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Writing: User Subroutineswith ABAQUS

’------

SIMULIA Doecumentation
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2-Microsoft Visual Studio 2019

’-------,

3-Intel Parallel Studio 2020
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Installing Abaqus/CAE, Visual Studio, and Intel Parallel Studio respectively.

Step2: Modifying Target
| AAET ¢ OEEO AAAOAOO Oi
@A Program Files (x86) IntelSWTools compilers_and_libraries_2020.4.31\windows\ bin\ ifortvars.batdintel64 vs2019 &

Step3: Verification

C Abaqus Verification: run Abaqus Verification and cheek the .log file out
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By default: ¢y Program Files (x86) IntelSWTools compilers_and_libraries_2020.4.31\lwindows\ bin

~
¥,

Step3: ! AAET ¢ OEAOA OAOEAAI A  AslA EADQITHAREACO AOPA OFEFAGM AAGD 60

Step4: Modifying abq2022
Adding this Code to abq2022.bat (By default) i€ SIMULIA Commands

Step5: \Verification
C Abaqus Verification: run Abaqus Verification and cheek the .log file out
Abbqlisvedify -user_exm
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here User Subroutines Fit into Abagus/Standa:

Beginning of Analysis )
UEXTERNALDB ——— y
Define Initial Conditions |« UPOREP

v
( Start of Step )

Y

Startof Increment ) ) Startof Increment )
v

UEXTERNALDB Y

( Start of lteration ) Calculate Integration Point Field Variable from Nodal Values

v CREEP, FRIC, UEL, i}
DLOAD Define K <— UEXPAN, UGENS, CREEP: Ae”" Ag™
OAD, I UMAT, USDFLD Y "
UEXPAN: Ag

FILM, . ) o
HETVAL . Define Loads R

UWAVE

To Start of
To Start of Iteration To Start of
Increment A Step

‘ v

Solve Kelc = R°

Y
Converged? No !

Y
Write Output

UEXTERNALDB
URDFIL r
: End of Step?
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|

[ Solve Matrix
Equation
|

v
Converged ?

|
YES
v
Write Outputs

v

End of Step ?

UMAT(HT) - UHYPER
UHYPER STRETCH
UGENS
USDFLD
FRIC

DISP - DLOAD -
UTRACLOAD
HETVAL
FILM
DFLUX
UWAVE

URDFIL
UEXTERNALDB
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L Beginning ]

Define Initial Conditions

i

[Start of Step ]

(Start of Increment ]

Calculate Ag

+ VUMAT(HT)
VFRIC , VFRICTION
VUSDFLD

Calculate O

Write Outputs VUEXTERNALDB

= End of Step?
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Beginning of Analysis

[ UEXTERNALDB |— il

r 3

Define Initial Condition

UPOREP ]

b

Start of Step

¥

Start of Increment

UEXTERNALDB > ( \
Start of [teration CREEP, UEL,
UMAT,
h
Define K¢ 4 USDFLD, FRIC,
DLOAD, FILM, UEXPAN,
HETWAL, Define Loads RY
UWAVE \ UGENS _/

To Start of To Start of
Incrementation Iteration

A
1
: Solve K® ¢ = R® |
: | To Start
L
I I of Step
I Converged? | _ No, 3
1
1 I
| 1
I . 1
| Write Output l
1 1
UEXTERNALDB, ] : . :
URDFIL J | i |
I 1
' No Y I
L Yes 1

————— End of Step? -




Some Tips

U User Subroutines are written as C, C++, drfortran code

U In The First iteration of an increment all of user subroutines are called twice

(During the first call the initial stiffness matrix is being formed using the configuration of the model at the
start of the increment.

\In subsequent iterations the subroutines are called only once.

During the second call a new stiffness, based on the updated configuration of the model, is created.

U In these subsequent iterations the corrections to the model's configuration are calculated using
the stiffness from the end of the previous iteration.
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Some Tips

U Using multiple user subroutines in a model

/
When multiple user subroutines are needed in the analysis, the individual routines can be combined into a

single file.

<

A given user subroutine (such as UMAT or FILM) should appear only once in the specified user subroutine

source or object code.
-

U Restart analyses

When an analysis that includes a user subroutine is restarted, the user subroutine must be specified again because
the subroutine object or source code is not stored on the restart ( . res) file.
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Code Unit Number Description
Abaqus/Standard Internal database
Solver file

Printed output (.dat) file (You can write output to this file.)

Message (.msg) file (You can write output to this file.)

Results (.fil) file
Internal database
Restart (.res) file

Internal databases (scratch files). Unit numbers 21 and 22 are always written to disk

Text file containing meshed beam crossection properties (.bsp)
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Code Unit Number Description

Abaqus/Explicit 6 Printed output (.log)
12 Restart (.res) file
13 Old restart (.res) file, if applicable
15 Analysis Preprocessor (.dat or .pre) file
23 Communications (.023) file
60 Global package (.pac) file
61 Global state (.abq) file
62 Temporary file
63 Global selected results (.sel) file
64 Message (.msg) file
65 Output database (.odb) file
67 Old package (.pac) file, if import from Abaqus/Explicit
68 Old state (.abq) file, if import from Abaqus/Explicit
69 Internal database; temporary file

If domain-parallel 70 Local package (.pac.1) file for CPU #1
71 Local state (.abg.1) file for CPU #1
73 Local selected results (.sel.1) file for CPU #1
80 Local package (.pac.2) file for CPU #2
81 Local state (.abg.2) file for CPU #2
83 Local selected results (.sel.2) file for CPU #2

Add three files, incrementing units by 10, for each additional CPU




Some Tips

U The following unit numbers can be used within a user subroutine to read and write data from files:

15 18
100+

,.___.a-___\

U In Abaqus/Standard user subroutines can write debug output to:

og File (.log) » Unit*
Message File (.msg) » Unit7
Print Output File (dat) » Unit 6

These units do not have to be opened within the
user subroutine? they are opened by Abaqus.

g
1
1
1
1
1
-7
l
1
1
1
1
1
L

U In Abaqus/Explicit user subroutines can write debug output to the message

Log File (.log) Unit *

£ ——— =

Write to the status (sta) >
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Some Tips

U Path names for external files

When a file is opened in a user subroutine, Abaqus assumes that it is located in $beatch directory created for the simulation.
Therefore, full path namesmust be used in the OPEN statements in the subroutine to specify the location of the files

The following example opens, reads and closes an external file:

open(unit=15, file =Qnfs_scratch  / wdir / ndw/ TempHistinp 6
read(15,*) ( timehist (), j=1,25

=1

do while ( .true.)
read(15,*,end=100) index(i),( temphist (i) ), ]=1,25)
i=i+1

end do

100 close(15)
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Some Tips

U Every user subroutine in Abaqus/Standard must include the statement:

As the first statement after the argument list

The file specifies implicit real*8 (ah, o-z) for double precision machines

The Abaqus execution procedure, which compiles and links the user subroutine with the rest of Abaqus, will
include the aba_param.inc file automatically.

U Itis not necessary to find this file and copy it to any particular directory: Abaqus will know where to find it

U Every user subroutine in Abaqus/ Explicit must include the statement

" include 'vaba_param.inc'.

L
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Some Tips

t Naming conventions
If user subroutines call other subroutines or use COMMONblocksto passinformation, the namesof such

subroutines or COMMONblocks should begin with the letter K sincethis letter is never usedto start the
name of any subroutine or COMMONblock in Abaqus

U Subroutine argument lists

A The variables passed into a user subroutine via the argument list are classified as eitvariables to be
defined, variables that can be updatedor variables passed in for information

A The user must not alter the values of the "variables passed in for informatiorDoing so will yield
unpredictable results.
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Some Tips

U Solution-dependent statewariables

A Solution-dependent state variables (SDVs) are values that can be defined to evolve with the solutién.example of
a solution-dependent state variable for the UEL subroutine is strain.

A Several user subroutines allow the user to define SDVs.
A Within these user subroutines the SDVs can be defined as functions of any variables passedtimtcuser subroutine.

