ABAQUS/Explicit: Advanced Topics

Lecture 6

Adaptive Meshing and Distortion
Control
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Overview

* Introduction to Adaptive Meshing

» Lagrangian Adaptive Mesh Domains

* Eulerian Adaptive Mesh Domains for Steady-state Analyses
* Output and Diagnostics

» Additional Features of Adaptive Meshing

» Element Distortion Control
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Introduction to Adaptive Meshing
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* Motivation

large deformations.

where

the mesh.

Introduction to Adaptive Meshing

—In many nonlinear simulations the material
in the structure or process undergoes very

» These deformations distort the finite
element mesh, often to the point

—the mesh is unable to provide
accurate results
—or the analysis terminates for
numerical reasons.
* In such simulations it is necessary to

use adaptive meshing tools to
periodically minimize the distortion in
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Forming of a steel part
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Introduction to Adaptive Meshing roller 1

— ABAQUS/EXxplicit provides a very general and
robust adaptive meshing capability for highly
nonlinear problems ranging from quasi-static to
high-rate dynamic. e oin

roller 2

Good element
aspect ratios

poor element
aspect ratios
aj s : i
severe element / ’ minimal element
distortion ’ distortion

without adaptive meshing with adaptive meshing

Transient Rolling analysis
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Introduction to Adaptive Meshing

* Applications
—Can be used as a continuous adaptive
meshing tool for transient analysis
problems undergoing large deformations,
such as:
* Dynamic impact

* Penetration

* Sloshing
 Forging
—Can be used as a solution technique to - i
model steady-state processes, such as adamive adaptive

i i meshin hi
* Extrusion or rolling 9 meshing

— Can be used as a tool to analyze the |
. R mpact of a copper rod
transient phase in a steady-state process
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Introduction to Adaptive Meshing

* Discretization errors

— The adaptive meshing algorithm in ABAQUS/Explicit is not designed to
correct discretization errors in finite element meshes.
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Introduction to Adaptive Meshing

* Pure Lagrangian description

— A pure Lagrangian model of a problem is one where the mesh moves with
the material.

 With this approach it is easy to track surfaces and to apply boundary
conditions in the problem.

* The mesh may become very distorted if the material undergoes
significant deformation;

—the quality of the results will deteriorate as the mesh becomes
distorted.

—Most problems in ABAQUS use a pure Lagrangian description.
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Introduction to Adaptive Meshing

axis of
symmetry

Undeformed model

— Some simulations, such as the axisymmetric forging process shown below,
cannot be easily performed with a pure Lagrangian description.

rigid die

plane of
symmetry
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Introduction to Adaptive Meshing

element distortion.

oy

—In this problem, the plastic deformation of the material creates excessive
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Lagrangian simulation deformed shape

analysis is clear.

— The need for adaptive meshing to reduce mesh distortion during this
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Introduction to Adaptive Meshing

» Adaptive remeshing is performed in ABAQUS/Explicit using the arbitrary
Lagrangian-Eulerian (ALE) method.

» The primary characteristics of the adaptive meshing capability are:

— A smoother mesh is generated at regular intervals to reduce element
distortion and to maintain good element aspect ratios.

— The same mesh topology is maintained—the number of elements and
nodes and their connectivity do not change.

— It can be used to analyze:
+ Lagrangian (transient) problems in which no material leaves the mesh
and

* Eulerian (steady-state) problems in which material flows through the
mesh.
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Introduction to Adaptive Meshing

» The adaptive meshing implementation in ABAQUS/Explicit is very general
— Adaptive meshing is very cost-effective in an explicit framework.

* Improving mesh quality increases the stable time increment size,
which makes up for the added cost of the adaptive mesh increments.

— Adaptive meshing is supported for all step-dependent features (contact,
mass scaling, etc.).

— Adaptive meshing can be used with all material models with the exception
of the brittle cracking model.

* However, adaptive meshing cannot occur across material boundaries.

» Adaptive meshing is not recommended for hyperelastic or hyperfoam
materials.

— See the distortion control section for recommendations on using
these materials in analyses with large deformations.
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Introduction to Adaptive Meshing

—Once the region of the model that will use adaptive meshing is identified,
the algorithm is automatic.

—In ABAQUS/Explicit adaptive meshing is available for all first-order,
reduced-integration, continuum elements.

* Other element types may exist in the model.
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Introduction to Adaptive Meshing

* Relationships between the mesh and underlying material

—Lagrangian description: nodes move exactly with material points.
« It is easy to track free surfaces and to apply boundary conditions.
* The mesh will become distorted with high strain gradients.

— Eulerian description: nodes stay fixed while material flows through the
mesh.

« It is more difficult to track free surfaces.
* No mesh distortion because the mesh is fixed.

— Arbitrary Lagrangian-Eulerian (ALE) method: combines the features of
pure Lagrangian analysis and pure Eulerian analysis.

* Mesh motion is constrained to the material motion only where
necessary (at free boundaries),

» Otherwise, material motion and mesh motion are independent.
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Introduction to Adaptive Meshing

— Motion of mesh and material with various methods:

Lagargen LT TTTTT
—{[TI T 1]
ALE
—[TTTTTTIT]
cveran LT TTTTT]
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Introduction to Adaptive Meshing

* Adaptive mesh domains

— Adaptive mesh domains define the regions
of the model where the mesh can move
independently of material deformation.

