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ABSTRACT

In this study, the mddification of the finite
element program EPDAN is performed for the analysis of
metal forming processes. Dynawmic array dimensioning is
used for the modification procedure. In order to use
dynamic dimensioning, main program is modified and
parameters in subroutine call statements are replaced
by COMMON blocks. All modifications are performed for

IBM microcomputers.
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As a second step, an interactive preprocessor is
developea for the metal forming analysis program
EPDAﬁA with ©Quick BASIC language on an IBM—~-AT
microcomputer. The preprocessor DATOR consists of six
maiﬁ modules. These modules gene?ate the required data
and prepare Lthe input file intefactively Tor EPDAN.
Modules can generate the inpul files in a short timé,
correctly and in different formats. DATOR includes its
special automatic and interactive mesh  generator

programs. -

Key Vords : Metal Tforming, finite element method,

preprocessor, mesh generator .

Science Code : Engineering Sciences ((620)
620.01.00, Applied MECHANICS 620.01.01. Mechanics

Statics
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ON—ISLEMCININ GELISTIRILMEETI VE METAL SEKILLENDIREME
ITSLEMININ ANALIST ICIN SONLU ELEMAN YUNTEMININ

UYARLANMAZY

GifNAY, Ezgi
Muhendislik Fakultesi
Muhendislik Bilimleri Balumi, Y.Lizans Te=si
Ter Yoneticisi 1 Doc. Dr. A, Erman Tekkays

2585 =sayfa, Aralaik 19289

Bu galizmads, ﬁeial =ekillendirme izmlieminin
anzlizi icin sonlu sleman yvénteminin modifikasyonu,
EPDAN programi ldzerinde gergeklestirilmigtinc, Dinsmik
dizme izlemi uyarlanma srTasinds kullaniimistair.,
Dipnamik dizme islemini kullanabilmek icin, ana program
veniden duzenlenmig ve alt programlara cagirma
komutlarindaki parametrelser COMMON bloklars
verlestirilmislierdir. Butin dudzenlemeler, IBM mikro
hilgigayvarlar: icin vapilmistir,

Ikinoi basamak olarak, bir on-islemci program:i

metal sekillendirme analizl programi EPDAN igin Quick



BASIC bilgisayar dili ile IBM-AT mikro ,biigisayarznda
gergeklestirildi. On—islemci program: DATOR, alt:r alt
programdan olusmustur, Alt programlar data dosyalarin:
en kisa =zamanda ve degisik formatlarda hazairlarlar.
DATOR prozrami, &=zel olarak hazirlanmis, otomatik ve
etkin olarak  cgalizan, data hazirlayica alt

pragramlarinit da igermektedir,

Anahtar Eozcdkler : Metal sekillendirme, sonlu eleman

yontemi, dn-islemci, eleman af:i Hreticisi ,

Bilim Kodu : Muhendislik Bilimleri €6203
620.01.00. Uygulamal:i MEKANIK 620.01.01. Mekanik

Mukavemet.
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CHAPTER 1

INTRGBUCTIOH

The finite element solution of metal-forming processes
occupies an important place in the nonlinear
elastix-plastic deformation analysis. Factors which
are included in the solution of elastic—plastic
deformation are explained in the first part of this
chapter. The user of finite élement method meets some
difficulties during the preparation of the input
files; In order to decrease and/or overcome these
.“difficglties preproceséors are used. The special
pufposé preprocessor and its features are handled in

this chapter as an introductory part.
i.1%. Cbhijeciive of the Thesis

The theory of plasticity can be examined in
two ranges. These are metal - forming processes and
elastoplastic problems. Metal forming processes such

as forging, extrusion), drawing, rolling involve large

strains and defaormations [1] . Elastoplastiec problems
| v. G.
Yhiksekogretim Kurula
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have plastic strains and they are of the same order of
magnitude as elastic strains.

Metal - forming is an operation in order to form
the shape of the workpiece according to the dimensions
of the die. These processes are dane under the high
pressure conditions. Products which are produced by

W
metal — forming processes have high gquality and these
processes provide matérial and energy saving.

For the solution of metal - forming process
problems incremental and piecewise linear finite
element theory.has been developed CEJ.»Recent progress
.in the develapment of non - linear large deformation
finite element methods made it possible to formulate
the simulation of metal fTorming processes with
complicated die geometries ({3]1. The nonlinearities
arise from three distinct reasons [4,5,61.

i) Beometric nonlinearities : They arise due to
large displacements. Geometric nonlinearities have
been included in the incremental geometric stiffness
{(initial stress stiffrness matrix). Then s LLagrangian

or Green’s strain tensor is used in this matrix. At



last by using some additional terms, " incremental
solution is determined for an updated local coordinate
system [2].

ii) Material (or physical)? nonlinearities :
Stresses in a deforming body depend on the

strains, nonlinearly. For the large strain analysis

case,; commonly used nonlinear material is the
elastic - plastic material and for this material,
the linearity of the incremental stress -~ strain

law forms the basis of the eguations {(23. In the
large plastic pfoblems, Prandtl - Reuss egquations
are used because these eguations ([(1,2,3,481 include
both elastic and plastic parts of the total rate of
deformation tensor.
1ii) Nonlinear boundary conditions : As a result
of changing natural boundary conditions with time and
as a function of deformation, nonlinearity occurs.
The additional factors which are used in non -
linear finite deformation and finite element

formulations are as feollows :



(1) The elastic - plastic constitutive equations
lead to non - s?mmetric stiffnéss matrices {4,5,7.81.
Hills’s [91 equations lead to a symmetric stiffness
matrix. So Hill’s equations are used commonly [101].
The constitutive law is in the rate form. This special
feature is applied firstly by McMeeking and Rice.
Before this usage, constitutive equation is in the
incrementél form.

(2) Formulation of rate equilibrium is given in
the virtual work equation by Hill {?31. This relation
forms the starting felation for  the formulation of
finite deformation.

(3) Elastic constants which are located in the
constitutive equations are assumed toc depend on the
current stress state. Then material isotropy and
isotropic stréin hardening are used for the large
§train cases.

(4) Elastic -~ plastié behaviour of metal
structures are solved incrementally because of the

strain history of structure. So all stiffness

equations are sclved incrementally.



(5) Elastic constants or material tensor is
solved by the help of objective stress rate tensor.

{6) Lagrangian, updated Lagrangian or Eulerian
descriptions are used in order to formulate the finite
deformation problem.

One of the recent elastic — plastic finite
element treatment code EPDAN (acronym Elastic
Plastic Deformation A¥Malysis ) is prepared by Tekkaya
£4,5,63. This program is used for the analysis of
residual stresses in extrusion process, the simulation
of the Sachs boring — out method, simulation of
instabilities and deep — drawing.

The first purpose of this thesis is to modify
the code EPDAN for extended numerical experiments.
The modificatioh of the code is done to minimize the
execution time of the runs, to_usé the dimensioné of
the arrays and matrices efficiently and in order to
determine a simple structure in the code. These
approaches bring several advantages to the user of
EPDAN. Minimization of the execution time is obtained

in two ways. These are as follows



(1) Application of dynamic array dimensioning.

(2) Application of COMMON blocks.

Generally, finite element programs consist of
three main parts. These are called as preprocessors
simulation engine and postprocessor. Simulation engine
constitutes the theaoretical parts of the finite
elemenf code. Output files and plotting options are
included by postprocessor. By the help of
preprocessors,; mesh generation and data generation
({i.e. data input, editing, checking;, Jupdating)
capabilities are performed.

The second purpose of this thesis is to prepare
an interactive preprocessocr DATOR f{(acronym : DAta
GeneraToR) for the users of EPDAN. Interactive
softwarevDATDR has the following fields mainly’:

(1) Screen — oriented menu driven data input,
editing,; updating facilities.

{2) Mesh generation processes.

(3) Data file organizations according to the
users’ requirements.

DATOR gives the users of EPDAN the following



oppoertunities :

(1) saving of time with the automatically
and gquickly prepared input files in a shortest time,

(2) easy input facilities besides educational
treatment;

{3) correctly prepared data files fer each
experimental runs of EFPDAN.

Preprocessor DATOR can alsc be wused with the
cther TfTinite element programs by changing the

declarations of data types in the software.
1.8 The Present Study

Preprocessors of the finite element codes are
prepared for ﬁhe users in order to reduce their
tedious work while preparing the required input data
files. By the help of preprocessors, the amgunt qf
time spent is reduced to a minumum while the
numerical experiments reach the maximum.

The purpose of this thesis is to prepare a

preprocessor and modiflicate the FE cde EPDAM  Tor

n



extended numerical experiments of metal forming
processes.

This thesis has seven chapters. Chapter 1 is the
introductary unit. In Chapter &2, literature surveys
of the analysis of metal forming process, interactive
preprocessors and mesh generation procedures are
explained.

The third Chapter mainly deals with the
thegretical fundamentals of the Tfinite element code
EPDAN which is prepared by Tekkaya L&61.

In the fourth Chapter; the writer handles the
description of the modifications on the code EPDAN for
microcomputers. This section begins with the
hodification of the code by dynamic arravy
dimensicning, then goes on with the description of the
restructured code and finally comes to an end with
applied rules for the IBM microcomputers.

In the fifth Chapter, the writer comes up with
the necessary explanations about the prepared prepro-
cessor DATOR. In this chapter, explanations and prepa-

ration of the modules are given. The writer try to



prepare a preprocessor which has an easy wusage and
automatically working extended modules for the users
of EPDAN.

The sixth Chapter deals with the explanation of
the preparation of the input files. Numerical examples
also are give%.

In the seventh'Chapter, a general discussion on
the implemented preprocessory; modified code and

conclusiogns are given.



CHAPTER =2

LI TERATURE SURVEY

Researches related with large elastic-plastic
deformation have an importance in metal—-forming
industry. Since , high quality, minumum cost and less‘
waste of material are reduired in the production bof
metals, researchers are widely encouraged to deal with
such work like finding solutions to finite deformation
- by handling finite element programs. Preprocessors
and mesh generation programs form the first main part
of the finite element programs. Researches related
with these subjecté are explained in the following
sections.

@i Fimiie Element Formulalticns for Problewms of Largs
laslic-Plastiic Defoermation

For the analysis of iarge elastic - plastic
deformation , finite element formulations are used. In
metal forming processes, the geometry of the bady, the
material properties and boundary conditions change

during the deformation. Because of these changing

10



values the stiffness relationship is nenlinear ;
consequently the analysis is performed incrementally.
The increment sizes have been found to be 1 or 24 in
the finite element analysis £5,6,71.

Finite element programs for a large deformation

analysis have used Lagrangian and Eulerian
.descriptiqns. The FE - programs which are formulated
with fagrangian description use a fixed mesh

w.r.t. the material of the elements. These meshes
represent the initial configuration of the elements
and they shoy the fixed reference state for the straiﬁ
£{8,921. McMeeking and Rice [10] have used the Eulerian
description which is based on a mesh, representing the
current configuration of the deformation. They started
their formulations from Hills’ £91 rate equilibrium of

the virtual work equation.

i PN o _y NI o o s a
}vo tiju(évi/ﬁxi)dv —jvg b;8v,dv® + jséfiuvids (2.1

where f,b,X;8v have been defined as (103 force vector ,

body force per unit reference volume, position vector

of a material point in that reference state

n



respectively and tij B n; have been defined as
non-symmetric nominal stress and the reference unit
normal .
fj=n‘j.L ti; (2.2)
They used the Eulerian description in their
formulations. McMeeking: and Rice dencted that
Lagrangian formulation and Eulerian formulation give
the similar relations as in the following ,
v = CNI & = = [Bl & (2.3)
vy = IN1 & D = [Bl ¥ (2.4)
where _
EBij]=1/E ENiJ,j + -1/2 CNjJ,i _ (2.59)
and é s YV 3 é s D have been defined ([101 as the
vectors of rates of nodai degrees of freedom,
components of velocity,_tse infinitesimal strain rate
at a point in an element, deformation rate at all
LBl , O[N] have been defined as
Mote

points in an element.
shape function matrices

element type [101 and

12



{2.3) for the bLagranglan description

that the equation
for the Eulerian description are to

and equation (2.4)
be used respectively. In Euler description (2.4),; [N3,

D, %. However in Lagrangian

[Bl are related with v,

description,; the same matrices are related with v, &,

% of the undeformed mesh. Consequently, the
infinitesimal strain rate ¢ at a point in an element
at all points

is replaced by the deformation rate D
two

An an element. This is the difference betwesen the
two

relations.
McMeeking and Rice (101 have defined

stiffness terms. The first stiffness eguation leads te

. * - . .

the relation T Ty aDiJ dv and the second is
3 v'..

an initial stress stiffness £k53 where = is the

stress or Jaumanm

of Kirchhoff

co-rotational rate
But there is no initial strain stiffness as in

stress.
the formulation of Zienkiewicz [113. McMeeking and
Rice have determined the complete finite element

equation for Eulerian description as

13



(f £BITCCICBIGY + [k DT = | NV b dv ~

i INITF dS (2.6)
S

where ((C1 1is the rate independent incremental

constitutive matrix. Constitutive relation is in the

form of

t* = [C3 ED3 (2.7
where g* is the vector components of g* . M&Meeking
and Rice have used the Eulerian decription for the

treatment of finite rotations and necking analysis.
They obtainéd the results which are close to the exact
solution. However, they have observed that smaller
elements may cause the béginning of natural loading to
take place eatlier.

Hibbit, Marcal and Rice [2,10] derived their
stiffness terms from ° Lagrangian kdescription without
making any assumptions about the magnitude of the
strains and displacements. So they didnot ignore the
initial load stiffness matrix . Their stiffness matrix
consists of four terms. These are named small strain

stiffness, initial load stiffness, initial strain

14



stiffness and initial stress stiffness. They have
considered two types of non — linearities : geometric
and material. Bady forces are included intoc the
relations. For metal behavior, thg constitutive
relation is commonly expressed in terms of true stress
and strain (e.g. the Prandtl - Reuss equations )
ratﬁer than as a relation between Kirchhoff stress and
Green strain tensors. So they introduced these terms
in their constitutive relatians by considering the

increments .

ﬁSLJ= Dbj&tﬁEkL (2.8
ﬁgzj= C;thﬁekt (2.9)
where &Szi ’ &Ekz are increments of Kirchhoff stress

and Green strain tensars. &EL &ekl are increments

d

of stress and strain. C, are the elastic

PikLe De,j:;:,
coanstants . Consequently, equation (2.8) is replaced

by the equation (2.9). As in Hill’s discussion, they
have assumed that the equation (2.9) describes the

true stress verses logarithmic strain relation in

simple tension . Considering the objectivity and



isotropic hardening, they have derived the material
constants .

Needleman (83 has a similar Lagrangian
formulation. He has arrived at his equaticns by using
Hills’ variational principle [?]l. Body forces are
neglected .. He used the constitutive relation as

follows

9.5 T Liger Y (2.}0)

where stress rates 6L§are related to the strain rates

Tyy - His stiffness matrix consists of two terms, one

corresponding to plastic loading and the other elastic
unloading. If the stresg rate of an element is on its
current yield surface, then the plastic stiffness
matrix is taken . If effective stress rate turns out
to be negative, elastic unloading takes place in the
next increment.

Fellippa and Sharifi [12] have described another
Lagrangian formulation. They didnot put any limitation
concerning the size of an increment of deformation.

Because of this reason , higher order terms had been



used in their descriptions. In spite of the fact that
the increment of the deformation must be small, in
arder to satisfy the unchanging constitutive rate
modulii, their terms are net in tangent modulus
approach from one increment to the next L£10].

