VIL.
VIIL.

XI.
XIL.

ABAQUS TRAINING

Overview of ABAQUS

Working with Geometry in ABAQUS

Working with models Created Outside ABAQUS
Material and Section Properties

Assemblies in ABAQUS

Steps, Output, Loads and Boundary Conditions
Meshing Native Geometry and Exporting Mesh
Meshing Techniques

Constraints and Interactions

Job Management and Results Visualization
Stress Concentration Factors (SCF)

Common Error Messages



CONTENTS

Session 1

.  Overview of ABAQUS
Il.  Working with Geometry in ABAQUS
lll.  Working with models Created Outside ABAQUS



CHAPTER

. Overview of ABAQUS

Introduction to ABAQUS 3



What is ABAQUS?

» The heart of ABAQUS are the analysis modules, ABAQUS/Standard and
ABAQUS/Explicit, which are complementary and integrated analysis tools

* ABAQUS/Standard is a general purpose, finite element module.

— It provides a large number of capabilities for analyzing many different types of problems, including
many nonstructural applications.

* ABAQUS/Explicit is an explicit dynamic finite element module.

* ABAQUS/CAE incorporates the analysis modules into a Complete ABAQUS

Environment for modeling, managing and monitoring ABAQUS analyses and visualizing
results.
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Comparing ABAQUS/Standard and ABAQUS/Explicit

* A general-purpose finite element * A general-purpose finite element
program program for explicit dynamics.
— Nonlinear problems require — Solution procedure does not

iterations require iteration.

* Can solve for true static equilibrium * Solves highly discontinuous high-
in structural simulations. speed dynamic problems efficiently.

* Provides a large number of * Coupled-field analyses include:
Capabili’[ieS for anaIYZing many — Thermal-mechanical

different types of problems.
— Nonstrctural applications
— Coupled or uncoupled response

— Structural-acoustic
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» Modern graphical user interface of menus, icons, and dialog boxes
* Menus provide access to all capabilities

+ Abaqus/CAE 6.10-1 [Viewport: 1]

[E] File Model ‘iewport Wiew Part  Shape  Feature Tools  Plug-ins  Help  K? %
x — & — | ﬁ
DEE®m +C KSEINE & QR v| Clie@® | |, y
U stz A1 2 3 4 &] (DD ® BB Wrarowts_v|@~| | 2. 2
|Edel| Results Module: |_F‘art v. Model: |Mu:u:|e|-1 V| Part: | V| /ﬁ‘ @
3
| | Ly
* Dialog boxes allow you to input Young's Poisson's i 4
alphanumeric information and to Modulus Batio o
select various options 1 g
fl, D,
A
b
* |cons accelerate access to frequently Z
used features )
& %
iy &
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» Consistent environment —
Module: | Part

* Functionality is presented in modules

E’ == Property
* Each module contains a logical subset i
of the overall functionality féﬁ’ ’fé Assembly
4 | akep
* Once you understand the presentation /: ﬁ Interaction
of one module, you can easily y Load
understand the presentation of the ﬂ
other modules. 4 Mesh
L Jaob
. |1! | |-.' . . .
1, D Visualization
Sketch
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Part
-Create the

part geometry

Property
- Define materials
-Define and assign

sections to parts

¥4 | Position parts for initial
# (configuration. Assembly is created
® for models with only one part

Assembly

Step

- Define analysis steps and output
requests

Interaction

- Define contact and other
interactions and assign them to
steps in the analysis history

Load
-Apply loads,
BCs and
@assign them

to steps in the

analysis history

Mesh
-Split assembly
nto meshable
regions and

mesh

Job

- Submit, manage and monitor
analysis job.

Visualization
- Examine

results
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» Model Tree

* The Model Tree provides you with a
graphical overview of your model and

the objects that it contains

* |t provides a convenient, centralized
tool for moving between modules and

for managing objects

* Some features of the model tree are

discussed next

- #g Madels (1)
= Model-1

= IE Parts (2)
+ WHTC-5ECT B
B W HTC-SECT B-Copy

+ lﬁ,ﬁ Materials (1)

+ ﬂ} Sections (10)

+ E’ Profiles (4)

+ ﬁ Assermbly

+ ol Skeps (2)

+ % Field Cuktput Requests (1)

+ % Hiskory Oukpuk Requests (1)
|ﬁ Tirne Paints
Bm ALE Adaptive Mesh Constraints
E Interactions
E Interaction Properties
ﬂli Conkack Controls
;1?' Conkact Initializations

+ ﬂ:l Constrainks (10}

Zonnectar Seckions

+ j: Fields
r‘j amplitudes

+ [IY Loads (48)

# [ BCs (6)
[l Predefined Fields
Rermeshing Rules
Y sketches

‘*{' Annaotations
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» Feature-based and parametric

s{niid extrusion cut

* A feature is a meaningful piece of
the design. Models are constructed
from numerous features; for example

* Geometric features fillat
— Solid extrusion, wire, cut, fillet, etc.

* Mesh features

— Partition the mesh into different regions
for different meshing techniques, seed
different edges with different mesh
densities, etc. Part with several

annotated features
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A parameter is a modifiable quantity
that provides additional information for
a feature; for example:

Solid extrusion parameters
— Sketch of extrusion cross-section, depth

of extrusion. B Edit Feature

IC: 34

Cut

— Sketch of cut cross-section, depth of cut. Mame: Shell extrude-1

Farameters

Fillet Feature Tools Depth:

— Fillet radius. [ Flip extrude direction
Regenerate [ keep internal boundaries
Suppress. .. Sketches
Resume, ., | Edit Section Sketch |
EEJEI:E' v Regenerake on O
Dptions, .,
=b [ ] H Apply H ancel ]

Introduction to ABAQUS 11



* Features often have parent-child
relationships, such that the existence
of the child depends on the existence
of the parent; for example:

— Delete the solid extrusion, and the hole
cannot exist.

— Delete the solid extrusion, and the fillet
cannot exist.

— Delete the part, and the mesh cannot
exist.

* ABAQUS/CAE always asks to make
sure that you want to delete the
parents and its child features.

fllet

solid extrusion oLt
E r

gy

* Parent: solid extrusion
* Child: cut
* Child: fillet

Example of Parent-Child
Relationships among Features

Introduction to ABAQUS
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» The model database (file extension .cae)
* Only one model database can be opened in ABAQUS/CAE at a time

» Replay (.rpy) file
* All commands executed during a session including any mistakes, are saved in this file

» Journal (.jnl) file

* All commands necessary to recreate the most currently saved model database (.cae) are saved in
this file.

» Recover (.rec) file

* All commands necessary to recreate the model database (.cae) since it was most recently saved are
saved in this file.

» Input (.inp) file
* ABAQUS input files

» Output (.odb) file
* ABAQUS output files
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ABAQUS Conventions

» UNITS
* ABAQUS uses no inherit sets of units
* ltis the user’s responsibility to use consistent units '
X
> COORDINATE SYSTEMS Default material directions for sclid elements

sutface normal

* For boundary conditions and point loads, the default
coordinate system is the rectangular Cartesian
system.

— Alternative local rectangular, cylindrical, and spherical Yos
systems can be defined.