+ Lagrangian adaptive mesh domains fixed die

Symmetry axis

—Lagrangian adaptive mesh domains are
usually used to analyze transient or quasi- undeformed model
static problems with large deformations.

» On the boundary of a Lagrangian
domain the mesh will follow the
material in the direction normal to the
boundary.

* The mesh covers the same material
domain at all times.

final deformed shape of the blank

Axisymmetric forging analysis
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Introduction to Adaptive Meshing l outflow

* Eulerian adaptive mesh domains

— Eulerian adaptive mesh domains are usually
Contours of
ysed t'o analyzg steady-state processes equivalent plastic
involving material flow. strain (PEEQ)

* On certain user-defined boundaries of
an Eulerian domain, material can flow
into or out of the mesh.

inflow > H I .

. '
T inflow

Steady-state rolling Extrusion analysis
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1 ABAQUS

Lagrangian Adaptive Mesh Domains
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Lagrangian Adaptive Mesh Domains

* With a Lagrangian adaptive mesh domain the mesh
represents the same material domain at all times.

—On the boundary of a Lagrangian domain the mesh will
follow the material in the direction normal to the
boundary.

— This technique is often used to analyze transient or
quasi-static problems with large deformations.
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Lagrangian Adaptive Mesh Domains

+ Example: Axisymmetric forging problem with adaptive meshing

axis of ;
symmetry
rigid die

*ADAPTIVE MESH, ELSET=BLANK

N O

From the main menu bar of the Step module, select T blank l 3

Other — Adaptive Mesh Domain — Manager i Hi] plane of
i BLANK i symmetry

1 1[Il

Adaptive Mesh Controls

m
@
3
@
3
2
@
o)
o

step

Undeformed model

Bl Edit Adaptive Mesh Domain [ <]

Step: Step-1

Edit.. " No adaptive mesh domain for this step
| @ Use the adaptive mesh domain below:
| Region: BLANK Edk,..
™ Adaptive Mesh Controls: | = cestenns

Frequency: 10

Remeshing sweeps per increment: |1
Initial remeshing sweeps: & Default  value:

Cancel

LEABAQUS
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Lagrangian Adaptive Mesh Domains

+ Example (cont’d) : Axisymmetric forging problem with adaptive meshing

Interior nodes adaptively
adjust in all directions

Nodes along the free boundary
move with the material in the
direction normal to the material’s
surface. They are allowed to
adapt (adjust their position)
tangent to the free surface.
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Lagrangian Adaptive Mesh Domains

» Example (cont’d) : Axisymmetric forging problem with adaptive meshing

— The default adaptive meshing behavior is not effective enough to prevent
mesh distortion towards the end of the forging analysis.
* The default adaptive meshing options are indented for:
— low- to moderate-rate dynamic problems
— quasi-static process simulations undergoing moderate deformation.

 This analysis ends prematurely with an excessive element distortion
error.
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Lagrangian Adaptive Mesh Domains

» Frequency of adaptive meshing

—In most cases the frequency of adaptive meshing is the parameter that

most affects the mesh quality and the computational efficiency of adaptive
meshing.

* The default for Lagrangian (transient) problems, is for an adaptive
mesh increment to be performed after every 10 “explicit” increments.

« If the entire model acts as the adaptive mesh domain, each adaptive
meshing increment costs about the same as 3-5 “explicit” increments.

—In an adaptive meshing increment, ABAQUS/Explicit creates a new
smoother mesh by sweeping iteratively over the adaptive mesh domain.

 During each sweep, nodes are adjusted slightly to reduce element
distortion.

» By default, 1 mesh sweep is performed per adaptive mesh increment.

) 11z
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Lagrangian Adaptive Mesh Domains

» Example (cont’d) : Axisymmetric forging problem with adaptive meshing
—Increase the adaptive mesh frequency for the forging example so that:
+ adaptive meshing is performed every 5 increments and
» 3 mesh sweeps are performed every adaptive mesh increment.

*ADAPTIVE MESH, ELSET=BLANK, FREQUENCY=5, MESH SWEEPS=3

Ml Edit Adaptive Mesh Domain E
Step: Skep-1

Mo adaptive mesh domain For this step
% Use the adaptive mesh domain belaw:
Region: BLANE Edi,..

™ Adaptive Mesh Controls: = Greate..

Freguency: £ -
Remeshing sweeps per increment: |3
Initial remeshing sweeps: & Defaulk € Walue:

o
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Lagrangian Adaptive Mesh Domains

+ Example (cont’d) : Axisymmetric forging problem with adaptive meshing

—With the increased adaptive mesh frequency and more mesh sweeps per
adaptive mesh increment, the mesh quality is improved.

B

Video Clip

Deformed mesh at end of analyses ( 100% of die travel)
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Lagrangian Adaptive Mesh Domains

+ Adaptivity with graded meshes
—The two objectives of ABAQUS/Explicit's adaptive meshing algorithm are:
* to reduce the distortion and

* to improve the aspect ratios of the elements in the adaptive mesh
domain.

— There are many problems where it is desirable to maintain a graded mesh
throughout the analysis.

