
CAE/ABAQUS

www.FluidMechanics.ir



CAE/ABAQUS2

.................................................................................................................................

 :..................................................................................
2 -1 -.....................................................................................................................
2 -2 -....................................................................................................

 :ABAQUS...............................................................................
2 -1 -...................................................................................................................
2 -2 -ABAQUS...........................................................................................
2 -3 -Standard )(........................................
2 -4 -Explicit................................................................................................
2 -5 -Standard...........................................................
2 -6 -..............................................
2 -7 -ABAQUS/CAE.................................................................................
2 -8 -........................................................................
2 -9 -ABAQUS..................................................................................................
2 -10-ABAQUS/CAE.................................................................................
2 -11-................................................................................................

 :.............................................................................................

 :ABAQUS/CAE.............................................................
4 -1 -Part...........................................................................................................
4 -2 -Property.................................................................................................
4 -3 -Assembly................................................................................................
4 -4 -Step........................................................................................................
4 -5 -Interaction.............................................................................................
4 -6 -Load.......................................................................................................
4 -7 -Mesh.......................................................................................................
4 -8 -Job..........................................................................................................
4 -9 -Visualization..........................................................................................

 :...........................................................................................
5 -1 - :..............................................................................
5 -2 - :...............................................................................

:..................................................................................................................



CAE/ABAQUS3

 .

)

 (

.

.

123 ....

 .

AnsysAbaqusNastran ....

ABAQUS/CAE

.

1 Finite Volume
2 Finite Element
3 Finite Difference

www.FluidMechanics.ir



CAE/ABAQUS4

 :

2-1-

12

 .

 .

 .

.

 .

 .

.

:

1 -3

1 Partial
2 Region
3 Finite difference method

www.FluidMechanics.ir



CAE/ABAQUS5

.

 . ) (

 .

dx

d

x

 ..

2 -1

 .

 .

 .

:

dxQy
dx

dyDH


0

2

2

)(xfy  .

)(xgy 

0)0( yy HyHy )(:

02

2

Q
dx

yd
D

.

1 Variational Method

www.FluidMechanics.ir



CAE/ABAQUS6

 .

 .

.

.

3 -1

 .

 .

R .)(xhy 

:

02

2

Q
dx

yd
D

:

0)()(
2

2

 xRQ
dx

xhd
D

:


H

i dxxRxW
0

0)()(

 . .

:

1 Weighted Residual Methods

www.FluidMechanics.ir



CAE/ABAQUS7

1 :)()( ii XxxW 

 .

 ..

2 :1)( xWi

 .

) ( .

.

3 :

 .

.

4 :R

 .:


H

dxxREr
0

2)])[

 .

.

1 Collocation Method
2 Subdomain Method
3 Galerkin�s Method
4 Least Squares Method

www.FluidMechanics.ir



CAE/ABAQUS8

2-2-

.

:

1 -

.

-

.

.

:

1 -1 .
2.

2 -
34.

.

3 - .

 .

.

1 Element
2 Node
3 Linear
4 Quadratic

www.FluidMechanics.ir



CAE/ABAQUS9

4-

5 -.

 . .
1 . .

 .

 .

 .

.

 .

 ).21 cxcu 

 .(.

 .

 .

 .2

 .

 .

1 Mesh
2 Shape Function

www.FluidMechanics.ir



CAE/ABAQUS10

 . .

:

xaa 21 

1a2a .ij

iXjXij1a2a

.

jj

ii

Xaa

Xaa

21

21





:

ij

ij

ij

ijji

XX
a

XX

XX
a











2

1

1a2a:

j
i

i
j

L

Xx

L

xX 





L .

x .

 N .

 .

:

L

xX
N j

i




L

xX
N i

j




:

www.FluidMechanics.ir



CAE/ABAQUS11

jjii NN 

 .

 .

 . .

 .

 )x (.

 .

 )21 cxcu  (

 .

 .

ij ).1a2a

 .(. .

.

 .

.

www.FluidMechanics.ir



CAE/ABAQUS12

 :ABAQUS

2-1-
ABAQUS

 .1

 .

.

ABAQUS

) - ( .

.

ABAQUS

 .

 .

 .

1 Element Library

www.FluidMechanics.ir



CAE/ABAQUS13

 .

ABAQUS1

 .

.

2-2-ABAQUS2

ABAQUS3 :ABAQUS/Standard

ABAQUS/Explicit .ABAQUS/Standard

ABAQUS/AquaABAQUS/Design .

ABAQUSMOLDFLOWABAQUSMSC.ADAMS

ABAQUS Interface For MoldflowABAQUS Interface For MSC.ADAMS

 .ABAQUS/CAEABAQUS

 .ABAQUS/Viewer

ABAQUS/CAE.

ABAQUS:

1 Load Increment
2 The ABAQUS Products
3 Module

www.FluidMechanics.ir



CAE/ABAQUS14

ABAQUS/Standard

.

ABAQUS/Explicit

1 .

 .

 .

ABAQUS/CAE2ABAUQS

 .

 .ABAQUS/CAE

CAE.

1 Explicit Dynamic
2 Complete Abaqus Environment

www.FluidMechanics.ir



CAE/ABAQUS15

ABAQUS/ViewerABAQUS/CAE

 .

.

ABAQUS/Aqua

ABAQUS/Standard .

 .

 .ABAQUS/Aqua

.

ABAQUS/DesignABAQUS/Standard

 ) ( .ABAQUS/Design

.

ABAQUS Interface For MOLDFLOW

MOLDFLOWABAQUS

ABAQUS ..

ABAQUS Interface for MSC.ADAMS

ABAQUSADAMS .

.

www.FluidMechanics.ir



CAE/ABAQUS16

2-3-Standard1 )(
Standard .

 ) ( .

.

. .

 .2 .

ABAQUS .

.

.

:

1 or Implicit
2 Mesh

www.FluidMechanics.ir



CAE/ABAQUS17

(P)

 .

 .1:

01  aa IP

 ) (1:

L

uu ab 
11

aubuL .

