit  Submit
’ELl'-E Co-execL.  Continue
“HE Optimiza

Manitor...
The job
Job Bar: Kill
Job Bazr:

Job Bar Export *
S5 N . L. /8

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
' ™
2 Viewport Annum u
General | Triad | Legend | -2 | StateBlock
Visibility
Viegport. View Result Plot Animate %Show compass
Create Show triad
? Show legend
SI0US [] Show title block
Cascade Show state block
Tile Horizontally Show text and arrows
Tile Vertically
Delete Current et all off
Annctation Manager...
Create Annotation...
Edit Annotations...
Viewport Annotation Options...
Linked Viewports...
: — ok | | Apply | | Defauits | | Cancel
v 1Viewport:1 ODB: C:/Temp/Bar.odb
—— — — — A
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23. Display the deformed contour of the (Von) Mises stress
a. Inthe toolbox area click on the “Plot Contours on Undeformed Shape” icon

=, Mises
(Awg: 78%)
+4 .453e+06
[ +4.14%e+06
+3.828e+06
24. To determine the stress values, click on the “Probe values” +3.513e+06

o ' +3.198=+06
icon” from the icon panel. +2 . 883e+06

“« ” “ B ” +2.567e+06
a. Check the boxes labeled “Nodes” and “S, Mises 15 BEPat0f

In the viewport mouse over the node of interest +1.937e+00
+1.622e+06

c. Note that Abaqus reports stresses based on the +1.307e+06
+9.920e+05

“averaging” of the stress from the surrounding +E.7692+405
elements. You can also request stress values for the
“element” which reports, by default, multiple stress
values corresponding to the integration points.

s
=
I‘i
iz
=T =

(P R A e,

Field Qutput...
ofa Step: 1, Apply_Load Frame: 1
B Feld output variable for Probe: S, Mises (Awg: 75%)

Probe Values

@ Select from viewport () Key-in label () Select a display group

4
4
1
!
4
]
i
)
-
1
Probes: Components: | Selected B “,
4
r
{
|
i
4
v

Value for Attached elements:

[T PartInstance MNodeID Orig. Coords Def.Coords Attached elements 5, Mises

4. N NPT S _p;-.-—F"-.. R Y e U P,

One final note: If you were to select “Reduced integration” element, stress values should be considerably lower,
indicating the overstiff nature of the model. This situation can be remedied by a much more refined mesh!
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