Yagmai and Popov (131 have used the Eulerian
formulation in order to make use of a mesh which
represents the current configuration of deformation.
They have used the variational principle of Fillipp=a
and Sharifi [10,1213.

Sharifi and Popov [14] have modified the
Yagmais and Popovs’ method to investigate' the
nonlinear bending and buckling behavior of
axisymmetric plates and shells. They have included
the finite rotaﬁions in equations., Their §tiffness

matrix is the faollowing

K + Kaj {r> = (R}~ (2.11)

where [K] and (R} are the structural stiffness matrix

and load vector respectively. CKIJ is the additional

indefinite stiffness matrix for postbuckling analysis.
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Geometric and material nonlinearities are considered.
Their element equilibrium equations contain a load
correction term which improves the accuracy and

convergency. Their constitutive relation as follows

=S = C. . g (2.12)

where . . and =& are increments of Piola stress
L.

and strain tensors respectively. C is the

t.imn
material constantis.

Pillingers Hartley, -Sturgess, Rowe [71 have
derived the stiffness equations incrementally
from Lagrangian formulation. They have assumed that
stress and strain are constant during an increment -
Stress and strain can be re-evaluated at the end of
each . increment step.. Théy have identified finite
deformation formulations with three stiffness matrix
terms which are mnamed the defbrﬁation stiffness
maﬁrix, the stress increment correction matrix, the
constant dilatation matrix. Their incremental

technigue is based on the Pfandtl - Reuss flow rule

and Yon Mises’ vyield criterion. They have implemented
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the 3D finite element treatment for industrial metal
forming problems. For a finite deformation elastic -

plastic analysis, the element stiffness matrix KImJn

is considered to be the sum of three terms. Their

element stiffness matrices are the following :

- (e) (o) ()
KImJn - KImJn * KImJn * szgn (2.13)

For a given increment and element 5, the element
stiffness equations are written as

AT = K Ad (2.14)

Im Imdn Jn

where ﬁf:& is +the ith Cartesian component of the

increment.of force at the Itﬁ node of the element N

and ﬁd:c is the 1ith component of the incrementai

displacement of that node from its reference posit{bn.

Deformation stiffness matrix :

(el
Imln f ( I"m,} kaLBJndeV (2.13)

where the matrix BJ which is a function of position

vkt
relates the increment of strain at a point to the

values of the incremental nodal displacements
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ie. . = B ad (2.16)

Stress increment correction matrix :

(el oqa (aN_/éx.) .
o mn i 19

Imin L X (éNJléxk) -

& ., o + & ,o.,.) B

Blmbj LTk v LTk JnkL) av (2.17)

where &8 = is the Kronecker delta, S is the Cauchy
23 %
stress tensor, NL is the element interpaolation or

shape functions of position . The change in nodal
force causes the change of stress: in the element.
Stress change occurs due to the
1 R o
(1) . element’ deforming ( Jaumann increment of
;fCéuchy stress ) or
(2) the original stress alters as the geometry .

and orientation of the element change .

Constant dilatation correction matrix :

(h) - _
Tmrn = r L 17V « j BImLLdV y ¢ BJnjjdV)
f B i Brny eV 1 (2.18)

where x, B, D, N, V are Bulk modulus, element type
matrix, elasticity matrix , shape function matrix and

volume respectively . Constant - dilatataon method

20



.which leads to the total volume of the element is
required to be constant. Their constitutive relation

is as follows :

Ao, . = D

i cir LA (2.19)

where ﬁa.i is the Jaumann increment of Cauchy stress
I

tensor, Dbjkh is the material constitutive matrix and

be, is the increment of strain tensor. They have
considered the complex and changing boundary
conditions and they have applied a frictional
restrain to any surface of the workpiece.

Tekkaya £©[4,3,63 have implemented a finite
element treatment for the study of two dimensional
metal forming processes. The updated L.agrangian
description is used wutilizing a generalized Prandtl -—
Reuss flow rule together with the Von Mises vyield
conditién £43.

Finite element equations have been derived
incrementally using the variational principle and
the principle of virtual work. Different stiress
definitions are used. Stresses Fs S and H are called

as Cauchy stress tensor, First Piola Kirchhoff stress
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tensor and Second Piola Kirchhoff stress tensor ( see
section 3.2 ).

Tek;aya [5,61 has used the theory which 1is
identical with McMeeking and Rice’s as well as Hills?
rate equilibrium of the virtuai work equation. Tekkaya

has identified three stiffness terms.

e e e e
[K} = [K 1 + LK 1 + EK 1] (2.20)
e . e‘l‘ o e e
(K, 3 = f _CBIT [£] [Bl dV (2.21)
k4
& o ET e 2
fK,1 = -2 | _CB1° Lo 3 LBl dV (2.22)
2z " & i
", N e’ = e e
[K,3 = f _ICI" (g, I°LCI" dV (2.23)
5 0 z

where CKxJE is the elastic—plastic stiffness matrix

due.to geometrically linear materials and summmation

of EKZJeand‘ithle gives the stiffnes matrix from
initial stresses.

In conclusion , he has.considered all possible
ﬁonlinearities (i.e. geaometric, material, nonlinear
boundary conditions ). Thermal effects and body forces
are neglecfed. The first usage of hypoeléstic

constitutive equation has been used by McMeeking and
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Rice [101. Hypoelasticity can be defined as a stress
increment arising in response to the rate of ;train
from the immediately preceding state. Tekkaya has used
the hypoelastic material law in his finite glement

\

procedure (see section 3.2) L413.
2. 2 Interactive Compubter Programs

The input-output subsystem of a ' computer
pfovides communication between the central system and
user . Programs and data are entered into the computer
memary for proce;sing. Results which are obtained from
camputations are recorded in magnetic tapes and disks.
The input-output organizatioﬁ of a computer depends on
the size of the computer and devices Fonnected to it.
The di%ference between the ‘iarge and ‘small systems

lies in the amount of hardware that a computer has.

Communication depends on the type. of peripheral
units used . The decreasing prices of the
hardwares. lead to an increase in the usage of
microcomputers (1613. This development causes the
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preparation of new softwares for microcomputers.
Moreaover, interactive programs lead to interactive
data transfer according to the users’ reqguirements.

Data transfer between the computer and user is
tandled in one of the following ways :

{1) Data transfer under program control.
{2) Interrupt—-initiated 1/0 operations.
{3) Direct memory access (DMA) transfer.

In the first choice 1/0 instructions are
written in the programs. For each data transfer
process; a new instruction is required. In the program
~controlled transfer, the processor stays in a program
loop until I/0 indicates that it 1is ready. This
process leads to time consumption. ‘Because up to the
secaond instructiony, the processor is kept busy
needlessly.

The second and third possibilities can be
activated with special interrupt facilities and speci-
al commands [161.

Interactive data transfer is also the program

controlled transfer. It causes loss of time during the

24



data transfer process and simultanecus interaction.

In spite of this disadvantage, using interactive
programming offers the following advantages fgr long
term surveys. :

(1) Saving of time for surveys.
(2) Saving of cost for surveys.
(3) Reduction in data errors.
»(4) Educational data input facilities.
(3) Ease ﬁf checking input files.
(6) Less tasks for fhe generation of
necessary files.

Data processing operations are performed under
the control aof €PY of the computer. The CPU contains
the hardware components for processing instructions
and data. Dév;ces that are under the control of
processor are said to be cohhected oen—-line [1&61. As
the command is given by the user, CPU reads and
processes it simultanecusly. According to the given
command; vesponce command is given by CPU toc the user.
This brief explanation is the description of the

interactive process [(161.
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Today, a large number of finite element programs
is prepared far microcaomputers £{17,18,19,201.
Microcomputers have both advantages and disadvantages.

 The advantages are:
{1) man—machine interaction facilities ,
(2) inexpencive graphics,
(3) a user—friendly environment.
As for the disadvéntages, they are :
{1) computing speed,
(2) limited capacity of hard disks.

In spite of,these disadvantages,; using [17,181]
microcomputers is more popular than. the mainframes.

Finite element programs which are prepared for
microcomputers are‘composed of the following sections:

(1) Interactive~preprocessor.
(2) Simulation engine .
(3) Interactive postprocessor.

Pre/postprocessors are compased of the fallowing
sections :

(1) Data generation.

(2) Type of elements gererated.
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gives

files

DATOR

{3) Data input and editing.

(4) Graphics. |
Interactive computer programs provide inexperi-
users with on—-screen prémpts. This opportunity
the user , the ease of preparation of necessary
f201.

In conclusion , the interactive preprocessor

(acronym: Zmta GeneraTH® ) is implemented for

the finite element caode EPDAN (see Chapter 3). It

-offers the following opportunities .:

2y Fs

(1) Screen -~ oriented menu driven input process.
(2) Data generation.

(3) Mesh generation and design.

Finite Element Programs With Interacltive
Prepracessor '

Intellectual work needs more and more

information. Besides this facts the volume of the

scientific and technical 1literature 1is increasing

every

day. In order to save manpower and time, large

information or database systems are developed .

3
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MAKEBASE database is one of the developed databases by
Jaroslav Mackerle £17,18,201 which summarizes the
finite element codes and their pre/postprocessors.

Noor [21]1 has performed a survey of computer
programs for soclution of nonlinear structural and
solid mechanics problems.: He' has summarized the
capabilities aof thirty—-six computer programs in his
paper..By the help of the references ([17,18,20,211
‘finite element programs are summarized in the
Appendix C.

Interactive data management programs are
written with BASIC, PASCAL and FORTRAN computer

languages .

Preprocessors consist of several files  and
modules : Files give the users an opportunity to
organize, manipulate, select and use the data,

according to their reguirements [181.
The interactive functions performed in programs
are :
(A) data definition functions (i.e. decision for

a record format/structure!,

28 .



(B) data manipulation functions (i.e. addition of
new records, updating of existing records,
listing of specified records: selection of
records),

(C) data reduction according to the uséf;required’
form (i.e. sorting -and formatting Ffunctions
for the output)f

The fini%e element code CAEFRAME was prepared
with menu driven interactive preprocessor in U.S5.A.
It is a special purpose program for three dimensional
analysis of frame structures with plates ; pipes . and
equipment supportg and plate shell structures [181 .
Its preprocessor is composed of the followiﬁg 8

(1) Screen—oriented menu driven inpu}.
(E):Mesh generation.

The second example is the CAEPIPE. It was
generated in USA for linear static and dynamic 3D
analysis of the process/power piping systems. The
preprocessor is completely interactive [17]. It offers
{he following opportunities :

(1) Screen-oriented menu driven input.
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(2) Mesh and load generation.
(3) Automatic generation of a series of runs
and rigid member specifications.

(4) Error checking.

(3) Model generation for instant feed-back.
The third example is the IBA (Interactive
'Building Analysis). It was generated in Italy for the:
interactive analysis of framed buildiﬁgs sub jected to
vertical and horizontal actions (wind and eafthquake).

The program is written in BASIC . The preprocessor-has

“the following sections [171 :

(1) ﬁodef%generatiéﬁ, checking.

(2) Data m;difications; correctiaons.

(3) Numbering qf nodes and elements.

4) Léadfgeneratién. : .

Interacfive Grgphics - Nonlinear Optimization
Program IGNOP is another interactive program. The aata
is reag initially from the disk file [22]1. The program
itself is interactive. Interactive programming enables
the design engineer to make instantaneocus use of Hhis

engineering judgment and experience. Code IGNOP is
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used by menu items. One of its menues contains the
following items :
{a) problem definition,
(b) constraint values,
(c) design variables;
(d) initial cost,
(e) penalty function evaluation,
(f) resbonse féctor.
The function keys are interrupt, resume, exa-
mine, help, review, reset and exit.
Other special purpose finite element programs
with intéractive preprocessor are given in Appén&ix C.
In conclusion » the interactive preprocessor
DATOR ( acronyms: Dﬁt§ GeneraTOE ) is implemented for
the fihite element code EPDAN (see Cﬁapter 5. It
offers the foilowing apportunities :
(1) Screen - oriented menu driven input.
(2) Data generatiaon.

{3) Mesh generation and mesh design.
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= <3 Hesh Generation Procsdures

Man—machine interaction is necessary for the
mesh generation proceéses. Interactive programs give
the user the ogpportunity to control the method being
used.

For many practical Ffinite element problems,
hundreds of elements and nodeé are requiréd. The task
of preparing data becéﬁes long and cause tedious work.
Besides these disadvantages, the user efrrors may be
éeeﬁ during thé preparation of hundreds of data cards.
fis a result of ?hese incorrect data cards, the running
program gives incorrect results. IT the wuser finds
where the error is; it will be corrected. If the user
cannot detect where the error comes from, h; will need
more extra time and do éﬁtra wqu. In order fo
eliminate these types of difficulties, automatic data
and mesh generators are used in the finite element

programs . The development of microcomputers allow

the implementation of finite element analysis on

32



microcomputers [231.
The necessa%y proper?ies of an improved
automatic mesh generator are as follqws H
(1) Less tasks fo% generating and modifying
the mesh system.
(2) Ease of checking +the fitting of the
result.
(3) Reliability of the method .
(4) Ease of handli;g for the user.

Moreover s the automatic mesh generator
determines nodal ndmpers and their coordinates
together with element numbers and their definitions
avtomatically. During the preparation of the input
data of the mesh generator, mesh divisions and
description of the geometry are declared by the
minimum amounf of data.

Most of the existing finite element prégrams
includé mesh generators with nodal point coordinates
and element connectivity. There are approximately 250
finite element programs listed in the survey

references by Fredriksson Mackerle and Noor

33



£{17,18,20,211 . Names of these finite element programs
which include the interactive preprocessors with an
autom;tic mesh generator are given in Appendix C.
MICROPUS is one of the finite element programs
which is used fTor the applications of exyrusion of
polymers [2013. It 'was prepared by Institut fur
Kunstoffverarbeitung in West Ge;many. MICROPUS

also permits the simulation of steady state; two

dimensional iscthermal flow processes of NNewtonian

and Non—Newtonian liguids. The program can also
simulate heat transfer processes considering the
temperature dependegt material pfoperties. The
program has been developed to salve vproblems
appearing in extrus}on of polymersj For mesh
genergtidh process ’ axisymmetric isoparametric

elements were used. Interactive graphics and mesh
generator program MORDGR are included in the
preprocessor.

Ghassemi [24]1 has published a FORTRAN program
based on two different methods of automatic mesh

generation . Methods are the area system and the
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isoparametric coordinate system. Depending on
geometrical and material wvariations, part of the
region to be handled is divided into triangular
areas. The program is given to generate meshes of
angular elements with three or six nodes
automatically. For this purpose guadratic shape
functions are used. Mesh generator program MESH has
the arrays with the dynamic array dimensioning.

Durocher and Gasper (231 have developed an
a}gorithm which automatically generates the meshes for
two dimensional structures with bandwith reddction.
Their algorithm is based on the isoparametric
coordinate system developed by Zienkiewicz [261. In
their paper,; algorithms of the mesh generator program
are given.

Suhara and Fukuda {273  have developed‘ an
algorithm which autométically generates the meshes
for two dimensional structures. In their paper,
algbrithms of the mesh generator programs for
triangular and isoparametric elements are given.

Zienkiewicz and Phillips {261 have developed
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an automatic mesh generator program for tfiangular
elements and curved surfaces by isoparametric
coordinates. According to their theory, if the whole
region in which the mesh is to be generated is
described by an guadrilateral of the shape, all of
the mesh requirements are generated by specifying
(1) coordinates of the eight nodal points,
(2) the number of required subhdivisions in svand
7 directions.
Zienkiewicz and Phillips have generated complex shapes.
Cheng £31 has developed an automatic remeshing
program to gét more accurate results from finite

element simulation processes. An  important aspect

in large deformation metal forming processes 1is
the constantly changing configuration of the
deformed body. His idea is +to redescretize the

deformed body at a number of steps, with all
the history - dependent gquantities being properly
transtormed from the previous Tinite element madel
te the new one. He described his scheme by

giving several examples, such as a heading process, an
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extrusion process, & one-blow impression-die forging
process with flash.