— These local directions do not rotate with the material in
large- displacement analyses.

projection of x-axis
onto surface

» MATERIAL DIRECTIONS , '
* The default coordinate systems depends on the e A
T, . hormal i

)

element type: i
— Solid elements use global rectangular Cartesian system. Default material directions for shell and
membrane elements

— Shell and membrane elements use a projection of the
global rectangular Cartesian system onto the surface.
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PARTS

» Geometry built directly in ABAQUS/CAE

* Geometry built using the tools available in the Part module.
— Called native geometry
— A part created using the Part Module tools has a feature-based representation

» Geometry imported from CAD systems
* Native CAD geometry

* Neutral formats
— Imported geometry does not have a feature-based representation
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PARTS

» Parts can be scaled and/or mirrored while
copying

* This is available for both geometry and orphan
meshes

Copy WHTC-SECT B bo:
I |

Copy Oplions

[ ] Compress Features {geometry parts onky)

[[] 5cale part by | |

[ ] Mirror part about | 2= plane

|:| Separate disconnected regions inka parts

Introduction to ABAQUS
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Building PART Using Part Module Tool

1. Select the appropriate

dimensionality and part type— | Bart  3hape

— (Can be changed later.

2. Select the type of base

feature—cannot be changed

once selected.

Manager...

Fename ®
Delete -

Copy ;

— The first feature you create
while building a part is called

the base feature.

= #d Models (1)
= Model-1
& i [

hi'H”

E!',_r} Ser Filker ...

E' Pro Set As Rook

ﬂ Ass Expand &l Under
oL Ste Collapse all Under

E

Switch Context Ctrl+35pace

WH-M
[Fg mal Import...

Fz

% Field oOrpor Requess 1)
% History Oukput Reguests (1)
|ﬁ Tirne Points

I Create Part

&

Mame: |Park-1

Modeling Space

Twpe
(%) Deformable

() Eulerian

Base Feature

(#330 (2D Planar () Axisymmetric

() Discrete rigid
() analytical rigid

Shape Type

(*) solid Extrusion

) shell Revaolukion
Smeep

{:} Wire

) Point

Oplions

Mone available

Approximate size:

200

Cancel
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Building PART Using Part Module Tool

w——pase featura—
sold extrusion feature

-

4

cut feature

-~ blend feature

Base feature and
additional features

~sheall feature
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Building PART Using Part Module Tool

» ‘Datum’ geometry

* A datum is a reference geometry or a M Create Datum E3]| Tocls  Plugins  Help
construction aid that helps you create a Type Query...
feature when the part does not contain the Orant O fixis O Plane @ E57E Reference Paint...
necessary geometry. o Attachment 3
* A datum is a feature of a part and is 3 points 3et >
Offset from C3YS 5,__|r|=a,:E_. %

regenerated along with the rest of the part.
* A datum can be turned on and off for

2 lines Partition. ..

Dakurni. ..

viewing.
e T f dat feat - noint i TYPe T Geometry Edit. ..
ypes of datum features: point, axis, Oort Ois O O | o rare .
coordinate system, plane ~
Method iZAD Parameters. ..
B Create Datum [z| SEEZE :z; Elr;nnc;pal plane D.|_5|:|Ia';.f Group (2
) Wiew Cuk [
Tvpe Type 3 painks —
& ;’-'-:ulnt () axis () Plane () C5vs ) Point (%) s () Plane () Csys Line: and paint Cuskomize. ..
...................... : Poirt and narmeal Optians. .
Methiod Method Midway between 2 points
Enter coordinates Principal axis Rotate from plane
Qffset From paink Intersection of 2 planes
Midway between 2 poinks Straight edge
Offset From 2 edges 2 points
Enter parameter Axis of cylinder
Project point on face/plane Mormal ko plane, thru paink
Project point on edge/datum axis Parallel to line, thru point
3 points on circle
Rotate from line
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Building PART Using Part Module Tool

» Partitioning in the Part module

* Partitioning subdivides the part into different regions. Each region must be assigned
material and cross-sectional properties.

* Every “instance” of the part in the assembly has the same partitions.

* Regions can be used for creating geometry sets and for meshing.

— Geometry sets created in the Part module are also available in the assembly-level modules.

— Partitioning to create meshable regions often is better done in the Assembly and Mesh modules
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Building PART Using Part Module Tool

» Invoking the Sketcher

* When you create a base feature, ABAQUS/CAE automatically invokes the
Sketcher with a blank sheet of virtual graph paper.

* An alternative is to create a “stand-alone” sketch using the Sketch module. Such
sketches are not initially associated with a part but can be used later

“».f Annotations

= $$ Analysis
,g, Jobs
EI:I:I A ambiviko € F||tE|". ..

Import. ..

Approximate size: | 200

Conkinue. .. ] [ Cancel

Sketch the section For the solid extrusion
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Building PART Using Part Module Tool

» Using the Sketcher +E *:*
* The Sketcher toolset provides the basic drawing tools O '_1+
necessary to create moderately complex sketches. I
3 1”_:1

.
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Building PART Using Part Module Tool

» Trimming, extending,
breaking, and merging edges
* Trim/extend edges
— Breaks the edges at intersection
* Auto-trim
— Based on pre-selection

— Does not break the intersecting
edges

* Break edges

— Creates separate pieces with a
common vertex

* Merge edges
— Close small gaps in a sketch

Remove
izaps and Cvetlaps

Fepair
Shork Edges
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Building PART Using Part Module Tool

» Dimensions in the Sketcher

* After creating sketch geometry, you can add dimensions between geometric
entities in the sketch

* You can refine the sketch by modifying the dimension values. The sketch actively
changes to reflect the new dimension values

* Dimensions serve as comments for future reference.
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Building PART Using Part Module Tool

» Adding features to a base
feature

* When adding sketched features to
a base feature, select the
sketching plane from a planar face
on the part or a datum plane.

* You can control the sketch
orientation by selecting a planar
face and an edge.

* By default, the edge will appear
vertical and on the right side of the
sketch. , :
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Building PART Using Part Module Tool

ls (1) A
1
b Parts (3)

B Edit Cut Extrusion

End Condition

Tvpe: Through All - »
Extrude direction: .

Options

Mote: Twist and draft cannot be specified fogether,

[] 1nclude kwist, pikch: EI (Dist{Rew)
[T 1nclude draft, angle: D (Degrees)

- TS L
Loads i
BCs ﬁ *

Predefined Fields
j Remeshing Rules
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Geometry Repair

» Repair options
Tools are available for manually
repairing geometry:

Repair part by merging small
edges and surfaces to make it
valid

Replace or remove faces
Create cells using existing faces
Stitch small gaps

Etc.

Tools  Plug-ins  Help
CIery. ..
Reference Paintk...
Akkachrment 3
et [
Surface 3
Partition. ..

Daturn...

Midsurface |§

CAD Parameters...
Display Group 3
View Cuk [
Cuskamize. ..
opkions. ..

