Writing User
Subroutines with Abaqus



Introduction

The user subroutines in Abaqus allow the program to be
customized for particular applications.

For example user subroutine UMAT in Abaqus/Standard
and user subroutine VUMAT in Abaqus/Explicit allow
constitutive models to be added to the program, while user
subroutine UEL in Abaqus/Standard allows the creation of
user-defined elements.



Damage and failure for ductile metals

Introduction

Some user subroutines:

- DLOAD for specifying user-defined loading

- UVARM for defining a user output variable

« URDFIL for reading the results file during analyses
« SIGINTI for specifying initial stress fields

« USDFLD for defining field variable dependence



Abaqus/Standard subroutines

CREEP: Define time-dependent, viscoplastic behavior (creep and swelling).
DFLOW: Define nonuniform pore fluid velocity in a _newlineConsolidation
analysis.

DFLUX: Define nonuniform distributed flux in a heat transfer or mass diffusion
analysis.

DISP: Specify prescribed boundary conditions.

DLOAD: Specify nonuniform distributed |oads.

FILM: Define nonuniform film coefficient and associated sink temperatures for
heat transfer analysis.

FLOW: Define nonuniform seepage coefficient and associated sink pore
pressure for consolidation analysis.

FRIC: Define frictional behavior for contact surfaces.

GAPCON: Define conductance between contact surfaces or nodes in a fully
coupled temperature-displacement analysis or pure heat transfer analysis.
GAPELECTR: Define electrical conductance between surfaces in a coupled
thermal-electrical analysis.



Abaqus/Standard subroutines

HARDINI: Define initial equivalent plastic strain and initial backstress tensor.
HETVAL.: Provide internal heat generation in heat transfer analysis.

MPC: Define multi-point constraints.

ORIENT: Provide an orientation for defining local material directions or local
directions for kinematic coupling constraints or local rigid body directions for
Inertiarelief.

RSURFU: Define arigid surface.

SDVINI: Defineinitial solution-dependent state variable fields.

SIGINI: Definean initial stressfield.

UAMP: Specify amplitudes.

UANISOHYPER_INV: Define anisotropic hyperelastic material behavior using
the invariant formulation.

UANISOHYPER_STRAIN: Define anisotropic hyperelastic material behavior
based on Green strain.

UCORR: Define cross-correlation properties for random response |oading.

UEL.: Define an element.

UEXPAN: Define incremental thermal strains.



Abaqus/Standard subroutines

UEXTERNALDB: Manage user-defined external databases and calculate
model-independent history information.

UFIELD: Specify predefined field variables.

UFLUID: Define fluid density and fluid compliance for _newlineHydrostatic
fluid elements.

UFLUIDLEAKOFF: Define the fluid leak-off coefficients for pore pressure
cohesive elements.

UGENS: Define the mechanical behavior of a shell section.

UHARD: Define the yield surface size and hardening parameters for isotropic
plasticity or combined hardening models.

UHYPEL.: Define ahypoelastic stress-strain relation.

UHYPER: Define a hyperelastic material.

UINTER: Define surface interaction behavior for contact surfaces.
UMASFL.: Specify prescribed mass flow rate conditions for a
convection/diffusion heat transfer analysis.

UMAT: Define amaterial’ s mechanical behavior.

UMATHT: Define amaterial’ s thermal behavior.



Abaqus/Standard subroutines

UMAT: Define amaterial’ s mechanical behavior.

UMATHT: Define amaterial’ s thermal behavior.

UMESHMOTION: Specify mesh motion constraints during adaptive meshing.
UMOTION: Specify motions during cavity radiation heat transfer analysis or
steady-state transport analysis.

UMULLINS: Define damage variable for the Mullins effect material model.
UPOREP: Defineinitial fluid pore pressure.

UPRESS: Specify prescribed equivalent pressure stress conditions.

UPSD: Define the frequency dependence for random response loading.
URDFIL: Read the resultsfile.

USDFLD: Redefine field variables at a material point.

UTEMP: Specify prescribed temperatures.

UTRACLOAD: Specify nonuniform traction loads.

UTRS: Define areduced time shift function for a viscoelastic material.
UVARM: Generate element output.