» The adaptive meshing capability in ABAQUS/Explicit allows the user
to specify that the original mesh gradation should be maintained.
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Lagrangian Adaptive Mesh Domains

— Example: Crushable foam indentation F———
— Meshing and Smoothing
*ADAPTIVE MESH, ELSET=foam, pirky: C Inpror spect g reserv kel e rsing_|
CONTROLS=Ada-1 ¥ Use enhance: abed on evalving element geometry
3 predictor: (¢ Current deformed position
*ADAPTIVE MESH CONTROLS, NAME=Ada-1 ’  Pasition From previous adaptive mesh increment
I SMOOTHING OBJECTIVE=GRADED I Curvature refinement: |1

Weights:

Volumetric: |1

Laplacian: 0

Equipotential: [0

i~ Boundary Region Smoothing

Initial Feature angle: lau—
Transition feature angle: lau—

I Adaptive Mesh Domain Manager

[step | [adaptive Mesh Controls
Ada-1

E 1 A

ndex shift

element set foam
crushable foam material

Dismiss

- i:
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Lagrangian Adaptive Mesh Domains

— Example (cont'd): Crushable foam indentation

graded mesh

regular mesh

Undeformed mesh

Deformed half mesh ST
at 100% of die travel IRt
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Lagrangian Adaptive Mesh Domains

+ Example: High Speed Rod Impact

— Three variations of the rod impact analysis are performed.

o Pure Lagrangian analysis (i.e. no adaptive meshing)

e Lagrangian adaptive meshing analysis with default

rod
region boundaries:

—Nodes move with the material in the direction
normal to the material’s surface.

—Nodes are allowed to adapt (adjust their position)
tangent to the free surface.

Il Edit Adaptive Mesh Domain [ <]

*ADAPTIVE MESH, ELSET=rod, e Sepl
FREQUENCY=3, SWEEPS=3

" Na adaptive mesh domain for this step

& Use the adaptive mesh domain below:

Region: rod Ed..,

I~ Adaptive Mesh Controls: | ﬂl Axisymmetric
Frequency: 3

rod
Remeshing sweeps per incremertk: |3

- i:
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Lagrangian Adaptive Mesh Domains -
+ Example (cont’d): High Speed Rod Impact /
e Lagrangian adaptive meshing analysis with Lagrangian
mesh constraints on the mesh exterior.
—Nodes move with the material (nonadaptive) on the
mesh exterior. Eos
—Nodes are allowed to adapt (adjust their position)
within the rod interior.
*ADAPTIVE MESH, ELSET=ROD,
FREQUENCY=3, SWEEPS=3 £ £
" No adaptive mesh domain For this step
*ADAPTIVE MESH CONSTRAINT, €% s the adaptive mesh domain below:
CONSTRAINT TYPE=LAGRANGIAN Region: rod Ed.
BOUNDARY, ™ Adaptive Mesh Cantrols: ¥  creste.
Frequency: 3
Remeshing sweeps per increment: |3
*adaptive Mesh, elset=rtod, frequency=3, mesh sweeps=3, op=NEW Axisymmetric
*ADAPTIVE MESH COMSTRAINT, COMSTRAIMT TYPE=LAGRANGIAN | rod
BOLNDARY,
Copyright 2005 ABAQUS, Inc. AB AQ UsS
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+ Example (cont’d): High Speed Rod Impact

Lagrangian Adaptive Mesh Domains

no adaptivity restricted adaptivity T T default adaptivity
pure adaptive meshing adaptive meshing
Lagrangian for the interior for the interior
® edge node 65 | formulation nodes of the mesh and boundary
X material point | only nmo:;s of the
coincident with |
node 65 in the | 1
undeformed [mm- t
model = -
O interior node 132
X material point =
coincident with | -
node 132 in the N
undeformed
model

Deformed meshes at the end of the three analyses

- i:
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Lagrangian Adaptive Mesh Domains

* Timings and peak equivalent plastic strain

Number of
increments
(Normalized)

CPU time
(Normalized)

Peak equivalent

Type of analysis plastic strain

Pure Lagrangian 1.00 1000 3.00
ALE for interior nodes 0.83 749 2.99

ALE for interior and

boundary nodes 0.44 302 278

—This example shows that while the cost per increment increases as more
nodes are adjusted during adaptive meshing, the overall cost decreases
because fewer increments are needed.

+ ABAQUS/Explicit can use larger time increments in the adaptive
meshing simulations because the element distortion is minimized
(elements remain well-shaped).
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Eulerian Adaptive Mesh Domains for
Steady-state Analyses
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

gas outflow
» An Eulerian description of a problem is one in which the

material moves through the mesh—the mesh defines a
control volume for the problem.

— The adaptive meshing capability in ABAQUS/Explicit can
be used to perform simulations of steady-state processes
with an Eulerian description.

— The steady-state conditions for many metal forming
processes can be analyzed more readily with an Eulerian
description, such as:

* Rolling
» Extrusion

* Drawing

! gasinflow !

— Other flow problems can be analyzed, such as a shock
wave in a gas traveling with constant velocity through a  velocity resultant at an

. . intermediate time during
two-dimensional obstructed channel. shock wave analysis

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

—Various methods for modeling a rolling process

Initial model Final model
configuration configuration
 Pure Lagrangian g ) ’L
(transient analysis)
Distorted mesh ._/‘

Smoothed mesh

» Adaptive Meshing with
Lagrangian Boundaries
(transient analysis)

Best guess of steady-state

» Adaptive Meshing with

X configuration
Inlet and Outlet Eulerian >
Boundaries B 1 ) )
(steady-state analysis) - — — ;E

inflow outflow inflow outflow

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses
» The definition of an Eulerian adaptive meshing problem requires careful
consideration.
—The following items need to be specified for Eulerian problems:
» Adaptive mesh domain
— This is the meshed region that serves as the problem control volume.