I Geometry Edit

x]

Cateqory - Method

@ Edaet | stitch

() Face Repair small
) Part Merge

Femowve redundant entities
Repair invvalid
Rermove wire

B Geometry Edit

Category

Method

X]

Femove
Caver

Replace
Repair small
Repair sliver
Repair normals
Offset

Extend

Blend

Introduction to ABAQUS

28




CONTENTS

Ill. Working with models
Created Outside ABAQUS

Introduction to ABAQUS 29



Orphan Mesh Import

* An existing mesh can be imported from an
ABAQUS input (.inp) or output database (.odb)
file

* The mesh is called an orphan mesh because it
has no associated parent geometry

File Model Miewpork  Wiew Seed  Mesh  Adaphivity  Fe

Mew Model Database » l
Qpen. .. Chel+0
Metwork QDB Conneckor [ 3
Close ODE...
;et Whark, Directary, . [odule: IE
g::: . Chrl45 :-:I. [,_,]‘
Campress MDE. .. B‘ &T
Saye Options, ., b @

Sketch...
Export [ 3
Run Script, .. Assembly. .,
Macro Manager... Model. ..
Print. .. Crl+F [l
Abagus PDE... —=

L Cif.. fWHTC FESWHTC-SECT Blcae

2 Cif. . WHTC FEfWHTC-SECT A3 .cae

3 Cif...JCPP FEJCPP - SECT A3.cae

4 Cif,. WHTC FESWHTC-SECT B_try.cae

Exit CI+G
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Orphan Mesh Import

I Part Copy

Copy Part-3-mesh-1 bo;

| Part-3-mesh-1-Copy |

Copy Oplions
Compress features (geometry parks only)

[] 5cale part by | |

[ ] Mirror part about | 2-¥ plane

Separate disconnected regions inko parts

B Part Copy

» By default the imported mesh is considered a single part

* The Part Copy tool, however, can be used to separate disconnected regions of the
model into individual parts.

Copy Part-1-mesh-1-Copy to:

"ark-1-mesh-1-Copy-Copy |

Copy Options
Compress Features (geometry parts anky)

[ 5cale part by | |

Mirror park about | %-% plane

|:| Separate disconnected reqgions into parks

Introduction to ABAQUS
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Orphan Mesh Import

» Orphan mesh editing

Even though an orphan mesh has no associated geometry,

modifications can be made to the mesh within the Mesh

module.

A suite of mesh editing tools is provided:

— Create nodes or elements
— Change one or more coordinates of a set of nodes
— Verify and flip shell element normals
— Convert elements from first-order to second —order and vice

versa

— Re-mesh a planar, triangular orphan mesh

M Edit Mesh

Cateqory

) Refinement

Inda

Method

Create

Delete

Flip normal

Crient stack. direction
Collapse edge (trifquad)
Split edge (trifquad)
Swiap diagonal (ki)

Split {quad ko ki)
Conbine (ki ko quad)
Renumber

B Edit Mesh

Cakegory

" Element

() Mesh

) Refinement

Unda

Method

Create

Edit

Project

Delete

Merge

Adjust midside
Renurnber

Mesh  Adaptivity  Feature
Controls, .

Elerment Type...

Global Mumbering Contral. .
Part...

Eegion...

Delete Part Mesh, ..

Delete Reqgion Mesh, ..
Create Boktkom-Up Mesh, ..

Assaciate Mesh with Geometry. ..

Werify, .,

Tools

' Create Mesh Part.,.. | !

Introduction to ABAQUS
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Orphan Mesh Import

» Re-meshing of planar orphan meshes
* Mesh consists of either first or second order triangular elements;
re-meshed based on boundary sizes or new uniform global size.
* Qverall material area is preserved.

Remeshed in ABAQLUS/CAE

Introduction to ABAQUS
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Orphan Mesh Export

* A native mesh created in ABAQUS mesh module can be exported by creating a mesh

part.

* The mesh part is also called an orphan mesh because it has no associated parent

geometry

* When creating a mesh part, all the pre-defined sets will not be available. New sets need
to be defined for the newly created mesh part.

Mesh  Adapkivity Tools

iContrals...

Feature

Elernent Tvpe. ..

izlobal Numbering Contral. ..
Part...

Feqgion...

Delete Part Mesh, ..

Delete Region Mesh, ..

Create Bottom-Up Mesh,..
Associake Mesh with Geometry. ..
Edit. ..

Create Mesh Part... h

Yerify. ..

File

Model  Wiewportk  Wiew  Seed  Mesh  Adaptiviey  Fel
Mew Model Database [ l
Qpen... Chrl4+0
Metwork ODE Connector [
Close ODE. .,
- ) Module; | Mesh
Set Wark Direckory., .
Save Cheles [l f
; n - -1. - '-]‘
ave As..,

- - -

Compress MDE. .. E__ld EIB

Save Options. ..

Irnport

Expaort

Bun Scripk...
Macro Manager. ..
Erink. .. Zkrl+P
Abaqus POE. .,

1) WHTC FEMWHTC-3ECT B.cae
2 IWHTC FEMWHTC-3ECT Ad.cae

3 i) JCPP FESCPP - SECT A3.cae

4 2 WHTC FEPWHTC-SECT B_kry.cae

Exit G

[

3 i

sua A
Sketch...

Assembly. .. E\!

YRML. ..
SOML. .
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ABAQUS Material Models

» ABAQUS has an extensive material library that can be used to model most
engineering materials, including:
* Metals
* Plastics
* Rubbers
* Foams
* Composites
* Concrete
* Geo-materials

» In this session we discuss the most commonly used material models
* Linear elasticity
* Metal Plasticity
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Linear Elasticity

» Most materials have some range of deformation in which their behavior
remains elastic. Quite frequently, as in the case of ductile metals, the range
of elastic behavior is very limited.

» A linear elastic material model:
* Is valid for small elastic strains (normally less than 5%);
* Can be isotropic, orthotropic, or fully anistropic; and
* Can have properties that depend on temperature and/or other field variables.

» Orthotropic and anisotropic material definitions require the use of local
material directions
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Linear Elasticity

» For a linear elastic material, Hooke’s law states
stress a strain
» The generalized form of the law is written as
c =Del: ¢®

where o is the Cauchy (or “true”) stress, D¢ is the fourth-order elasticity
tensor, and ¢ is the elastic log strain

Sieas 4

boeng ' mrodulus £

Qtr All

Uniaxial stress-strain curve
for a linear elastic material
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M Edit Material X

Mame: |Material-1

x]

Material  2eckion

Descripkion: |"-"|.E||'|E|gE!I". .

Material Behaviors

Elaskic

Thermal  Qther

General

Elastic

Typn{l&utrnpic )

[ ] use temperature-dependent data

w Suboptions

%|

Murmber of field variables: ~a| [ Mechanical Thermal  Other
Moduli time scale (For viscoelasticity): Isotropic ~ Elasticity 3 m
[ ] Ma compression — Plasticity » Hyperelastic
[ Mo tension Engl_neenng Constants Damage For Ductile Metals S Hyperfoam
Lamina Diamage For Traction Separation Laws * Low Density Foam
— Or'_:h':'tr':":f": | Damage for Fiber-Reinforced Composites Hypoelastic
Young's Poisson’s Anisotropic Damage For Elastomers » Porous Elastic
Modulus Ratio Trackion Defarmation Plasticity — :
1 Coupled Traction - Wiscoslastic
Darmnping
Shear ;
Expansion
% Brittle Cracking
Eos
Viscosity
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Metal Plasticity

» Typical uniaxial stress-strain data for an elastic-plastic solid metal are
shown below:

Ciemate sivengeh

it pasr — T—
‘; Frosdnilig

Mominal strass

\.

Feerlves

ks s amiadufnr, B

Uirlapdeay eovee
Fomtial fo Ky 1 meodalier

— a -_ )
Meyminal atrain

» When most metals are loaded below their yield point, their behavior is
approximately linear and elastic.

» If the stress in the metal is greater than the yield stress, most metals begin
to deform plastically
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Metal Plasticity

» In most metals the yield stress is a small fraction-typically 1/10% to 1% of

the elastic modulus. Thus, the elastic strain in the metal is never more than
this same fraction: 1/10% to 1%.