A It is the user's responsibility to calculate the evolution of the SDVs within the subroutine; Abaqus just stores the
variables for the user subroutine.

A For most subroutines the number of such variables required at the integration points or nodes is entered as the
only value on the data line of the *DEPVAR option.

A For subroutines (V)UEL, UELMAT, and UGENS the VARIABLES parameter must be used on the *USER ELEMI
and *SHELL GENERAL SECTION options, as appropriate.

A For subroutine FRIC the number of variables is defined with the DEPVAR parameter on the *FRICTION option
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Some Tips

U Solution-dependent statewariables

A There are two methods available for defining the initial values of solutiomlependent variables.
A The *INITIAL CONDITIONS, TYPE=SOLUTION option can be used to define the variable field in a tabular format

A For complicated cases user subroutine SDVINI can be used to define the initial values of the SDVs (Abaqus/Stanc
only).

A Invoke this subroutine by adding the USER parameter to the *INITIAL CONDITIONS, TYPE=SOLUTION option.

g‘DepVar:In Property NSTATV
SDViIn Field Output

| STATEVin UMAT
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Some Tips

U Testing suggestions
Always develop and test user subroutines on the smallest possible model.

Do not include other complicated features, such as contact, unless they are absolutely necessary wésimg the subroutine.

Test the most basic variant of the user subroutine before adding any new features to it.

When appropriate, try to test the user subroutine with models where only values of the nodal degreedafedom
(displacement, rotations, temperature) are specified.

Then test the subroutine with models where fluxes and nodal degrees of freedom are specified.

Ensure that arrays passed into a user subroutine with a given dimension are not used as if they héarger dimension.
For example, if a user subroutine is written such that the number of SDVs is 10 but only 8 SRkésspecified on the
*DEPVAR option, the user subroutine will overwrite data stored by Abaqgusith unpredictable consequences.
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Some Tips

U User subroutinesimay-also bewrittenin . C,or-C++

€ They are called from Fortran, so they must follow the Fortran calling conventions:
© Function names must be in the form expected by Fortran
© Function arguments must be passed by reference

#include <aba_for_c.h> € ?Abaqus Fortran-to-C conversion macros

extern "C"

void FOR_NAME(film) ( € Rouﬁne name is wrappedln a macro that will convert name to Fortran
double(& H)[2],

double & SINK, <€ Arguments are passed by reference
double & TEMP,
int & JSTEP,
int & JINC,
double(& TIME)[2],
int & NOEL,
int & NPT,
double(& COORDS)[3],
int & JLTYPE,
double * FIELD,
int & NFIELD,
char (& SNAME)[80],
int & JUSERNODE,
double & AREA
)

{

//.. code here ..

)
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Fortran, as derived fromFormula Translating Systemis a generapurpose,
imperative programming language. It is used for numeric and scientific computing

Fortran was originally developed by IBM in the 1950s for scientific and engineering applications. Fortran ruled
this programming area for a long time and became very popular for high performance computing

Numerical analysis and scientific computation

Structured programming

Array programming

Modular programming

Generic programming

High performance computing on supercomputers

Object oriented programming

Concurrent programming

Reasonable degree of portability between computer systems

A
A
A
A
A
A
A
A
A
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Fortran is caseinsensitive, except for string literals.

program program_name The implicit none statement allows the compiler to check
implicit none that all your variable types are declared properly. You must
always use implicit none at the start of every program.

| type declaration statements
| executable statements

end program program_name
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allocatable
call
contains

default

elsewhere
end interface
end type
external

in

intrinsic
namelist

out

program
return

target

allocate
case

continue
do

end block data
end module
end where
function

inout

kind

nullify
parameter
public

save

then

assign
character
cycle

double precision

end do

end program
entry

goto

integer

len

only

pause

real

select case

type

assignment
common
data

else

end function
end select
equivalence
if

intent
logical
operator
pointer
recursive
stop

type()

block data
complex
deallocate

else if

end if

end subroutine
exit

implicit
interface
module
optional
private

result
subroutine

use
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backspace close endfile format inquire

open print read rewind Write
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Intrinsic Data T

- ] integer(kind = 2) :: integer_var
Integer type <

|
|
1
-

i real :: real var
|

Real type <
| real :: real_var

| complex :: complex_var

| complex_var = cmplx (2.0, -7.0)

E logical :: logical_var
Logical type 5
I logical_var = .true.

E character(len = 40) :: name
Character type <

-

f
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
:
-E Complex type ‘:
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|
1
|

TATA > 2(AT11T 77101 Ae
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Constants

Fixed Values That The Program Cannot Alter During Its Execution

real, parameter :: pi = 3.1415927
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Variable Declaration

Variables are declared at the beginning of a program (or subprogram) in a type declaration statement.

Syntax

type - specifier :: variable _name

integer :: total

real :: average

complex :: cx

logical :: done

character(len = 80) :: message ! a string of 80 characters

Later you can assign values to these variables, like,

total = 20000

average = 1666.67

done = .true.

message = “A big Hello from Tutorials Point”
cx = (3.0, 5.0) ' cx = 3.0 + 5.0i
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Addition Operator, adds two operands. A + B will give 8

Subtraction Operator, subtracts second operand from the first. A-B will give 2

Multiplication Operator, multiplies both operands. A * B will give 15

Division Operator, divides numerator by denumerator. A/ B will give 1

Exponentiation Operator, raises one operand to the power of the other. A ** B will give 125
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Relational Operators

Checks if the values of two operands are equal or not, if yes then condition becor,, __ _. .
Tue (A == B) is not true.

Checks if the values of two operands are equal or not, if values are not equal thet

1= i
condition becomes true. (A !=B) is true.

Checks if the value of left operand is greater than the value of right operand, if ye:

. SR .
then condition becomes true. (A > B) is not true

Checks if the value of left operand is less than the value of right operand, if yes tr

" P |
condition becomes true. (A <B)istrue

Checks if the value of left operand is greater than or equal to the value of right

- -, . >: M .
operand, if yes then condition becomes true. (A >=B)is not true

Checks if the value of left operand is less than or equal to the value of right opera

. - = R)i |
if yes then condition becomes true. (A B) is true
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Logical Operators

Called Logical AND operator. If both the operands are neaaero, then condition

becomes true. (A .and. B) is false.

Called Logical OR Operator. If any of the two operands is raaro, then

.. A .or. B) is true.
condition becomes true. (A .or. B) is true

Called Logical NOT Operator. Use to reverses the logical state of its operand. |

| .
condition is true then Logical NOT operator will make false. (A .and. B) Is true.

Called Logical EQUIVALENT Operator. Used to check equivalence of two logic

values. (A .eqv. B) is false.

Called Logical NONEQUIVALENT Operator. Used to check naguivalence of

two logical values. (A neqv. B) is true.
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Decisions

1

) A8 OEAT
AnE /8 OE A bt&temAnk cAnsi§is/Bf a logical expression followed by one or more statements.