— The mesh must be a reasonable approximation of the steady-state
configuration.

* Inflow and outflow surfaces
* Mesh constraints

— To fix the mesh in space so it does not move with the underlying
material

* Material constraints
—To control material behavior at boundaries, such as the inflow surface.

» Material conditions at the outflow boundary are typically part of the
solution.

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example: Steady-state flat rolling simulation

Flat rolling steady-state flat rolling model

rotating roller
(analytical rigid surface)

inflow

rolled bar

outflow /

symmetry planes

meshed control volume
(Eulerian adaptive meshing domain)

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example (cont’d): Steady-state flat rolling simulation
o Define the adaptive mesh domain.

* This adaptive mesh domain definition is the same for Eulerian and
Lagrangian adaptive meshing analyses.

» The default adaptive meshing frequency in Eulerian analyses is one.
—i.e. adaptive meshing is performed every increment

*ADAPTIVE MESH, ELSET=BAR

M Edit Adaptive Mesh Domain [x]
Step: Step-1
" No sdaptive mesh domain For this stej
' Use the adaptive mesh domain below:
Region: BAR  Edit...
I™ Adaptive Mesh Controls: | =l et

Frequency:

1
Remeshing swesps per increment: |1
Tnitial remeshing sweeps: & Default € Yalue:
o set BAR

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example (cont’d): Steady-state flat rolling simulation

e Define the Eulerian inflow and outflow surfaces.

*SURFACE, NAME=inflow, REGION TYPE=EULERIAN
inflowElem, S5
*SURFACE, NAME=outflow, REGION TYPE=EULERIAN
outflowElem, S3

inflow

\

B4 Assembly

@ Instances (2]

% Pasition Constraints (07
& Features (2)

outflow
Switch Context Ctr+Space
2t A Roat I Edit keywords, Modek: Flat Rolling [x]

Expand All Under

Collapse Allunder [ *Surface, type=ELEMENT, name=0UTALOW JREGION TYPE=EULERIAN =
*Surface, bype=ELEMENT, name=TNFLOW,

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

» Example (cont’d): Steady-state flat rolling simulation
e Constrain the mesh motion at the Eulerian surfaces defined in step e
» Constrain the nodes of the inflow and outflow surfaces in the direction
normal to the material flow.
— Creates a stationary control volume with respect to the material.
+ Constrain the inflow surface in the directions tangent to the flow.
— In this example the shape of the inflow boundary is known.

I Edit keywords, Model: Flat Rolling

*Adaptive Mesh, elsst=BAR, op=MNEW

*ADAPTIVE MESH CONSTRAINT, COMSTRAINT TYPE=SPATIAL
TMFLOW, 1,3, 0.,
OUTFLOW,1,1,0,

OUTFLOW

- i:
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L6.41
Eulerian Adaptive Mesh Domains for Steady-state
Analyses

. Name: [Inlet-vel3
+ Example (cont’d): Steady-state flat rolling s R
simul ation Procedure: Dynamic, Explict
Category Types for Selected Step
O Constrain the material motion at the & retoned [ Svetypotirfrcade
Eulerian surfaces. P
« At the inflow surface the material moves e, et

Only normal tO the Surface. Type:  Velockyfangular velocity

Steps  Step-1 (Dynamic, Explick)
Region:

o | = (Global) Edt.
——
™ ve:
7 va: [

—— T

—(time
M Edit keywords, Model: Flat Rolling

Inlet-Vel2

2

L,

[CtrI]+Click to
exclude edge from
selected face when
set is created.

** BOUNDARY CONDITIONS
Inlet-Vel3 ok

#* Name: Inlet-VelZ Type: Welocityjangular velocity et

*Boundary, type=VELOCITY, | REGION TYPE=ELLERIAH

Inlet-velz, 2, 2, 0.0

** Name: Inlet-vel3 Type: Velocityjangular velocity

*Boundary, type=YELOCITY, [REGION TYPE=ELILERIAN
aer Inlet-vel3, 3, 3, 0.0
Sets for boundary condition MEER

Copyright 2005 ABAQUS, Inc.
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L6.42

Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example (cont’d): Steady-state flat rolling simulation
O (cont'd) Constrain the material motion at the Eulerian surfaces.

« At inflow and outflow boundaries the material velocity is assumed to
be uniform.

7
*EQUATION Inflow-Egn-1Node
2,

excluded
Inflow-Egn,1,1.0, 3
*EQUATION

LL Inflow-Egn
3
2,

Outflow-Eqn,1,1.0,0utflow-Eqn-1Node,1,-1.0 ‘

Out flow-Egn-1Node

Inflow-Egn-1Node,1,-1.0

2

B‘TJ Outflow-Eqgn excluded

Copyright 2005 ABAQUS, Inc.
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses
+ Example (cont’d): Steady-state flat rolling simulation

O (cont'd) Constrain the material motion at the Eulerian surfaces.