UWAVE: Define wave kinematics for an analysis.

VOIDRI: Defineinitial void ratios.



Abaqus/Explicit subroutines

VDISP: Specify prescribed boundary conditions.

VDLOAD: Specify nonuniform distributed |oads.

VFABRIC: Define fabric material behavior.

VFRIC: Definefrictional behavior for contact surfaces.

VUAMP: Specify amplitudes.

VUANISOHYPER_INV: Define anisotropic hyperelastic material behavior
using the invariant formulation.

VUANISOHYPER_STRAIN: Define anisotropic hyperelastic material
behavior based on Green strain.

VUEL.: Define an element.

VUFIELD: Specify predefined field variables.

VUHARD: Define the yield surface size and hardening parameters for isotropic
plasticity or combined hardening models.

VUINTER: Define the interaction between contact surfaces.

VUMAT: Define materia behavior.

VUSDFLD: Redefine field variables at a material point.

VUTRS: Define areduced time shift function for a viscoelastic material.



Subroutines in Abaqus

* Before you run a job with user subroutine you will need to
install C++ and Intel Fortran.

= SIMULIA > Support - Windows Internet Explorer,
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Lo ;J httpef e, simulia, com/suppartfve 7 waT _sysRgmts, html v| g/ [ 2
File Edit Wew Favorites Tools  Help .Ar‘lﬁPh.ish.ing -
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e 4R |7 SIMULIA > Support l ‘ - B

The Abaqus platform names on the tabs below correspond to the Abaqus Software build.

Product/Feature Reqguirement Specification

Processor #ag-321

Applicable for all Abaqus
products supported on this
platform 05 Level

Windows XP Professional SP2
Windows 2000 SP4

Windows Server 2003
Windows Vista

Mote:
1 Processors must be equivalent to Pentium 4 ar higher.

Additional Requirements

Product/Featiire Requirement Specification

Abagus/CAE, AhagusiViewer Graphics Version 6.7 Graphics Devices

Building post processing
applications (Abaqus make C++ Compiler
utility with C++)

+ Microsoft Visual C++ NETZ2005
+ Micrasoft Visual C++ NET2003

User Subroutines and building
post processing applications
with Fortran (Abagus make utility | Fortran Compiler
with Fortran and Abaqus user
subroutines)

« Intel Visual Fortran 9.12
« Intel Visual Fortran 8.12

AbaqusiStandard &
Abaqus/Explicit MPI
MPIl-hased parallel execution

MPFI not supported on this platform — use
thread based parallel execution.

Abagus/Standard &

AharnnsFynlirit MNP iz nnavailahle an thie nlatfarm |ee

%



Subroutines in Abaqus
In the ABAQUS CAE environment take the following steps:

* Create a part.

* In the property module, create a material. Use DEPVAR to
define number of solution dependent state variables and
variable controlling element deletion.

Also define values of material properties that will be interred
in the subroutine.



Subroutines in Abaqus
In the ABAQUS CAE environment take the following steps:

= Abaqus/CAE Version 6.7-1 - Model Database: |:\Abaqus\User Subroutinelelastic.cae [Viewport: 1]
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Subroutines in Abaqus
Assembly, step, interaction, load modules are defined the same

as ordinary procedure.

Mesh the part with the required density and element type.

* In the job module,
general, define the
subroutine you have
written.

[Z] File Model WViewport  View  Job  Adaphivity  Tools  Plug-ins  Help K7
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[= Model-1
I% Parts (1)
lU@ Materials (1)
EE' Sections (1)
@‘ Profiles
ﬁ Assembly
[ ol Steps (7)
Ef’ Field Qutput Requests |
%3 History Outpuk Request
lﬂ Time Paints
B ALE Adaptive Mesh Con
E Interactions
E Interaction Properties
i:ii Cortack Controls
'Q] Constraints
@ Connectar Sections
F Fields
E Amplitudes (1)
[ Loads
[ BCs (2)
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Remeshing Rules
I& Sketches
~A dnnotations
= i; Analysis
& Jobs (1)
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vl Step: |Initia| vl

v | Model: |M0del-1

Module: |J0h
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M Job Manager X