AnE /8 dteldntcan be followed by an optionaklse statementwhich executes when the logical expression is fals

if...else if...else Statement
An if statement construct can have one or more optionalse-if constructs. When thef condition fails, the immediately
followed else-if is executed. When thelse-if also fails, its successoelse-if statement (if any) is executed, and so on.

nested if construct
You can use ondf or else ifstatement inside anotherif or else ifstatement(s).

select case construct
A select casestatement allows a variable to be tested for equality against a list of values.

nested select case construct
You can use onselect casestatement inside anotherselect casestatement(s).
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https://www.tutorialspoint.com/fortran/If_then_construct.htm
https://www.tutorialspoint.com/fortran/If_then_else_construct.htm
https://www.tutorialspoint.com/fortran/if_elseif_else_construct.htm
https://www.tutorialspoint.com/fortran/nested_if_construct.htm
https://www.tutorialspoint.com/fortran/select_case_construct.htm
https://www.tutorialspoint.com/fortran/nested_select_case_construct.htm

Decisions
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Loops
sNo o LoopType&Desarpion

do loop
This construct enables a statement, or a series of statements, to be carried out iteratively, while a given condition is true

do while loop
Repeats a statement or group of statements while a given condition is true. It tests the condition before executing the lbogy.

nested loops
You can use one or more loop construct inside any other loop construct.

exit
If the exit statement is executed, the loop is exited, and the execution of the program continues at the first executable
statement after the end do statement.

cycle
If a cycle statement is executed, the program continues at the start of the next iteration.

stop
If you wish execution of your program to stop, you can insert a stop statement
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https://www.tutorialspoint.com/fortran/fortran_do_loop.htm
https://www.tutorialspoint.com/fortran/fortran_do_while_loop.htm
https://www.tutorialspoint.com/fortran/fortran_nested_loop.htm
https://www.tutorialspoint.com/fortran/fortran_exit.htm
https://www.tutorialspoint.com/fortran/fortran_cycle.htm
https://www.tutorialspoint.com/fortran/fortran_stop.htm
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Characters

‘I Character Declaration

| type - specifier :: variable_name me===———) Character(len = 15) :: surname, firstname

len(string): It returns the length of a character string

index(string, sustring):) 6 &1 A0 OEA 11 AAQCEIT T &£ A OOAOOOETI C ET AT 1T OEAO OOOET Ch
achar(int): It converts an integer into a character

iachar(c): It converts a character into an integer

trim(string): It returns the string with the trailing blanks removed.

scan(string, chars):lt searches the "string" from left to right (unless back=.true.) for the first occurrence of any character contained in "chslt It returns
an integer giving the position of that character, or zero if none of the characters in "chars" have been found.

verify(string, chars): It scans the "string” from left to right (unless back=.true.) for the first occurrence of any character not contained in "cret. It
returns an integer giving the position of that character, or zero if only the characters in "chars" have been found

adjustl(string): It left justifies characters contained in the "string"

adjustr(string): It right justifies characters contained in the "string"

len_trim(string): It returns an integer equal to the length of "string" (len(string)) minus the number of trailing blanks

repeat(string, ncopy): It returns a string with length equal to "ncopy" times the length of "string", and containing "ncopy" concatenated copies"sfring"
lle(char, char): Compares whether the first character is lexically less than or equal to the second

Ige(char, char):Compares whether the first character is lexically greater than or equal to the second

Igt(char, char): Compares whether the first character is lexically greater than the second

lit(char, char): Compares whether the first character is lexically less than the second
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Declaring Arrays Assigning Values

real, dimension(5) :: numbers -numbers(l) =2.0

integer, dimension (5,5) :: matrix Doi =1,5
numbers(i) =i * 2.0

real, dimension(2:6) :: numbers End Do

----)----‘

g
|
|
|
|
|
|
1
-
|
|
|
|
|
|
|

integer, dimension ( - 3:2,0:4) :: matrix numbers = (/1.5, 3.2, 4.5, 0.9, 7.2/)

(]
]

Array Sections

array ([lower]:[upper]) B(2:10) = (/1.5, 3.2, 3.6, 4.5, 5.4, 6.8, 0.9, 7.2/)

array ([lower]:) B(2:) = (/1.5, 3.2, 3.6,4.5,5.4,6.8,0.9, 7.2/)

array ( :[upper]) B(:8) = (/1.5, 3.2, 3.6, 4.5, 5.4, 6.8, 0.9, 7.2/)

B(2:10:2) = (/1.5, 3.2, 4.5, 0.9, 7.2/)
B(2:10:2) =[1.5, 3.2, 4.5, 0.9, 7.2]
Milad Vahidian, Ph.D. Candidate Of Mechanical Engineering At The University Of Tehran
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It is the number of dimensions an array has. For example, for the array named matrix, rank is 2, and for the array,
named numbers, rank is 1.

It is the number of elements along a dimension. For example, the array numbers has extent 5 and the array nam¢
matrix has extent 3 in both dimensions.

The shape of an array is a ondimensional integer array, containing the number of elements (the extent) in each
dimension. For example, for the array matrix, shape is (3, 3) and the array numbers it is (5).

It is the number of elements an array contains. For the array matrix, it is 9, and for the array numbers, it is 5.
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¢ multiplication

This function returns a scalar product of two input vectors, which must have the same
dot_product(vector_a, vector_b) length

matmul(matrix_a, matrix_b) It returns the matrix product of two matrices, which must be consistent, i.e. have the
_a, — dimensions like (m, k) and (k, n)
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It returns a logical value that indicates whether all relations in mask are .true., along with only the desired
dimension if the second argument is given.

It returns a logical value that indicates whether any relation in mask is .true., along with only the desired
dimension if the second argument is given.

It returns a numerical value that is the number of relations in mask which are .true., along with only the
desired dimension if the second argument is given.

It returns the largest value in the array array, of those that obey the relation in the third argument mask, if
that one is given, along with only the desired dimension if the second argument dim is given.

all(mask, dim)
any(mask, dim)

count(mask, dim)

maxval(array, dim, mask)

It returns the smallest value in the array array, of those that obey the relation in the third argument mask, if

minval(array, dim, mask) that one is given, along with only the desired dimension if the second argument DIM is given.

It returns the product of all the elements in the array array, of those that obey the relation in the third
product(array, dim, mask) argument mask, if that one is given, along with only the desired dimension if the second argument dim is
given.

It returns the sum of all the elements in the array array, of those that obey the relation in the third argumen

sum(array, dim, mask) mask, if that one is given, along with only the desired dimension if the second argument dim is given.
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Inquiry k
 Fucin&Desipn

allocated(array)
It is a logical function which indicates if the array is allocated.

Ibound(array, dim)
It returns the lower dimension limit for the array. If dim (the dimension) is not given as an argument, you get an integerdater, if dim is included, you
get the integer value with exactly that lower dimension limit, for which you asked.

shape(source)
It returns the shape of an array source as an integer vector.

size(array, dim)
It returns the number of elements in an array. If dim is not given, and the number of elements in the relevant dimensionirhds included.

ubound(array, dim)
It returns the upper dimensional limits.
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Function Description

This function joins two arrays. It gives the elements in tsource if the condition in mask is .true. and fsource if the
merge(tsource, fsource, mask) condition in mask is .false. The two fields tsource and fsource have to be of the same type and the same shape
result also is of this type and shape. Also, mask must have the same shape.

It packs an array to a vector with the control of mask. The shape of the logical array mask, has to agree with th
one for array, or else mask must be a scalar. If vector is included, it has to be an array of rank 1 (i.e. a vector) w
at least as many elements as those that are true in mask, and have the same type as array. If mask is a scalar
the value .true. then vector instead must have the same number of elements as array.

pack(array, mask, vector)

It returns an array of the same type as the argument source with the rank increased by one. The parameters di
and ncopies are integer. if ncopies is negative the value zero is used instead. If source is a scalar, then spread

spread(source, dim, ncopies) becomes a vector with ncopies elements that all have the same value as source. The parameter dim indicates
which index is to be extended. it has to be within the range 1 and 1+(rank of source), if source is a scalar then
has to be one. The parameter ncopies is the number of elements in the new dimensions.

It scatters a vector to an array under control of mask. The shape of the logical array mask has to agree with the
one for array. The array vector has to have the rank 1 (i.e. it is a vector) with at least as many elements as thos
that are true in mask, and also has to have the same type as array. If array is given as a scalar then it is consid
to be an array with the same shape as mask and the same scalar elements everywhere.