:

1111 E

 .:

)(1111
1 ab
a uu

L

EA
AEAI 

a:

0)(  ab
a uu

L

EA
P

b .

b:

www.FluidMechanics.ir



CAE/ABAQUS18

0)()(  bcab
b uu

L

EA
uu

L

EA
P

c:

0)(  bc
c uu

L

EA
P

aubucu .

 .

:

1 .

1k2k .

 .

:

:

.

1 Stiffness



CAE/ABAQUS19

2-4-Explicit

Explicit .Standard

 ) (Explicit

 .:

 .1

 .11

..
uP .

1
1

.

u11

.

1 .11d111

.

1

.0

 . .

 .

 .23

.

1 Increment



CAE/ABAQUS20

:

112 .

12:

121

23 ..

www.FluidMechanics.ir



CAE/ABAQUS21

ABAQUS/Explicit

 .

.

 .M

u
..

 ) .

:(

:

 .

.

 .

.

.

www.FluidMechanics.ir



CAE/ABAQUS22

 .

 .

"" )-

 (.

 .

 .

 .

.

:

1 -

-

-

2 -

www.FluidMechanics.ir



CAE/ABAQUS23

-d
.

-

-)( ttI 

3 -ttt 1

.

 .

.

1 .

 .

.

2-5-Standard

 .

 . )

1 Global Stiffness Matrix

www.FluidMechanics.ir



CAE/ABAQUS24

 ()t .(

 .

 )tt  . (

 .

ABAQUS/Standard .

 .

 .
1

.

:

11

2210

3410

4....

1 Iteration

www.FluidMechanics.ir



CAE/ABAQUS25

 .

 .

 ..

 .

 .

.

2-6-
ABAQUS/StandardABAQUS/Explicit

 .

 .

.

StandardExplicit) (

:

www.FluidMechanics.ir



CAE/ABAQUS26

MPI .
..
u .

 .

 .tt 

t .

.
1ABAQUS/StandardABAQUS/Explicit .

ABAQUS/Explicit

 .

 . .

2

222 2

 .16 .

 .

 .8

.

Explicit

Implicit .

Implicit

1 Mesh refinement

www.FluidMechanics.ir



CAE/ABAQUS27

 .

Explicit .Implicit

 .

2

864  .

 .

Explicit

 .:

2-7-ABAQUS/CAE

.

Mesh

.

www.FluidMechanics.ir



CAE/ABAQUS28

ABAQUS

 .

.

:

1

 ).(



2

3

ABAQUST2D2S4R

C3D8I . .

:

2 -7 -1-:

.

1 Family
2 Formulation
3 Integration

www.FluidMechanics.ir



CAE/ABAQUS29

 ..

 .

S4RSShell

C3D8ICContinuum.

2 -7 -2-

.

- .

shellBeam .

 .

 .

ABAQUS:

12

22

www.FluidMechanics.ir



CAE/ABAQUS30

33

41

52

63

71Beam

8

9

11continuum

ShellBeam

12+BeamShell

Axisymmetric .

:

1r

2z

6r-z

rz.

2 -7 -3-�

 .

 .
1 Warping

www.FluidMechanics.ir



CAE/ABAQUS31

.C3D8

 .

C3D201) (

.

 .

C3D88

 . .

Beam .B31

B32.

2 -7 -4 -

 .

- .

1 Quadratic

www.FluidMechanics.ir



CAE/ABAQUS32

 .

 .ABAQUS

.

 .Shell

 :

.

 .

 .ContinuumBeamTruss

1 )continuum ( )

BeamTruss ( .H

 ).C3D8HB31H.(

 .

CT)C3D8T (

.

2 -7 -5 -

ABAQUS

 .ABAQUSintegration point

.continuum

1 Hybrid

www.FluidMechanics.ir



CAE/ABAQUS33

Full integrationreduced integration .

.

reduced

R ).RH

(.CAX4Full integrationcontinuum

CAX4Rreduced integration.

2-8-

 ) (

- .

5 N .150 mm2.5 mm

5mm ..70 GPa0.3

.

EI

Pl

3

3



 .3.09 mm.

www.FluidMechanics.ir



CAE/ABAQUS34

2 -8 -1-Full integration

full integration

 .

 .fully

integratedintegration point .C3D8

8integration point .fully integrated

integration point .integration point

fully integrated.

 .fully

integrated  .

.

www.FluidMechanics.ir



CAE/ABAQUS35

:

Mesh Size (Depth × Length)Element
1 × 6 2 × 12 4 × 12 8 × 24

CPS4 0.074 0.242 0.242 0.561
CPS8 0.994 1.000 1.000 1.000
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.

Start tutorialhelp

.

CAE

 .:
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solidextrude.
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-ABAQUSE/CAEmodel database.

-ModulePart. )

Module (.

ABAQUS/CAE1

.

-Main barPart/Createpart.Dialog

boxpart .
1 Toolbox
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Three-dimensional, deformable body

Base feature /solid/ extrusion

-Approximate size0,2.

.continue.

-sketcher.(-0.02,-0.02)

(0.02,0.02).

.

-.

-0,04Enter.

ABAQUS/CAEsketcher

:

1 -2 -Base feature
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sketch.
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 .0,02extrudeFlipOK
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cut
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-Tools/Datum.typepoint

.
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- .

0,75Enter.

-create datummethodMidway between 2
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steel210 Gpa0,3

 .:

-moduleproperty.

-Material/create .edit material

 .namesteel.
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-.Mechanical/Elasticity/Elastic

-data209e90,3

ok.

.

2 -2 -section

section:

-section/ create.create section

.

-sectionsolidsection.

-categorysolidtypeHomogeneous

continue.

-edit sectionmaterialsteel

ok.

2 -3 -section

Assignsection

 .:

-Assign/ Section.

-

.
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-solidsectionok.

3 -

 .

:

-part.

-part / copy / Hinge-hole .copy part

.

-Hinge-solidok.

-partHinge-solid.

-feature / delete.

-wireframe display

(zoom)

 .
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yes

 .

featurefeature.

4-

three-dimensional, revolved analytical  rigid surface

 .:

-partpart/create .create part

.

-pinmodeling space3Dtype

Analytical rigidBase featurerevolved shell.

-Approximate size0,2continue.

-sketcher.

-(0.010,0.030)(0.010,-0.030).
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-partpart/reference point.