Stefanocu (2831 published a FORTRAN program which
can only be used for two dimensional triangular
elements.The whole region must be in & Qanrilateral
regian . In their'paper » mesh program is given .

Field and Hatton [29] have described the code
SRIFFE for the pre/postprocessiﬁg finité element
analysis of the three dimensional structures.

Buell and Bush [303 have described the mesh
generation.methods for two dimensional elements. Their
survey gonsists_of two parts E nodal'poiht generation
and element generation. The reviewed basic node
generation methods are straight line interpaolation,
sides and pafts elegtro — mechanical devices »
simplified finite difference , the equipotantial
method and the natural coordinate system method.

Taniguchi [19,831 has developed an interactive
mesh generétor program for generating triangular and

quadrilateral areas. The program can generate the

elemant node relation by using the blocking method.
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The program was written in BASIC for microcomputers.
His model is insufficient for the transient areas.
In spite of its insufficiency, the method decreases
the amougt of input data required for mesh generation
and his program is interactive.

Murti and Valliappen {3131 have developed an
algorithm for numerical inverse isoparametric mapping
in remeshing and nodal quantity contouring. They have

improved the iterative technique of order N instead

of Na in a two dimensional mesh.‘They have used the
iterative technique in order to avoid solving a system
of nonlinear equations. In their paper the concgpt of
stress contouring is discussed and FORTRAN subroutines
are éiven.

In conclusion; the mesh generation program
ISOMESH is implemented interactively in DATOR.
Algorithm of the ISOMESH is based on the isoparametric
coordinate system denoted by Zienkiewicz ([263. The
program can plot the generated mesh on the screen

simultaneocusly.



CHAFYER 3

THEORETICAL FUNDANENTALS OF THE FIHITE
ELEMEWT CGDE E P D A H

As mentioned in Chapter 1 and 2 large
elastic -~ plastic deformation formulations are derived

according to the Lagraﬁgian, updated tagrangian or
Eulerian descriptions. Eguations are solved incremen-—
tally because of the strain history of the structure.
Theoretical %undamentals of elastic - plastic deforma-
tion analysis program EPDAN which are handled in

detail right below, are based on updated Lagrangian

description.

u
food
!

3.3, fGeansvr ancepls

In general the derivations of the govéfning
equations of the engineering problems are not
difficult to form. But to determine the exact
solutions requires difficult and tedious work. One
example is the metal forming process problems. For

this type of nonlinear problems, necessary steps and
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calculations need considerable amount of work and
require not anly the complicated mathematical
calculations but also the numerical ones.

In such cases the approximate methods of
analyéis are the finite element method and variational
methods. In the variational soclution of differential
equations, the differential equation is put. into an
eqdivalent variational farm. The approximate

solution is in the form of ch¢§

o

where ¢3 and c,; are

defined as appfoximate functions and Ritz paraﬁeters.
‘Then the éppraximate solution is the combinatibn of
approximate functions of the domains, The parameters
c,; are determined By the wvariational form. The
disadvantage of this method is the determination of
the approxima#e functions for different domains {321 .
On the other hand, the finite element method
provides a solution for this difficulty. Because it
-gives a systematic procedure for the derivation of the
approximate functions. The finite element method has

two important special features

(1) A gesometrically complex domain of the
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problem is represented as a callection of
geometrically simple elements e.g. triangular and
quadrilateral.

(2) For each element., the approximation'
Tunctions are derived.

The second special feature is based on the idea
that any continuous function‘can be represented by a
linear Comﬁination of polynomials.

In genéral, the methods which are used in the
code EPDAN [4,5,6]1 are :

(1) Variational method .

(2) Finite element method ( see Appendix B ).

(3) Numerical methads for- the solution of
nonlinear systems of equations. These methods are
_as follows :

(i) Self Correcting Euler Method,

(ii) Mid - Point Stiffness Matrix Method.
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3.2 Perivation of Lhe Basiec Hguations {or

Finite Deformalion Plastiecily

Derivation of +the basic equations of finite
deformation plasticity is based on both Lagrangian and
Eulerian Tformulations. It is assumed that all

positions and geometry of the deforming body are known

between the initial and final times t° and t
respectively Fig.l1 . In the figure,; A is the area of

the body, V volume of the body, t is the force vector
which is acting on the unit area At and AU is the area

where displacemehts are prescribed. Tekkaya (4,5,63
used the déformation and finite strain tensars
which are based on the theary of McMeekiné and Hill in
order to determine the geometry and position of the
body at current configuratioaon.

Using the variational methods, +the system of
governing equations are derived [33,34,35]. Moreover,
the variational désplacements and functional =@ which

is equal to =zero determine the finite element

formulation (see Appendix B).

42



current
Z ‘ configuration
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time 1°
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Y

Figure 1. Kinematic definition of the deformation of
the body

Virtual displacements satisfy displacément

boundary conditions wnhere prescribed. The virtual work

W remains unchanged - during the virtual

ext

displacement and satisfies the equality (3.2) ,

du = 3uix,t) (3.1
W, ¢ = 8W, . (3.2)
SW ¢ = }A t.5u dA + jv b.du gdVv (3.3)
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The virtual work wext is computed with a set of
kinematically admissible displacements and statically
admissible forces and stresses. The external surface

tractions t, are also constant during the virtual

displacements &u. Because a virtual displacement is
defined as an additional displacement from equilibrium
displacement and it is qual to zera where actual
displacement is prescribed by the boundary conditions
£153. Body forces b are neglected during the
derivation of the basic equations for finite
deformationﬁplasticity.

Kinematically admissible displacement field
makes the following possible :

{a) all prescribed boundary conditions,

(b) continuous first partial derivatives u = 0.

Statically admissible stress distribution
satisfies the
(a) eguilibrium partial differantial equafions
in the interior o% the body,

(b) fraction boundary conditions.
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n . T =% (3.4)
Boundary conditions are defined as

n . T =%t or du = 0O (3.3)

where n is the unit vector, T is the symmetric Cauchy

stress tensor and t is defined as
t =T . n (3.8

(I) The first step in order to determine the
unknowns of the body in current configuration is the
derivation of the principle of linear momentum or
principle of virtual displacements in the
initial configurationA . But virtual displacements
are defined on the current configgration . Since they
are infinitesimal, hypothetical strains and rotations

are produced by &u

8 (éut/éxi) = Sd. . + 8w, . . (3.7)
The intermal work is given as (331
BW, v = “{v T, 89, dv = jVI : Sg dv (3.8)

The reverse must also be true for the conservation of

mechanical energy. If equation (3.8) satisfies every



kinematically admissible virtual displacement field ,
then the stress field is statically admissible. Upan
using the relations (3.2), (3.3), (3.8) the principle

of virtual displacements is found to be

[ &t .8udA + [ b .sdupdv={ T:ad (3.9)
‘A v v = =

The determination of the principle of virtual
displacements in the reference configuration [15,331
requires the following stress tensors and force
vector :

(A) Cauchy stress tensor T is defined on the

current configuration.

{B)Y First Pilola Kirchhaoff stress tensor g,

transforms the force vector on the

undeformed area. S is a nonsymmetric tensor.

(C) Second Picla Kirchhoff stress tensor H is

the symmetric ocne and it transfarms the
force on the deformed area element to the
undeformed area element. It is the
hypothetical linear transformation.

(D) df is the force vector acting on the current
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configuration.

Transformation equations can be summarized as

df = T . «n dA) df = (n"dA"s . § and t=t (3.10)
dh = F'. df dh = H . (n° dA%) and t=t (3.11)
dg = 6 . (n . dA) dg = J df J = ¢ det F) (3.12)

where df is the real force vector acting on the

deformed area (ndA) at t=t;, db is an hypothetical

force acting on the undeformed area at t=t, dg is the
Cauchy stress tensor or Kirchhoff -~ stress tensor

which is acting on the deformed area.

0o dA =¢ g%/ n®. FTldA® (3.13)
where J= (det £ ) is the Jacobian determinant of the
deformation, § is the Kirﬁhhoff stress tensor £3313,
F is the rate of ch#nge of the deformation gradient,
¢ is the initial density. By using the definitions of

df, S, H as given in the. equations (3.10), (3,11),

(3.12), three relations are determined.

The first one is the First Piocla Kirchhoff
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stress tenseor and in terms of the Cauchy stress

tensar. this is
S= g% E T (3.14)
Second relations (3.18) and (3.16) are the
expressions for Second Picla Kirchhoff stress tensor
in terms of Cauchy stress tensocr and First Pigcls
Kirchhoff stress tensor in terms of Second Piola

Kirchhoff stress tensor respectively.

H=( 70 FL T .« 7 (3.13)

H =5 (T (3.18)
Third relation (3.17) is the First Piola
Kirchhoff stress tensor in terms of Second Piola

Kirchheff stress tensor.
S=4d.E" (3.17)

Principle of virtual displacements refers to the
current configuration with relation (3.9). However,
in finite (geometrically nonlinear) elasticity, this
principle refers to the undeformed configuration. So

following relations are considered (4,3,4,333
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u = x - x° ’ du = 3x , dv = Jav©,
geax 1/88xT) = &F, » t da = t°ga” (3.19)
g dVv® = pdv

where t°(x%,t+%) is the Pseudo traction .

When these relations (3.9), (3.14), (3.18),

(3.192) are used the principle of virtual displacements

refers to the reference configuration. It is in terms
of First Piola Kirchhoff stress tensor § [333.
Jot%8xda-+ §  bix®,t) . 8x%p"aV® =
A v ,
f 8 : 8% av® . ‘ (3.20)
sV\D = =

Equation (3.80) may be written in terms of Second
Kirchhoeff stress tensor H > by inserting the relation

(3.17).

J_odetsE™. F 0y, (3.21)

Equation (3.21) may be rewritten by using the

following relations

2E. (8P) = FF _F_ —1 (3.22)

H L m wJd
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28E = ET. 8F + SET.F (3.23)

(3.24)
{ . B 8E oV = J o, t7.8x dA®+ [ b(x5t) 8xp°dv®
\VQ = = = AD - — ‘V°'

where E is the Green Lagrangian strain at &P. The

equation (3.24) is the basic equation for finite
deformatian geametrically nanlinear elasticity
problems [4,5,6,33].

(II) The secoﬁd step is the determination of the rate
form of the principle of virtual displacement or
velocities. Fof finite deformation the constitutive
equations must be in the rate form in order +to
describe the tangential behaviour of the material. By

taking the time derivative of equation (3.21)

J o Btx5t) . sxp°dv® . (3.25)
the resulting equation is obtained in the following

form
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where ? is the Truesdell rate of Cauchy stress tensor

T=T+T.(:b)-L.T-T.LF (3.87)
and

H=JE%T . (T (3.28)
where I is the identity tensor, L is spatial gradient
tensor.

Truesdell rate of Cauchy siress tensor 3 in the

equation ((3.23) is nonlinear term. After the

application of the variational methods,; the stiffness

matrice is unsymmetric. The initial and final times

{ t%,t ) are assumed to be equal so that

»=x , T =1, 6=, V=vyv , t°= ¢ (3.29)

or
™
d..
let
o]
(S
let o

After this procedure, the equation (3.26) is

modified [£4,333.

™
"G *
[
ng
1
n
Lan
ng
e
L1
o]
e}
+
n—{
o3
] ol
n
e
Q.
<
fi

*
In the equation (3.30) G is the Jaumamm time change
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of Kirchhoff stress tensor, is +the rate of

IIO

deformation tensaor.
({III) Last step is the determination of the suitable

material law. This suitable new material tensor g must

satisfy the following .relation Ffor the current

configuration [51.
*
G=4L"':D (3.31)

Then by considering the boundary conditions, the

current configuration {geometry and position) of the

body can be found. can be defined in terms of

uG) %

*
the Jaumann time change of Cauchy stress tensor ¥I.

(3.32)

ug) %
]

[}
He—{ *
+
el

ng %k
1]

ug) «
|

ng

G +G .Y (3.33)

After the determination of the material law, the

velocity Y is separated from the equation (3.39) and

then it is integrated within the time limit At.
Prandtl ~ Reuss Law is formed as in the linear

formulation of Hookes®’ Law and Levy - Mises equations.
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D = D®+ DF (3.34)

where QS, QP are the elastic and plastic parts af the
rate of deformation tensor D respectively. Equation
(3.34) satisfied only for these conditions

Egc 1 (3.35)

DF<< 1 and W
QE is given 1in Hookes? Law by the Prandtl-Reuss

equation in the following relation

7]
u—,
~

Wy

D =( T > 7(26) + ( I / (9% (3.36)

where (I)’ is the deviatoric part of the time rate of

change of the Cauchy stress tensory; 6 1s the shear

modulus, ¥ is the bulk modulus. Qp is given by the

Levy—Mises Law as [31]

k, , :
F==p f T (3.37)
a k, ¢ dk, /dg ) =

0 G(T) = k, () and a(T) < O fas
ax 3 O(T) < k(@) fox
B o= (3.39)
1 FCT) = k, (@) and olg) >= O

where k. is the flow stress in uniaxial tension, © is



the logarithmic strain in uniaxial tension.
The egquations (3.36) and (3.37) are substituted

into the equation (3.34) and after the application of

inverse process [4,5,33] T is eliminated as

I* I* (3.39)
— - 3 :D

+— 11 - . .
1—2v ~ (E/S)k; £1 + (i/EG)kf(@)J

Hed o
I
m
al
)
ITRTI
g

where v is the poissons ratio. This eguation is wvalid
for small deformation cases so in order to determine a

general formula,; the axiom of objectivity is used

£4,5,45,151 . Nether i nor Prandtl—-Reuss equations are
*

ob jective, whereas T is an abjective stress

rate.

% Y g (3.40)

T =26 L I +- II - B oz , 1:p

- - 1-8v 7 (E/S)k; £1+(1/36)kf(¢)] -

*
Here 7 is the Jaumann time change of Cauchy stress

tensor. Therefore, Prandtl-Reuss equations may be

¥*

cbjective when T replaces Moreover, as a

.

*
result of the following assumptions 6 is found to

*
be equal to T .

(1) small elastic deformation,
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(8) J~ 1 J << 1,

(3)

ny ok
{
ey %
+
(_‘ .
"y
[
o
£
L-( »
I
Qo

(3.41)

u@) %
It
-k g

From the equations (3.31),; (3.40), ’£3.41) the new

material tensor is obtained {31.

] T } {3.42)
L =2 1 +—— 1I - ; 1
b=t = 1-2v ~° (B/B)k; C1+¢1/73G) kf(m) 3

(IV) As a result of these steps, a system éf
egquations is obtained. For the equations (3.25),
{3.31), (3.38), (3.42) there is not any analytical
solution. In order to determine the exact soclution,
two numerical methods are used (see Section 3.1).