« At inflow and outflow boundaries the material velocity is assumed to
be uniform.

i Switch Context Crrl4space
IfbwEon  E—
o Outflovw-Eqn
RigidBody-1

Set As Root
| Expand All Uy 7
T ot constrane._ B} Inflow-Eqn-1Node
Name: [Outflow-Eqn excluded
Type —
Tie N OutFlow-Fy L—
Rigid body EOs8 CIETE 1, Inflow-Eqn
Display body ~ T¥pe:  Equation

I E

it Constraint [x] 2

Coupling Enter one row of data for each term in the equation .. |
Shell-to-solid ¢ .
Embedded reg Click mause button 3 for Eable options.
| Equstion | Coefficient _|__SetMame | DOF | C5YS ID [
1 1 Outflow-Eqn 1 {global)
2 -1 Outflow-Eqn-hode 1 {qlobal) Out flow-Eqn-1Node

I 1 2
. ]

i
e et

Outflow-Eqn

excluded

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example (cont’d): Steady-state flat rolling simulation

— Steady-state detection can be used to terminate the ABAQUS/Explicit
analysis when specified steady-state criteria are met.

* This feature is available for uni-directional processes.
« This feature is not unique to adaptive meshing analyses.

Il Edit keywords, Model: Flat Rolling- . N
Request sampling at uniform

*3kep, name=>5tep-1 intervals for an Eulerian analysis.
*Dwnamic, Explicit

, 05

*STEADY STATE DETECTION,ELSET=EAR, SAMPLING=LNIFCRM
1.0,0,0,.1,0000 < Cutting plane

*STEADY STATE CRITERIA Analysis terminates when the steady

SSPEEQ, , 0409, 0., 0, ; ;
Sa5PRD. | 0409, 0. 0. state is detected at the cutting plane.

SSTORG, , 0409, 0., 0., Assembly.Raler, 10001, 0., 0., 1.
SSFORC, , 0409, 0., 0., Assembly,Roller, 10001, 0., 1,, 0.

steady-state criteria definitions ——

Only when all of the criteria specified have been satisfied will the inflow
analysis be considered to have reached steady state.

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example (cont’d): Steady-state flat rolling simulation

ALE with ALE with
Lagrangian Eulerian
inﬂ% boundary boundary
\ Steady St?t? 59 ms 28 ms
achieved in:

Deformed mesh shows

\ maximum spread at

steady state ———————

W

outflow

~

loutﬂow l

Contours of equivalent plastic strain in steady-state conditions
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

+ Example (cont’d): Steady-state flat rolling simulation

_.Esos.._

. | | Equivalent plastic
/ Plastic [ | strain (PEEQ)
dissipation

E1045

N736

| Lateral
t displacement

L ;5 N1506 E1045 /

E505
- , , ‘ N1506 oo

Verifying that a steady-state solution is achieved
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Eulerian Adaptive Mesh Domains for Steady-state Eulorian
Analyses outflow
+ Example: Axisymmetric extrusion analysis
— The adaptive meshing definition for this extrusion
example is similar to the previous rolling example.
+ Extrusion is different from rolling in that the
material is driven by a velocity condition specified
at the inflow Eulerian boundary. i
o All the elements of the bar are included in the adaptive ‘::
mesh domain. % ISR
z 2
e The Eulerian inflow and outflow surfaces are specified. g =
£ 2
e Adaptive mesh constraints are applied to constrain the @ -
mesh at the inflow and outflow surfaces.
* Both surfaces are constrained vertically.
DWW, 1]
» The inflow surface is also constrained horizontally.
v=5m/s
Copyright 2005 ABAQUS, Inc. Zzg AB AQUS
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Eulerian Adaptive Mesh Domains for Steady-state Eulerian
Analyses outflow

+ Example (cont’d): Axisymmetric extrusion analysis

o Constrain the motion of the material passing trough
the Eulerian surfaces.

» An equation constrains the material at the outflow
boundary to have uniform velocity.

* An Eulerian boundary condition prevents the i
material crossing the inflow surface from moving e
tangent to the surface. %

z 2
‘5 hel
E el
£ &
= =
[2]
DWW, 1]
v=5m/s
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Eulerian Adaptive Mesh Domains for Steady-state Eulerian
Analyses outflow

+ Example (cont’d): Axisymmetric extrusion analysis

e Force the material through the mesh with a boundary
condition at the inflow surface.

Hame:  Inflowvelocity
Type:  elocity/Angular velocity ‘
Step:  Step-1 (Dynamic, Explicit) i
Region: INFLOW |
2
Cs¥s: (Global) Edit... é
e z 2
7]
7 w2 5 E 3
X
I wRa radians/time & =
promny rewesp Bl Edit keywords, Model: Eulerian Extrusion
e ** hame: Inflowvelocity Type: Yelocitydngular velocity
*Boundary, type=YELOCITY | REGION TYPE=ELLERIAN
INFLOW, 2, 2, 5.0 OW! ||
‘\ v=5mis

- i:
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Eulerian Adaptive Mesh Domains for Steady-state
Analyses

outflow

+ Example (cont’d): Axisymmetric extrusion analysis

— The mesh undergoes very little change from the
beginning to the end of the analysis because of the
accurate initial guess made for the steady-state
domain shape.