-

.)(

5 -

Assemblyinstancepart

 .instancepart

1 Reference point
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Assembly .Instance

.

instancepart.

:

-ModuleAssembly.

-Instance / create.

-create instancepartHinge-holeApply

.

-Hinge-solid

ok.

Assembly.
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Hinge-solid .

..

Hinge-solid:

-Constraint / Face to Face.

-Hinge-solid.

Hinge-hole.

flip

ok.
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 .0,04.
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Hinge-solid

.

 .:

-Constraint / Coaxial.

-hinge-solid.
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Flip.

ok.
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 .:

-Constraint / Edge to Edge.

-Hinge-solid.

-hinge-hole.
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ok.

FlipOK.
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instance
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-Instance / create.

-create instanceauto-offset�.ok.
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-Tools / Query.

-General QueriesDistanceok
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 .

.

-xy z
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-Instance / Translate.

-instance.

z

yes.

-0,0,0

0,0,0.02..

6-step

6 -1-step

interaction

step

. ...

step.

stepABAQUSinitial

 .initial step

.

general stepgeneral step

 .:

-Modulestepstep.

-step / Manager .step manager

initial step.
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-create .create step

.

-stepContactstatic general

procedure type.

-DescriptionEstablish contact.

-IncrementationInitial1

0,1.

-okstep.

-static general stepLoad

descriptionApply load .initial

increment size0,1.

-Load stepstep manager .Dismiss

.

6 -2-

ABAQUS/CAEField output requests

) (output

database.Field output request

.

ABAQUS/CAEHistory output requests

) (
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output database.History output request

X-YDate report.

Field outputStepContactLoad:

S :

PE :

PEEQ  :

PEMAG :

LE :

U :

RF :

CF :

CSTRESS :

CDISP :

incrementoutput database

 .CDISPLoad step

 .Contact step

)Contact step (.

:

-Output / Field output requests / Manager .

Field output requests manager.
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-F-Output-1Load

Edit.

-contact

.

-CDISPok.

-Field output requests managerContact

CreatedEdit.

-Save output atthe last

incrementok.Dismiss.

7-

 .

.

:

-pin.

-Flange-hFlange-s

.

-Inside-hInside-s

.

:

-ModuleInteraction.
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-part

 .part:

-view / Assembly display options

.

-instances

instanceinstance

.

-instanceHinge-hole-1

Hinge-solid-1.

-Tools / surface / manager.surface

manager.

-create.create surface

.

-pintypegeometry

continue.

-pin .

magenta

)  (.
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-.Flange-hInside-h

.

-Instancehinge-hole-1.

-Surface managercreate )

DismissTools.(

-Flange-hcontinue.

-.
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- .Flange-h.

-createInside-h

continue.

-

.

-Hinge-hole-1Hinge-solid-1

Flange-sInside-s.

- .surface manager

Dismiss.

8 -

Interaction .

.

interaction:

-interactionHingePin-hole

hinge-hole-1.
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-interactionHingePin-solid

hinge-solid-1.

-interactionFlanges.

:

-Interaction / Property / Create .Create

interaction property.

-NoFrictypecontactcontinue

.

-(Edit Contact property)Mechanical / tangential

behavior.

-Friction formulationfrictionlessok.

-Interaction / Manager .interaction

manager.

-create.create interaction

.

-interactionHingePin-holeStepsinitial

.

-Types for selected stepsurface-to-surface contact(standard)

continue.

-surfaces.

region selection.
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-pinmaster surfacecontinue

.

-Surfaces

Inside-hslave surfaceContinue.Edit

interaction.

-Sliding formulationfinite sliding

Slave node AdjustmentDo not adjust slave nodesInteraction

propertyNofricOk.

-interactionHingePin-solidpin

master surfaceFlange-sslave surfaceNoFricInteraction

property.

-interactionFlangesFlange-h

Master surfaceFlange-sslave surface .Interaction

NoFric.

.

9 -

.:

-FixedHinge-hole .
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-No SlipContact step

 .load step15.

-ConstrainHinge-solid

contact step .load step1

.

-PressureHinge-solidload step

 ..



CAE/ABAQUS84

:

-ModuleLoad.

-BC / Manager .Boundary Condition

manager.

-create .create boundary condition

 .NameFixedstepinitial

.

-categorymechanicaltype ..

Displacement/Rotation .Continue.

-select in viewport.

-Hinge-hole.
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-Edit Boundary Condition.

U1U2U3 .

.Ok.

Hinge-hole . .

:

-Boundary condition managercreate.

NameNo slip .stepinitial

.

-categorymechanicaltypeDisplacement/Rotation

continue.

-reference point.

.ok

.

step.

:
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-Boundary condition managerNoslipload

.Edit.

-Edit Boundary conditionU1UR2

ok .propagatedmodified.

load step12.

Hinge-solid .:

-displacement/rotationinitial step

.

-123.load step

1.
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 .Dismiss.

 .

:

-Load / create .create load.

-Namepressure.stepload

.

-categorymechanicaltype �pressure

continue.

-.

Edit load .-1.E6magnitudeok

.

.
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10-1

:

- .

.

-Instance

-2

-

Mesh

 .

structured .

sweep

.3

partition.

partition:

-ModuleMesh.

mesh.

-Tools / partition.create partition

.typecellmethodextend face

Apply.

1 Meshing
2 Seeding
3 Partioning
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-Hinge-hole

 .Done

create partition.

-Hinge-solid

.
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partition.

.

:

-create partitionmethodDefine cutting plane

Apply.

Shift

.

3 points.

-.

.
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-create partition .

.

-)Flange (

.
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-flange

.

-

partition.
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-create partitioncancel.

 .:

-Mesh / controls.

.Mesh controls

.Element shapeHextechnique

structuredok.Done

.

:

-Mesh / Element type .

.

 . .

Element type.

-element librarystandardgeometric order

linear.

-Family3D Stress.

-Hexreduced integrationElement controls

.

C3D8R .Okdone

.

 .:

-Seed / instance.
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-.

0,004Enter.

Mesh / instance

..

11-job

prepossessing

 .:

-Modulejob.job.

-Job / create .create job.