The relation (3.30) is formed as

[K 1 {a} = (F°3 (3.43)

by using the Ritz method [4,5,343. In this equation

EKT3 is the element stiffrness matrix, {az is the-

velocity vector for the nodal points, f°

v

is the
velocity of the force vector at the nodal points.
Equation (3.43) is a linear one for the velocities at

the nodal points but within the time range &t, the
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equation becomes naonlinear in terms of change

of displacement differences
*
(K1 (ab} = {af°3 (3.44)
and
* N
fK 1 {&4bY = j (K_1 {a} dt . (3.43)
T At T

The equations (3.43) and (3.44) depend on each other
as mentioned in relation (3.43). This relation depends
on {4&b} in a complex way because of the [4,;5,61

(1) material response,

(2) gecmetrical changes.
These two éffe;ts cause nonlinear terms in relation
(3.45) . A nonlinear equation is solved by using the
two numerical methods. Nonlinear terms whiﬁh are

caused by the material response are solved by the “Mid

* .
point stiffness matrix method". For the first step [KI]

is substituted for [K_1 in the equation and for the

given force vector {(4f°3 ,a change of displacement

vector C&bl} is found. By using the values of {Ebs}

stress differences are ogbtained (¢ ﬁz and ﬁkf) - fAnd

then using these values see Fig.2, relations (3.46),
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£ 11, Iteration
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Change of displacement b
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Figure 2. Mid point stiffness matrix method

(I = {J, > + 0.5 (473 (3.46)

;> = Lk, 3 + 0.5 {&kf!} (3.47)
{3.47) are found. Furthermore ; stiffness matrix is
calculated EKmJ,

EK,1 €abY = (Af°2 5 (3.48)
The second method "Self correcting Euler method" is

used at this point in order to calculate the nonlinear

terms caused by the geometrical changes. From equation

(3.48) , (&b} changes of displacements are calculated.

The new position of the body is calculated by the

equation {4,331

{bz} = {b!} + {AbZ (3.49)

For this new position of the body



CAFY = (f°) - fv EBJT{I} dv (3.50)
force difference vector {(4F} is calculated. The last
step fTor the first iteration is formed in relation tao
the next time increment

LK 1 €abY = {.é«.fi} + {AFY (3.51)

For the stiffrness matrix CKmJ, the same steps are
redone for the new changes of displacement vector
{&bz}. Here the 1limits of the iterations are

considered to be 3 or 4 ( see Fig.3 ) .

£2 :
3 oen
1%
f2 —%
v o |0
e S
o ‘
Q
= :
- E A
3
S Ab— &bl
by b, ' b,

éhangeofdhphﬁementb

Figure 3. Self correcting Euler method

So two methods are used in the same iteration

laop. The ervor &b is very small, because the time
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increment is small.

For the numerical sclution of elastic-plastic
geometric changes, two reasons for using the small
time increments are to be eonsidered. ThéSE'are £S3]

(1) the material law which is defined in terms
of the time increments, so that it shows the
tangential response of the material with respect to
time,

(2) the boundary conditions in metal forming
processes; which depend on time, so that the solution
can be obtained by using the small time increments for

the true solufion.
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CHAPTER 4

DESCRIPTION OF THE HODITICATIONS O THE

FINIiTE ELEHENY 4LODE - E P D A H

The computer code EPDAN has been implemented by
using the FORTRAN 77 language..EPDéN is based on the
finitg element analysis for two dimensional metal
forming operations given in Chapter 3. Modifications
of EPDAN play an important role in the application of
dynamic array dimensisﬁing. The steps involved in the
modification shouid be follow some certain criteria.
First one of them 1is the reconstruction of the
main program and the second one is the application of
COMMON blocks. BDuring the reconstruction process, the
rules which are particular to an IBM microcomputer
should be used and these are handled with in detzil in

the following sections.
4. 1 Application of Lhe DPynamic Dimensioning

Bathe [351 has implemented his Tinite element
code STAP " In-core solution static analysis program *
with the dynamic array dimensioning.

Chassemi and Haringer [243 have prepared their
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code for two or three dimensiconal triangular curved
surface "MESH" by using the dynamic array dimensioning
concept.

Finite - element code FEMFAM Cl?] has been
implemented by the language HP-BASIC. All parts of the
code has been implemented by the dynamic array
dimensioning {(see Appendix C).

The dynamic dimensioning is applied toc the code
EPDAN

(1) in order to determine the maximum high speed
storage atlocation in <the all globally used
arrays and matrices,

{2) in order to supply the ease of the change of
dimensions of all arrays in one step;,

(3) in order to save the storage aréa from arrays.

To make this possibley; the structure of the .main
program is complately changed.

First, a large real array ER(DYN) is opened in
order to include thirty-one arrays. Because

(a) if dynamic array is opened as an integer type

e.g. JA(DYN) ; to this large array can only
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integer type data correctly be applied »( see

Fig.4 and Table 1. ),
(b) if dynamic array is opened as a real type e.g.
EA(DYN) ;3 to this array , both real and integer

type arrays can be applied correctly (see

Fig.3 and Table 1. ).

2 JA (DYN) .
I4 L5 L6 L7 L12 L13 Li4 L15

(1777 0] TTTTT

NV W W W S
' Aa
3 o~
~ ~ + 8§ § 8§ 8
N - T LR T S o A=
& & & = 9 = ' = N 8 =
-~ & o« QSNE'-J
~ g g ) L~ ' R & =
B 8 &8 § 4 8 ' >
5 3 ERROR
lon B

Figure 4. Blank COMMON array JA(DYN)

As a resglt of the &ynamic dimensioning, the
reduced main program uses only one large array EA(DYN)
instead 0% these arrays . And subprograms use the
required arrays from the array EA(DYN) , ( see Fig.S5

and see section 4.2 for the construction of the

subraoutines ) .
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EA (DYN)

IU (95) JJU (95)]| KU (95) s o = o« o &

TAUTORZ
{380)

1 1 f - t t

L2 L3 L 4 L 30 L 31

Figure 3. Blank COMMON array EADYND)

Seéond, for each array a starting pointer is
asserted by calculating the spaces of the arrays. In
the code EPDAN, all arﬁthmetic expressions are
declared in a single statement at the beginning of the
program as explained in the references [36,371.

IMPLICIT REAL¥8(A-H,0-2), INTEGER*4 (I-N) (4.1)
Data types are represented and stored internally with
their byte specifications £38,3%91. In order to
détermine an equality between real and integer
operands in dynamic dimensioning, two ways can be
referred to

(i) representing the real data in terms of the
integer type of data by dividing the total

number of calculations of arréy or matrice by
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two,

(ii) representing the integer- type data in terms of
real type of data by multiplying the total
number of locations by twa.

These conversions are required for the dynamic
dimensioning because of the relation (4.1). In code ,
the second case is used because the dimensicons with
the odd numbers cause difficulty durihg the
calculations of pointers.

In order to declare the starting location
numbers for using arrays, the painters are calculated
in the first lines of the main program (see Table.l
Fig.3 and Appendix E ). The pointers fram L1 to
LL31 are determined in order toc declare the starting
locations of the thirty-one arra?s from the Blank
COMMON array EA(DYN) . %he pointer L32 is wused to
determine the maximum number of the dimensions of the
common array.

Third, subroutine CALL parameters of the main

program are replaced by the common array EA(DYN) with
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Integer:d POINTERS Real Type Integer Type
array EAI(DYID array JAl(DYRD

IU(9s) L1=1 EA(L 1) JacLl)
JU(?3) : L2=KEG+L1 EA(LZ2)} JAL2)
KU{(2S) L3=KEGT+Lz EAQACL3) JAL3)
MU(IT) LASEKEG2Z+LD EA(LL) JA{L4E)
IMAG(240) LE=XLEGZz+L34 EA(LS) JALS)
IRAND(240) LE=ZKKGI+LE EA(LS) JA(LSE)
INUM(Z241) L7=EXGa+Ls EAL7) JAL7)
I1ZUST(380) LE=XNEGZ+L7? EA(LS) Ja(L8)
I121T(380) LY=KIG+LE EACL?) JALY)
IPHKF (380 Lig=xz1G+Le  EA(L1O) JA(L10)
L1t:STARTING
FOINTER
FYGE THE

ELAL ARERLYS

FR(120) L1t=XIG+LtQ EAa(Lil) JA(L11) seroxr
F2(120) L12=KIG+L11Y EA(L1Z2) JA(L12) Brrox
RIM(120) LIS=EEG+L1t 2 EA(LLI3) Jai{i13) zexoE
TAUTORZ (380) Lsi=xiGsnsa  EA(L3L) JAWL31) vxsos

Table 1. Pointers of the dynamic arrays EA(DYN) and JA(DYN)
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their pointers. For example, in the main program

subroutine ELACON is defined as

CALLL ELACON( EALB) ,EA(LLIZ) ,EA(LLISL) ,EA(LE1) ,EA(LE3),
RESTART )

and the subroutine itself is defined as

SUBROUTINE ELACON(IZUST,RIM,RIML, TKF,DENS,RESTART) .

Parameters IZUST(3890), RIM(240), RIM1(240), TKF{(380),
DENS(380)(380), are the arrays and they are declared
in the FORTRAN file CCOM1.FOR. All initializations of

the variables are declared in the other FORTRAN file

CCOM2.FOR.
TOTAL TIME ELAPSED
NUMBER OF
INCREMENTS Initial form of the Final form of the
code EPDAN code EPDAN
3 8. min 11.20 sec 8.min 1.92 sec
50 93.min 8.50 sec 90.min  49.10 sec
100 184.min. 57.47 sec 181.min  30.79 sec

Table 2. Comparison of the elapsed times on an
CPY time in seconds on IBM - AT
microcomputer running at 8 MHz with
mathcoprocessor 80836 and 80837
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As a result of dynamic array dimensiocning
implementation, the author has found that the total
execution time is reduced three minutes for the

fifty and one hundred increments ( see Table.2 }.

4, 8. Descripiion e ithe FResitruclured OCode

The FE - code EPDAN is modified for +the IBM
microcomputers. The first version of the main program
has 9590 sgurce lines and it has 36 subroutine
call statements ( see Fig.& ).

In order to modify the code for dynamic array
dimensioningy; the procedures given below are =43
follows.

(1) The main preogram 1is rearranged with new

subprograms.

(2) Declaration statements are modified for

IBM microcomputers.

(3) Arguments in the CaAaLL statements are

rearranged in the COMMON block statements.

{4) Code EPDAN is modified for dynamic
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C START )
'

1 Initializations

-

Geometrical Material

Y YES
Restart = False. >—-4 CALL STORAG
NO

=)

1
5 CALL KONTUR

.

6| CALL GNNETZ

'

7 Changes for nodes
at the Die - Contour

'

g| Fill up the RKONST
vector

¥

9 CALL EGIM

I

10| - CALL BANGKM

Y

‘Boundary Conditions
(11 Die Geomefry -

¥

12| . Fill the vectors -

v

13 CALL VOLUEB ™

y

Computed data
14| Read data and

\ Boundary conditions

\/—r’_\

NO
15 Restart:-TrUE)—’ 16 CALL LINIZER

YES |=

7 Elasticity Matrix

Figure &. Flow-chart of the initial form of EPDAN
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YES

CALL PLOTTER

Incremental Computations

>

3! IE > KEL

YES

69

18 Initialize vectors and
constants
k
9|  PLOT =-True. >——>
NO
- 1
Start Incremental
21 Computations
ILAST = ILAST +1
- !
99| Start Iteration Loop
. ITER=ITER +1
—Pn— il
2 &
Construct Element
23| Stiffnes Matrix
IE=1IE +1
24 CALL SELECT
25 CALL UNINTG
2 Gauss Quadratures
IQ=1Q +1
»
‘E 4
- § @ Determination of
g - 5 expected strains
= a - 27|  and Rotations
< b4 ]- o
< é o] CALL 1S0Q
. = =
g %] dl
F S SOV S | r
j=] w
= = 3 28 CALL SPST
g 2] © )
= I 5
§ g 2 29 CALL BINLO
Dt -:3: §‘ ;
=3 30] CALL ESTISOQ
NO ‘
il 1954 >
Yes ‘
Assembly Global
32 Stiffness Matrix
CALL BERGKM
No v




Iterational Computations

Incremental Computations

Compute sirain and stress increments

@,
®

34 CALL DIECON
Insert Primitive Boundary
35| Conditions
36 CALL RAND
37 CALL ZERDRE
38 CALL RESEIT
39 CALL AUSWEI
40 CALL STRENG
'Transform local
41} Displacement into
: Global ones
42 CALL AUSWEI
Yes /' A \
~+— 33| 1TER < ITLIMIT >
— No ’
Compute Strain and
44| Rotation increments
IE=1IE +1
45 CALL SELECT
46 CALL UNINTG
47 CALL 150Q
v
48| Compute density ratio
y
f Compute Jaumann Kirchhoff
49 increment
CALL SPST
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In¢remental Computations

o

50 CALL REVJAU
A 51 Update the
calculated data
vo 1
2| E>KEL >
y Yes
53 New Geometry
3
Check: Boundary
i Conditions, entrance
54 into die contour,
exit from die land,
interference with die
CALL KONTUR
L 4
55 New Forces
CALL KRAFTU
56 CALL KONTUR
57} Compute Force and Displacement
Forming force
58] versus displacement

64

CALL VOLUEB

v

(%)

I NO

71

’ Yes
SAVE =+TRUE and
291 MOD (ILAST, NSAB{I‘%—’ 60| CALL STORAGE
y.No_ 1
. Yes
¢! %%%@&é%‘f)—* 62| CALL PLOTTER
"y No 1
- Displacement—
. Increments,
63 |- Forces, Stresses,
. Boundary
\J’ Conditions

YES
BEENDE =-TRUE - STOP



dimensioning with the new implemented form
of the main program and subroutines.

First, the main program is reorganized by
modifying new subroutines. Thereby, the new main
program consists of only calling subroutine names.
The general flow diagram of the modified c9de
is given in Fig.7. @s it is shown in <the diagrém,
590 source lines are reduced. to 26 subroutine
calls. The initialization part of the program which is
shown by the box number two is included in the program
by the INCLUDE command using the file CCOMZ2.FOR.
COMMON statements are substituted into main progra@
and all other subroutines by the file CCOM1 .FOR.
Likewise the file CCOM.FOR which is apeﬁed for the
DIMENSION statements is included in all the
subprqgrams (see Appendix E).

The order of the items in the COMMON statements
is important [381 (see Section 4.3). Another important
fact is that the same COMMON block with all its
statements should be used in all the subroutines

whereas this is nat required at all in the FORTRAN
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language references . Only one blank COMMON block is

permitted in the FORTRAN programs, such that

COMMON/ARRY 1 /6GKM(4080)

COMMON/ /EA(20000)

The real array EQ(bYN) is defined for the dynamic
dimensioning in the blank COMMON.

The subrout;ne OPECLO is called twice during the
execution. In the f{rst call, the necessary files are
opened as unformatted and seguential. During the
second call, all files are closed and the program
completes its execution with the stop command.

The subroutine DYNCHK is called after the
pointers of the dynamic array are defined. The program
gives error messages to the screen and the output file
VVFP.OUT if the dimension of the array EA(DYN) exceeds
the permitted n%mber { see Fig.7 , Box Number 3 );

The subroutine DYNCHK has not any subroutine
parameters and dimension declaration . Because i1f the
maximum permitted dimension vange is exceeaed the

program overflows and enters intg an infinite lcop .
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START

1] CALL OPECLO |
{2]  NmmiaLizaTioNs |
[3]  caLL Dfmcxx Il
[4] caLL cLock ]
5] caLL mveur k!
Q’[nssmi:"r;qnunﬂﬂ CALL STORAGE ]-—}
es

[8] caLL xonTUR ]

}
ts] caLL FiLL B
I
[1o]  caLL ourrur B
¥
< RESTART-’-I‘RUE‘H CALL LINIZER —}—}

No 4—

J13]  cALL ELACON | . :
4
<@l PLoT=-TRUE. >+[is CALL PLOTTER h ’

No &

t1s] CALL CLOCK |
- 4
[17] " caLL BEGIN ]
= —~
fts]  caLL sTiFFn ]
} .
fis|  caLL BcOND |
2
|

l20| CALL SOLVE

'y

Iterational Computations

Incremental Computations

P!
Yo GTER <ITLIMIT >
y NO =

|22! CALL INCSTR

[23] CALL DIECHK

L L) L]

<
[94] CALL TESTDEF
*
ps[  caLL cx.ocx B

SAVE= TRUE AND
<ggaon LLAST NSABST a}"[j CALL STORAGE ]—}
<] “""‘LEN ‘LMA AND e hol CALL PLOTTER H

- poT CALL cHK |

Bt] caLL outruT !

