~page 1 Review — Enforcing constraints with Lagrange Multiplier

Suppose we wish to enforce a general nonlinear constraint relating 5
displacements component m at nodes a and b f(z.;; Uy, )

Augment PVW with a Lagrange Multiplier
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Satisfying this for all 7;,04 will satisfy equilibrium in weak form and the
constraint exactly

Lagrange multiplier node — has DOF A,

FE Implementation: introduce a ‘Lagrange Multiplier’ element ; i g
Element DOF d= [uf W uwd ol A]
Element residual and stiffness:
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Slsubroutine user_;unstralntzcﬂnstralnt, cunsfra1n!_?!ag, n_nodes, EEHE_perenyﬁlist, dof_list,& ! Input variables

n_properties, constraint_properties,nodal_coords,length_coord_array, &

dof_increment, dof_total, length_dof_array, lagrange_multiplier, & ! Input variables
constraint_stiffness,constraint_residual) ! Output variables
use Types

use ParamIO
use Mesh_Data, only : node
implicit none

Total # Dof for the element
List of DOFs being constrained

integer, intent( in
integer, intent( in

length_dof_array
dof_list(n_nodes)

integer, intent( in ) : constraint ! Constraint number
integer, intent( in ) : constraint_flag ! Flag identifying constraint type
integer, intent( in ) : n_nodes ! # nodes in the constraint
integer, intent( in ) 11 n_properties ! # properties for the element
integer, intent( in ) : length_coord_array | Total # coords for element

] : !

] z !

type (node), intent( in ) :: node_property_list(n_nodes) ! Data structure describing storage for nodal variables - see below
type node

sequence

integer :: flag I Integer identifier

I
integer :: coord_index ! Index of first coordinate in coordinate array
integer :: nm_coords ! Total no. coordinates for the node
integer :: dof_index ! Index of first DOF in dof array
integer :: n_dof ! Total no. of DOF for node
end type nod
Access these using node_property_list(k)®n_coords eg to find the number of coords for the kth node on the element

real( prec ), intent( in ) :: nodal_coords(length_coord_array) ! Coordinates, stored as x1,x2,(x3) for each node in constraint in turn
real( prec ), intent({ in ) :: dof_increment(length_dof_array) ! DOF increment, stored as dul,du2,du3,dud... for each node in turn
real( prec ), intent({ in ) :: dof_total(length_dof_array) ! accumulated DOF, same storage as for increment

real( prec ), intent( in ) : lagrange multiplier ! Current value of lagrange multiplier

real( prec ), intent( in ) :: constraint_properties(n_properties) ! Constraint properties, stored in order listed in input file

real( prec ), intent( out ) :
real( prec ), intent( out )

constraint_stiffness(length_dof_array,length dof_array) | Constraint stiffness (ROW,COLUMN)
constraint_residual(length_dof_array) ! Constraint residual force (ROW)
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! Subroutine to set up stiffness for multi--point constraint. The constraint has one parameter, specifying a (small) compliance.
constraint_residual = ©.de
constraint_stiffness = 0.de

ndof = node property list(1)%n dof
dof = dof_list(1)
__ constraint residual(l)
constraint_residual(2)
— constraint_residual(3)

-lagrange multiplier
lagrange_multiplier
dof total(ndof+dof)+dof increment(ndof+dof)-dof total(dof)-dof increment(dof) &
-lagrange_multiplier*constraint_properties(1)
——— constraint stiffness(1, 3) = 1.D@
constraint_stiffness(3, 1) = 1.D@
— constraint stiffness(2, 3) = -1.D@
constraint_stiffness(3, 2) -1.D@
constraint stiffness(3,3) = constraint properties(1)
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Degree of freedom version of user subroutine MPC

This version of user subroutine MPC allows for one individual degree of freedom to be constrained and, thus, eliminated at a time. The constraint can
be quite general and nonlinear of the form:

flut,u?, o u™, geometry, temperature, field variables) = 0.

.....

User subroutine interface

SUBROUTINE MPC(UE,A, JDOF ,MDOF N, ITYPE ,X,U, UINIT, MAXDOF ,
* LMPC,KSTEP,KINC,TIME,NT,NF,TEMP,FIELD, LTRAN, TRAN)

INCLUDE 'ABA_PARAM.INC'
DIMENSION A(N),IDOF(N),X(6,N),U(MAXDOF ,N),UINIT(MAXDOF,N),
* TIME(2),TEMP(NT,N),FIELD(NF ,NT,N),LTRAN(N) , TRAN(3,3,N)

user coding fo define UE, A, J0OF, and optionally. LMPC

RETURN
END
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Nodal version of user subroutine MPC

The nodal version of user subroutine MPC allows for multiple degrees of freedom of a node to be eliminated simultaneously. The set of constraints can
be quite general and nonlinear, of the form

filul,u?,u?, ... u™, geometry, temperature, field variables) = 0 i =1,2,--- NDEP.

User subroutine interface

SUBROUTINE MPC(UE,A, JDOF,MDOF,N,ITYPE,X,U,UINIT,MAXDOF,
* LMPC,KSTEP,KINC,TIME,NT,NF,TEMP, FIELD,LTRAN, TRAN)

INCLUDE 'ABA_PARAM.INC'
DIMENSION UE(MDOF),A(MDOF,MDOF,N),IDOF(MDOF,N),X(6,N),

* U(MAXDOF,N) ,UINIT(MAXDOF,N), TIME(2), TEMP(NT,N),
* FIELD(NF,NT,N),LTRAN(N),TRAN(3,3,N)

user coding to define JDOF, UE, A and, optionally, LMPC

RETURN
END
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Slave surface
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To calewkde £ note thad of ¢*
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