-PullHingenamecontinue.

-DescriptionHinge tutorial.

-Ok.
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-Job / Manager .job manager

job.

-submit .1060

) (.

-status

Running .Completed

.

12-.

.:

-Job managerResults.

-Visualization.

-Plot / contours.

.

 ) (

:

-Tools / Display Group / create.create

display group.ODB Itemsurfaces

.selection methodAll surfaces.

-Remove. .

Dismiss.
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 .

:

-Options / contours.Contour plot

optionsShape.

-Deformation scale factoruniform.

(value)1 ..

100.

 .

:

-Result / Field Output .Field Output

.Primary VariableComponentS11
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Apply .1.Invariant

Max. PrincipalApply ..

 .... .

ok.

Hinge-hole

hinge-hole.:

-Tools / Display Group / Create.

Create Display Group.

-ODB ItemPart Instances.

Instance.

Hinge-hole-1Replace.

Hinge-hole.
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 .

:

-Result / Field Output .

Primary VariableList Only variables with results

at surface nodes.

CPRESSApply .

.

 .:

-feature

-1feature

-part

-

-Display group

1 Datum geometry
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 :ABAQUS/CAE

ABAQUS

 .

Module .1

ABAQUS/CAE.

4-1-Part
PartABAQUS/CAE .Part

 ..

-Modeling Space

-Part type

-Base Feature

-Shapes

-Reference Point

4 -1 -1-Modeling space

part

 .Modeling spaceABAQUS/CAE:

-Three-dimensional

partX-Y-Z .

Three Dimensional partfeaturesolidshellwirecut

1 Module
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roundchamfer.

solidshellbeamtrussmembrane.

-Two-dimensional planar

partX-Y .

featureshellwirecut feature

planar through cuts .

.

-Axisymmetric

PartX-Y

Y  .

featureplanar shellwire .

Axisymmetric.

Modeling spacepart

feature .partmodeling space

shell feature.

Modeling spacepart

(delete).

4 -1 -2-Part types

part(part type) .part

:

-Deformable
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part(Three dimensional))two dimensional

axisymmetric  (Deformable .partdeformable

part .

 .ABAQUS/CAEpart

Deformable.

-Discrete rigid

partDeformableFeature

 .

-Analytical rigid

partDiscrete rigid part

.

.

AssemblypartdeformableDiscrete rigid

Analytical rigidABAQUS/CAEpart

DeformabledeformableRigid.

part

.

4 -1 -3-Base Feature

featurepartBase feature .

partfeaturebase feature .
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partABAQUS/CAEpart

 .

.

partBase feature.

Base feature(shape)

(type) .

Base featuresolidshell

wire .base featurepartModeling spacePart type.

Base featurepart

:

-Planar :feature.

-Extrusion :feature

.

-Revolution :feature

.

-Sweep : :

part.

Base feature

.

Base featureModeling spacePart type

:
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4 -1 -4-Shape

Base featureBase feature

Feature .feature

ABAQUS/CAE:

4 -1 -4-1-Solid Features

Solid featureExtrudeRevolveSweep

Shape / solid.

Part:

-part(Extruded)

 .FeatureShape / Solid /Extrude

.
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Feature .

 .Feature

Shape / solid / Revolve.

sweep feature

 .FeatureShape / Solid / Sweep

.

 Loft Feature .

ABAQUS/CAE .Loft

featureShape / solid / loft.
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4 -1 -4-2-Shell features

shell featureSolid

.shell feature:

-Extruded shell feature .

featureShape / shell / extrude.

-Revolved shell feature

 .Shape / shell / revolve

.
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-Swept shell feature

 .Shape / shell / sweep

.

-Planar shell feature .

featureShape / shell / planar.

-From solid shell featureshell

solid .Shape / shell / From
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solidsolid .

Shell.

-Remove face shell featuresolid

shell .featureShape/ shell/

remove face.

4 -1 -4-3-Wire feature

wiresolid .

).(feature:

-wire .feature

Shape / Wire / Sketch.
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- .feature

Shape / Wire / 2 Points.

-Spline  .

featureShape / Wire / spline.

4 -1 -4-4-Cut Feature

Cutfeaturepart.feature

:
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-Extruded cut featurepart

part .feature

Shape / cut / extrude.

-Swept cut feature

part.feature

Shape / cut / sweep.
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-evolved cut feature

part.feature

Shape / Cut / Revolve.

-Cut loft feature

part .feature

Shape / cut / loft.

-Circular hole cut feature .

featureShape / cut / circular hole.

.
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4 -1 -4-5-Blend feature

blend featuresolid part .

:

-Round/Fillet blend feature(Fillet)

(Round) .featureShape

/ blend / Round/Fillet.
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-Chamfer blend feature .

featureShape / Blend / chamfer.

4 -1 -5-Reference Point

reference pointpart.part

rigidreference point.part

reference pointinstanceinstancereference point

.reference pointpartInteraction

Load.

reference pointrigid

.

reference pointrigid
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reference point.

QueryToolset.

reference point.

Deformable planar part

.reference point

.

Assembly(rigid body

constrain)Interactionreference point .
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4-2-Property
ModuleProperty

PartModuleModel

 .Property

PartPart

Section(Assign).

PartPartpart

.

Property

-Material

-Section

-Profile

-Skin

-Assign

-Feature

-Tools

.

4 -2 -1-Materials

Material.

 .

.
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(Material Library)ABAQUS

.

ShellBeam

.

:

-....

-

-

-

-

-

-

-

-

-

 .Explicit

 ..

Material / Create.

Edit Material. .
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 .

 .Data

.

 .Option

.

MechanicalElasticity / Elastic

OkMechanicalPlasticity

/ Plastic.Data

.

Enter .

 .Enter.

.

Data

.
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4 -2 -2-Section

SectionPartPart.

Section.

wireshellsolidsection

.

rigidsection

.Section .Beam sectionprofile

.

sectionpartABAQUS/CAE

sectioninstancepart.

sectionpartpartassembly.

propertysectionsolidshellbeam.

4 -2 -2-1-Solid sections

Solid sectionsectionsolid

.

-Homogeneous solid sections :section

.section

.