¥
32~ caLL voLumec |

Figure 7.

No *
—<33] ISTOP = 1 >

¢ Yes

[34] caLL orecLo j——6 SToP )

Flow—chart of the restructured main
program of EPDAN
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The subroutine INPUT is called only once in
order to read the data file DATOR.FOR which is
prepared by the DATOR. Mesh generation data calculated
in the DATOR are also read from the DATOR.FOR ( see
Fig. 7 s Box Number & ).

The subroutine OUTPUT is called on where the
printing procedure 1s necessary in the mein program
( see Fig. 7 , Boxes 10, 31 ).

The main program contains seven IF statements in
order to control the flow of incremental and
iterational loops. They are defined with the Box
Numbers 6, 11, 14, 21, 26, 28, 33 in Fig.7 .

Second, arguments in the CALL statements are
reduced to the minumum value in order to simplify and
madify the subprograms for dynamic dimensioning case.
For example, the flow curve subrgutine CALL has the

following forms. The first one is the initial form aof

the subroutine CALL ( see Fig.7 , Box Number 12 ).

CaLl LINIZER( DPHI, PHIMAX, NPHKF, IPHKF, PHKF, KIN )

CALL LINIZER( EA(LIOY, EACLLIZY )
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In the main program each subroutine which is
called with the dynamic array EA(DYN) has different
numbers of subroutine calls. For example, the call
statement for STIFFN with the rnumber 18 corresponds
to the Boxes with numbers 23 to 33‘ in the Fig.7.
These call statements refer to the other subroutines
which are compiled with the files EPDZ2, EPD3, EPD4,
EPDS, EPDG, EPD7, and CLOCK. Subroutine STIFFN
constructs the stiffness matrix.

The subroutine INCSTR is used far the
calculation of strain and rotation increments (see
Fig.7, Boxes from 44 to 52).

The total number of passing arguments from the
subroutine CALL to the COMMON areas are 94 (see
Appendix E).

Modular programming - gives the user ‘more
advantages. If the user is interested in definite
subroutines, it is not necessary to compile the whole
program. Subroutines which have less sgurce lines
gives opportunity for the determination of errors

easily. Declarations and the argument orientations of
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easily. Declarations and argument orientaticns of
EPDAM are all performed so as to be suitable for the
IBM microcomputers. ( For detailed information see

Section 4.3 ).

Lv 3o Fogifigation of E P D B ¥ f{or IBH

i crpoomouiers

Code EPDAN is implemented with the high speed
computer CRAYZ [43. The modification of the code is
done by IBM — AT microcomputer. The name of the
compiler is used is RM—FORT £403 which is the fastest
one of all the compilers available on the market.

During the modification of the code, same
important rules for IBM microcomputers are applied.
The steps for the modification of the program are
related these rules [36,37,38,3%1.

(1) Initialization of all wvariables before

using.

(2) Compilation of the subprograms by the /B

option.

(3) Organization of the COMMON blocks.
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(4) Modification of subroutine CALL statements.

The first step is the initialization of the
variables before using them in Call. statements.
The ervror appears when the array names are used as
an argument in CALL statements without initialization.
The message given by the computer for this type of
initialization error is not a normal cne. It appesars
in message " 1025 INCORRECT DS@RT ARGUMENT " [343.
Dummy érguments, names of constants, function and
statement functions may not. be assigned +to initial
values. All variables are initialized in file
CEOM2.FOR for code EPDAN as mentioned in Section 4.1.

The second rule is used in the compilation of
the program. Arrays which are used in the code have a
data space greater than &4KB. So subroutines are
compiled with the /B option which stands for " big
arrays".

The third step consists of the rules for the
organization of the COMMON blocks. They are used to
pass the wvariables ' real and integer. These are

mentioned below :
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{1) Logical statements are used in the argument
list of the CALL statements. Incorrect }esults are
obtained when they pass in the COMMON statements.
These results can be explained by the description as
mentioned in the IBM Professional FORTRAN references
£36,373. The logical type data declared as a double
precision is not supported. Because the location
addresses of laogical statements .TRUE. and .FALSE. are
mixed up. In order to prevent these types of errors
which come from the logical type of data in COMMON
blocks, one of the following can be used :

{A) logicals can be declared as LOGICAL*1,

{B) logicals can be passed in an argument list

of the CALL statements,

(C) instead of logicals, character type

declaration can be used {411 .

(2) Blank COMMON block may have different
lengths in different program units. Because arguments
of blank COMMON may be omitted in any subroutine if

it is necessary £373. An example for this case is

given. In subroutine SUBI for the blank COMMON
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the last item may be omitted if it 1is not needed
there.

Subroutine SUBZ2 requires the array A(1I00),
the parameter R and instead of array B(30) the two
different blocks D(23) » uasy as seen in the

following program segment.

MAIN PROGRAM . SUBROUTINE SUB1
COMMON//A(100) ,B(50) ,P COMMON/ /§S(100) 5 BL (50)

) RETURN
CALL SUB1
Cal.L Susz SUBROUTINE SUB2

. COMMON/ /A(100) ,D(25) ,U(25) 5R
STOP y
END RETURN

In the subroutine SUB2, U(1l) is eguivalent to
B(26) . Sao dynamic array EA(DYN) is declared in the
blank COMMON block.

Although the variables and arrays in a bDlank
COMMON canmnot be assigned to initial values the
dynamic array is initiélized before the first usage.
When it is not initialized,; an error with the number

1025 appears at the subroutine call statements
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£36,373.

(3) There is an important rule to observe in the
COMMON statements for the IBM cgmputers. It is that
one type of data, real or integer is not allowed to
mix with the other. Note that the order may be

achieved as in one of the following statements.

COMMON/BL1/REAL,REAL , . ... INTEGER,; INTEGER; . ... . INTEGER
COMMON/BLE/ INTEGER ; INTEGER 3 ¢ v s v s v veanseusneeens INTEGER
COMMON/BL3/REAL 3REAL 3 v e s serensvsanearensvennnenssREAL
COMMON/BLG/ INTEGER, INTEGER, ... ,REAL,REAL, ......,REAL

These rules are explained in the reférences. £38,371
widely. They are applied in the code faor the
following areaé 3

(A In the argument list of CALL statements.

(B) In COMMON blocks.

(C) In the calculation of the pointers for the

dynamic array EA(DYN).

{(4) The fourth step 1is the modification of
subroutine calls. In addition to the rule, as
mentioned above;,; in the third step, the Hollerith datsa

can only appear in the argument 1list of the CALL

81




statements. The ervror is seen when Hollerith or
charscter type argument is used in the COMMON
statements . The remaining  -arguments in the subroutine
calls are : dynamic array EA&DYN) with its pointers

dummy arguments ; logical arguments ; character type

data ;3 Hollerith data.
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LHAPTER &

THE IWTERACTI¥E FPREPROCESGOE FOR  THE
ELASTIL - PLAITIC LOBE EPD AW

Most of the tedicus work for the users of the
finite element programs is involved in the preparation
of the inpuf files. The preprocessor helps to the
" user by giving infoermation. The simulation engine or
analysis part of the finite element program works in
accordance with the input data which are generated at
the preprocessor. This fact indicates that a better
preprocessor cammot only save the cost for the
éreparation of the input data but.also vields better
results by giving opportunity to the user for the
modification of the data file interactively.

The interactive preprocessor code DATOR ~is
implemented in modular programming. It has mainly six
modules which are called as MAIN, FIRST, MODIFY,
CRGANIZE, ﬁESH, ISOMESH. Each module can be used sepe-—
rately with the help of- module MAIN. Modular

programming gives to the user following advantages :

(1) Each module has a specific task. This makes
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the program handy.

{2) Modules are developed as independent units
which can be used in many different applications.

{3) Each module can bé modified and rewritten
without affecting the other parts of the code.

The interactive preprocessor DATOR has all these
advantages. Properties of the code DATOR are handled

in detail in the following sections.

5.3, Pescriplien of ithe Inbteracitive Dala Ganarsior

Lode DRATOR

The preprocessor DATOR is implemented in Quick
BASIC language in order to generate the input file of
EPDAN in a easy method, correctly and in a shortest
time.

BASIC has two main memories in order to run a
program [421. The first one is the instruction area
and the second is the data area. Although it permits
64 K bytes %or each storage area ; this amount is

insufficient for large programs in the microcomputers.
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DATOR can reach 153 K bytes of memary Qhen 1t is
compiled. Consequently; for large programs which
require more than 64 K bytes of memory 5 modular
programming must be used.

The program modules of DATOR are implemented
with the instruction storage area with less than 64 K
bytes. Because of this usage,; the whole program is
prepared and compiled in six different modules.

There are two methods to combine the modules.
These are

(1) Subprograms whéch are called by CALL‘
statements. |

(8)‘Program modules which are called by CHAIN
commands.

Each module is implemented with the help of
subroutine célls. The rnumber of subreoutine CALL
statements are very large. As a result of this fgct,
passing of parameters in an argument 1list of CALL
statements can cause difficulties. Instead of

subroutine CALL statements , GOSUB (statement number

of the subroutine) commands are wused. This type of
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subroutines waorks as a local part of the main program.
Hence, each parameter is used only for one type of

process - in each module.

For the implementation of the code, CHAIN
commands are used in one of the following forms, in

order to call the reqgquired modules.

CHAIN "C:MAIN.EXE"™
CHAIN "C:sFIRST.EXE"Y
CHAIN "C:MODIFY.EXE"
CHAIN "C:0RGANIZE.EXE"
CHAIN "C:MESH.EXE"
CHAIN "C:ISOMESH.EXE"

All parameters are passed by COMMON blocks with
the help of dynamic array declaration statements.
Dynamic arrays are declared in REDIM statements.
COMMON block array parameters which are declared in
DIM statements create an error and all values of the
passing arguments are erased. For this reason; all
arrays are declared in REDIM statements before the
COMMON blocks and these COMMON blocks are declared
before each CHAIN command . DIM statements are only

used for the local parameters .



The Quick BASIC compiler does not accept the
CHAIN command with the returning line number as
mentioned in the references [42,43]. Hence, COMMON
statements are used for the declaration of the
returning line number of the program, otherwise
chained program starts from the beginning.

The general execution diagram of the DATOR is
shown in Fig.B. It shows the order of connection
or the chained modules during the execution of the
program.

After the compilation process; a linking library
is chosen as BRUN10O.LIB instead of BCOM10O.LIB. It
provides t;e following advantages [42].

(1) Linking time is shorter.

(2) COMMON and CHAIN commands can be used to
support a system of programs with shared data. But
with the BCOM10.LIB , COMMON is not supported and
CHAIN is equivalent to RUN command.

(3) Compiler - generated code , using BRUN1O.LIB

can be 20 percent smaller than the code generated with

BCOM1O.LIB.
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{4) The BRUN1O.EXE run — time module stays in
memory. Therefore, it does nat need to be reloaded for
gach program in a system of chained programs.

Furthermore, when programs are compiled with
BRUN1O.LIB, all files in use are left ocpen during the
chaining processes. This facility brings more
advantages for the organization of the data files in
the modules ORGANIZE, MESH and ISOMEGSH.

Interactive procedures and computer graphics can
easily be implemented with BASIC language. On the
other hand, the same program can be written by PL/T,
FORTRAN, PASCAL or € language. But in order to write
an interactive menu - driven preprocessor with
FORTRAN, commands of Assembler language can be
activated by the help of byte adresses on the screen.

The graphic card of the microcomputer is not
necessary for the meng — drawing cases. Because all
.the tables are designed with ASCII codes.

In the feollowing sections, the purpose of each

of the modules is explained.
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S, 2 Flodule HKAIN

Module MAIN generates the MAIN-MENU of the code
DATOR to satisfy the chain procedure between the other
five modules (see Appendix D and Fig.8 ). It 1is
the main program of the code. MAIN-MENU has four
choices. By-the help of first two choices » two
modules FiRST and MODIFY are chained to the module
MAIN . These two modules satisfy the interactive data
input pracess. The creation of the input data file is
started by the third choice. The last choice in this
menu is used for stoéping the program execution.

The execution of the program starts upon
writing its name on the screen. The program asks the
user the names of the two filesl The first one is the
input data file which is organized by the user with
the help of module ORGANIZE for EPDAN and the second
one is the temporary file which is used by DATOR. Both
of them have default names as DATOR.INP and DATOR.DAT
respectively.

Main program is exactly 170 source lines and it
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needs 7 K bytes in hard disk (see Appendix F ).
5. 3. Hodule FIRST

Module FIRST for the first creation of the
temporary data file DATOR.DAT'is implemented in order
to read all the data in a constant order. So the user
does not need the main menues in order to record the
whole data.

Temporary data file DQTDR.DAT is prepared with
eight arrays. All of the data—-names and their
corresponding Qalues are stored there. This input
and oﬁtpgt file is a common one fér the whole menues
and it is formatted only once in the module FIRST for
each different file creation process.

The function-Key Menu is prepared in order to
constitute and.usé tﬁe temporary file easily. The
purpose of this menu is as follows :

{a) to repeat the last executed data,

(b) to save all previously read data and exit
from the maodule,

(c) to start the input process in this module
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again (see Fig.%).

1 SAVE 2y INPUT AGAIN 3> START &GAINH

DFFDRHED ELEMENT DATA

Pleass entgr your data 3l

GAVEE ' agaéaag IETARTY
ggéure 9. Function—-Key Menu in the module FIRST

IT the input process is stopped by the help of
choice SAVE at any step of the execution, all the data
names are recorded into the arrays with their
corresponding values.

Module FIRST has 1091 scurce lines and it needs

47 K bytes in hard disk.
S. 4, Hodule HODIDFY

Input data required at analysis or simulation
engine is classified into six kinds ; WORKPIECE-

MATERIAL, DATA-BASE, ITERATION BOUNDS, DIE,
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PUNCH and F.E.M. ( see Appendix D ). The main menu
in the module MODIFY contains these classifications.
This module is implemented in order to modify the
previously pfepared temporary file DATOR.DAT according
to these classifications.

Module MODIFY performs the following jobs:

(1) Drawing of the classification main—-menues.

(2) Facilities of the 3 screen—oriented
menu—driven'input.

(3) Controlling the program ~ between six
main—menues.

(4) Reorganization of the previously stored data
in the temporary file.

(5) Returning to the main module MAIN.

The main menu in this module is the
MDDIFICATiON—MéNU. which contains seven alternative
choices ( see Appendix D ).

The First choice is WORKPIECE-MATERIAL Menu
which has two alternatives. These are defined as

elastic and plastic type data. Plastic type data is a

keyword which is called IFLITY. If this keyword is
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equal to initially assigned value (i.e. ILUDW), ftwo
new data are read. These are the constants of the flow

curve relation which are named CEE and ENN.

c=Ceg 1 (5.1)

where the constants C and n are the corresponding

values of the CEE.and ENN. g is the flow stress, e is
the strain.

Elastic type data is read under the control of
MATERIAL-CONSTANTS Mernu ( see Fig.10 a;d Appendices
A ;nd D ). These are called SKFNULL, EM, PO, SK which
are initial flow stress,; Young’s modulus, Poisson’s
ratio and coefficient of friction data respectively.