. 80.00

\¢ Outflow velocity reaches a steady
value of ~80 m/s, which is consistent
with the incompressible material
assumption and the 1/16 ratio of the

w000 |- die opening to the billet size.

200 400 600 800  10.00 inflow
TOTAL TIME (sec)

40.00

VELOCITY - V2 (mi/sec)

Contours of equivalent
Outflow velocity plastic strain (PEEQ)
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Adaptive Meshing Output and
Diagnostics

Copyright 2005 ABAQUS, Inc.

ABAQUS/Explicit: Advanced Topics L6.52

Adaptive Meshing Output and Diagnostics

— Output for adaptive meshing must be interpreted !
carefully. i

Node 65 (e)
was originally
associated with
material point X

/

* Result values at specific locations in the i
mesh are no longer linked to values at ll—
particular material points. |

Node 132 (0)

i| was originally
associated with
| material point X

* A material particle that is coincident with an
element integration point at the beginning of a
step may not remain so throughout the step.

—Values of displacement and current coordinates
represent the motion of the node, not necessarily
the motion of the material.

— Contour or vector plots of all other nodal and ._
element variables will show their correct spatial =
distribution and are, therefore, meaningful.

Impact of a copper rod
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Adaptive Meshing Output and Diagnostics

* Tracer particles

— Tracer particles can be defined to track material points in an adaptive
mesh domain.

* These particles can also be used to obtain time histories that
correspond to the time variation at a specific material point.

— Output for tracer particles can be written only to the output database file.
* They can be viewed in ABAQUS/Viewer.
Tracer particles will leave

- Thellnltl_al Iocgtlon of a trac_:er_ their parent nodes 5
particle is defined to be coincident times during the step

with a node, termed the parent ‘
Il Edit keywords, Model: Extrusion
node.
*TRACER PARTICLE, TRACER SET=TSET, IPARTICLE BIRTH STAGES=5 I
TRACER,

o

— Sets of tracer particles can be

released from the current VB B Make specific output
locations of the parent nodes at *outpu, history requests for the
multlple times during the step. PE\EE;‘IENT ouTeuT, TRAcer sET=T=ET | defined tracer set

- i:
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—
Adaptive Meshing Output and Diagnostics
Il Color Code
Selection E
’7Reglur\: [ ] methad: [Element sets | ) :
Video Clip
E|
General | Enfity Display 3| SwesplEs - Color Tables
~Options ———— | Unassigned item color: =]  advanced
Symbol sizes 'ﬁﬁ_ Element Sets I
Al
I show boundary canditions "
W S s active [Element sets - | edge [ color [<] p05|lt|on of tracer
I™ Show cannectors = e = O particles due to  \
I¥ Hichlight connector points ¥ 7T ot 1 = | various “birth stages’
I | 2how [ocal aves P TETotage 2 =
¥ | stiow conmector bype Ird TSET Stage 3 [ ]
™ shaw ODB coordinats systems ¥ TSETStage 4 =
[¥ Show session coordinate systems [V TETStage S N | /
¥ show point elements t toef
¥ Show reference points w Status ¥ Table Edit cofor: /
I~ show massfinertia slemerts Nome fiker: TLI I~ Highlight items
I~ show 1 location where tracer
I™ Show spot welds/DCOUP elem _ i
Frmmpi> =) D] o] | P o a0t TRAGER)

o | fpply | pefauts | cancel | \

color code tracer sets
by birth stage number

Extrusion analysis
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Adaptive Meshing Output and Diagnostics

Stage 1 & 2 tracer particles leave the meshed control volume before the analysis ends

'/ 4.00 L > [
FEEQ L
(hwe. Crit.: 75%) ——— PEEC a_ Par=nl Nude: 251 2Lege 1
12 é%%gigg 380 |  prxd ar darent Toae: 250 srage 2
+Higeeeian L - Parzat Node: 25) Stage 3
+ =+ ac Parant Node: 257 Srage 4
j:g 3%?;’;83 300 || PEEL a- Parznt Node: 25] Stage §
Y2 5Elet00
+2.135e+00 L
Rt
¥
+8.556e-01 250 —
R
. 8 L
w 200 —
o -
Stage 4 150 |—
1.00 —
Stage 5 | tage 3
0.60 —
Parent node - Stage 4
"
0.00 l Stage 5
0.00 200 4.00 6.00 8.00 10.00 [x10%)
PEEQ contours at end of analysis Time

PEEQ history for tracer particles from parent node 250
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Adaptive Meshing Output and Diagnostics

» Diagnostic output
—To track the efficiency and accuracy of adaptive meshing, diagnostic
information can be written to the message (.msg) file.
— By default step summary information is printed at the end of each step,
including:
» The average percentage of nodes moved
» The maximum percentage of nodes moved
* The minimum percentage of nodes moved
» The average number of advection sweeps

—More (or less) diagnostic information can be requested, for example to
obtain a summary for each adaptive mesh increment:

M Edit keywords, Model: Flat Rolling

Other options:
#+ QUTPUT REQUESTS
o ster summary (default),
*Restart, virite berinteryal=20, time marks=No DETAIL and OFF
‘ HDIAGNOSTICS, ADAPTIVE MESH = SUMMARY
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Additional Features of Adaptive
Meshing
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Additional Features of Adaptive Meshing

+ Adaptive mesh Boundary Regions
— Adaptive mesh boundary regions bound the adaptive mesh domain:
« Surfaces in three dimensional problems
» Edges in two-dimensional problems
— ABAQUS/Explicit will create adaptive mesh boundary regions on:
* The exterior of a model
» The boundary between different adaptive mesh domains

* The boundary between an adaptive mesh domain and a nonadaptive
domain

—You can define adaptive mesh boundary regions using
» Boundary conditions
* Loads (concentrated and distributed)
* Surface definitions

- i:
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Additional Features of Adaptive Meshing

—Two boundary region types have already been
introduced:

 Lagrangian boundary region:

—Mesh is constrained to move with the material

in the direction normal to the boundary region.