 .

www.FluidMechanics.ir



CAE/ABAQUS118

ABAQUS

.

-Generalized plane strain sections :solid section

12.

section.

4 -2 -2-2-Shell sections

Shell section .(shell)

.

-Homogeneous shell sections :shell section

.section

ABAQUS

.integration

.

-Composite shell sections :shell section

.

.

ABAQUS

.
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-Membrane Sections :membrane

.section

..

-Surface Sections :Shell section

membrane

.section

.

4 -2 -2-3-Beam Sections

Beam

.Beam

.section(wire).

-Beam sections :section

(profile).

-Truss sections :sectionbeam

 .section

.

sectionother sectionssection

pointgasket.
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4 -2 -3-Profiles

profile .

ABAQUS/CAE

wireprofile

 .Beam sectionprofile

Wire.

profile:

-Shape-based profile :

 .ABAQUS/CAE

.profile

.

.

-Generalized profiles :profile.
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.

4 -2 -4-Skin

Skin .

Axisymmetric part.skin

 .skin

.skinsection.

skinsection.

skinShell sectionGasket section.

skinsectionshell section

Solid partpartsection

 .solid part

skin

shell sectionskinsection

.skin.
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skin .skin

 .set .

toolsset / create.

Selection filterskins .

skin

.set.

setskin .

.

ABAQUS

setsset

.

skin

Shell sectionskin

Skin.

4 -2 -4-Assign

Assignsectionmaterial orientationbeam

orientation.

Featurepartfeature .

www.FluidMechanics.ir



CAE/ABAQUS123

toolsquerysetpartitiondatumdisplay

group

display group.
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4-3-Assembly
partpart

part.Assembly

instancepart

.instance

.

partpartinstance

 .Assembly .

Assemblypart

AssemblypartInstance.

Assembly

Instancepart.partpart instance

Assembly:

-partpart.part

part .part

part.

-sectionProperty

sectionpart.

-AssemblyInstancepart

Assemblyinstance

.instancepart .

instance
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part .ABAQUS/CAE

partinstance.

ABAQUS:

-Auto-offset

-Basic positioning tools

-Positioning constraint tools

.

4 -3 -1-Auto offset

instancepartAssembly

ABAQUS/CAEInstance

.instanceinstance

 .instance

 .create instanceinstance

Auto offset from other instances

XAxisymmetric

Y.instance.

4 -3 -2-Basic positioninig  tools

ABAQUS/CAEinstance:

-instance .Instance

Translate .instance
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 .ABAQUS

 .

.

-instance  .instance

rotate.instance

.

.

-instanceinstance.instance

instance.

instanceinstance

.instance

.instance

replace.instance

part

instance.

4 -3 -3-Position constraint tools

instance .

instance

instance.
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partAssembly .ABAQUS/CAE

:

-Parallel Face

.

 .

.

Constraint / parallel face

instanceInstance.

ABAQUS/CAE.

 .:
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-Face to Face:

parallel face

 .

.:
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-Palallel Edge:

.

 .Constraint / Parallel edge

 .

ok

.:

-Edge to Edge:

parallel edge

.

Flip .:
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-Coaxial:

 .

 .

Constraint / coaxial.instance

instance.

 .

Flip .

flipInstance .

:
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-Coincident point

instance

instance.instance

.Constraint / coincident point

 .instance

Instanceok .:
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-Parallel CSYS:

instance

instance.

.Constrian / parallel csys

instanceinstance

 .:

-Contact:

.

instance

instance

.

contactinstance
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.

contactaxisymmetric

.

contact

 .Assembly

interaction.

contactconstraint / contact

 .

 .

 .

.

Assembly .
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4-4-Step
step:

-step

-1

-2

-3

3 -4 -1-step

step

ABAQUS/CAE .

ABAQUS/CAE

 .ABAQUSstep

step

step

 .

ABAQUS/StandardABAQUS/Explicit.

ABAQUSstepinitial

step .step

 .step

 .step .

Step managerstep

1 Output requests
2 Specify Adaptive meshing
3 Specify  Solution controls
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procedure type .step

stepstep .step

stepstep

.

step

 .step

.

step

 .Nlgeom

.

ABAQUS/ExplicitNlgeom(on)

ABAQUS/Standard(off).

stepABAQUS .step

:

-Procedurestep

-stepstep

step

StandardExplicit .step

Stepstep

 .stepStandardExplicit

step.
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4-4-2-

.

ABAQUS

step .

  .

Output request:

-

-.

-.

stepABAQUS

step

 .database .

visualizationoutput database.

outputField outputHistory

output.

Field output

 .Field output .

 ).step

 (.Field output visualization

 ....
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output requestStandard

incrementincrementstep .

output requestExplicit

.

History outputABAQUS

 .History outputVisualization

X-Y .

.

History output requeststandard

incrementincrementstep

 .History output requestExplicit

.

stepABAQUS/CAE

step .

ABAQUS/CAEField output requestHistory

output request .Field output managerHistory

output managerstep

step..

4-4-3 -Adaptive meshing

 .
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) (.

.

 . .

.

Dynamic-ExplicitDynamic-Temp-disp

Explicit.

:

Other / Adaptive mesh Domain

help.

4-4-4-:

ABAQUS.

:

interaction

.1

interaction .

Dynamic-ExplicitDynamic-Temp-disp Explicit .

:

Other / Contact controls

1 Customize
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ABAQUS

 .

ABAQUS.
1

 .

.

ABAQUS/Standard .

:

Other / General solution controls

 .

.
2

step

 .static-

generalstatic-linear perturbationheat transfer.

:

Other / Solver controls

help.

1 General solution control
2 Solver controls
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4-5-Interaction
 Interaction:

interaction

1

2

.

3 -5-1-interaction

interaction:

Interaction

3

4



actuator/sensor interaction

5



6

1

1 Analysis constraints
2 Connectors
3 Elastic foundation
4 Thermal film conditions
5 Tie constraints
6 Display body constraints
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2

3

4

Interactionstepstep

 .actuator/sensor interactioninitial step

 .interaction5interaction

 .surface to surface contactinteraction

 .

setsurfaceinteraction .

interaction.

interaction

.