The result will be an array with the same shape as mask and the same type as vector. The values will be those
from vector that are accepted, while in the remaining positions in array the old values are kept.

unpack(vector, mask, array)
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Reshape Fu

It constructs an array with a specified shape starting from the elements in a
given array source. If pad is not included then the size of source has to be at
least product (shape). If pad is included, it has to have the same type as sour:
If order is included, it has to be an integer array with the same shape as shap
and the values must be a permutation of (1,2,3,...,n), where n is the number o
elements in shape , it has to be less than, or equal to 7.

reshape(source, shape, pad, order)
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Manipulation Functions
© Rnden  Descpin

cshift(array, shift, dim)

eoshift(array, shift, boundary, dim)

transpose (matrix)

It performs circular shift by shift positions to the left, if shift is positive and to the right if it is
negative. If array is a vector the shift is being done in a natural way, if it is an array of a higher rank
then the shift is in all sections along the dimension dim. If dim is missing it is considered to be 1, ir
other cases it has to be a scalar integer number between 1 and n (where n equals the rank of arra
The argument shift is a scalar integer or an integer array of rank-h and the same shape as the arra
except along the dimension dim (which is removed because of the lower rank). Different sections ¢
therefore be shifted in various directions and with various numbers of positions.

It is end-off shift. It performs shift to the left if shift is positive and to the right if it is negative. Instear
of the elements shifted out new elements are taken from boundary. If array is a vector the shift is
being done in a natural way, if it is an array of a higher rank, the shift on all sections is along the
dimension dim. if dim is missing, it is considered to be 1, in other cases it has to have a scalar inte
value between 1 and n (where n equals the rank of array). The argument shift is a scalar integer if
array has rank 1, in the other case it can be a scalar integer or an integer array of rark and with
the same shape as the array except along the dimension dim (which is removed because of the lo
rank).

It transposes a matrix, which is an array of rank 2. It replaces the rows and columns in the matrix.
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Location F

maxloc(array, mask) It returns the position of the greatest element in the array, if mask is included only for those which
Y fulfil the conditions in mask, position is returned and the result is an integer vector.

minloc(array, mask) It returns the position of the smallest element in the array, if mask is included only for those which
Y fulfil the conditions in mask, position is returned and the result is an integer vector.
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Basic Input Qutput

read(*,*) iteml, item2, item3...
print *, item1, item2, item3
write(*,*) item1l, item2, item3...

Formatted Input Output

read fmt, variable list
print fmt, variable_list
write fmt, variable_list

format specification
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Procedures

A procedure is a group of statements that perform a wellefined task and can be invoked from your
program. Information (or data) is passed to the calling program, to the procedure as arguments.

function name(argl, arg2, ....)
[declarations, including those for the arguments]
[executable statements]

end function [name]

Functions

function name(argl, arg2, ....)
[declarations, including those for the arguments]
[executable statements]

end function [name]

-

subroutine name(argl, arg2, ....)
[declarations, including those for the arguments]
[executable statements]

end subroutine [name]

Subroutines

f-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
=4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
-
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abs(a)

aimag(z)

aint(a [, kind])
anint(a [, kind])
ceiling(a [, kind])
cmplx(x [, y, kind])
conjg(z)

dble(a)

dim(x, y)

dprod(x, y)

floor(a [, kind])
int(a [, kind])
max(al, a2 [, a3,...])
min(al, a2 [, a3,...])
mod(a, p)
modulo(a, p)

nint(a [, kind])
real(a [, kind])
sign(a, b)

Numeric F

It returns the absolute value of A

It returns the imaginary part of a complex number Z

It truncates fractional part of A towards zero, returning a real, whole number.

It returns a real value, the nearest integer or whole number.

It returns the least integer greater than or equal to number A.

It converts the real variables X and Y to a complex number X +1iY; if Y is absent, O is used.
It returns the complex conjugate of any complex number Z.

It converts A to a double precision real number.

It returns the positive difference of X and Y.

It returns the double precision real product of X and Y.

It provides the greatest integer less than or equal to number A.

It converts a number (real or integer) to integer, truncating the real part towards zero.
It returns the maximum value from the arguments, all being of same type.

It returns the minimum value from the arguments, all being of same type.

It returns the remainder of A on division by P, both arguments being of the same type (A-INT(A/P)*P)

It returns A modulo P: (A-FLOOR(A/P)*P)
It returns the nearest integer of number A
It Converts to real type

It returns the absolute value of A multiplied by the sign of P. Basically it transfers the of sign of B to A.
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Mathematical Functions
©Rwen  Desedpion

|l t returns the inverse cosine

It returns the inverse sineintherange(-n/ 2, n/ 2), 1 n radians.
It returns the inverse tangent in the range (-n / 2, n/ 2), i n radi an
It returns the inverse tangent in the range (-n , n), 1 n radians.

It returns the cosine of argument in radians.

It returns the hyperbolic cosine of argument in radians.

It returns the exponential value of X.

It returns the natural logarithmic value of X.

It returns the common logarithmic (base 10) value of X.

It returns the sine of argument in radians.

It returns the hyperbolic sine of argument in radians.

It returns square root of X.

It returns the tangent of argument in radians.
It returns the hyperbolic tangent of argument in radians.
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Numeric Inquiry &

digits(x) It returns the number of significant digits of the model.

It returns the number that is almost negligible compared to one. In other words, it returns the
smallest value such that REAL( 1.0, KIND(X)) + EPSILON(X) is not equal to REAL( 1.0, KIND(X)).

huge(x) It returns the largest number of the model

epsilon(x)

maxexponent(x) It returns the maximum exponent of the model
minexponent(x) It returns the minimum exponent of the model
precision(x) It returns the decimal precision

radix(x) It returns the base of the model

range(x) It returns the decimal exponent range

tiny(x) It returns the smallest positive number of the model
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Floating-Point Manipulation Fu

exponent(x) It returns the exponent part of a model number

fraction(x) It returns the fractional part of a number

nearest(x, s) It returns the nearest different processor number in given direction

rrspacing(x) It returns the reciprocal of the relative spacing of model numbers near given number
scale(x, i) It multiplies a real by its base to an integer power

set_exponent(x, i) it returns the exponent part of a number

spacing(x) It returns the absolute spacing of model numbers near given number
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Bit Manipulation Functions

bit_size(i) It returns the number of bits of the model
btest(i, pos) Bit testing

iand(, ) Logical AND

ibclr(i, pos) Clear bit

ibits(i, pos, len) Bit extraction
ibset(i, pos) Set bit

ieor(l, j) Exclusive OR

ior(i, j) Inclusive OR

ishft(i, shift) Logical shift

ishftc(i, shift [, size]) Circular shift

not(i) Logical complement
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achar(i)
adjustl(string)
adjustr(string)
char(i [, kind])
lachar(c)
ichar(c)

index(string, substring [, back])

len(string)
len_trim(string)
lge(string_a, string_b)
lgt(string_a, string_b)
lle(string_a, string_b)
llt(string_a, string_D)
repeat(string, ncopies)

scan(string, set [, back])

trim(string)
verify(string, set [, back])

Character EF

It returns the Ith character in the ASCII collating sequence.

It adjusts string left by removing any leading blanks and inserting trailing blanks

It adjusts string right by removing trailing blanks and inserting leading blanks.

It returns the Ith character in the machine speciyc collating sequence

It returns the position of the character in the ASCII collating sequence.

It returns the position of the character in the machine (processor) speciyc collating sequence.

It returns the leftmost (rightmost if BACK is .TRUE.) starting position of SUBSTRING within
STRING.

It returns the length of a string.

It returns the length of a string without trailing blank characters.
Lexically greater than or equal

Lexically greater than

Lexically less than or equal

Lexically less than

Repeated concatenation

It returns the index of the leftmost (rightmost if BACK is .TRUE.) character of STRING that belong
to SET, or O if none belong.

