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ABSTRACT In the field of welding the behavior of a welded structure under consideration
may be predicted via heat transfer and residual stress analysis. In order to facilitate the industrial
applications of welding, numerical modeling of heat transfer and residual stress in weldment has
been carried out applying Finite Element Method (FEM) and the analysis with the external load
including this residual stress due to welding has been done. The present work includes the
specialized finite element codes for the calculation of nonlinear heat transfer details and residual
stress redistributed along with the external load in the welded structures. A basic interface,
which allows models, built in commercial preprocessing package access to the data necessary to
build standard input decks for these specialized FEM codes, which are not supported by
commercial package. The results from the FEM codes are imported back into commercial
package for visualization. In addition the residual stress values are exported to commercial
package (such as ANSYS, PATRAN etc.) for further analysis with the external loads, which make
the FEM codes fully applicable to the industrial purpose.

Nomenclature area of study. In this present study, the

analysis of heat transfer and residual stress

q - Heat flux related to welded structures and its
Azs4y,4;  Thermal conductivity along the x,y,z numerical simulation using FEM is carried
c : Specific heat out.

p - Density A finite element codes for the heat transfer
Q - rate of temperature change and residual stress analysis is developed.
x,y,z  Cartesian coordinates In many cases a significant percentage of
r  Total strain the time spent on FEM analysis is devoted to
£%,eP,¢' : Elastic, Plastic and Thermal strain pre-and post processing stage. This is the
se,ve : Surface and volume of element case for numerous FEM codes used in
T : Temperature specialized researches. In the present work
t  time in sec _ an interface is built using the high level
[B] Stram'dlsplacement ma_tnx language PCL (PATRAN Command
Efl«?}] ;I;‘A:::;lile[c):gf erty matrix Language) that can be compiled directly
(K] . Stiffness matrix from PATRAN desktop so that PATRAN can
(D] : Elastic material property matrix be used as pre- and post processor for the
[N] : Shape function developed codes.

{¢} : Vector of nodal temperature In addition the residual stress calculated by
a : coefficient of linear expansion the FEM codes has been applied as the

initial loading case in the welded structure
and analysis carried out in commercial
-package with other external loading.

1. Introduction

There are many practical engineering
problems that require the analysis of heat

transfer and residual stress and many
research works are being carried out in this
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2. Non-linear Heat- transfer analysis

The phenomenon of heat supplied by a
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welded arc along x direction can be expressed
by Fourier law as [1]

dT
q = _;{'x e
dx (1
So for 3D~ case the rate of heat transfer is
22, 20)4 2 (3, 2). 2 (5, 20)
ox ox oy’ oy oz oz (2)
The thermal analysis was conducted using
temperature dependent thermal material

properties. From conservation of energy the
governing equation of heat conduction in
weldment is obtained as (considering the
medium to be isotropic)

aT [BZT T aZT)
c = +0Q

—_= + +

P ot axz ayz 622 (3)
Applying the error distribution principal known
as Galerkin method, and setting the n-integral
form to zerc and then applying Green-Gauss
theorem the elemental formulation can be

finally written as [2]

[ 363+ Y 38} - )

4)
where Conductance matrix
K- l( ANT o] , oNF oln], ovT a[w]},y
[ P y & & oz
(5)
Heat capacity matrix
[c]: = [ peINYIN]dV ©
Load vector
{r}: = [atnTas+ [ dANTar -

Using this formulation the finite element code
is developed for the heat transfer analysis.
The developed code consist of 28 subroutines
and according to the task performed,
subroutines can be grouped accordingly as
shown in the block diagram of Fig 1.

_" INPUY SUBROUTINE
/A——N SUBROUTINE FOR THE COMPUTATION OF INVARIANT QUANTITIES
s || RELATED TO GEOMETRY AND BOUNDARY CONDITIONS
A
t
N
P A~ \ SUBROUTINE FOR THE COMPUTATION AND THE ASSEMBLY OF
R V| ELEMENT MATRICES AND VECTOR
o
I
R
A
b I\ FOR THE SOLUTION OF SYSTEM OF ALGEBRAIC
V| EQUATIONS
A—A! SUBROUTINE FOR THE QUTPUT OF THE SOLUTION AND FOR THE
v] CALCULATION OF EXTERNAL FLOW RATE.