4-5-2 -interaction

Surface to surface contact and self contact:

Surface to surface interaction

 .Self contact interaction

.

General contact:

1 Coupling constraints
2 Embedded region constraints
3 Equation constraints.
4 Connectors
5 Property
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interaction

interaction .

General contact interactionssurface-to-surface or self-contact

interactions .

Analytical rigidgeneral contact

surface-to-surface or self-contact interaction

interactiongeneral contact.

interactionExplicit.

Elastic foundation :

Elastic foundation1

2 .interaction

initial stepstep.

Thermal film condition:

interaction3

 .interactionheat transferfully coupled

thermal-stresscoupled thermal-electric.

Radiation to and from the ambient environment

interaction

 .interaction

.

1 stiffness
2 distributed
3 convection
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Actuator/sensor:

interaction

 .interaction

.

interaction

 .interaction.

interactionABAQUS/Standard

.

4-5-3 -Interaction properties :

interaction

interaction property .

interaction propertysurface to

surface contactinteraction.

Interaction propertyinteraction

interaction .:

Contact:

interaction property )

 ( ) (

 .damping

interaction property
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 .interaction propertyinteractiongeneral

contactsurface to surface or self contact.

Film condition:

interaction property

 .interaction propertyinteractionfilm condition

.

Actuator/Sensor:

interaction propertyPROPS, JPROPS, NPROPS

NJPROPSUEL  .interaction

propertyinteractionActuator/sensor.

4-5-3 -

interaction

Assembly

.

:

Tie

 ).

 (.

Rigid body:

 .

.
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Display body:

 . .

Visualization.

 .

.

Coupling:

.

Shell to solid coupling:

solid.

Embedded region:

)1 (.

Equation:

 )

 (.

1 host
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4-5-4-1

 . .
2 .

.

connector property.

Basic Types
Translational Rotational

Assembled Types

Axial Align Beam
Cartesian Cardan CV Joint

Join Constant velocity Cylindrical
Link Euler Hinge

Radial-Thrust Flexion-Torsion Planar
Slide-Plane Revolute Translator

Slot Rotation U Joint
 Universal Weld

BasicAssembled .

Basic .

 .

.

AssembledBasic.

:

1 Connectors
2 Connector property
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Elasticity  :.

Damping : ) (.

Stop :.

Lock :.

Failure :

.ABAQUS/Explicit

.

Integration :

 .ABAQUS/Explicit

.

4-5-5 -interaction:

interaction .interaction

constraintconnector:

interactioninteraction property .

:

Interaction/ property/create

 .interaction property

interaction:

Interaction / create
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 .

surface

interaction.

:

Constraint / create

.

interaction

 .

:

Connector / property / create

.

connector:

Connector / create

.

interaction.
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4-6-Load
Load

 . .

:

Load

BC

Field

Load case

.

4-6-1-Load

load

 .interactionstep

step .

:

Load / create

create load . .

 .stepstep

 .

step .

Category:

Mechanical

Thermal
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Acoustic

Fluid

Electrical

Mass diffusion

step.

create load

continue.

ABAQUS

 .step

toolsAmplitude

amplitude

.

4-6-2-BC

BCBoundary Condition .

 .:

BC / create

create boundary condition .create

loadCategorycreate load

Mechanicalother .

Load.
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step

step.

4-6-3-Field:

field) ( .

 . ) (

.

:

Field / create

create field .

 .

 .

Edit field .

DistributionCross-sectionMagnitude .

Distribution .cross-section

.

4-6-4-Load case

Load casestep

 .

loadBc .load case

load case .

Linear perturbation procedure
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steady state dynamic directstatic linear perturbation

.

load case:

Load case / create

create load caseload case

step .Continue

 .edit load caseloadboundary condition

 .

okload case .

..

load.
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4-7-Mesh
meshABAQUS/CAE .

..

Mesh

instance.

partfeature basefeature base

 .

 .

:



1





4-7-1 -.

.

structure .

sweep .

structuresweep

1 Seeding
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partitionfree

 .free.

ABAQUS:

Structure

Sweep

Free

structure

 .1

.

partition

.

) (.

structure .

structure

.

1 Pre established
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structureQuad

Quad-dominatedHexHex-dominated

  .:

Mesh / controls

 .Mesh control

 .

.

:

Hex

Hex-dominated

Tet

Wedge

:

Quad
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Quad-dominated

Tri

:

sweep:
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1 -ABAQUS

.

2 -ABAQUS.

solid:

) .(
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free .

structuresweep

1 .free

.

freeQuadQuad-

dominatedTriTet.

4-7-2 -2

 . .

ABAQUS .

:





 )

ABAQUS/CAE

(.

1 Pattern
2 Seeding
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Bias .

 .Bias

.

 .

 )seedseed instance (

.

 .

.

 .

) (

ABAQUS/CAE .

 ) (

 .

 .

:

 .

 .

 ..
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 .

 ..

:

ABAQUS

 . .

 )instance  .(ABAQUS/CAE

 .

.

 .

:

1 -1 .

 .

 .

.

2 -2

.

1 Transition
2 Mesh transition
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3 - .structuralfree

 .Advancing FrontMedial Axis

.

4 - . .

 .ABAQUS

.

5 - .

.

Seed

 .

constraints

.

4-7-3 -1

 .

Mesh / Element type .

.

1 Assigning element type
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ABAQUS

 .

.
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StandardExplicit .

 .Families

.

QuadTri .

 .

QuadraticTriangular .

HexWedgeTet

Line.

4-7-4-ABAQUS/CAE.

StandardExplicitCAE

CAE .

input file .:

 Acoustic interface elements (ASI1, ASI2, etc.)

 Stress/displacement variable node elements (C3D15V, C3D27, etc.)

 Axisymmetric elements with non-axisymmetric response (CAXA4N,

CAXA8PN, etc.)

 Infinite elements (CIN3D8, CINAX4, etc.)

 Cylindrical elements (CCL9, MCL6, etc.)

 Drag chain elements (DRAG2D and DRAG3D)

 Hydrostatic fluid elements (F2D2, F3D4, etc.)