Removes trailing blank characters
Verifies the set of characters in a string
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kind (x) It returns the kind type parameter value.
selected_int_kind (r) It returns kind of type parameter for speci yed exponent range.
selected_real_kind ([p, r]) Real kind type parameter value, given precision and range.

logical (I [, kind]) Convert between objects of type logical with different kind type parameters.
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RANDLIB, random number and statistical distribution generators
BLAS
EISPACK
GAMSANIST Guide to Available Math Software
Somestatistical and other routines from NIST
LAPACK
LINPACK
MINPACK
MUDPACK
NCAR Mathematical Library
The Netlib collection of mathematical software, papers,and databases
ODEPACK
ODERPACKa set of routines for ranking and ordering .
Expokit for computing matrix exponentials
SLATEC
SPECFUN
STARPAC
StatLib statistical library
TOMS
Sorting and merging strings
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DISP

Abaqus User Subroutine To Specify Prescribed Boundary Conditions or Connectors Motic

Amplitude  Analytical Field

'\ /'
(BCs: 7 (1 O bIiNGfuf)  APaAUS/CAE
Boundary Conditions i.e., Decomposable

& (@ h Dh U<

Subroutine

\BCsS: 8 (1 Ol PHNOINKS ) sy  Subroutine

I.e., Indecomposable
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DISP

Abaqus User Subroutine To Specify Prescribed Boundary Conditions or Connectors Motion

User Subroutinelinterface

SUBROUTINE DISP (U, KSTEP, KINC, TIME, NODE, NOEL, JDOF, COORDS)
INCLUDE 'ABA PARAM.INC'

DIMENSTION U(3), TIME (3) , COORDS (3)

user coding to define U
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Variables to Be Defined

>|

Il variable types except rotation: the total value of the prescribed variable at this point.

C
—~
=
~
a
o e e /e

Rotation variable type: the incremental value of the prescribed rotation at this point.

I

First Time Derivative of U(1)

C
~—~~
w
N

Second Time Derivative of U(1)

4
1
|
1
|
1
|
1
|
1
|
u <
1
1
1
1
1
1
1
1
1
1
1
l

!
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Variables Passed in for Information

kSTEP Step number

P d

KINC Increment number
-
' TIME(1)  Current value of step time

TIME 4: TIME(2) Current value of total time
|
' TIME(3)  Current value of time increment

NODE Node number ——— This variable cannot be used if user subroutine DISP is used to prescribe connector motio

NOEL Element number — —» This variable cannot be used if user subroutine DISP is used to prescribe boundary conditi

Degree of Freedom: NEXT SLIDE

An array containing the current This array cannot be used if user subroutine
coordinates of this point. DISP is used to prescribeonnector motions

i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
-
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\

COORDS
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x-displacement
y-displacement
z-displacement
Rotation about the x-axis, in radians
Rotation about the y-axis, in radians
Rotation about the z-axis, in radians

Warping amplitude (for open-section beam elements)

Pore pressure, hydrostatic fluid pressure, or acoustic pressure

1
2
3
4
5
6
7
8
9

Electric potential

Connector material flow (units of length)

Temperature (or normalized concentration in mass diffusion analysis)
Second temperature (for shells or beams)

Third temperature (for shells or beams)
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Disp Subroutine Problem

L 70 mm

’
3
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Disp Subroutine Problem

0O XTO0 O’ ™o "YQQOQEE G
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Disp Subroutine Problem

I"
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Disp Subroutine Problem

COORD§/ NODE

™ o "YQQw Q¢ @i d
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DLOAD

Abaqus User Subroutine To Specify Naumniform Distributed Load

KDecmmmsablﬂ_oad: & (adhudhahd) = Y 6) W ahudd) Abaqwg/_CAIE
/ \ Subroutine

Amplitude Analytical Field

IndecomposableLoad: 0GftfoMd) -+ Y6) Y(6fufd) wmmmp  Subroutine

The load is monitored by writing output to the printed output (.dat) file
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SNAME

M B
H e
et

2N

Variables to be defined:F

SUBROUTINE DLOAD (F,KSTEP,KINC, TIME, NOEL, NPT, LAYER, KSPT, {
1 COORDS, JLTYP, SNAME)

INCLUDE 'ABA PARAM.INC'

DIMENSION TIME(Z2),
CHARACTEER*E0 SNAME

COORDS (3)

i

n

user coding to define

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]

N

4

EETUEN
END

Surface name for a surfacéased load definition
(JLTYP=0). For a body force or an elemertased
surface load the surface name is passed in as blank.

NN N NN NN BN BN BN BN BN BN BN BN BN NN NN NN NN BN BN B

-

F — for surface loads and— for body forces.

Step number
Increment number

KSTEP

KINC
Current value of step timeor current value

TIME(1
(1) of the load proportionality factor

TIME

TIME(2) Current value of total time

NOEL
NPT
LAYER

Element number
Load integration point number within the element

Layer number (for body forces in layered solids)

KSPT Section point number within the current layer

An array containing the coordinates

COORDS of the load integration point

JLTYP Load type

/4
I
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DLOAD

— for Line loads, — for surface loads, and— for body forces.

A
[

T

KSTEP Step number
KINC Increment number

TIME TIME(1)  Current value of step timeor current value of the load proportionality factor_, in a Riks step
TIME(2) Current value of total time

NOEL Element number J " \

NPT Load integration point number within the element

LAYER Layer number (for body forces in layered solids)

KSPT Section point number within the current layer

An array containing the coordinates of the load integration point. These are the current coordinates if geometric

COORDS nonlinearity is accounted for during the step; otherwise, the array contains the original coordinates of the point.

JLTYP Load type

Surface name for aurface-basedload definition (JLTYP=0). For a body force or an
element-based surface load the surface name is passed in as blank.
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DLOAD

Load type Description Elements

Surfacebased load

BXNU Nonuniform body force in global Xdirections

BRNU Nonuniform body force in radial directions

BYNU (except for axisymmetric elements) Nonuniform body force in global ¥directions

BZNU (for axisymmetric elements only) Nonuniform body force in global Zdirections

BZNU (for threedimensional elements and
asymmetric-axisymmetric)

PNU Nonuniform pressure

Nonuniform body force in global Zdirections

P1NU Nonuniform force per unit length in beam local idirections

P2NU Nonuniform force per unit length in beam local 2directions
P3NU
PANU
P5NU
P6NU
PINU Nonuniform internal pressure PIPE & ELBOW
PENU Nonuniform external pressure PIPE & ELBOW
PXNU Nonuniform force per unit length in global Xdirections Beam

PYNU Nonuniform force per unit length in global ¥directions Beam

PZNU Nonuniform force per unit length in global Zdirections Beam
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Surface name for a surfackased load definition (JLTYP=0). For a body force or an element
based surface load the surface name is passed in as blank.

-

Part —  — — - — - —- » ASSEMBLY_PART SURFACENAME

SNAME
(Surface Name)<

Assembly —.. .. ... »  ASSEMBLY_SURFACENAME

N
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DLOAD

Simulation time: 1 (S)
Hint: the JLTYP

Surface Force (Pressure): exert onentire plate 0(cfvfo) G E(p 1t i ((ﬁ(’j 1{ ((CE_T[ B

Body force : exert on whole plate O(ahvty) Qi f(e_(t) O E(j_
- O TUTT \C TUTT

0 @
4 QQ AN 6 Q

All edge has been pinned
Pl ateds di mensions: 300x200 (mm), thickness:

Material properties: E=200 GPa ' 1@
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Dload: Moving Load

Moving Load:
Force reign is being changed by Time. mmm)  "O¢ | IOG@QQ¥O)

NNy

("0 ’
_ ‘Ai(g)

o 0
a QAo Q

O ¢mOihy mh QQd Q&d It T U
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Dload: Moving Load

B N P I
H OEE'H i 0'H e 14 Q&

0y -0

o 0
a QAo Q

O ¢ o mMh QQ& Q& QuortagLEn TTu
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Dload: Periodic T

Body Load:

Ol bey OIfE TR

S
~

]
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Disp + Dload Subroutine

70 mm

Simulation time: 1(s)

Material properties:
E=210GPa’ Tm®& Thickness=2 mm

B.Cas

(@ x=70 ==>"Y 1HY mhY OE’(J—)

@x=-70 ==>Y Ty Ty OE@_) exert onright Up:

@y=35 ==y mY mhY OHH) Pressure
@y=35 ==Y Y mY c’)E’(i—)

exert onleft Bottom:

@Qow o prnr=>Y Q8 Body Load

-
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KDecmmmmﬂb&e:’Hﬂ%ﬁ;ﬁFﬁ) ~ Y0) ¥ afwft) J Abaqus/CAE
\ Subroutine

Traction ,/
Hd\:l'xfylfﬁlrﬁ) < Amplitude Analytical Field

Indecomposable: 1Qoududdie ) + 7Y6) N afutd) mmms)  Subroutine
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Abaqus User Subroutine To Specify Neumniform Traction Loads

I 4

ALPHA Magnitude of the distributed traction load

SUBROUTINE UTRACLOAD (ALPHA,T USER,KSTEP, KINC, TIME, NCEL, NET,

1 COORDS, DIRCOS, JLTYP, SNAME) T USER Loading direction of the distributed traction load

KSTEP Step number
KINC Increment number

INCLUDE 'ABA PARAM.TINC'

DIMENSION T USER(3), TIME(2), COORDS(3), DIRCOS(3,3)

Current value of step timeor current value
CHARACTER*E80 SNAME TIME(]-)

TIME of the load proportionality factor
TIME(2) Current value of total time

user coding to define BLPHA and T USER

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
4

!