The second choice in the MODIFICATION-MEMU gives
the pATA-BASE Menu . The first two choices “RES%ORE—I“
and "RESTART-J" gives the flag;type data. The user
must give the.values of pne for I and zeraoa for J in
order to continue the executioﬁ of the program if
electricity is goes out. The vglues of I and J may
have the Qalues zero and ane 3 in this case , the code

starts its execution from the beginning.
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The remaining choices provide input of the
increments of the forces, boundary conditions,
displacements and stresses. These are called
IDINKF, IDINKV, IDINKR, ;DINKS regpectively {see
Appendices A aqd D ) . Another one is ILMA . It is
the number of increments after a plot-file 1is saved.
INRITEG is the number of increments for the output
generation. |

The third choice in the MODIFICATION-MANU starts
the ITER-Menu. With this menu, seven types of data are
entered . fheyv are the numbers of iﬁcrements and
“iterations which are called LIMVER, ILASTI;
LIMVER1,; ILASTZ, LIMVERZ, ITANL, IHALT (see Appendices
A and D ).

The fogrth choice is the DIE Menu . It consists
of four alternatives. In the ‘first choice , R and zZ
coardinates of the die contour points are entered. In
the second and third choices, ‘the inlet and outlet
radiuses of the die are read as associated with the

names RADA and RADE. The last data is INANL . It is

the number of nodes which msy hit the die.
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The fifth choice is the PUNMCH-Menu. It consists
of four types of input processes. These are ZEND,
IECK, IECK2, ANF. Starting from the first, they are
defined as punch displacement at which computation
\ will cease ;, number of nodes at the end of the punch,
number of degree of freedom for the given punch
velocity and punch increment respectively ( see
Appendices A and‘D ).

- The last data input process in the
MODIFICATION-Menu is the F.E.M.- Menu . The first
choice in this menu is the CONTROLLING-Menu. Flag-type

. ¢
data is processed in this menu. Tﬁese are IHEPSI force
flag and IDENGE self-correcting flag . If the value
aof IHEPSI is given as zero; all forces will be
computed. If the value of IDENGE is given as one .,
self-correction will be done.

The second choice in F.E.M. — Menu gives another
menu which is called as NUM-NODES . With the help of
this menu ;the number of nades in R and 2Z direction
are read.

The third alternative is the element type
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keyward which is called as ITOP.

The fourth one is the INKAQGT. It is the deformed
element number.

The fifth choice constitutes the coordinates of
the nodes with NODES-Menu (see Appendices A and D ).

Controlling of the program between the main
menues is satisfied by the Eunction—Keys Menu which is
defined on the below part of the screen in Fig.10
(see Part B). These eight choices refer to the
subroutines which call their corresponding submenues
;ccording ta the user’s commands and 'requirements.
This menu is implemented in order to satisfy the
cﬁange of the program control from one main menu  to
anaother . At the same time all the input data is saved
in the temporary file.

Module MODIFY is implemented according to the
dynamic array dimensioning. Arrays which are used for
this purpose satisfy the reguirements of the dynamic
dimensioning as in the following.

(1) One common array is used.

(2) Each data name of the arrays is defined by
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its pointer.

(3} Insertion and extraction of the arrays are
considered according to their changing dimensions. For
each data processing 1in the arrays, dimensions are
searched and if necessary; cammon array is upaated.

Module MODIFY hés 1300 source lines. For this
module the required hard disk capacity ig 54 K bytes

{see Appendix F ).
5.5, Hodule OEGANILE

 Module ORGANIZE prepares the input data file of
code EPDAN after a series of processes with the help

of previousiy prepared temporary file DATOR.DAT (see

Fig.8 ).
Module has one main menu which is called
ORGANIZE-Menu (see Appendix D ). All the data

organization processes are controlled from this menu.
There are three types of data files which can be

prepared by the user. They are as in the following :
(A) User oriented data file.

(1) Formatted file.
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(2) Unformatted file.
(B) Automatically produced data file.
(1) Formatted file.

(C) Mesh generation data file.

(1) Formatted and user oriented file based
on isoparametric elements.

(2) Formatted and automatically generated
file based on the quadrilateral elements.

Each data file is prépared by its corresponding
special subroutine or module.

‘Formatted and autométic data generation
subroutines are prepared in order to produce the data
file ﬁn a few minutes. Data file is formatted
according to the predefined formats of the data in
EPDAN. Each data is arranged in the ' input file
DATOR.iN? by matching its value and corresponding'
format in the temporary file DATOR.DAT.

User ariented data files faor unformatted and
'formatted cases are designed according to the
users’ different necessities. These subroutines are

implemented in order to create different typos of
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input files interactively ( see Appendix D ).
Module ORGANIZE has 17 K bytes in hard disk and

it has 80C source lines exactly.
S. 6. HModule HESH

EPDAN has two subroutines for thé mesh
generation process . These are known as GNNETZ and
KONTUR . Subroutine KONTUR [4,5,61 is implemented in
order to compute the R—coordinates of the die faor a
given Z-coordinates on the die contour. Subroutine
GNNETZ [4,5,61 uses the data which are generated by
the subroutine KONTUR. In this subroutine , the nodal
coordinates and element - node correspondence are
calculated.

The transition region of the workpiece is
defined with ghé mesh elements which hit the  die.
For this region ; the R-coordinates of these elements
are taken as smaller than the others.

The weld surface of the die are considered by
the two points which are called inlet and outlet

radiuses.
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Subroutines KDONTUR and GNNETZ generate the
nodesy elements and coordinates in the y — direction.
Mesh elements are gquadrilateral. In order to define
boundary nodes of the workpiece in the three different
regions of the die ; four arrays are used. The first
one is used for the punch which 1is touching the
node numbers of the workpiece along the.y — direction.
Node numbers which are in contact with the three
different regions of the die are stored in the
remaining threé arrays.

These two gsubroutines are translated from
FORTRAN 77 to the @Quick BASIC according Vto the file
conditions of DATOR and it is called module MESH.
In order to create the mesh data autaomatically by this
module, the temporary data file DATOR.DAT is used.

The required input aata for this module 1is in
the following

(1) number of modes in the R and 2 directions
for the workpiece,

(2) R and 2 coordinates of the nodes which are

touching the punch and die,
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(3 R and. 2 coordinates of the four die
contour points,

(4) inlet and outlet radiuses of the weld
surface.

Module MESH has 325 source lines and it needs 8

K bytes in hard disk.
8. 7¢ HMedule IZSOHESH

Zienkiewicz and Phillips [261 have described the
theory and technigues which are related with the mesh
generator based on isoparametric cdordinate system.
They have used the curvilinear mapping of
quadrilaterals for triangular elements. Because the
whaole region in which the mesh is to be generated can
be described adequately by a guadrilateral of the

ishape £25,26,431 with eight master nodes (see Fig.11).

They have described the criteria for general mesh
generation scheme in order to minimize the input data.
This criteria is explained as in the following.

(1) An adequate boundary description.

(2) A facility for describing regions of
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different materials wherever these occcur.

(3) A facility for generating the mesh with
required accuracy of idealizatian.

(4) An adeqguate mesp element description such as
triangular shapes do not lead to numerical 1ill -
conditioning [44].

(5) A numerical system which leads to the best

computational efficiency. 1
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Figure 11. Master nodes on the isgparametric mesh
element

The use of isoparametric curvilinear mapping of

quadrilateral 1is introduced by the derivation of
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special element forms [235,26,431. This allows a unique
coordinate mapping of curvilinear and Cartesian
coordinates. Considering the parabolic quadrilateral
( see Fig.1l1 ), the coordinates of any point j are

calculated by the following formulas (43,431

X =.E Nt(gj’nj) X, (5.2)
val
8

Y = E Ng(gj’ﬁj) Y. (3.3)

The general equation for the shape functions at
all corner nodes is
N, = 1/4 (1+&& Y {(1+gyg, Y{EE, +q4m. —1) (S.4)
4 S " i i

In general , for midside nodes with 5L=O’ it is

N, = 1/2 (1-£%)(1+g7.) (5.5)
and for midside nodes with g, =0, it is
N = 1/2 (1+&&) (1-p%) | ' (S5.6)
The purpose of module ISOMESH is to generate the
mesh data of EPDAN with isoparametric coordinates in

the preprocessor code DATOR. This module is

implemented according to the theory of Zienkiewicz and
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Phillips [241.

Special features of the code are as follows :

(a) Data for the mesh generation 1is prepared
interactively.

(b) Mesh is designed according to the specified
number of element subdivisions which are given by the
user.

{(c) Mesh elements are isoparametric.

(d) Element and node Aumbering direction can be
chosen by the user along the & and 7 directions, in
order to reduce the size of half band —~ width. In the
module , the node numbering'starts from, &=-1 and p=—1
and proceeds along the axes of constant ¢ and 1
according to user’s specification.

(e) Generated mesh is plotted on the graphic
screen in order to check the created  mesh.

All the input data is given by the user. The
number of the types of data is only four. The first
one is "NUMEL" which is the number of superelement
subdivisions and it is used in order to create the

complate superelement mesh. The second one is "NNX"
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and "NNY" which are the numbers of the elements along
& and 17w directions. The third is the & and 1w
coordinates of the eight nodes of the superelement
subdivisions. And the fourth one is "ECO" which
according to the isoparametric mesh generatiogn ;is the
starting node number from the left side of the
superelement ﬁo combine all superelement subdivisions
{ see Fig;la . The 1last three types of data are
entered for each superelement subdivisions or each

different types of element.

I HII 114

(a) SUPERELEMENT MESH (b) REFINED MESH

Figure 12. Generation of a mesh for the workpiece

Module ISOMESH generates the final mesh by
combining all the given different superelement

subdivisions.

In order to prevent the incorrect results, the
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user mustbfollow the following steps :

(1) In order to combine the superelements along
the & and 7 direction,; the last chasen node numbering
direction must maintain cémpatibility with the
previous subdivisions because the program generates
all nodal and element definition information
assoc?ated with the previous element nodal definition
dire;tion. The same node numbers for the combined side
are merged and then deleted.

{2) The user must check fhe generated mesh on
the screen.

(3) The total number of generated mesh nodes
must not exceed 500 because of the limited capacity of
data area in BASIC. This limited number can be
increased if the number of arrays whi;h' are declared
in REDIM sateménts and in COMMON blocks are decreased.

(4) The first starting node number must be 1 .

(3) The & and 7 coordinates on the isoparametric
element must be given in the order shown on the figure

which is drawn on the screen.

(&) The nodes with the numbers 2,4,56,8 must be
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on the midsides of the isoparametric element (see
Fig.11).

In the module ISOMESH node numbering direction
associates with the same direction of element
number ing.

The user should use the shortest direction along
the sides in order to reduce the half band - width
[45] .

B=(d.o.f for each node)Imax |i-j |+ 1 3 (5.7)
where B is thé half band - width.

The mesh plotting subroutine consists of three
main ﬁéfts. The first part blots the. sﬁperelement
mesh. The second section plots the refined mesh on the
superelement. The third is the user oriented mesh
plotting'created by changing the dimensions of the
- mesh by the coﬁmand WINDOW [4273. Meah&ile, the user
tan observe some special parts of the mesh easily.

The last subroutine modifiés the generated
isoparametric mesh data for EPDAN. Each eight node
isoparadetric element is translated to the four nade

quadrilateral mesh element with isoparametric data.
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Element and node numbering system is put in order
according ta EPDAN.

Module ISOMESH has 700 source lines and it needs
20 K bytes in hard disk.

5.8, Deseription ef Lhe Interactive Sieps for Lhe
Preparaltion of the Files

Modules MAIN, MESH, FIRST, ORGANIZE, MODIFY and
ISOMESH are saved with the "A" option such as { SAVE
"MESH.BAS" ;A 1. Because this option saves the programs
in ASCII format. therwise, BASIC saves the file in a
compfessed binary format. élthough ASCII files take up
more space,; they give two opportgnities fo the user.

(1) Programs which are saved in ASCII format can
be merged with the other files.
(2) Programs saved in ASCII format can be read
as data files.
’ The preparation of the data files can be
examiﬁed in two groups. Thevfirst file is wused as a

temporary file “DATOR.DAT®" which is used by

code DATOR. The second one is the resultant
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arganized file "DATOR. INP" for EPDAN. The
following sections describe the preparation of these

files.

5.8. 1. Preparation of the Input and ©Ouipul File
for DATOR

The temporary.file which is used by the code
DATOR is created specifically in aorder to perform all
the data input and outpdt pfocesées in the same file ;
including the dynamic array dimensioning.

In ordér to protect the format of the temporary
file DATOR.DAT during the input and output processes
[424,461s the WRITE command is used instead of PRINT
command. DATOR uses the temporary file as an inpuf and
output file at the same time. Once the file is used as

an input file, in order ‘to. use the same file as
an output file , the input file 1is closed and then
th? same file is opened as an output file as seen in
Appendix F .This procedure is followed continuously
L4731 .

WRITE command has special features [42,446]1. They
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are as follows :

(1) WRITE inserts commas hetween the numeric and
string arrays ( see Fig.13 ).

{2) WRITE inserts quatation marks for the
character type data ( see Fig.13 ).

Temporary file is destroyed when PRINT command
is used in place of WRITE and after this step , the
next INPUT process is cancelled. In module FIRST, the
commas and quotation marks are prepared automatically
according to the order of the arrays (see Fig.13). So
module FIRST must be the first execﬁted module in
the code DATOR.

Each data has a specific address in code DATOR.
These adresses show the location number of the input
data_.in the temporary file at the corresponding
numeric or cﬁaracter arrays. Eight numerical and

character type arrays are used as seen in the Fig.13 .

Each address is defined as
W = N i= 1,2,.. n (5.8)

where W .is the dummy argument for the address, N; s
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the pointer of the last input data from the screen.