—Nodes are free to adapt within and along the
edges of the region but cannot leave it.
—Lagrangian boundaries are the default.
+ Exception: the boundary between adaptive
and nonadaptive regions is nonadaptive.
« Eulerian boundary region:
— Material flows across the boundary,
« i.e., material flows into or out of the mesh.

— This region type can only lie on the exterior
surface of the model.

L6.59

Mesh patch follows
underlying material

Lagrangian boundary region

Material flows trough the
Eulerian boundary

Eulerian boundary region

Copyright 2005 ABAQUS, Inc.

LEABAQUS

ABAQUS/Explicit: Advanced Topics

Additional Features of Adaptive Meshing

—There is yet another boundary region type.
+ Sliding boundary region:

—Mesh is constrained to move with the
material in the direction normal to the
boundary region.

— The mesh is completely unconstrained
in the directions tangential to the
boundary region.

* |.e., the region motion is
independent of the underlying
material in the tangential
directions

L6.60

Mesh patch slides over
the underlying material

sliding boundary region
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Additional Features of Adaptive Meshing
+ Example: Surface loading to model a cooling jet

Initial jet location:

—p Spatial (sliding) loading definition:

Jet location after some time:
I I I l = convective film condition
Lagrangian Y ¥y v
interpretation *FILM, REGION TYPE=SLIDING
B—r— JET, F1, 70., 6.559E-5
» = adaptive mesh constraint to fix
Spatial (sliding) the sliding film condition in space
patial (sliding *ADAPTIVE MESH CONSTRAINT
interpretation DRSS mSabs
LEFT-JET-NODE, 1,1,0
flow RIGTH-JET-NODE, 1,1, 0
® node

» mesh constraint

- i:
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Additional Features of Adaptive Meshing

* Adaptive mesh domains

— Multiple adaptive mesh domains can be defined.
» Element sets used to create adaptive mesh domains cannot overlap.

— The specified domain will be automatically split into multiple adaptive mesh
domains if the specified domain:

« consists of multiple element types
* consists of multiple materials

* spans part instances or regions that are connected by less than a
single element face

* is subject to multiple body force definitions or multiple section control
definitions

— At the boundary between automatically split adaptive mesh domains, the
mesh can only adapt along boundary.

—Element sets (userelsetname-domaini#-step#) are created for each
adaptive meshing domain, including those split automatically.
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Additional Features of Adaptive Meshing

—For example, ABAQUS/Explicit automatically divides the adaptive mesh
domain defined on the right side of this block at the boundary between two
different materials:

adaptive mesh
domain
i

nonadaptive material 1

domain
- nonadaptive boundary region

:l Lagrangian boundary region
The exterior of the adaptive
mesh domain is also a
Lagrangian boundary region.

material 2

user-gefined adaptive mesh domain: right half of box
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Additional Features of Adaptive Meshing

— By default, all adaptive mesh domains defined in a previous analysis step
remain unchanged in the subsequent step.

— Adaptive mesh domains can be added, modified, or removed on a step-by-
step basis.

* For example, to deactivate adaptive meshing in a step:

*ADAPTIVE MESH, OP=NEW Ml Edit Adaptive Mesh Domain
Step: Step-2

IG‘ Mo sdaptive mesh domain For this stepl

Ml Adaptive Mesh Domain Manager € Use the adaptive mesh domain below:

Regior, (ot selected)) Edit,.,

[step [ adaptive Mesh Controls
Step-1 Default I~ Aidaptive Mesh Controls: >| |creste..

Fraquenty: 10

Remeshing sweeps per increment: |1

Initial Femeshing sweeps: (& Default € Yalle:
_cend |
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Additional Features of Adaptive Meshing

* Geometric features

— Geometric edges and corners are
detected on adaptive mesh domains.

+ Adaptivity is not performed across

. - X
these geometric features unless they .7
flatten. Edge type
- - - geometric
— Geometric edges are “soft” edges. — Lagrangian

»
z
» They remain edges until the surfaces
flatten.

—Lagrangian edges are “hard” edges.
Adaptive meshing is never performed
across these edges.

- i:
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Additional Features of Adaptive Meshing

— Use automatically created node sets to verify Lagrangian edges, geometric
edges, and nonadaptive nodes (userelsetname-domain#-LE/GE/NA-step#).

 LE: Lagrangian edge nodes
* NA: nonadaptive nodes
* GE: Geometric edge nodes

— For more information refer to the ABAQUS Analysis User’s Manual.