NOEL Element number

NPT Load integration point number within the element

An array containing the coordinates

COORDS of the load integration point

DIRCOS Orientation of the face or edge in the
reference configuration

JLTYP |dentifies the load type

Surface name for surface-basedload
SNAME definition. For an elementbased or edgebased
load the surface name is passed in as blank

e ———~

/4
I
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Magnitude of the distributed traction load. Units are — for surface loads, - for edgeloads, and F for edge

moments. For a static analysisthat usesthe modified Riks method ALPHAmust be defined asa function of

the load proportionality factor,1. _ | _
General Surface Traction

Load directions Shear Surfacel Traction
~DUl e
Loading direction of the distributed traction are needed

load. The direction of T _USERshould not GeneraliEdge Traction
changeduring a step. If it does, convergence B ’Edge ‘WMoment
difficulties might arise. Load directions | Shear/Edgel Traction
will be ignored A Normal Edge [Traction
~ _Transverse [Edgel Traction

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

\

An array containing the coordinates of thdoad integration point. These are the current coordinates if geometric
COORDS nonlinearity is accounted for during the step; otherwise, the array contains the original coordinates of the point

Orientation of the faceor edgein the reference configuration. For three-dimensional facetsthe first and secondcolumns

are the normalized local directions in the plane of the surface,and the third column is the normal to the face For solid

elementsthe normal points inward ; for shell elementsthe normal points outward. For two-dimensional facetsthe first
DIRCOS column is the normalized tangent, the secondcolumn is the facet normal, and the third column is not used For three-
dimensional shell edgesthe first column is the tangent to the shell edge (sheardirection), the secondcolumn is the in-
plane normal (normal direction), and the third column is the normal to the plane of the shell (transversedirection).

P ————_

4
I
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‘ Identifies the load type for which this call to UTRACLOAUDs being made,

This information is useful when several different nonuniform
distributed loads are being imposed on an element at the same time

Surfacebased Load / in the load type identifies the face or edge of the element underlying the surfac

The load type< Edgebased Load Edge Number
\Element-based Surface Load Face Number

SNAME - Surface name for surface-basedioad definition. For an elementbased or edgebased load the surface name is
passed in as blank

f
Part — — — ——- » ASSEMBLY_PARA_SURFACENAME

SNAME
(Surface Name)<

\Assembly S » ASSEMBLY_SURFACENAME
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Distributed Loads Can Be Defined As Elemebbased Or Surfacdased

: Elementbased Element bodies, Element surfaces, or Element edges

Types of Distributed Loads<
|
|_Surfacebased > Geometric surfaces or Geometric edges

| Body Loads > Elementbased
|

|
Types of Distributed Loads¢ gyrface Loads[ Elementbased
|

| Surfacebased

: Edge Loads Element-based
N Surfacebased
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Load Description

Load Label

Load Description

Load Label

Load Description

Load Label

Nonuniform shear
surface traction

TRSHRNU

TRSHR1INU

Nonuniform general
edge traction

EDLDNU

TRSHR2NLU

EDLD1INU

Nonuniform
transverse edge
traction

EDTRANU

TRSHR3NLU

EDLD2NU

EDTRANU

TRSHR4NLU

EDLD3NU

EDTRANU

TRSHR5NLU

EDLD4NU

EDTRANU

TRSHRGNLU

Nonuniform normal
edge traction

EDNORNU

EDTRANU

Nonuniform
general surface
traction

TRVECNU

EDNORINU

Nonuniform edge
moment

EDMOMNU

EDNOR2NU

EDMOMI1NU

TRVECINU

EDNORS3NU

EDMOM2NU

TRVEC2NU

EDNOR4NU

EDMOMS3NU

TRVEC3NU

Nonuniform shear
edge traction

EDSHRNU

EDMOM4NU

TRVECA4NU

EDSHRNU

TRVECS5NU

EDSHRNU

TRVECG6NU

EDSHRNU

EDSHRNU
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UTEMP

Abaqus User Subroutine To Specify Prescribed Temperature

Note the close similarity between the UTEMP and DISP Subroutines

Prescribed Tremperature
NG AGH Dl

Amplitude Analytical Field

N
(4o (B0 BN {APAGUS/CAE

Subroutine

l.e., Decomposable

QMO GHNDINAIGG) s  Subroutine

l.e., Indecomposable
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UTEMP

Abaqus User Subroutine To Specify Prescribed Temperature

-

TEMP Array of temperature values
at node number NODE

SUBROUTINE UTEMP (TEMP, NSECPT, KSTEFP, KINC, TIME, NODE, COORDS)

TNCLUDE 'EBH_PERADI. INC!
Maximum number of section values

NSECPT required for any node in the model

DIMENSION TEMP (NSECPT), TIME(Z), COORDS (3)

KSTEP Step number

user coding to define TEMP

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

KINC Increment number

TIME(1) Current value of step time
TIME
TIME(2) Current value of total time

NODE Node number

COORDS An array containing the current
coordinates of this point.

o

/4
I
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UTEMP

If the node is not connected to deamor shell element |::> NSECPT=1
Array of temperature values at

TEMP
node number NODE
Maxi ber of secti | i NSECPT, is determined by the
aximum number of section values; ) | particular section type
required for any node in the model Beam Section!

! Origin of the crosssection
i together with gradients

NSECPT

KSTEP Step number

Otherwise -<

—

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

KINC Increment number

\

nequally spaced points NSECPT
through each layer E> 7

TIME(1) Current value of step time :
TIME \_Shell Section

_ Reference surface together
TIME(2) Current value of total time with gradients with |:> NSECPT=2

respect to the thickness
NODE Node number

o

COORDS An array containing the current coordinates of this point.

/4
I
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FILM

Abaqus User Subroutine To Define Neaniform Film Coefficient and Associated Sink Temp for Heat Transfer Analysi

o —>  Fluid Temperature === Sjnk Temperature

-~ s
/e \ 1y, 174 ‘er
Y Y

\ 1 ] \ L
/ / N AL

S Z ——» Surface Temperature

Convection Heat /o
Transfer Coefficient (T

Convective Heat Flux

) m=) Film Coefficient

Amplitude

(N

E(1, Olv HTNOANUS L) Abaqus/CAE
e us

b (1Ol BN uf)  — 3O

Film Coefficient i.e., Decomposable

and e
Associated Sink Temp

Analytical Field

I.e., Indecomposable
H L, WW&WW) _ Slullm'@ultine
| Fo (L O BHINDINGd G
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FILM

Abaqus User Subroutine To Define Neaniform Film Coefficient and Associated Sink Temp for Heat Transfer Analysi

SUBROUTINE FIIM (H, SINK, TEMP,KSTEP, KINC, TIME, NOEL, NPT,
1 COORDS, JLTYP, FIELD, NFTIELD, SNAME, NODE,, ARER)

INCLUDE 'ABA PARAM.INC'