"HKAOT"y1,04040, " INKAQT"y "TFLITY", "LUDK"®
'HﬁNL”,c.O 2y 0; THANL®, " ITOP®, "VIER"
PRE® 341420, ITAHLY, ad "

&kssé 7 6113’1“ LT e
“’,O.E? 8 10,575, % "
#%,0,0,8.96641,° ﬁSABST’ au nw
"7,0,0,210. 4,085, "DPHI®, “‘ "
‘”‘0;0 209.8,2, "PHIHAL® “" b
284040y Eﬁ - Ig’IﬁINkF’ o ‘”

) ﬂ.: 4d. 6 1. *IDIHKY, '” B
4 0,0,208, 1. IDIRKR®, ", o
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235 ,0,0,205.8,240, *SKFNULL", “’ "
*¥,0,0,206.2, 210000, °EN", “” o
“’,0;0,805.6,.3,"?&“,““5”’

B8 0, 0,205, .05, 75K, """

5 0,0, 204 4 7&4,’£EE“ B
4.0, 0 203. 8,.8353’EH%’ ”” =a
".0 0 ,203.2,1,"THA®, ’“,"

5.0, ﬁ 202.5,50,°ILHA", "2, 2"
27380, 808 504 “THALT®, ", o
”“,0 9 éﬁi %-1.“IHEPSI’ ““ #a
#9.0,0,200.8,1, " [DENGE", ” s
2% 0, O 200, 8 50, ° THRITEG" ” e
=2 040, 19? 6,4&, ZEND", "7, o
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na‘a’Q’0!7.5!sacs!uasas
”’;3,0 0,194 136, 7ZC% 7"y "0

,0 o! -J aRDs LL vn
”,D;0y8,192 lﬁég'ZD‘ BB

204 0,040,8.966, °RA", ’“ v
5%,040,0,230, "ZR", %%, o
B";ﬂxﬁ;ﬁ;SgaRﬁﬁhn ns 84
“”,6 02013, "RADAS, "%, jes
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= 040,0 Eﬁ,’lzh' ",’"
",856,0523’LIHVER”,’“,”’

"% 0y 040, 2y " [LASTL® A" 2
"”;O,U,Q;I-’LiﬁV€nl’ ““ .
“’.Q;O 4,3,"1LAST2", “‘ o
’ ,G;Q Gs1," LIﬁVEEE’ " =

< 2040, 0 &, PTECK® 2" ”“
’“aG;O O IE,“IEC?Q“ ‘” e

L 20 4, 0 0 ﬁ e sn‘ns

Figure 13. Temporary data file DATOR.DAT

So using the W values, reguired file organization

processes are activated by the user interactively. The
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START
C Module MAIN )

Input the names of the
data files

) N et

LN

2 Use Menu — MAIN

-
b 2

3 Choose type of input process
Module MAIN

1

; Interactive input processes
! Module FIRST [
4 Module MODIFY

s 4 - NO
nput process is !
< complated ’

YES

Loop for Input Process

4
6 Use module ORGANIZE

‘ A NO NO
» Choice :
7 § Choice : Data Generation MMesh Generatioh>"’_"
= 3
2 § vEs [ YEs
= “FILE ORGANIZATION <
£ 3 8 ~Free formatted 122
o ~Farmatted 4K
o —Formatted and automatic =c
= b 8
i
Module MESH
10 Module ISOMESH

op
Modﬁ?; MAIN

Figure 14. Flow — chart aof DATOR for the preparation
of the.resulting data file
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last four arrays as seen in the Fig.13 are arranged by
this method. The first four arrays are filled up by

the dynamic allocation during the process.
5.8.2. Preparation of the Input File for EPDAN

The resulting data file which 1is prepared by
DATOR is the.input file for EPDAN. It can be prepared
by one of the following first three methods.
- (1) Interactively generated free - formatted
data file.
(2) Interactively generated formatted file.
(3) Automatically generated formatted file.
(4) Qutomatieally generated formatted mesh data.
(3) Interactively generated formatted mesh déta.
These five types of data can be activated in
module ORGQNIéE (see Appendices A and F ). The last
‘two methods gen;rate the mesh data . Mesh data can
alsc be added to the end of one of the first three
data files by the help of menues to form the resulting

input file (see Appendix D ).

For the first two methods, two special



subprograms are implemented for all kinds of files.
The first subroutine performs the  following
interactively :

(1) For each new input data name which is given
from the screen, the corresponding data value is found
from the temporary file (see Appendix D ).

(2) Numerical and character type data are
arranged into the their numerical and character type
matrices.

(3) The sizes of the processing arrays are
calculated and their values. are stored in
the corresponding locations of anotherQ matrixf This
matrix can be calculatéd as an address matrix.

(4) Locations of the oriented data are entered
with the indexes I and J by the user. Because values
must come, in & particular order in the data file
Resultant input file is produced line - by — line , in
the row order. This process is repeated for each data.

After these procedures , the second subroutine

is called. This subroutine mainly performs the two

operations.



(a) Data which are located in the matrices are
determined according teo their type. At the same time,
the indexes which are the pointers of the data are

found.

{b) Then, according to the determined indexes
and data s carresponding format 1is found by the
searching process.

During these procedures file: formatting
commands are used £48;46,#7J. And then the data 1is
printed on the opened file DATOR.INP (see Fig.8).

Up to this step only one location data .is
processed fro% matrices. For the next data, the second
column in the first raw is read. If it is not empty
the same procedures are repeated. These processes
continue up to the last index of the matrices.

Automatiéally generated and formatted data file
is organized by another special purpose subprogram. In
this subroutine the formats of each data is assigned
directly ( see Appendix F ). All the preceding
steps which are followed are performed automatically

in this case.
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CHAPTER &

APPLICATIONS

As the creatiagn of the files requires some basic
steps to follow, the user of EPDAN first prepares the
necessary input file when using the interactive code
DATOR. Then related data suitable for the extrusion
process is executed by EPDAN. Later fesults are
plotted. In order to compare the two different types
of mesh data, the writer runs the isoparametric mesh
gegerator program . Finally EPDAN is executed for the

resulting input file.
6.1, Applicalion ¥Wih Dala Files of DATOR

Resulting input file is prepared after basic
steps . fhese main steps are summurized in Fig.14.

Module MAIN starts the execution of the program
DATOR (see Appendix D). In this module two types of
instructions are performed. They are defined with the
box numbers 1 and 2 in Fig.l4 . According to the
users’ desire one of the modules FIRST or MODIFY is

executed for the interactive input process. These are
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Plsass enis

> GCREEH BRIENTED DaTA PREPGRATION

> ISOPARAKETRIC MESH DATA
» RETURN TO BAIN-HODULE

AUTORATIC HESH BaTA

your chalce F¥iriidis

#> ADD RESH GEMERATION DATA 1O
BATOR.INP AUTOHATICALLY.

B> RETURR TO ORGAMIZATION-HENY

ENTER YOUR CHOITE 2337

. PLEASE EWTER

1) THE HANE OF THE KEY DATA

£) LOCATION BUMBERS IR THE DATA FILE

I, 1
12 ¥
71,11
15 SAVE 2> INPUT ABAIN 3> STERT ABAIN
1gER Al IPIARTY

Figure 185.

Input processes by

(a) ORGANIZATION-MENU

(b) MESH-MENU

(c) screen oriented case - MENU
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TEST DATA FOR DIELESS EYTRUSION § x 19 ELEAENTS 29/07/193%

i
£.00u04
i 1 :
250,000 210000.5  0.3000  0.0300

& 2 )
9.96 199.800 . 7.500 194.135  7.500 192.136  6.9%4 230.000
3.0000  3.0000
0.000
2.0000
4.0600
6.0000
8.0000
8. 9640

2104000

209.8000

207.2000

208, 6000

208.0000

207.4000

206.8000

20,2000

£05.4000

£05.0000

204.5000

203.8000

203,000

202.6000

202.0000

201.4000

2008000

200,2000

1996000

199,000

13 1

g 2
& 12 -0.04900

.Figure 16. Input file with
(a) formatted and withogt‘mesh data

TES?&B&T& FOR DIELESS EXTRUSION 5 x 19 ELEHENTS 29/07/1949

50

fog 1

0.02500  2.00000

R U

240,000 210000.0  0.3000  0.0500
LUDK

708,000 9.235

P55 11
VIER 50 50.00000

52

8.956 199,500 7.500 196135 7.500 195.136  8.9%  239.000
3.0000  3.0000

3.050040
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8.9640
210.4000
209.8000
209.2000
208, 4000
208.0000
207.4000
205.8000
20a,2000
203.5001

- 203.0000
£04,4000
2038000
203.2000
242, 6000
202.0000
£01.4800
200.80600
200.2000
199.4000
13?.60@?

g
& 12
210.4 0
210.4
210.4
21,4
210.4
21,4
209.8
209.4
£09.8
243.4
209.49
209.8
209.2
209.8
£09.2
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& BXD oy O g PV oo Q) oy €6 g TR @ <4
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8
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o+

~L¥
o~
T~

RADIAL COORDINATES

AXIAL COORDIMATES

i3
-3, 04040

CODRDINATES OF THE NODES
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164 105
165 104
105 147
107 108
169 110
119 111
11 (12
12 113
13 114
115 fis
16 117

7%
100

104
142
1t
103
106
107
108
119
1931
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U117 1 1
112 118 119 113
13 117 130 11

42 HODE HUHBERS BHICH ARE
48 TOUCHING 10 THE DIE &7
34 THE FIRST REGION OF THE
& HORKPIELE

114 RODE HUMBERS WHICH ARE
{26 TOUCHINE TO THE DIE AT
THE SECOMD REGIGH

HODE HUMBERE HICH ARE
TOUCHING TO THE PUNEH

T o R e B G S e B e Ly e gy S g 838 oy 38 ey 43 g €2 oo W

. ,
HUHBER OF WODES BHICH GRE TOUCHING  WUMBER OF HODES

T8 THE DIE 4T WHICH ARE TOUCHING
FIBST,  SECOMD , TWIRD REBION 7O THE FUiCH
i t 8

Figure 16. Input file with
(b)) formatted and with mesh data
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summarized in Fig.l14 with the Box Numbers 3; &, S.
After the input data process 1is completed; file
organization part of the module ORGANIZE is started
{ see Fig.14 and Boxes &, 7, 8, 9, 10 ).

Module ORGANIZE generally performs twe types of
processes . These are data and mesh generation
processes (Boxes 7, ?). All the choices of_this module
are included in ORGANIZATION-MENU as seen in
Fig.15 (a) .

In order to perform the first three alternative
choicgs in this mgdule, DATOR uses the temporaray file
(see Fig.13 ). For the last case of organization
process (choice " D " ) , the user gives all the
required data from the screen instantaneously during
the running of the module ISOMESH.

Using the test data which is declared in
Appendix A, the first alternative of the menu (see
Fig.15 (a) ) prepares the déta file automaticaily in a
few seconds. This data file is the first main part of
the resulting input file of EPDAN as seen in

Fig.16 . In order to complete the input file , the
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third choice " C " must be used. This process is
summurized in Fig.15 (b)Y . After this process ,
the resulting file is generated (see Fig.146 (b) }
in the free faormat .

Screen oriented data preparation is started by
the choice " B " in this menu ( see Fig.15 (a) ). For
this case the necessary input steps are as follows :

(1) Input the title of the data file (see
Apﬁendix D).

(2) Enter the number of data type to put  in
order.

(3) Proéess the screen commands to put in order
the data in the file interactively ( see Fig.15 (c) ).

Far the third step, the user must follow the
three types of input process for ea;h data. These are
explained as iﬁ the following :

(a) Enter the name of the data

(b) Define the location of the data in the input
file . This is performed by the location pointers
which are declared with the indexes I and J. The user

can arrange his data file by using the indexes of a
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0
n
12
13
14

15

16

J-—-.'

[ 2 3 4 5 7
INKAQT
INANL ITANL
I J NSABST
DPHI PHIMAX
IDINKF | IDINKV | IDINKR |IDINKS
SKFNULL | EM PO . SK
IFLITY
CEE ENN
IMA ILMA IHALT  |THEPST | IDENGE
1TOP IWRITEG | ZEND -
IX IY
RB 7B | re ZC RD 2D RA ZA
RADE RADA
RK
ZK |
LIMVER [ ILAST1 | LIMVER1 ILASTZ.. LIMVER2 |
IECK IECK2 ANF
Figure 17. Order of the data names for screen —~ oriented

file organization-
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TEST DATG FOR GIELESS EXTRUSION § X 9 ELEVMENTS 29%/10/1%8
I R G b}
U VI U N I
SN T U R U
A28 2 0 3 ¢ ¢ 6 0 9 2@
1S U S St B LU IR
24G 210600 3 W05 4 0 0 D 9 9
teH e 6 ¢ 0 0 9 0 0 ¢
0% .23 0 00 % 0 0 0 % 9
1 56 S50 11 6 & 6 09
JIER 30 36 9 4 8 % 4 6 ¢
6 86 0 % ¢ 6 0% 09
3.946 195.6 7.3 194,154 7.5 192.135 8.96% 230 9§
330400009400
§ 6 0090000 90 ¢
2000000000
5 04 9 0 90 0 0 0 0
8 9 6 0 0 0 4 0 0 0
8 080 ¢ 40009
8.3 4 0 9 04 0 04 0 0 @
20,4 0 0 0 0 0 9 0 0 ¢
202.8 6 00 0 0 0 0 0 0 O
29,2 ¢ 0 0 0 0 & g ¢
208. 0 0 O 0 O 0 0 DD
W8 0 0 9 0 0000 D
P VR VR VR I R I
2068 ¢ 8 0 0 ¢ 0 0 § ¢
g6.2 G 0 2 0 0 0 0 0 0
20,6 0 0 0 0 0 0 0 G &
803 06 00090 09 0
2054 0 0 0 D 0 0 O D O
203.8 0 6 0 0 0 0 0 D 0
ﬂSE 990090899
22,6 0 0 0 0 0 0 0 0 O
g2 4 ¢ 0 0 ¢ 8 0 0 0
got.e 0 6 ¢ 0 G 0 0 0 B
260.8 0 ¢ ¢ 0 0 0 0 0 O
06,2 0 0 0 0 0 0 0 & 0
9.6 & 0 0 G 8 0 0 0 D

17

P? 0 ﬁ b G 9 6 ¢ 00
[ i ¢ 9 9

6 ig - ﬁ% 4 0 § G 4 ¢ 4

G

TEST DATA 29/10/1987 UNFORMATTED AND SCREEN ORIEWTED CASE
910190900000

035 2 0 0 50 600 0

P4 240 210000 .32 0 6 0 O O

05 1 1 &-.04 0 0 0 D O

7% LB 0 0 0 0 0 9 0 0

YIERD 0 6 0 0 0 8 0 ¢
o 0 0 09 0 0 0 0
U
3

vy

O oy O 2 TU gy
-
<
o S m‘-‘-"mot
P -
oe::"—""caﬂc.m
oo,

3

o~
DofaSa

PP Rl g
oS
ST oS

g

]

o
9

TEST BATA E?!;ﬁfi98§ FORMATTED AND SCREEN ORIEHWTED CASE

9
g, Qcaﬁﬁ 2.000040
1 1 240,000 210000.0  0.3090
6.0500 I 1 & -0.04000
704,000 §.23%
Y1ER
LupH
0.0000
2.6000
4,0004
6.0000
8.0000
5.944%

Fzgure 18. Test data file

(a) of EPDAMN for unformatted case

(b) for unformatted case
{(c) for formatted case

128




matrix. For example the test data of EPDAN ( see
Fig.(a) ) has the data name ordér as shown in
Fig.17 .

(c) Use the function-Menu . Each screen process
can be repeated from the beginning or for the same
data by using this menu. The third possibility is the
stopping of the process at the end of each screen
process. The user must use the enter key in order to
continue its’ ﬁrocess.

"EPDAN has fifty-three types of data names. Some
of them are arranged in the matrix form as shown in
Fig.17 for the test data which is given in Appendix A.

FORMAT-Menu is used after the comgletion of data
arranging process (see Fig.15 (d) ). If all the data
of EPDAN is entered from the screen the formatted case
ﬁrepares thel file as shown in Fig.16 {a) .
Unformatted file organization choice prepares the file
as shown in Fig.18 (a). By changing the orientation
of the names of the data , different +types of data
files can be created. For an example , 21 types aof

data of EPDAN are arranged in a different orientation
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as seen in Fig.18 (b)) for unformatted case and

formatted case as in Fig.18 (c) . For this example

the order of the data  1is given in Figure 19.

—
[ v 2 3 4 5 ]
- :
I |1} || InkAOT I J NSABST
l 2l fopHr . | PHIMAX
3 ’IDINKF IDINKV | SKFNULL | EM PO
4 SK IDINKR | IDINKS | IECK ANF
s| | cee. ENN
6 ITOP
7 IFLITY
8 RK
|

Figure 19. Order of data names far the sample data
Isoparametric me%h data préparation has the

following commands on the screen :
(1) Start the program ISOMESH.

(2) Enter the number of superelement domains in

the whole domain.
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(3} For each superelement mesh generation
procedure user must follow the faollowing commands
orderly .

(a) enter the number of elements in the
X—direction ,

(b) enter the number of elements in the
Y—-direction,

(c) enter master nodal coordinates KSI and
ETA with respect to the X and Y coordinate system of
the whole daomain ( see Fig.20 ),

(d} input the first starting node number af
this domain with respect to eight nodes isoparametric
element.