 Frame elements (FRAME2D and FRAME3D)
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 Second-order line spring elements (LS3S and LS6)

 Nine-node quadrilateral membrane elements (M3D9 and M3D9R)

 Nine-node doubly curved thin shell elements (S9R5)

CONN2D2SPRING1DASHPOT1

Meshinteraction

 .ABAQUS/CAE

:

Connector element ABAQUS/CAE support
CONN2D2, CONN3D2 Replaced by connectors.
DASHPOTA, DASHPOT1,
DASHPOT2 Replaced by connectors.

DGAP Unsupported.
FLINK Unsupported.
GAPCYL, GAPSPHER, and
GAPUNI Replaced by connectors.

GAPUNIT Unsupported.

ITSCYL and ITSUNI Replaced by connectors; however, friction behavior is
not supported.

ITT21 and ITT31 Unsupported.
JOINT2D and JOINT3D Unsupported.
JOINTC Replaced by connectors.
SPRINGA, SPRING1, SPRING2 Replaced by connectors.

Mesh.
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4-8-Job
1MeshJob

job.job:

job

job





Visualization module

jobJob / create

job .jobcontinue

Edit Job .SubmissionGeneral

MemoryParallelizationPrecision.

Submissionjob

.

General.

Memory.

Parallelizationjob

.

precisionExplicit

.

1 Pre processing
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 .jobJob

manager .Job/ Manager .

:

Write inputInput file .

input fileABAQUS/Command

abq64pr11 job=namenameinput file.

Submit.

Monitor

1.

Results

Visualization.

Kill.

job managerstatus

:

1 Warning
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None :Job

.

Submitted :

.

Running :

.

Completed :

.

Aborted :

.

Terminated :

.

job.
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4-9-Visualization
StandardExplicit

Visualization .ABAQUS/Viewer

CAEVisualization

.

:

 ).(...

 ).StepFramestep(

 )(...

Visualization

fast plot

 .framestep .

frame.

stepfield output

requestincrementoutput

database .incrementframe .

incrementframe

incrementstepincrement

frameincrement.

 .

:
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Fast plot :.

Undeformed shape plotting :

)(

Deformed shape plotting :

 .

.

Results symbol plotting :

 ) (

.

Material orientation plotting :

integration point

 ) .(

X-Y plotting :

.

Probing model and X-Y plots :probing model

 .X-

Y

 .

.
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Results plotting along a path :

X-Y.

Stress linearization :

 .

.

Animation  :

.

X-Y and field output reporting :

X-YField output.

4-9 -1 -

VisualizationFast

plot .plot/ contours

 ) (

 .

:

Result / Field output

field out put )

Stepfield output request (Primary

variableDeformed variable.
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primary variable

deformed variable.

 ) (

component .

 ) (

invariant.

4-9 -2 -stepframe

step

stepincrement .

field output requestincrement .

field output requestframeoutput

database .step

framestep

:

Result / Step/Frame

Step/Frame

StepFramestep .

 .

prompt area:
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4-9 -3 -

4-9 -3 -1-Plotting the undeformed shape.

undeformed .ABAQUS

output database.

�odb )Visualization (fast

plot .

 .undeformed

Plot / undeformed shape.

ABAQUSstep

output databaseframe .step

frequencyframe.

 ..

undeformed:

Option / Undeformed shape

Undeformed shape plot option .

:

Basicrender.
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Color & Style.

Labels

.

Normals.

Other:

Scaling.

Translucencyrender.

4-9 -3 -2-Plotting the deformed shape

)

 ( .field output .

stepframe.

ABAQUS

output database .

StandardExplicit.

deformed plotABAQUS

:

 The deformed field out put variable

 The analysis step and frame

 Uniform and nonuniform deformation scale factors

Plot /deformed

shape.
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 .

 :

Option / deformed shape .

BasicSuperimpose undeformed plot.

undeformed shapeother

Offsetoffset

deformedundeformed.

4-9 -3 -3-Contouring analysis results

stepframe .

 .1

2quilt-type ..

1 Colored line
2 Colored face
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 .

.

plot / contours

.

Option / contours .

:

Basicrender

.

Color & style:

Model Edges

.

Spectrum.

Line.

Banded

.
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Labels

.

Shapedeformed

undeformed ..

Limits.

Other:

Scaling.

Translucencyrender.

Tick markstick mark

.

4-9 -3 -4 -Plotting analysis results as symbols

step

frame .

integration point .

:
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 .

) . .(

.

:

Plot / Symbols .

symboloption / Symbols

  .:

Basicrender.

Color & style:

Color & style

.

Vector

.

Tensor

.

Quaternion.

Labels

.

Shapedeformed

undeformed ..
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Limits:

Vector

ABAQUS.

Tensor

ABAQUS.

Other:

Scaling.

Translucencyrender.

4-9 -3 -5-Plotting material orientations

integration point

1 .

.

 .

Plot / Material orientations

 .

Option / Material orientation

 .:

Basicrender.

Color & style:

1 Shell
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Color & style1

.

Triad

.

Labels.

Shape

.

Other:

Scaling.

Translucencyrender.

4-9 -3 -6 -X-Y plotting

 .X .

 .

Probing

 )

 (.

  .output

databaseACSII .

1 visibility
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X-Y

 .

.

X-Y:

Tools / XYData / Create

create xydata

 .:

ODB History out put

ABAQUSoutput databasehistory

output .step

.

ODB Field output

ABAQUSoutput database

field output .step

.

Operate on X-Y data

 . .

Combine

 .--

Combine-.

ASCII
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XY

 .

 .X

Y . .

 )(.

Key board

XY

 ..

Path

output database

 .step

.

:

X-Y plothistory data

:

Tools / XY Data / Create

ODB history outputcontinue .

step .

plot.

X-Y plotfield data

:

Tools / XYData / Create
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ODB Field outputcontinue .

 )

 (...step.
1.

Tools / Path / Create .

.

Tools / XYData / Create .

pathContinue.

stepframe.

plotoutput database

X-Y dataOperate on XY dataASCII

keyboard .

keyboard

.

ASCII File

 .

 ..

Operate on xy data

 .

.

1 Path
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X-Y plotoptions / xy plot

 .:

Aspect ratioXY.

Axes

.

Grid1.

Scale.