* Consequently, the elastic response of the metal can be modeled as linear.
* In ABAQUS all metal plasticity models are associated with linear elasticity.

» A very large change in modulus occurs at yield

» If the material is strained beyond yield and the strain is then reversed, the
material immediately recovers its elastic stiffness.
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Metal Plasticity

» Hardening

* The yield surface may change as a result of plastic deformation. The change in the yield
surface is defined by the hardening law.

* The following hardening laws are available in ABAQUS:

— Perfect plasticity Intended for applications such as crash
analyses, metal forming, and general

— Isotropic hardening collapse studies

— Kinematic hardening Intended for applications involving cyclic

— Combined isotropic/kinematic hardening loading

Well suited to model high-strain rate
deformation of metals; only available in
ABAQUS/Explicit

— Johnson-Cook plasticity
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M Edit Material

Mame: | Material-1

Descripkion:

Edit. ..

HE

Material Behaviors

Elastic

General ermal OQther

Plastic

[] use strain-rate-dependent data

[] use temperature-dependent data

Murnber aof Field wariables:

Data

w Suboptions

Yield
Stress

Plastic
Strain

Cancel

Makerial
Manager...

Seckion

\

Thermal — Cther
Elasticity 3
Plasticity

Mechanical

Damange for Duckile Metals [ 3
Damaqge far Traction Separation Laws [
Damage for Fiber-Reinforced Composites »
Damage for Elastomers 3
Deformation Plaskiciky

Cuarnpirng

Expansian

Brittle Cracking

Eos

YWiscosity

ap Plasticity

Zast Iron Plaskicity

Clay Plaskicity

oncrete Damaged Plasticity
Concrete Smeared Cracking
Zrushable Foam

Crucker Prager

Mobr Coulomb Plasticity
Paorous Metal Plasticiky
Creep

Sweling

Yiscous
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Profile Properties

» Section properties contain additional dimensional or element-type
information necessary for applying material properties to a deformable
body.

* E.g, the thickness of a shell or two-dimensional solid or the cross-sectional dimensions
of a beam are considered section properties.

M Create Profile M Edit Profile

Mame: Profile-1

Mame: |Profile-1

Profile  Composi Shape Shape: 1

Hanager... Box A2 :
S A ]

3 Circular T | bi: |

Rectangular || | | 0l i
Hezxagonal t2 ': T - N I:I

Trapezoidal bl e h : |
. | Y | e I:I
b l o

|

Arbitrary T
zeneralized |‘7 b14>|
Conkinue, . ] [ Cancel ]

Introduction to ABAQUS 45



Section Properties

» For beams and shells the stiffness of the section is computed numerically
by integrating the section properties

* The stiffness may be computed either before the analysis (done once, efficient for linear
analysis) or during the analysis

Mare: | Section-1

Category Twpe

() Salid
() shell Truss

() Other

I

Zancel

!_ Edit Beam Section

Mame: Seckion-1

Tvpe: Beam

Section integration: (%) During analysis () Before analysis

Profile nam@e-l )

Profile shape: I

W | [Create...]

Basic | Stiffness || Fluid Inettia |

Material name: |Material-1 w | [Create. . ]

Section Poissan's ratia: |I:I |

Temperature wariation:
{#) Linear by gradients

{73 Inkerpolated from temperature points

Cancel

Introduction to ABAQUS 46



Section

Managet...

Edit !

Cop
Ren

Deleke

Prafile  Composits

¥
ame

yF ¥ ¥r

Assi

gnment Manager. ..

I Create Section

Marme: | Section-1
Zakegory Tvpe
() 5alid Homogeneaus
® 5he|l Composite
O Beam Membrane
Lid Surface
Pl ceneral shell Stiffness
() other

Section Properties

I Edit Section

Marme: Section-1

Type: Shell | Continuum Shell, Homogeneous

Seckion integration: (%) During analysis () Before analysis

Basic | fdvanced |

Thickness

Shell thickness: (&) yalue:

() Element distribution:

‘B 0

() Nodal distribution:

Material: <Material-1 > W [Creal:e...]

Thickness integration rule: (%) Simpson () Gauss

Thickness integration points: | 5 %

Options: [Flel:uar Layers, .. ]

Zancel
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What is an Assembly?

» An assembly contains all the geometry included in the finite element
model.

» Each ABAQUS/CAE model contains a single assembly.
» An assembly is empty initially even if you have created some parts.

» An assembly does not contain parts directly; instead, it contains
“instances” of parts.

» For convenience, instances can be turned on and off for viewing.

» The following points explain the relationship between parts, part instances,
and assemblies.
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What is an Assembly?

» Parts

* You create parts in the Part
module

* Each part is a distinct
geometric entity that can be
modified and manipulated
independently of other parts

* Each part exists in its own
coordinate system and has no
knowledge of other parts

* Each part has it owns
references section properties

P /
1. Body 2, Auxla
3. Axle Mourt
4. Handle §. Wheel

Example: five parts used to
mode! a child’s wagen

Introduction to ABAQUS 50



What is an Assembly?

» Part instances and assemblies

* You create instances of your parts in the Assembly module
— An instance always maintains its association with the original part
— You can create instance of a part many times and assemble multiple instances of the same part

— Each instance of the part is associated with the section properties assigned to the part in the
Property module

* You position part instances relative to each other in a global coordinate system to form
the assembly

* You can modify the original part, and ABAQUS/CAE updates any instances of that part
when you return to the Assembly module.
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What is an Assembly?

» Dependent and independent part

instances
Parks

* You can create either independent or
dependent part instances.

* An independent instance is effectively
a copy of the part and can be

Part-1
Park-1-mesh-1
Part-1-mesh-1-Copey

modified

* A dependent instance shares the
geometry and the mesh of the netance Tvbe .
original part and cannot be modified. () Dependent (mesh on part):

* Dependent instances are created by () Independent {mesh on instance)
default

Mote: Tochange a Dependent instance's
mesh, wou must edit iks part's mesh,

[ ] auko-offset From other instances

(o] (emn |
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What is an Assembly?

» Example: Assembly of a child’s

wagon, One instance of the body

Two instances of the axle

Four instances of the axle mount
One instance of the handle

Four instances of the whee|

The wheel instances are

automatically updated when
the part definition changes.
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Positioning Part instances

» Positioning is the main task in
the Assembly module. Two
general methods

* Absolute positioning
* Relative positioning

» Absolute positioning is not
treated as a feature of the
assembly

* Translation
* Rotation
* Replace one part with another

Inskance  Conskraink
i_reate, .,
Linear Patkern
R.adial Pattern

Translate To [!

Fokate

Replace

i_onvert Conskrainks
Merge/iCuk, .,

F
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Sets and Surfaces

» Sets define regions from one or more parts or part instances for:
* Loads and boundary conditions
* Generating output during the analysis

» Surfaces define regions from one or more parts or part instances for
specifying:
e Contact
* Distributed loads

» Sets and surface are useful when certain geometric groups will be used for
multiple purposes.