DIMENSION H(2),TIME (2),COORDS (3), FIELD(NFIELD)
CHARACTER*80 SNAME

r
1

i user coding to define H(1l), H(2), and SINK E

1
| -l

RETURN
END
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,ﬂ

Conduction

-<_ Convention

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
/
A
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i

Radiation

S

w fa

Rate of heat energy transfer per
unit surface area normal to the - The direction of Heat Flux is
direction of transport

normal to the crosssectional area Thermal Conductivity (—)

G o

o o .. Fluid Temperature ===) Sink Temperature
AxOIT 160 1 Ax \ e

> YY)

// Z ——— Surface Temperature

Convective Heat Flux Convection Heat ( "

Transfer Coefficient W)- Film Coefficient

Absolute Temperature (K) Of The Surface
_—v

-~
4 ~ e ~ -—

AY \ ’ ~
lr \ T \ Ar \
| I ! 1 \
l' 1 EETHA S , | )
\ I N \ p \ ,
\ /7 N - N _
N~ -

~=

Radiation Heat Flux “— > Absolute Temperature (K) Surrounding
emissivity StefargBoltzmann constant
0
@ x P (575)
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Film Coefficient (%‘) 8 Node-based / Surfacebased / Elementbased

Input File Usage:
Use the following option to define a nonuniform film coefficient for an element-based film condition:

*FILM

element number or elemsent set nams, FnlNUg
Use the following option to define a nonuniform film coefficient for a surface-based film condition:

*SFILM

surface name, FNU
Use the following option to define a nonuniform film coefficient for a node-based film condition:

*CFILM, USER

node number or node set name, nodal area
Abaqus/CAE Usage:

!_Element-based film conditions to define a nonuniform film coefficient are not supported in Abaqus!CAE._!However,
similar functionality is available using surface-based film conditions. Use the following option to define a nonuniform
film coefficient for a surface-based film condition:

Interaction module: Create Interaction: Surface film condition: select region: Definition: User-defined

Use the following option to define a nonuniform film coefficient for a node-based film condition:

Interaction module: Create Interaction: Concentrated film condition: select region: Definition: User-
defined
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Variables to Be Defined

Node-based Node-based
Element-based Sink Temperature -

\
1
1
1
1
1
\

Film Coefficient Element-based

“\
i
i
i
i
i
‘-

Surfacebased _Surfacebased

-H(l) Magnitude of the Film coefficient at this point (Y)L«)

H(2) Rate of change of the film coefficient with respect to the surface temperature at this point (Y)—U_)
: QTN —

’
|
|
|
|
|
|
|
|
|
|
|
|
J

, The rate of convergence during the solution of the nonlinear equations in an increment is improved by
defining this value, especially when the film coefficient is a strong function of surface temperature

A

P ———

Sink Temperature

/4
I
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Variables Passed in for Inform

Estimated Surface Temperature At This Time At This Point

\
1

—
m
<
T

KSTEP Step Number

KINC Increment Number

TIME(1) Current value of step time
TIME

A

TIME(2) Current value of total time

NOEL Element number
(This variable is passed in as zero for nodbased films)

Surface integration point number
(This variable is passed in as zero for nodbased films)

An array containing the coordinates of this point. These are the current coordinates if geometric nonlinearity is
COORDS : _ ) ) . : :
accounted for during the step; otherwise, the array contains the original coordinates of the point.

f
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
s
S
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
)

/4
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Film type

<o

Identifies the element face for which this call to FILM is being
made for an elementbased film coefficient specification 0 Node-based or surfacebased loading

Bottom [ (L FINU (FNEGNU for heat transfer shells)
Interpolated values of field variables at this point ICS 12 F2NU (FPOSNU for heat transfer shells)
13 F3NU
14 FANU
NFIELD Number of field variables 15 F5NU

16 FE6NU

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

A

Surface name for which this call to FILM is being made forsarface-based film coefficientspecification (JLTYP=0).
(This variable is passed in as blank for both nodbased and elementbased films)

Node Number
(This variable is passed in as zero for both eleme#itased and surfacebased filmg

Nodal area for nodebased films. AREA will be passed into the routine as the nodal

area specified as part of the nodéased film coefficient specification.
(This variable is passed in as zero for both elemetiiased and surfacebased films)

S —————

/4
I
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Example

Transient Heat Transfer

I -
Density X YT

Thermal Conductivity Q p8

Specific Heat W C@T

Film Coefficient Q pmm T —

Sink Temperature — PTTCO

Initial Temperature — OT
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Abaqus User Subroutine To Define Neaniform Dlstrlbuted Fqu in a Heat Transfer or Mass Diffusion Analysis
Note the close similarity between the DFLUX and DLOAD Subroutines

Amplitude Analytical Field

N
(4 @b AN {Abaqus/_CAE
DlStﬁﬂH;’lﬁdl Fl/lj.l?Xw < l.e., Decomposable Suibroutine
N g

\f'] (1. O PHNDINU LY mmmmmm)  Subroutine

l.e., Indecomposable
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SUBROUTINE DFLUX (FLUX, SOL, KSTEP, KINC, TIME, NOEL, NPT, COORDS,
1 JLTYP, TEMP, PRESS, SNAME )

Rate of change of the flux with respect to
FLUX(2) the temperature/mass concentration

_ FLUX(1) Magnitude of flux
FLUX

SOL Estimated value of the solution variable
INCLUODE 'EBH_EERHM.IHC'

KSTEP Step number
DIMENSION FLUX(2), TIME(Z), COORDS(3)

CHARACTER*80 SNAME KINC Increment number

TIME(1) Current value of step time | Only in

_ transient
TIME(2) Current value of total time | analysis

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

user coding to define FLUX (1) and FLUX(2)

\

NOEL Element number

NPT Integration point number

COORDS An array containing the
coordinates of this point (NODE)

JLTYP |dentifies the flux type Only for

a mass
Current value of temperature | 4itfusion

at this integration point analysis

Only for

a mass
diffusion
analysis

Current value of the equivalent
pressure stress at this integration point

Surface name for a surfacbased
flux definition (JLTYP=0).

o

TEMP

/4
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P

' Heat Flux: =) Rate of heat energy transfer per unit surface area normal to the direction of transpor}~ volume
FLUX'{
i Mass Diffusion Flux: m=) Rate of mass transfer per unit surface area normal to the direction of transport—4 \olume

\

1

iEIement—based =) Body Flux / Surface Flux
FLUX~,

iSurfacebased m) Surface Flux

-

In transient heat transfer cases where aondefaultamplitude is used to vary the applied fluxes, thttme
-~ average flux overthe time increment must be defined rather than the value at the end of the time increment

4
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
U

/
! I d
1

- -Surface Flux:(—) T(—)
FLUX(1) Magnitude of flux

~Body Flux: (—) 7(—)

N

o e e o o e Y
o

) i Surface Flux:(—)
Heat Transfer-
QifQ—

1

Body Flux:(—)

1
1
‘~

- o —

Rate of change of the flux with respect to the temperature

o

_ ' Surface Flux:(—)
Mass Diffusion!

Y (oY :~Body Flux:(—)

_Rate of change of the flux with respect to the mass concentration

o ———

\

. Theconvergence rateduring the solution of thenonlinear equations in an increment is improved by defining this value,
especially when the flux is a strong function of temperature in heat transfer analysis or concentration in mass diffusion §rse&s

/4
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Abaqus Conventions

Dimension Indicator | Example (S.I. units)
Length 0 Meter

Mass 0 Kilogram

Time Y Second
Temperature Degree Celsius
Electric Current 0 Ampere

Force L Newton

Energy ’ Joule

Electric Charge 0 Coulomb

Electric Potential Volt

Mass Concentration ’ Parts Per Million
Fluid Electric Potential Volt

lon Concentration In The Electrolyte o Mol Per Cubic Meter
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L

temperature in a heat transfer analysis
or
oncentration in a mass diffusion analysis

Estimated value of the solution variable

Y S

e

An array containing the coordinates of this point (NODE). These are the current coordinates if geometric

COORDS nonlinearity is accounted for during the step; otherwise, the array contains the original coordinates of the point.