‘Wite Input

Model
Model-1

Status

Type
Full &nalysis

Completad

M Edit Job

MName: Job-1
Model: Model-1
Description: | |

Submission | General | Mermory || Parallelization || Precision

Preprocessar Printout
[ Print an echa of the input data

|:| Print cantact conskraint data
[ print model definition data
[ Print: history data

Scratch directory:
User subroutine File:

|H:'|,User Subroutine\Elastic. For |
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Non-linear FEA. Implicit method

U
EORIGRRECE

> Time increments(load)

> Equilibrium iterations

l

Integration
Compute stress O (AE) elements

and tangent matrix C_




Implementation of VUMAT

UMAT & VUMA'T

UMAT and VUMAT are the user subroutines for the
definition of USER based constitutive models

UMAT m==) ABAQUS/Standard

--implicit time mtegration, must provide "material stiffness
matrix" for use in forming the Jacobian of the nonlinear

equilibrium equations; ;_0Ac _ ( oo )
Y 0Ae \oe ), .,
VUMAT ==) ABAQUS/Explicit

--Explicit time integration, not necessary forming the Jacobian
matrix.




Implementation of VUMAT

Where Does VUMAT “Fit” in
ABAQUS?

ABAQUS

X, (1), V,(1), F (1) Solving equations X, (t+ Ar)
/ of equilibrium
&,(1)

F.(t+At)

VUMAT Ag,

Solving equations
of mechanics




Implementation of VUMAT

Why Is VUMAT Important?

Stress at t time &

@\ tentn increment %A% *ABAQUS constitutive library
= - = . 1s extensive BUT;

update the stress
at tHdt time

v'Some models are missing;
v'Some models are not flexible

| 1
I |
1 1
| 1
I |
: o * :
: P(t+d)=PF" > : cnou gh,
! !
I |
1 1
| I
1 I
1 1

Example: Gurson Model

*POROUS METAL PLASTICITY. RELATIVE
DENSITY=0.95
-------------------------------- 1.1, 1.

Combine the flow rule,
Update the stress at t+dt time

*We can develop our models.



Implementation of VUMAT

Debug and Run a VUMAT

B dpnodev.inp - Notepad
Wiew  Help

Eile  Edir

Farmat

Input File:

WMATERIAL, NAME=METAL
WJSER MATERIAL, CONSTANTS=18
5000.06, 0. 300, 120. 06, 0. 00O, 0. 3500, 4, 60, 0, 40,

1.0357D0,-2.17200,1. 380500, -4, 018500, 0, 582900, -2.195400,1.

0. 59800, -2.17200
HOEMSTTY

1.8€E3,

YDEPYAR

=l
HECQLUNDARY
1,1,8,0.
2,2.2,0.

EEX

Subroutine (VUMAT):

C wumat - EXPLICIT
| SUBROUTINE vumat(
H Read only(unmodifiable)variables-
nblock ,ndir ,nshr ,nstatev,nfieldv,nprops,lanneal,
stepTime,totalTime,dt,cnname ,coordHp,charLength,
props,density,strainlnc,relSpininc,
temp0ld,stretch0ld,defgrad0ld,field0ld,
stressDld,statedld,enerInterndld,enerInelasild,
tempHew,stretchNew,defgradHew,fieldNew,
(H Write only{modifiable) variables-
i stressHew,statedew,ener Interndew,enerInelasHew)

J INCLUDE ‘vaba_param.inc'

ABAQUS Command:

L L =8

S b Avwswas

s e EE e O

C:\>abaqus job=test input=dpnodev user=vumat datacheck

C:\>abaqus job=test input=dpnodev user=vumat




Implementation of VUMAT
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Job-1

M Edit Job

Mame: Job-1

Model: Model-1

Write Inpuk
Completed Data Check

Submit

il

Conkinue

Moanitar. ..

Descripkion: |

| Resulks

Submission | General | Memaory || Parallelization ||

Precision

ill

Preprocessor Prinkouk

[J print an echa of the input data
|:| Print contact constraint data
[ Print model definition data

] print history data

Scratch directory:

Disrniss

Iser subroutine File:

| H:Yser Subroutine\Elastic, for

Cancel