Tick Marks.

Title.

4-9 -3 -7-Querying and probing

Tools / Query

Probe Valuesok .

probe values

 .

.

.

1 Grid line
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4-9 -3 -8-Viewing results along a path

 .

Tools/PathTools / XYData .

 .ABAQUS:

Node list

 .

 .

 .

 .instance

instance

.

 .

 .

200:4000:20

200400020 .

plot

optionLabelsShow node labels

.

Point list
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 .

 .

 .instance.

Tools/XYdata .step

frameX.

4-9 -3 -9-Calculating linearized stress

ABAQUS

 .

 .

 ) (

 ) ( .ABAQUS

.

4-9 -3 -10 -Animating plots

 .

ABAQUS:

Object-based animation

 .ABAQUS :Time

history animationScale factor animation.
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time historystepframestepframe

 .

scale factorstepframe

.

object based

.

Image based animation

 .

object based .

Animate/Save as .ABAQUS

 .

 .....

 .

AVIQuickTime

.

prompt area

.
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4-9 -3 -11 -Generating tabular report

:

Report / XY   Report / Field output

ok.

.
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 :
ABAQUS

.

5-1- :

 . .

Blank1 .

PunchDieBlank holder .

.

 .:

5 -1 -1-:

1 2D Shell
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2D Analytical Rigid

Wire .

Reference point.

Blank2D deformableshellplanar

 .

Assembly

 .edge to edge .

.

5 -1 -2-

property

 . .
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 )210 GPa

0.3 . (.

 .

.

Yield stress (Pa) Plastic strain
400.0E6 0.0
420.0E6 2.0E 2
500.0E6 20.0E 2
600.0E6 50.0E 2

solid sectionhomogeneousBlank

 .Point section1 kg

 .

5 -1 -3-set
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set

.

set .setreference point

setblankset

blank .setset

 .

partitionpartition edgeuse parameter

 .0.5 .

set .set:

Refpunchreference pointpunch

Refholderreference pointHolder

Refdiereference pointDie

CenterBlank)(

MidleftBlank

MidrightBlank

5 -1 -4-step

 :

 .step
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 .step .

 .

 .step:

Step1 � Establish contact I

stepBlankBlank holder .step

Blank2Blank

 .Blank holder

Blank .

stepfield outputincrement ..

History output .step

stepstatic.

Step2 � Remove right constraint

stepblankblank holderDie

blankstep

 .step .initial

increment1.0 .stepstepstatic-general

 .

Step3 � Holder force

blank holder .

stepstep 1Blank
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 .stepstatic-general .

stepinitial increment1.0.

Step4 � Establish contact II

BlankBlank holderpunchBlank

punch .step

punchBlankPunch .

Blank . )

 (BlankPunch .

step0.1 .step

static-general .stepfield output

punch reference point

incrementhistory data.

Step � Move punch

stepBlankpunch

 .step

1000 .initial

increment0.0001 .1.0E-6.

5 -1 -5-interaction

 .Blank

PunchBlankBlank holderBlankDie .

masterBlankslave.
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interaction

interaction property .interaction propertyNoFric

frictionlessFricpenalty0.1.

interaction

:

BlankTopBlank

BlankBotBlank

DiesurfdieBlank.

HoldersurfHolderBlank.

PunchsurfpunchBlank.

interaction .surface to surface

contact (standard) .interaction:

Die-BlankDiesurfmasterBlankBot

slaveFric

Holder-BlankHoldersurfMasterBlankTop

slaveFric.

Punch- BlankPunchsurfmasterBlankTop

slaveNofric.

interaction managerinteraction

.
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5 -1 -6-

step1

incrementstep1holder

blank .incrementstep

 . .

1.

Blank

 . .blank

zero pivotABAQUS.

holderblankblankholderdie

holder .

holderdie

 .

.
1 Chatter
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Blankholder .

 .reference point .

punch .

step1.

BC Name Geometry Set BCs
CenterBC Center XSYMM
RefDieBC RefDie U1 = UR3 = 0.0, U2 = 1.E 08

RefHolderBC RefHolder U1 = UR3 = 0.0, U2 = 1.E 08
RefPunchBC RefPunch U1 = U2 = UR3 = 0.0
MidLeftBC MidLeft U2 = 0.0

MidRightBC MidRight U2 = 0.0

step2

step

Blank .

step2BC ManagerMidrightBC

Deactive.

step3

stepholder

 .

 .step

440 kN.

step4
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steppunch

blank .2blank

 .blank.

MidleftBCstep4deactivateU2

RefpunchBC-0.001 .

-1000blank.

step5

stepblankpunch

 .deactivate

U2RefpunchBCstep-0.03.

BC Manager.

5 -1 -7-

BlankCPE4I .

blank1004.

5 -1 -8-job

jobchannelsubmit .

5 -1 -9-

 .
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:

:

 .
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punch

punch reference point .

:

:
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extrude

 .:

5-2- :

.

 .

.
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 .
 .

 .
 .

Alucobond

.
 .

.
:

-

- )(....
-

-

-

-....

.
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-StandardStandard

 .Explicit

Explicit

 .
.

ABAQUS/CAE:
 .mm5.45001000 

10 .
 .

.
Gpa700,28

32700
m

KgMpa400

Gpa4.20.431200
m

KgMpa35

.

.

1shell

 .

1 Skin
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.

step

0.5 mm6) (
 ..

0.6interaction

.

Initial step

Press step .rotate

stepz

.
initial steppress step

 .rotate step

.
 .C3D8R

3D stresslinearReduced integration

Standard .S4Rshell

linear Reduced integrationstandard.

preprocessor.standard

 .
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.

.

:

- .450 Mpa
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- . :0,027

- .35.4 Mpa
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-.0,0026

.
:
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-:

-:

-
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-:

-:
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-:
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-:
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:
 ABAQUS CAE User�s Manual

 ABAQUS Analysis User�s Manual

 Getting Started with ABAQUS/Standard: Interactive Version

 Getting Started with ABAQUS/Explicit: Interactive Version

 ABAQUS Theory Manual

 Segerlind, Larry J. 1937- Applied Finite Element Analysis, John

Wiley and Sons, United state
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