» Note: Often it is more convenient to select geometric entities directly using
the mouse when defining loads, boundary conditions, and fields rather
than using sets and surfaces. One advantage of sets is that you provide
names that will be meaningful for results visualization.
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Sets and Surfaces

= Model-1
= % Parks (3}

» Sets and Surfaces can be defined at the part
level or the assembly level (i.e, associated

with the part instance rather than the part g’ Skins
. atringers
Itself) ﬁ!',_[} Section Assignments
* Part sets appear in the Model Tree in a Set container flas Orientations
under the part with which they are associated. % Composite Layups
o . . + Engineering Features
Sets from an instanced part appear in the Model Tree B Mesh
under the assembly. ¥ Part-1-mesh-1
* Part sets are also available in the assembly-related i Part-1-mesh-1-Copy
modules. * lﬂig ’:E't:"'a'E (1)
¢ JEChians
— Only “read-only” access to these sets is provided in the + 88 Profiles (1)
assembly-related modules. 43 Assembly

3 IE Instances (1)
jii2 Position Constraints
+ &5 Features (1)
T
@ Conneckor Assignments
+ ﬁ]g Engineering Features

+ oll Steps (1)
% Field Cutput Requests
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CHAPTER

Ill. Steps, Output, Loads and
Boundary Conditions
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Analysis Steps and Procedures

» A basic concept in ABAQUS is the division of the problem history into
steps.

* A step is any convenient phase of the history — a thermal transient, a creep hold, a
dynamic transient, etc.

* Inits simplest form a step can be just a static analysis of a load change from one
magnitude to another.

» For each step the user chooses an analysis procedure.

* This choice defines the type of analysis to be performed during the step: static stress
analysis, dynamic stress analysis, eigenvalue buckling, transient heat transfer analysis,
etc.

» The rest of the step definition consists of load, boundary, and output
request specifications.
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Analysis Steps and Procedures

» ABAQUS distinguishes between two kinds of analysis procedure:

» General analysis procedures
* Response can be linear or nonlinear
* Steps that use general procedures are known as general steps
* The starting point for each general step is the state of the model at the end of the last
general step.

» Linear pertubation procedures

* Response can only be linear.
* The linear pertubation is about a base state, which can be either the initial or the current

configuration of the model.
— Response prior to reaching the base state can be nonlinear

* Steps that use linear procedures are known as pertubation steps
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Analysis Steps and Procedures

» Defining Steps in ABAQUS/CAE

Manager...

Replace
Fename
Delete
SUppress
F.esurme

Mlgeam. ..

Step  Cukput

Edit ﬂ'ﬁ

[
[
[
[
[

Bl Create Step

Mame: |Skep-1

In=ert new skep after

s ]

a

Mame: |Skep-1

Inserk new skep after

s ]

Procedure bype; | General

Procedure bype: | Linear perturbation

Crynamic, Explicit

Crynamic, Temp-disp, Explicit
zeaskatic

Heatk transfer

Mass diffusion

Soils

Skatic, General

Static, Riks v

Buckle
Frequency

Skatic, Linear perturbation

Steady-state dynamics, Direck

Cantinue, .. Cancel

[Cu:untinue... ] [ Cancel
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Output

» Two types of output data: field and history data
* Field data is used for model (deformed, contour, etc.) and X-Y plots.
* History data is used for X-Y plots.

Oukput Other  Tools  Plug-ins  Help K7 COutput  Other  Tools  Plug-ins  Help  K?
Field Cutput Requests Manager. .. Field Output Requests |-| ==

History Outbput Requests w M History Cutput Regquests » Manager. ..
Inteqrated Cukput Sections Integrated Output Sections » m

Time Points [

Tirne Poinks _ %Ed E=]

™ 11040
. _ i
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Field Output

. Marne: F-Cukput-1
Bl Create Field
Skep: Skep-1
Name: RO Procedures  Skatic, General
Cramain: |'u'-.-'hn:ule rmodel b |
Step:  |Skep-1 o~
Frequency: |Every n increments V| n: |1 |

Procedure:  Skatic, General Timing: [ Qutput at exact times |

Cukpuk Yariables
Zonkinue, .. | | Cancel | (%) Select from list below () Preselected defauls €3 all () Edit variables
| 5, MISESMAX, TSHR, CTSHR, ALPHA, TRIAY, ¥S,PS,C511, ALPHAN, S5AYG, U, IT, UR, Y, ¥T VR, R

Stresses 25
[] strains
DisplacementYelacity | Acceleration

|:| Conkack —
[ Energy
[] Failure/Fracture
[ Thermal

£

[ » v v v v v w

| >

Moke: Error indicators are not available when Domain is Whole Model ar Inkeraction.

[ ] output For rebar

Cutpuk at shell, beam, and lavered section points:

{(®) Use defaults () specify: I:I

Include local coordinate directions when available
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Il Create History

Marne:

Skep: | Step-1

Procedure:  Skatic, General

| _onkinue, .. |

| Cancel

History Output

Marne: H-Oubputk-1
Skep: Skep-1

Procedure: Static, General

Darnain: Whale model W

Frequency! |Every nincrements wm

Timing: | Output at exact times

Cutpuk Yariables

(%) select from list below () Preselected defaults () all ) Edit variables

B Edit History Output Request E

RAL IRAZ IRAS, IRAR T TRARZ, IRARS, IRF1, IRFZ, IRF3, IRMI, IRMZ, TRMS
2 Displacement)velocity MAcceler ation
2 Forces/Reactions:
b [ ] Contact
[ lEnergy
b [ Failure/Fracture
p [ Thermal
45

| >

(£

5%

[ ] output For rebar

Cwtput at shell, beam, and layvered section points:

(®) Use defaults () Specify:

Cancel
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Loads and Boundary Conditions

» In ABAQUS the term load (as in the Load module in ABAQUS/CAE)
dgenerally refers to anything that includes a change in the response of a
structure from its initial state, including:

* Concentrated forces,

Surface tractions (e.g., pressure, shear, etc.)

Nonzero boundary conditions,

Body loads, and

Temperature (with thermal expansion of the material defined)

» Sometimes the term refers specially to force-type quantities (as in the Load
Manager of the Load module); for example,

* Concentrated forces, pressures, and body loads but not boundary conditions or
temperature.
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Loads and Boundary Conditions

Examples of loads Examples of boundary conditions

fixed translations
and rodations

P e ]

[]
R e ey

LAY

concentrated foree prescribed tr;rjslatiuns
of valocitios

F ==

g’ | | lumv
|
|
|

L O e

pressure load or
distributed heat fux

]
0 N v 0
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Loads

» Defining loads and boundary conditions in ABAQUS/CAE
* Create a load (or boundary condition), and select the steps in which it will be active.

I Create Load

load BT Prec Hame:
Manager... Step: | atep-1 b
Procedure: Skatic, General

Category Twpes for Selected Step

(%) Mechanical Concentrated force
Moment
Pressure
Shell edge load
Surface trackion
Body Force

) Other Line load
Garavity
Bolk load w

Conkinue, .. Zancel
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Loads

* Select the application region (geometry, nodes, or elements selected directly using the

mouse or sets and surfaces defined previously)

(Surfaces on orphan meshes can be selected by picking one element face and a feature

angle. Individual “edits” make it easy to clean up anomalies.)
* Edit the load (or boundary condition) to specify magnitude, etc.