(side)

symmetry

BAR-1-LE-1 node set (bottom) BAR-1-GE-1 node set

Automatically created node sets for the steady-state flat rolling simulation
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Additional Features of Adaptive Meshing

* Modeling issues with adaptive mesh regions
— Combinations of loads, boundary conditions, and surfaces can produce
different adaptive mesh regions.
» Use ABAQUS/Viewer to check for Lagrangian edges, geometric
edges, and nonadaptive nodes.

— If small siding or tied contact is defined in an adaptive mesh domain, all
nodes on both surfaces are nonadaptive.

— All elements other than first-order, reduced-integration, solid elements are
nonadaptive.
» Elements with rebars are not part of adaptive mesh regions.
* Nodes with spot welds, springs, or dashpots are nonadaptive.
— Use degenerate quadrilateral/brick elements to define triangular/
tetrahedral elements.
» For example, using the CPE3 element will result in split domains.

- i:
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Additional Features of Adaptive Meshing

» Smoothing refers to the remeshing of the domain of interest to smooth
element distortion.

— ABAQUS/Explicit can use one or more of the following basic smoothing
methods:

* Volume smoothing
* Laplacian smoothing
» Equipotential smoothing
—Volume smoothing is very robust and is the default method

—For more information on mesh smoothing methods refer to the ABAQUS
Analysis User’s Manual.
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Additional Features of Adaptive Meshing

» After the mesh has been smoothed element variables, nodal variables,
and momentum are remapped by advection.

— Two advection methods are available in ABAQUS/Explicit:

* The default second-order advection method improves accuracy during
the remapping phase of adaptive meshing.

* First-order method tends to diffuse any sharp gradients of element
variables during the remapping phase.

—For more information on advection refer to the ABAQUS Analysis User’s
Manual.
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Additional Features of Adaptive Meshing

+ Solution-dependent adaptive meshing prevents the reduction of mesh
refinement near areas of evolving concave curvature.

— Basic smoothing methods reduce the mesh refinement near concave
boundaries.

— With solution-dependent adaptive meshing, mesh gradation is
automatically focused toward these areas.

* The aggressiveness of the meshing is governed by the curvature
refinement weight, which has a default value of 1.

— For more information refer to the ABAQUS Analysis User’s Manual.

Default curvature refinement No curvature refinement

Axisymmetric forging problem
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Element Distortion Control
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Element Distortion Control

+ ABAQUS/Explicit offers distortion
control to prevent solid elements

from inverting or distorting E @
excessively. no-dist-ctrl with dist ctr

— Distortion control is designed to
prevent negative element volumes
or other excessive distortion from
occurring during an analysis.

* In contrast to the adaptive ‘ ‘
meshing technique, distortion \ T
control does not attempt to
maintain a high-quality mesh
throughout an analysis.

» Elements with distortion control crushable foam indentation

can not be included in an
adaptive mesh domain.
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. . Courtesy of BMW
Element Distortion Control

—Many analyses with volumetrically
compacting materials (e.g., crushable
foams) see large compressive and
shear deformations.

* Especially true when the
crushable materials are used as
energy absorbers between stiff
or heavy components.

— Analyses may fail prematurely when : @
the mesh is coarse relative to strain ; Vieo @
gradients and the amount of
compression.

— Distortion control prevents solid
elements from inverting or distorting
excessively for these cases.
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Element Distortion Control

+ Example: Crushable foam Indentation

*SOLID SECTION, ELSET=BLANK, MATERIAL=FOAM, CONTROLS=DistortionControl

*SECTION CONTROLS, NAME=DistortionControl, HOURGLASS=ENHANCED,
KINEMATICS=ORTHOGONAL, |DISTORTION CONTROLl

Il Element Type [ <]

Element Library Family
€ Standard  Explicit

Acoustic

Geometric Order Cohesive
’7&‘ Linear " Quadratic | | |Continuum Shell |

x| wedge | 7ot | Constraint activates when
HementConsls | arectangular element
Kinematic spit:  average stain " onhegonsl UNAer uniaxial compression

Secondorder acouracy: s & N undergoes 90% nominal
Distortion contral: @ fes O Mo | Y strain (default).
Length ratio: |0.1 1

Hourglass control: O Erhanced (& Relax stiffness © Stiffness ¢ Viscous ¢ Combined
Stiffress-yiscous weight factors [0.5

Displacement hourglass scaling factor: [1

C3DER; An B-nods linear brick, reduced inkegration, hourglass control,
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Element Distortion Control

« Distortion control is activated by default
for elements modeled with hyperelastic or
hyperfoam materials. Hyperelastic material

— Using adaptive meshing in a domain
modeled with hyperelastic or hyperfoam
materials is not recommended.

* Better results are generally
predicted using the enhanced undeformed shape
hourglass method in combination
with element distortion control.

final deformed shape

Compression of a rubber gasket
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Element Distortion Control

* Energy dissipated by distortion control can be output.
— Total energy dissipated by distortion control (ALLDC)
— Energy dissipated in the element by distortion control (ELDC)

10°) x10%)
;
. .
16.00 [~ 1000
L ATLAC i 8g0 |- —— =&LLDC
e T T m
i | 600 |- s
8.00 — - -
I 1 400 |-
400 [— - I 2
200 — L
| i | e
0.00 o1 [ A L 000 lmotoderl™ Ly
000 001 002 003 004 005 008 000 001 002 003 004
Time Time

Energy output from crushable foam indentation analysis
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