Fig 1. Structure of the Heat transfer analysis program
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3. Residual stress analysis

The solid is assumed to be isotropic medium
for welding residual stress analysis and
mechanical properties of material are
dependent on temperature change in both
elastic and plastic region. Plastic-flow
theory is adopted in the plastic region [3].
Total strain is given by

—_ ot P ¢
er=&"+¢el+¢ ®)

By principle of virtual work nodal force
increment is

{ar }= [k Jav }-{ar } Q)
Where

k1=, [8Y (D] [5)av 10
far}=| [BY Ic]ar av (1)
The total strain increment is

{de} = {dee}+{dgp}+{d£'} (12)

and the total stress increment is
{da}=[u=]{dg}-m{%}z_[D=]{a}dr+£dgﬂ[u=r{a}ﬂ 13

Using this formulation the f{inite element
code is developed for the residual stress
analysis.

INPUT SUBROUTINE - READ THE RESULT FROM THE HEAT TRANSFER
ANALYSIS AND BOUNDARY CONDITION

BUBROUTINE FOR THE COMPUTATION OF INVARIANT QUANTITIES
RELATED TO GEOMETRY AND BOUNDARY CONDITIONS

SUBROUTINE FOR THE CALCULATION OF ELASTIC C AND D MATRIX
AND PLASTIC C AND D MATRIX

SUBROUTINE FOR THE COMPUTATION AND THE ASSEMBLY OF
ELEMENT MATRIGES ANO VECTOR

EPACOTY Z~BE

L

SUBROUTINE FOR THE SOLUTION OF 8YSTEM OF ALGEBRAIC
EQUATIONS

SUBROUTINE FOR THE OUTPUT OF THE SOLUTION AND FOR THE
CALCULATION OF RESIDUAL STRESS

Fig 2. Structure of the Residual stress analysis program

The developed code consist of 47
subroutines and according to the task
performed, subroutines can be grouped
accordingly as shown in the block diagram
of Fig 2.

4. Data transferring details

PATRAN Command Language (PCL) that can
be compiled directly from the PATRAN
desktop was used for making a basic
interface between the in—house solver and
commercial package [4]. Three PCL
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programs were developed. First is WELD.pcl,
used to transfer coordinate and connectivity
details of the model developed in PATRAN to
in—house solver. Second is BC.pcl, used to
transfer the details of the surface elements to
in-house solver and the last one is
MODEL.pcl, used to export the result (residual
stresses) from the in-house solver to
commercial package for further analysis with
the external load. The block diagram for this
data transferring between the in—house solver
and commercial packages is shown in Fig 3.

MSC PATRAN
* « FE MODELING
+ POST PROCESSING
T
1D tN EACH DMRECTION *

IN-HOUSE SOLVER

* HEAT ANALYSE
+ THERMAL STRESS
ANALYBIS

. mod-l()
.
T
e n.EuBtr
o MATERIAL DETALLS
BNSYS

s ANALYBE THE 8TRUCTURE
WITH EXTERNAL LOAD

» POST PROCESSING THE
RESULT

Fig 3. Typical Architecture of the data transferring

5. Result and discussions

A 3D beam model is developed in PATRAN
with graded meshing near the weld zone as
shown in Fig 4.

The nodal coordinate, the element connectivity
and surface element details are transferred to
in-house solver and nonlinear heat transfer
and residual stress analysis are carried out
and the results from the in-house solver is

MESHCF A 30- BEAM
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Fig 4. Residual stress contour along X Y and Z direction

transferred back to PATRAN. Then by
exporting the model with the residual stress
details to commercial package, analysis has
been carried out with the application of
external load on the model. The total stress
contours along the X, Y, and Z direction are
as shown in Fig 4. The residual stress, the
stress due to external load and total stress
values along the longitudinal direction are as
shown in Fig 5.
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Fig 5. Stress values along longitudinal direction

6. Concluding remarks

Specialized Finite element codes of heat-
transfer analysis and residual stress analysis
are presented and developed. Related the
in-house solver to MSC PATRAN by PCL for
pre and post processing. The accuracy of
the finite element models is evaluated based
on experimental results and the results of
the analytical solution. Transferring the
residual stress values calculated from the
in-house solver to commercial package and
further analysis with external loads that
address realistic issues in industrial based
welding application has been made
applicable.
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