I Edit Load

Marme:  Load-1

Type:  Concentrakted force
Step:  Step-1 (Skatic, General)
Region: (Picked)

Csvs: (Global) |Edi..| [ create...|

Diskribukion: | UniForm A [Create. ; ]
CF1:

CF2:

cH

amplitude: [ (Ramp) W [Create. . ]
[ ] Follow modal rotation

Mote: Force will be applied per node.
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Boundary Conditions

EC  Predefined A
Manager...
B Create Boundary Condition . "
B Edit Boundary Condition
Mame:!
| | Mame: BC-1
SECE: |5tep-1 A | Type:  Symmetry [Ankisymmetry  Encastre
Procedure:  Skatic, General Step:  Step-1 (Static, General)
Cateqgory Types for Selected Step Region: (Picked)
Mechanical Syrmmekry fAntisymmetry Encastre ; .
'@} _r||r||!-' Iy LA ,r||r||!-' ryIEncaskre O%S'\"MM RS TR
Displacement/Rokakion
O Cther Yelocity Gngular velacity O ¥smM (U2 = UR1 = RS = 0
Connectar displacement () Z5YMM (U3 = URL = URZ = 0)
Cannectar velocity () ®ASYMM {UZ = U3 = UR1 = 0; Abagus/Standard orly)

() ¥ASYMM (UL = U3 = URZ = 0; Abaqus/Standard only)
() ZASYMM (U1 = UZ = UR3 = 0; Abagus/Standard only)
(Y PIMMED (U1 = U2 = U3 = 0)

(Y EMCASTRE (U1 = U2 = U3 = UR1 = URZ = UR3 = 0)
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Reference Point

Tools  Plug-ins  Help
ey, .,

SurfFace -
Partition. .,
Dakturn, ..
armplitude
Analvtical Field
Discreke Field
Display Group

¥ ¥ vy ¥T¥r¥r

Wi Uk
i_skomize.. .
DJptions, ..
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CHAPTER

|. Meshing Native Geometry
and Exporting Mesh
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Meshing Native Geometry

» General capabilities of the Mesh module

* Allows you to mesh an assembly using various levels of automation, and controls to suit
the needs of your analysis
* Assign mesh attributes, and set mesh controls to specify:
— Meshing technique
— Element shape
— Element type
— Mesh density
* Generate the mesh
* Query and verify the mesh for:
— Number of nodes and elements
— Element type
— Element quality
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Dependent and Independent Part Instances

» You can create either independent or dependent part instances
* Independent instances can be modified (e.g., they can be partitioned).
* Dependent instances cannot be modified (e.g., they cannot be partitioned)

* Dependent instances share the same geometry and mesh of the original part so any
modifications must be made to the original part.

* Attributes (loads, BCs, etc.) and sets/surfaces can be created, however.

» All instances of a part must be either dependent or independent
* No mixture is allowed for a given part

» All orphan mesh instances must be dependent
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Dependent and Independent Part Instances

» Choose Independent or
Dependent when creating
part instance

» Independent not allowed
if:
* Part is meshed
* Part has Virtual Topology

* Dependent instances of Part
already exist

* Part is an orphan mesh

» Dependent not allowed if:

* Independent instances of Part
already exist

» Can easily convert
between dependent and
independent

Instance  Conskraink

Radial Patkern
Translate
Translate To
Fatate
Replace

Mergefiut,.,

Convert Constrainks

F

Linear Pattern !

M Create Instance

Parts

Part-1
Part-2

Instance Type

{®) Dependent (mesh on part;

() Independent: {mesh on instance)

X]

Mote: Tochange a Dependent inskance's
mesh, wou must edit its part's mesh,

[] auta-offset Fram other instances

= [F\pplv]

[ Cancel ]

Model | Results Module:
£ Model Database w 2 3 % EE
= #& Madels (1) 3| E
= Model-1 ol
i Parts (2) E
lE,ﬁ Makerials
ﬁ!’,_r& Sections ]ﬁ, @
E‘ Profiles q [
= ﬁ Bzsembly :'_!IJ =
= @5 Instances (2} ¥
Switch Context Ctrl+Space
Part
[]ﬂ - Fename...
B Fe: Suppress
5 set
b su Delete... Del
ﬁ Col Query
@ip r;  Show Parents
ol Steps Show Children
B= Field ¢
% Histors Make Independent
b Time P Link Instances. . k
B ALE&  Evclude From Simulation
E Intera Switch ko part conkext

E Interattion Properties

ﬂli Contact Contraols

g?’ Contact Initializations

“Q] Canstraints

@ Connector Sections
F Fields

T S P b/
< > [E
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Exporting Mesh

» Allows you to export mesh of an assembly by creating a mesh part
» The mesh part created become an orphan mesh instances

» The mesh part is then being imported back to Assembly Module as
dependent part

» All the sets/surfaces defined earlier have to be redefined

» Mesh part is useful when you want to duplicate the same mesh either by
revolving, mirror and etc.

» These mesh part can also be exported to other FE analysis software.
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Exporting Mesh

» Steps in creating mesh part and Fle Model viewport Wiew Seed Mesh  Adaptivity  Fe
expo rting mesh Mew Model Database [ l
QJpEn... Chrl+0
Metwork ODE Conneckor [

Mesh  Adaptivity  Feature  Tools Clase ODE... e [
Conkrols. .. Set Work Directory, .. ackie: | 1es
Element Type. .. Save Chrl+5 :._1 [__]
alobal Mumbering Control... Save As... h EE

ompress MDE. ..
Instance... e o 3

ave Opkions, .

Reqgion... ﬁ Eﬁ

Impork L T
Delete Instance Mesh. .. Sketch
Delete Region Mesh. .. Run Script. ..
Create Boktorn-Up Mesh, . Macro Manager... Assembly, ..
Associate Mesh with Geometry. .. Brint... Chrl+P YRML...
Edit fbagqus PDE. .. | SDEML...
- 1 Cif o WHTC FEWHTC-SECT B.cae

_ - h 2 Cif . SWHTC FEPWHTC-SECT A3 .cae

Werify..., 5 CifL . JCPP FEJCPP - SECT AS.cae

4 C:f . WHTC FESWHTC-SECT B_try. cae

Exit Chrl+0
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Il. Meshing Techniques
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Meshing Techniques

» Free meshing

* Free meshing uses no pre-established mesh patterns, making it impossible to predict a
free mesh pattern before creating mesh

* Element shape options available for free meshing two-dimensional regions:
Quadrilateral (default) Can be applied to any planar or curved surface
Quadrilateral dominated Allows some triangular elements for transition

Triangular can be applied to any planar or curved surface
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Meshing Techniques

e e o o

i IHBEr

e

quad mesh

;‘ ,E,l-‘n R AT L, B
{F‘éﬁﬁﬁ. 4% AR %

it 7
SN Eaed
AT *ﬁtﬁ?

B

= _.?'?#:-iv{;r. veR .H
I.-ru.:- e 5 "H'-ﬂ';ﬁ ‘:E'lﬂ “‘ }J__:;'%_

guad-deminated mash triangular mesk
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Meshing Techniques

» Two-dimensional swept meshes
* All-quad meshing of swept regions
— Planar or curved surfaces
* Quad-dominated meshing of degenerate revolved regions
— (Degenerate regions include the axis of revolution)

Swept mesh Degenerate revolved mesh

Introduction to ABAQUS 80



Meshing Techniques

» Swept Meshing

sweap path.

_ _ _ straight line
* Swept solid regions can be filled

with:

— Hex meshes

— Hex-dominated meshes
— Wedge meshes

extruded mesh

* The swept path can be:
— Straight line
— Circular arc sweaep path: arc
— Spline

revohied mesh
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Meshing Techniques

» Limitation
* Source and target faces must be planar
* Constant cross-sections only
* Target face and each side wall must have only one face.