Identifies the flux type NEXT SLIDE

_------------\

N

Current value of temperature at this integration point Only For A Mass Diffusion Analysis

Current value of the equivalent pressure stress at this integration point — > | Only For A Mass Diffusion Analysis

Surface name for a surfacéased flux definition (JLTYP=0). For a body flux
or an elementbased surface flux the surface name is passed in as blank.

\
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
)

~
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Flux Identifier

Flux Type Description

Surfacebased flux Nonuniform Surface Flux

Nonuniform body flux per unit volume with magnitude supplied via user

BFNU subroutine DFLUX

Nonuniform surface fluxper unit area into the bottom face of the element

SINU (SNEGNU for heat transfer shells; with magnitude supplied via user subroutine DFLUX

Nonuniform surface fluxper unit area into the top face of the element with
magnitude supplied via user subroutine DFLUX.

S2NU (SPOSNU for heat transfer shells)

S3NU Nonuniform surface fluxper unit area into the face 3 of the element

S4NU Nonuniform surface fluxper unit area into the face 4 of the element

S5NU Nonuniform surface fluxper unit area into the face 5 of the element

S6NU Nonuniform surface fluxper unit area into the face 6 of the element
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Example

N Ww W oA

ato & Yo"

; 5
G QQA@ 0 Q
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Material Constant

Conductivity 45 Specific Heat 420 —=1 ¢ mp T——
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Abaqus User Subroutine To Specifying Moving or Stationary Nonuniform Heat Flux in a Heat Transfer Analysi

subroutine umdflux(
= JFlags, amplitude, noel, nElemNodes, 1ElemNodes,
mcrd, coordNodes, uNodes, kstep, kinc, time, dt, jlTyp,
temp, npredef, predef, nsvars, svars, sol, dsol,
nintp, volElm, wvolInt,
nHeatEvents, flux, dfluxdT, csiStart, csiEnd)

include 'aba param.inc'

dimension JFlags(2), 1ElemNodes (nElemNodes),

* coordiNodes (merd, nElemiNodes) , uNodes (mcrd, nElemNodes),
volInt (nIntp), time(2), dt(2),
temp (2, nElemNodes), predef (Z,npredef, nElemiodes),
svars(nsvars,2), sol(nElemNodes), dsol (nElemiNodes),
flux (nHeatEvents), dfluxdT (nHeatEvents),
csiStart (3, nHeatEvents), csikEnd(3,nHeztEvents)

user coding to define nHeatEvents, flux, dfluxdT, csiStart, csiEnd,

and possibly update dt, svars

return
end
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Identifies the moving flux type for
which this call to UMDFLUX is being » Nonuniform moving or stationary concentrated heat

made; only the concentrated heat flux fluxes with magnitudes supplied via user subroutine
type is supported (JLTYP=1) UMDFLUX.
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Abaqus User Subroutines To Define Incremental Thermal Strains
Thermal Strains Are Complicated Functions Of Temperature, Time, Field Variables, And State Variables

SUBROUTINE UEXPAN (EXFAN, DEXFANDT, TEMP, TTME, DTTME, PEEDEF,

-

1 DPRED, STATEV, CMNAME, NSTATV , NOEL)

INCLUDE 'ABA PARAM.INC'

CHARACTER*B0 CMNAME

DIMENSION EXPAN(*) , DEXPANDT (*) , TEMF (Z) , TIME (2) , PREDEF (*) ,
1 DPRED(*) , STATEV (NSTATV)

user coding to define EXPRN, DEXPANDT and update
STATEV 1f necessary.
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Variables to Be Defined

Isotropic
Expansion

Orthotropic
Xpansion

——

A
o

3D Stress

}

\
\

o Increments
EXPAN o Of

Thermal Strain

-

3

E
nisotropic
Expansion

r——————ﬂ

’---

]

Plane Stress

|
|
|
|
|
|
|
|
|
|
|
|
|
|
Y

1

'Isotropic
Expansion T =1 =1 —

<

Tm T Tt

3D Stress = Orthotropic - T- T I-

Expansion T — 7 — 7 —

Tm 1 T

———————-\

Variation Of Thermal
DEXPANDT® Strains With Respect~’
To Temperature

nisotropic R S R T D

Expansion T _— 7 — 1 — 1 — 1 1
: - 1- 1

Plane Stress T — 1 — 1

-

A -

/4
I
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Variables Passed in for Inform

EMP(1) — Current Temperature (at the end of the increment)

\

—
M
<
U
.-_-I- “_T

EMP(2) ——— Temperature Increment

-

TIME linIME(l) —— Step Time At The End Of The Increment
i\TIME(Z) ———> Total Time At The End Of The Increment

= Time Increment

¢
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
J

\

Array Containing The Values Of All The Useapecified Predefined Field VariablesAt This Point

PREDEF (initial values at the beginning of the analysis and current values during the analysis)

- Array Of Increments Of Predefined Field Variables

- User-specified Material Name Or Gasket Behavior Name, Left Justified

—————————————————————l

-+ User-defined Element Number

/4
I
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Variables That Can Be Updated

Others =) Array Containing The Usedefined Solution-dependent State Variables At This Point.

-

STATEV | | |
Coupled Temperaturedisplacement These are supplied as values at the start of the increment and

And can be updated to their values at the end of the increment.
Coupled Thermatelectrical-structural

¢

UEXPAN is called twice
Per Material Point Per Iteration

N (ST

(4
[l

In the first call for a given material point and iteration, the values
supplied are those at the start of the increment and can be updated.

In the second call for the same material point and iteration, the
values supplied are those returned from the first call, and they
can be updated again to their values at the end of the increment.

S (TS

'

User subroutine UEXPAN allows for the incremental thermal strains to lwanly weakly dependent on the state variablesThe
Jacobian terms arising from the derivatives of the thermal strains with respect to the state variables are not taken into @it

Number of solution-dependent state variables associated with this material or gasket behavior type
(specified when space is allocated for the array)

’
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
/
)
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
)

NSTATEV =)

S
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SUBROUTINE TRME (

* ampiName, time, ampValuse0ld, 4t, nProps, props, nSvars,
* svars, lFlagsInfo,

* nSen=zor, senscrValues, asnscrMames, jSensorLooklpTable,
* ImpValuetew,

* 1Flag=Define,

* ImplDerivative, ZmpSsclerivative, AZmpIncIntegral,

* AmpDoubleIntegral)
INCIUDE 'RABL PRERM.IMC'

time indices

parameter (iStepTime =1,
* iTotalTime = 2,
* nlime = 2]

flags passed in for information

parameter (iInitiaelization = 1,

* iRegqularinc =2,

* iCuts = 3,

* ikStep =4,

* nFlagaInfo = 4}
opticnal flags to be defined
parameter (iComputeDeriv =1,
* iConmputeSecheriv = 2,
* iComrutelnteg = 3,
* iConputelDoubleInteg = 4,
* iStophnalysis = 5,
* iConcludeStep = &,
* nElagalefine = g}

dimension time (nTime), 1FlagsInfo({nFlag=sInfo),

* 1FlagsDefine (nFlagalefine)

dimension jSenscrlcokUpTable (*)

dimension sensorValues (nSenscr), svars(nSvars), propa(nProps)
character*E0 sensoriames (nSsnsor)

character*E0 anpiame

user coding to define DmpValuelew, and
ticnally 1Flagalefine, AmpDerivative, AmpSecDerivative,
AmpIncIntegral, amploublelntegral

EETUEN
EHND

N

Attt

S

Ines

0 Specify Amplitude
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SIGINI

Abaqus User Subroutines To Define An Initial Stress Field

SUBROUTINE SIGINI (SIGMA,COORDS, NTENS,NCRDS, NOEL, NPT, LAYER,
1 KSPT,LREBAR, NAMES)

INCLUDE 'ABA PARAM.INC'

DIMENSION SIGMA (NTENS) , COORDS (NCRDS)
CHARACTER. NAMES (2) *80

1
1

user coding to define SIAMA (NTENS)
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