Swept meshabls Mot swept meshable
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Meshing Techniques

» Structured meshing

* The structured meshing technique
generates meshes using simple predefined A )

mesh topologies

* ABAQUS transforms the mesh of a
regularly shaped region, such as a square
or a cube, onto the geometry of the region ‘ Lt

you want to mesh. thre=-dimenslonal stuctured
* Structured meshing generally gives the meshalie regions

most control over the mesh.

[

[

simple mesh tcpology
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Meshing Techniques

» Which regions are
meshable?

* ABAQUS/CAE
automatically determines
meshability for each
region based on its
geometry and mesh
controls

* Regions are color coded
to indicate their currently
assigned meshing
technique

cannot be meshad using
current meash technigus

structured-meshing
technique

..'-—l'-

free-meshing technigle” swept-meshing technique
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Meshing Techniques

» Partitioning to make regions meshable

* Most three-dimensional part instances require partitioning to permit hexahedral meshing
— Complex geometries often can be partitioned into simpler, meshable regions.

* Partitioning can be used to:

— Change and simplify the topology so that the regions can be meshed using primarily hexahedral
elements with the structured or swept meshing techniques.

os Plgins ber (YR

ey, ., Type
et > () Edge (%) Face () Cell
Surface -

= N ™
Dk, . . Skekch
Use shorkest path between 2 points

Wirtual Topology

Use datum plane

Display Group = Use curved path normal to 2 edges
Wiew Uk - Extend another Face

. Intersect by other Faces
_uskamize. ..

Auko-partition

opkions. ..
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Mesh Compatibility

— Different regions of the same part
instance can be meshed using
different elements types, such as
tetrahedra and hexahedra.

~Tie constraints are
created automatically
to connect the regions.

fle constraints inserted

~ Allows hexahedra to be automatizally at partition

used adjacent to contact surfaces
or in high gradient regions where
accuracy is essential, with
tetrahedra in other regions.

- When a region is meshed, an
existing mesh on an adjacent
region is unaffected.
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Mesh Compatibility

— Currently it is not possible to
automatically obtain meshes that are
compatible between part instances

— If mesh compatibility is required
between two or more bodies, first try to
create a single part that contains all the
bodies.

- Multiple part instances can be
merged into a single part instance in
the Assembly module

- Different material regions can be
separated using partitions.

— If the two objects must be modeled as
separate parts, consider using tie
constraints to “glue” two regions
together.

— Alternatively, merge instance meshes
into a conforming orphan mesh.

{Tied surfaces

=
4
=
[+~
.;E'

Genm g et et faa b el et e B

A 208 o A 3 U B DT Y

Using tie constraints to glue the
cylinder to the block: exploded view
of assembly (top) and mesh
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Controlling Mesh Density and Gradation

» Mesh seeds

* Mesh seeds are markers that you define along the edges of a region to specify the
desired, or “target,” mesh density.
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Controlling Mesh Density and Gradation

» You can set a typical global element length for part instances.

* ABAQUS/CAE automatically creates mesh seed along all relevant edges based on the
typical element length.

* New edges created by partitioning automatically inherit the global mesh seeds.

» You can override the global mesh seed with local mesh seeds along
selected edges

* Edge mesh seeds can be uniform or biased.

* Edge mesh seeds propagate automatically from the selected edge to the matching
edges for swept meshable regions.
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Controlling Mesh Density and Gradation

» Global seeds (black) and local seeds (magenta)
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Controlling Mesh Density and Gradation

» Partitioning into different

mesh regions

* Partitioning creates additional
edges, which allows more
control over local mesh
density.

* Each mesh region can have
different mesh controls.

Partitioning and local mesh seeding allows
you to refine mesh in the area of a stress
concentration.
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Assigning Element Types

» The available element types depend
on the geometry of your model

» You can assign the element type
either before or after you create the
mesh

» Different element types can be
assigned to different regions of your
model

» Items such as loads and boundary
conditions depend on the
uunderlying geometry, not the
mesh, so performing parametric
studies on mesh density or element
types is very easy

Mesh  Adaphivity  Feature  Tools

iConkraols.

Global Murnbering Conkral, .. ‘ !

Part...

Eeqion. ..

Deleke Part Mesh. ..
Deleke Region Mesh...

Create Boktom-Up Mesh, ..
Associake Mesh with Geometry. ..
Edit...

reate Mesh Part. .,

Werify, .,
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Assigning Element Types

I Element Type

Elerment Library Farnily
@ Etandard O Explicit | Acoustic 5
Coupled Temperature-Displacement
Feametric Crder Gasket 1
(®) Linear ) Quadratic Heat Transfer b

Quad |F|

Reduced integration

Element Conkrals

Membrane strains: (%) Finite ) Small 2
Membrane hourglass skiffness:
Bending hourglass stiffness: )
Driling hourglass scaling Factor: (%) Use defaule () Specify

— i

S4R: A 4-node doubly curved thin or thick shell, reduced inteqgration, hourglass conkral, finite membrane strains,

Mote: Toseleck an element shape For meshing,
select "Mesh-=Controls" from the main menu bar,
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Element in ABAQUS

» Family

* A family of finite
elements is the
broadest category

used to Classify confrunm (Salid eements) shell alemants beam dements
elements. . — ———

* Elements in the same \7 [ /.,__—-
fam.|Iy share many T~ T
baSIC features' rigil edArmanls meambrane Samentz

* There are many

variations within a g A A
family. _f \ Vs (e

T,
-H-\--"‘-\.._'-‘ - “-H-""H..
' — -
' ——f— o Il:r'_,.l
infinife elemeants spadial-purpose PSS edaments
plements ke sprinos,
dashpots, and
MErE5a%
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Element in ABAQUS

* Number of nodes
(interpolation)

— An element’'s number
of nodes determines
how the nodal degrees
of freedom will be
interpolated over the
domain of the element,

—ABACUS includes
elements with both
first- and second-ordear
interpalation.

CPE4

First-order
interpolation

CPES

Second-orde
interpolation

r
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» Integration

* The stiffness and mass of an element
are calculated numerically at sampling
points called “integration points: within

the element

* The numerical algorithm used to
integrate these variables influences
how an element behaves

» Full Integration

* The minimum integration order
required for exact integration of the
strain energy for an undistorted
element with linear material

properties.

» Reduced Integration

* The integration rule that is one order
less than the full integration rule.

Element in ABAQUS

=ull ' Feducad

integration ntegration
First- w *
order "
intarpol ation at 5

.l:'l_: L] " _;‘ _H_'_T

Second-

M - o«
ordear . .
interpolation - .

p AL
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CHAPTER

Ill. Constraints and
Interactions
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Interaction - Constraints

» What are constraints?
* Constraints allow you to model kinematic relationship between points

» Tie constraints

* Allow you to fuse together two regions even though the meshes created on the surfaces
of the regions may be dissimilar
— Easy mesh transitioning

* |t provides a simple way to bond surfaces together permanently

* Surface-based constraint using a master-slave formulation

* The constraint prevents slave nodes from separating or sliding relative to the master
surface

e constraints
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Part F-_"

Part
Property
Assermnbly
akep

Load !

Mesh
Job

YWisializakion
Sketch

Constraints - Tie

Constraint Connector
Find contack pairs, ..

Manager...

BN

Il Create Constraint E'

E=H Conskeaink-1

Twpe

Rigid body

Display body
Coupling

MPC Conskraink
Shell-to-salid coupling
Embedded region

Equation

Caonkinue. . H Cancel

Mame: Conskraink-1

Tvpe: Tie

B Edit Constraint @

Master surface: (Picked)

Slave surface:

Discretization method:

Sikch

iPicked) N

Analysis default W

[ ] Exclude shell element thickness

Pasition Tolerance

(%) Use computed default

() Specify distance:

Mote: MNodes on the slave surface that are
considered ko be outside the position
talerance will NOT be tied.,

Adjust slave surface initial position
Tie rotational DOFs iF applicable

Cancel
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Constraints - Coupling

M Edit Constraint
I Create Constraint Marne: Conskraint-1

Mame: | Conskraint-1 Type: Coupling
Tvpe Control point: (Picked) [
Tie Surface:
Rigid body Coupling type: (%) Kinematic:
Display body () Continuum distributing
MPC Constraint (3 Struckural distributing
Shell-to-solid coupling | SOURIr | Constrained degrees of freedom:
Embedded region 1
Equation Lz
L3
Continue, .. ] [ Cancel ] ]
LR
URzZ
UR3

Influence radius: (%) To outermost point on the region
() Specify:
csvs (Global) [Edi...| [ L cCreate...
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CHAPTER

. Job Management and
Results Visualization
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Part F

Fark
Properky

Assembly
akep
Inkeraction
Load
Mesh

Yisialization [ !

Sketch

Job  Adaphiviky

Manager...

| Code )

Expork >

Job Management

M Create Job

Marme:

Source: | Model

Maodel-1

_onkinue. .. | |

Cancel
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Job Management

I Edit Job
Mame: Job-1
Model: Model-1

fnalysis product:  Unknown

x

Description:

Subrnission | izeneral || Mernory || Parallelization || Precision

Job Tvpe

{(*) Full analysis

() Recover (Explicit)
{:} F.estart

Fun Maode

(*) Background ) Queue:

Hosk name:

Submit Time

(%) Immediately

W it hrs, i,

At |Tip...

Tvpe:

Ik

Zancel

| Job  Adaphivity

Manager...
Create...
Edit

Copy
Rename
Delete
Write Input
Data Checl,

Conkinue
Moanikar
Fesults

[
]
]
e
e
ke
[

]
]
[

Co-executio

o

Jaob

| Job  Adaphivity

Manager...
Create...
Edit

Copy
Renare
Delete
Wrike Inpuk

Daka Check, » ﬁ

Subrit
Conkinue

Results
Kill
Expork

]
[ ]
]
]
]

[
]
[

]
[ ]
]

Co-execukbio

13

Jaob

—

Introduction to ABAQUS

104



Job Management

I lob-1 Monitor

Job: Job-1  Status: Mone
S5evere . .
N Equil Total Total Step Time,/LPF
step  Increment At Dﬁ_;‘:“ Iter Iter Time/Freq  Time/LPF Inc
| Log | Errars | Warnings || Ckput || Daka File
Search Text
Text ko find: [IMatchcase JL mMext 5 Previous
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Results Visualization

Maodule: |'u'i5ualizatinn V| CDB; |C:,l'.ﬁ.l:uaqus_WDrkDir,l'CF‘F‘_Strength.|:u:|I:| V| 4 4 Ir M % @ E

Job  Adaphivity  Co-executio

Managet...
Create,,,
Edit

Copy
Eename

Delete

Write Input »
Daka Check, = ﬁ
Subrnit

Monikor

QDB CPP_Strength.odh  Abaqus/Standard 6,10-1 Thu Dec 16 15:07:45 5E Asia Standard Time 2010

Step: Unity Load
Load Case! LOADCASE-SH11
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Results Visualization

M Field Qutput

SkepFrame
Step: 1, Unity Load

Frame: & |Step/Frame...

Primary Variable | Deformed Yariable || Symbal Yariable || Skakus Wariable |

EEEU": EIDI: Er"mate F!'E Cutput Variable

Steplﬂzrame . [ List only wariables with results: | |
. Mame Description (* indicates complex)

Ackive Steps/Frames. . :
- _F Point loads at nodes
Seckion Painks,,, M Paoink moments at nodes

E Strain components at integration poinks

RF Reaction force at nodes

: RM Reaction moment at nodes

Histary Quktput. .,
-_ ; ss components at inkegration poinks
gl:ltiljnﬂ - ] Spatial displacement at nodes

R Rotational displacement at nodes

Inveariank Component

a1l

Max, In-Plane Principal vy

Min. In-Plane Principal 533

Cuk-of-Plane Principal I s1z

Max, Principal

Mid, Principal v

Section Points...
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Results Visualization

5, Mizes

Multiple section points

[Bwg: 7535
+1.,931e+02
+1.801e+02
+1.,671e+02
+1,541e+02
+1.411e+02
+1.281e+02
+1.151e+02
+1.021e+02
+8,906e+01
+7.606e+01
+&,206e+01
+5.0056e+01
+3.TO0G6e+01

ODB: CPP_Strength.odb  Abaqus/Standard 6.10-1 Thu Dec 16 15:09:45 SE A=zia Standard Time 2010

tep: Unity Load
oad Caze: LOADCASE-SH11
Primary Yar: 5, Mises
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CHAPTER

II. Stress Concentration Factors
(SCF)



Stress Concentration

» Second-order elements clearly outperform first-order elements in problems
with stress concentrations and are ideally suited for the analysis of
(stationary) cracks
* Both full integrated and reduced-integration element work well.

* Reduced-integration elements tend to be somewhere more efficient — results are often
as good or better than full integration at lower computational cost.

» Second-order elements capture geometric features, such as curved edges,
with fewer elements than first-order elements

Moael with first-orcer hModal with sscond-
elements—elernert order elaman!g—
faces are straght Ine  elanent laves are
sagments quadratic curves
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Stress Concentration

» First-order elements
(including incompatible
mode elements) are
relatively poorin the
study of stress
concentration
problems.

Element | ¢, atD (Target=100.0)
type |Coarse mesh| Fine mesh
CPS3 /™ 55.06 76.87
CPS4 | || 71.98 91.2
CPS4TI 53.45 84.37
CPS4R |- 43.67 60.6
CPS6 M 96.12 | 1014
CPS8 | .| 91.2 100.12
CPS8R) | 92.56 97.16
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Stress Concentration

» Second-order elements give much better results

» Well-shaped, second order, reduced-integration quadrilaterals and
hexahedra can provide high accuracy in stress concentration regions

* Distorted elements reduce the accuracy in these regions

i "

|

(P P
Distortion in low Cistortion in high

strain gradient area strain gradient area
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CHAPTER

Ill. Common Error Messages



Common Errors

» Do not apply boundary conditions to the slave nodes of a tie constraint.
This will cause the nodes to be overconstrained, resulting in errors in the

analysis.

» Symptoms:

e Zero pivot warnings in the JOB Diagnostics dialog box and the message (.msg) file in

ABAQUS/Standard

B Job-1 Monitor

Job: Job-1  Status: Aborked

Step Increment ALL

Search Texk

Texk b find;

Severe
Discon
Iter

Lag | YErrors | DwWarnings | Qutput | Daka File

Analvsis Input File Processor exited with an errar,

Equil Total Total step Time/LPF

Iter Iter Time;/Freq Time,/LPF

Section definitions are missing or incorrect far the elements indicated above, Further processing of the inpat file is
nok possible ankil this inpat errar is fixed.

[IMatchcase JL mext f Previous

Dismiss

Inc

Y

b d
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