(4) Change the ranges of the screen fto plot the
mesh for different dimensions.

w The thirdjcase' is repeated aécording to the
number of superelements in the whole domain. The first
starting node number must be determined correctly. If
ane of these numbers is given incarvrectly,; the user

can notice this situation on the plotted mesh. Several

types of isoparametric mesh data faor EPDAN and their
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Figure 20.

Ispoparametric master element and their
coordinates
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Figure 21.

Extrusion process by EPDAN
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corresponding figures are given in Appendix G.

. = Test Bun fTer the Sisalastion of Hetgl

Ferming Proocesses

Extrusion is one of © the most important metal
forming process. For fifty increments, the results
which are qbtained by EPDAN are plotted (see Fig.2i).
The test data is given in Appendicesvé.

For the given datay; the initial force value is
found as S.1 KN. and after fifty increments are
completed, the punch is pushed 2 mm. Then the wvalue
of the fofCE'reaches to 29.6 KN (see Fig.22). The
slope of the force displacement graphic depends on the
internal pressure [5,863. Coefficient of Tfriction is
taken as constant for the simulation of EPDAN. Results
which are obtained by the finite element method have
the numerical vibrations as seen in Fig.22. The
range of the vibration can be explained by the number
of mesh elements which are used. Because of the using
method in use, seperation of the volume into a number

of elements causes the seperation in the boundary
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conditions. So the periocd of the numerical vibrations
.corresponds to the wideness of the mesh elements.
Consequently, vibrations can be decreased by
increasing the number of elements in the mesh [3,63.

The computed radial and axial force values are
plotted with respect to the node numbers (see Fig.
23, Fig.24, Fig.23). Maximum axial force along the
Z—directién is. located on the node numbers one toc six.
Node number four carries the maximum axial force
with the value -8426.23 N. Considering the radial
force verses node numbers graphic Fig.24, the radial
forces have zeroc values at some nodes. Because these
nodes are located on the esdge of the workpiece where
the punch is pushing.

Nodes which are contacted with the die have the
axial and radial force values as seen in Fig.23,
Fig.24, Fig.25. Other nodes have zero axial and
radial forces. Nodes 102, 108 and 114 which are
located on the transition region are loaded with the
second maximum axial and radial force region.

Stress distributions, which are shown in
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Fig.26, Fig.27. and Fig.28B ) are plotted for the
axial distance of the workpiece. High magnitudes of
axial compressive stresses occure in the core of
the workpiece ( see Fig.26 ) . Surface layers of the
workpiece which touch the die have tensile radial
stresses.In the same region in the core, compressive
stresses are formed . This region is located between
the distances 200.4 mm and 202.0 mm ( see Fig.27 ). In
Fig.28 tangential stresses in the surface of the
workpiece are tensile while #hey are compressive in
the core between the distances 200.3 mm and 201.5 mm
in Fig. 28. Radial and tangential stresses fo} the
care and surface regions have the same values at the
end of the workpiece.

Cold extrusion processes are used by Tekkaya
[4,5,61 in Drder to control the quality of products by
the determination of residual st;esses ahd these
stresses have values much larger than the vyield

strength of the material.
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8. 3 Test Run fer Ispoparametric Mesh Genecration
Frogram

Application results of the module ISOMESH for
the solution of EPDAN are plotted and they are shown
in Figures 29, 30, 31 and 32. For fifty incremental
sclution, test data which is given in Appendix A
is used. For the test of isoparametric mesh program ,
instead of quadrilateral mesh data , isoparametric
mesh data is used.

Isoparametric mesh data is generated with DATOR
according to the given coordinates of the die for two
regions ( see Fig.23 ). For the first region 885 and
for the second region of the workpiece 10 mesh
elements are generated separately. Element numbering
direction is chosen as R and node numbering direction
is specified iﬁ the counterclockwise direction. These
are the basic characteristics of the mesh data which
are prepared automatically by the module MESH. For
test data R and 2 coordinates of the nodes are
generated with equally prepared spaces . But in the

criginal test data of EPDAN , one transition region is
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specified for the elements which are touching the die.
In this region; R coordinates of the center lines of
the elements are 0.41 am smalier than the isoparamet-—
ric mesh data of EPDAN. Differences in R coordinates
for the elements touching te the die and in the core
are plotted as shown in Figure 32. Maximum differences
in the ﬁore are appeafed in the elements with numbers
1, &, 11, 146, 21, 26, 31, 36, 41 and S51i. The
determined difference is 0.103&6 mm. For the elements
36, 61, &6, 7i the difference is 0©0.1035. Minimum
difference is seen in the element with number 9;.
Ac%ofding to4these differences stress distributions

show discriminations. Maximum difference in the r

<

elements which are touching ‘the.'die cccurs  in  the
.element 70. So for this element fadial stress is equal

to 232 N/mm® and 137 N/mm® respectively for the
MESH and ISOMESH data (see Fig.29). és seen in
Figure 30 mesh glements in - the core have the sanTe~
akiél stress values becagse of the small magnitudes of

the differences in the radial direction.
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Consequently except the radial difference
effects , the same stress distributions are determined

for the mesh elements of the workpiece.
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CHAPTER 7

CORCLUSIONS AND SuUEMaRY
Fe i Discussion

Finite element programs with preprocessors are
summurized in Appendix C. Interactive programs and
and interactive preprocessors together with the finite
element method are explained in -Chapter 2. The
interactive computer code DA%DR is implemented by
utilizing the knowledge and procedures given in
Chapter 2 and Appendix C. The description of the
preprocessor and data processing facilities is
explained‘in Chapters S and &6. As mentioned before,
modular programming is the best method to implement
the large programs. Modules of the interactive
preprocessor are explained ;n Figure 8. In the same
ways; menues and their procedures are explained in
Chapter 5 with Figures 8, 13 and with the menu list of
DATOR in Appendix D. There are two ways in order to
combine the modules. These are the usage of subroutine

CALL statements and CHAIN commands. In this code »
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CHAIN commands are used in order to determine the
required fastest execution and usage of the parameters
globally. In eachAmodule, using parémeters has only
one kind of process and this gives +the user the
easiest control for the execution of the program. All
function and sub menues are prepared by this methad.
The preparation of data files is explained.ih Chapters
S'and‘é. The user of EPDAN can prepare the input file
in 15 seconds automatically if the teméorary file
is prepared initially. %his 'temporary file ( see
Figure 13 ) can bé changed any time by using the
menues . Affer this step , resulting formatted input
file is prepared correctly . Besides this facilty ,
different types of formatted and unformatted files can
be prepared according to the user’s needs . These
f?leé are explained in Chapter 6 with Figures 13,
16, 17, 18, 19. Figure 14 expresses the order to
prepare an input file complately.

Interactive preprocessor is written in BASIC. It
has some disadvantages in usage. Finite element code

EPDAN has been implemented with FORTRAN 77 language.



But its’ preprocessor has a different computer
languége. Sa there is not any continuous flow of
execution between these two programs. In order to
start EPDAN after the preparation of input file a
different job is required. Programs which are written
in Guick BASIC have some difficulties. One of them is
the limited -capacity of the data and instruction
memory areas. These areas are limited with &4 K bytes.
This amount is insufficient for large programs chh as
DATOR. Because aof this limited capacity of the memory
areasy; dimensions of the arrays and number of using
parameters creates undesirable effects. Dimensions
which are opened as dynamic , cover more space th;n
static dimensions. As a result of this limitation, in
module ISOMESH-, locally using ar}ays and matrices
is opened in the static form ( see Appendix F ) .
The third disadvantage appears in the assignment
statements. For example , if the parameter E is
assigned to the different numbers in the same module ,
parameters are mixed and incorrect results

appears at the end of the execution. The fourth



disadvantage is seen in the preparation of data file
because of the types of the numbers. If real numbers
with one digit and zero decimal peoint are input ,
for the printed case the integer number is determined.
Such as the real numbher 1.0 is printed as 1 in the
data file. Real type READ statements of EPDAN cannot
read the integer type data. Thefe are aonly two methods
to OVEtcdme this difficulty. The first one is the
replacement of -the all .integer and real type input
data commands by character type data inputs. As a
result of this process, data values can be printed to
the data file with their correct decimal points. But
in this case the preparation of different types of
formatted files is impossible. The second method is to
use free format input ;tatements fﬁr the real type of
data in FDRTRAN program. 'The fifth disad;antage
appears during the locading of the code into the memory
space of GW-BASIC. All modules with BAS extension
cannot be loaded into the memcfy at the same time. In
order to make this ~possible 4 modules which have

smaller than 64 K bytes memory are loaded. After the
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usage and compilation steps, the module is removed
and another one is copied frem the disk. Besides these
disadvantages, BASIC is the more powerful langgage to
write an interactive program with graphic
capabilities.

Mesh generation procedures are explained in
Chapter 2. Isoparametric mesh generation program
ISOMESH is based on the isoparametric coordinate
system denoted by Zienkiewicz £261. The whole region
is divided into superelements and for each
superelement four different types of data are entered.
These are number of elements in X and Y directions,
element and node numbering directiorn, eight
coordinates of the superelement and starting node
number. These are explained in Figures 11, 12 and Z0.
At the end of the process,; module ISOMESH converts the
isgparametric element and node correspondance to the
guadrilateral mesh elements for the three regions of
workpiece. The program has some limitations. The fTirst
one is the limited conversion region which is declared

as three for the workpiece of EPDAN. The second
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limitation can be seen because of the limited capacity
of data space of BASIC. This pregram 1is written in
BASIC because it is included 1into the interactive
BASIC code DATOR. The program can generate 3500 mesh
elements. As mentioned before, this numberv can be
increased by decreasing the dynamic arrays in the
software ( see Appendix B ). The last one can be seen
when the shape of the workpiece has discontinuities.
Methods in order to determine an increase faor
the speed.of EPDAN throughaut the modification are
explained in Chaﬁter 4. Modifications are ekplained
with the flow-chart in Figures 6 and 7. Increase in
speed is obtained by wusing the COMMON blocks and
dynamic array dimensioning in the whole program. As a
result of modifications three minutes are gained from
the total execﬁtion time ( see Table 1 and é ).
Results of EPDAN are plotted 1in Chépten 6.
Discretization property of finite element method
causes the vibrations in +the force - displacement
plot ( see Fig.22 ). EPDAN does not use a constant

coefficient of friction and slope of this graphic
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depends on the internal pressure. All these properties
affect the results of the graphics. Element node
connection on the workpiece for the tgst data 1is
denoted in Figure 23.‘According .to the Figures 24,
25 nodes with numbers 84 and‘ 20 have the maximum
tensile forces and nodes 96, 102, 108, 114 and 120
touching to the die have the maximum compressive
radial forces. Maximum tensile radiaL s tangential
and axial stresses are located on the elements
with numbers &5 and 70 as shown in Fig.26,
Fig.27, Fig.28 . Maximum compressive stresses "are
éstablished on the elements with numbers 66, 71, 76 .
These elements are located in the core of the
workpiece ( see Fig. 26, 27, 28 ).

Isoparametric 'mesh generation data results are
compared with the quadrilateral mesh data in Chapter &
with Figures 29 30, 31 and 32. O0Original mesh
generation code MESH has a transition region between
the die and workpiece for the elements with numbers

5,10 .. to 935 ( see Fig.23 ). Module ISOMESH data does

not have any transition region . Radial coordinate
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differences between the two mesh data are 0.41 mm

and 0.1036 mm for the r_ and r, mesh elements

.

respectively. Maximum coordinate difference is seen aon
the element with number 70. As a result of this
radial difference ; stress distributions on the
element 70 reaches to maximum as seen in Figures 29,
30, ‘31. Radial differences of the mesh elements
for two different types of mesh data are plotted in

Figure 32.
T e Conciusions

In this study, interactive preprocessor computer
code is implemented for the finite element code EPDAN .
In addition to this study ; modification of this code
is performed in order to gbtain an increase in the
speed of the program by using dynamic dimensioning and
COMMON blocks for IBM microcomputers.

The preprocessor DATOR consists of six main
" modules. All modules are interactive. This opportunity
gives the user a large flexibility in order to prepare

special and different types of programs. Madules are
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compiled and linking between them 1is satisfigd by
CHAIN commands in the shortest time. Each module is
developed separately so that eéch one 1i1s developed
independently,from each other. Interactive data input
facilities are performed with the help of menues.
Error mesgages are given for the special cases in
order to stimulate the user. For each type of data,
a separate menu is prepared. The main pyrogram or
module MAIN contains MAIN MENU and this menu combine
all the other five modules here. Q11 arrays in the
modules are organized accoerding to the dynamic
dimensioning concept. As a result of this application,
dimensions can be changed interactively in an
automatic procedure. Organization of the input files
and generation of mesh data for guadrilateral or
isoparametric - cases are controlled in the module
ORGANIZE. Modules FIRST and MODIFY are prepared
according to the needs of the user of EPDAN.
These modules include the data types of EPDAN.
Besides, the same code can  be used with the

other finite element programs by changing the
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declaration statements and data names in the software.

Plot results of the isoparametric mesh generator
program ISOMESH show that it is a more practical one.
Number of elements; node numbering direction , shape
of the workpiece, coordinates of the superelements can
be changed interactively. The program sketches the
generated mesh on the graphic screen in order to check
the results. Original mesh program MESH generates the
mesh data for quadrilateral elements automatically.
Many finite element programs have not their special
interactive preprocessors as seen in Appendix C. Code
DATOR covers the interactive preprocessaor deficiency
of the finite element praogram EPDAM.

\

Restructured code of EPDAN permits the users for
further improvements on the code easily. Dynamic
dimensioning feduces the execution time and gives the
user an automatic control of the dimensions of the
arrays. In order to increase the speed of the code 3
ninety~five subroutine CALL parameters are arranged

in a singlé COMMON block. Main program is formed in

terms o©of subroutine CALL statements. Moreover ’

160



dynamic array dimensioning is wused in the code.

Consequently, gaining time is three minutes .
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Appendix A

INPUT DATA CARDS AND TEST DATA FOR

EPDAN

I1A(72) : Title of the process.

(="TEST DATA FOR DIELESS EXTRUSION 3X19 ELEMENTS
20/10/71989") :

iNKADT :Number of the extremly deformed elements.

INKAOT = O

NKAOT(N): If number of extremely deformed
elements is not egual to zero, number
6f the elements.

NKAOT is omitted.

INANL  : Number of the nodes which may hit the die

INANL = O

ITANL : Number of additional iteration for

the increment after the hit.

ITANL O

Il

NANL(N) : If number of nodes which may hit the die
is not equal to zeros node numbers .

NANL(N) is omitted.

I : Restore—-flag (Restore = 1).
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8. J : Restart-flag (Restart = 1).

?. NSABST : Increment for restoring.
NSABST = 1

10.DPHI : Increment of strain.
DPHI = 0.025

11.PHIMAX = Magimum strain.
PHIMAX = 2.0

12.IDINKF Forge increment.
IDINKF = 1

13.iDINKV >:'Increment for the boundary conditions.
IDINKV = 1

14.IDINKR : Increment for the displacements.
IDINKR = 1

15.IDINKS : Increment for the stresses.
IDINKS = 1

16.5KFNULL : Initial flow stress.

SKFNULL = 240. N/mm?®

17.EM :'Young’s modulus.
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EM = 210000 N/an’

18.P0 : Poisson’s ratio.
PO = 0.3

179.5K : Coefficient of friction.
SK = 0.03

20.IFLITY : Keyword for the flow curve type,

( s = C*E**N ).

IFLITY = "LUDW"
21.CEE : Constant ( If IFLITY is equal to ILUDW).
CEE = 704

22.ENN : Constant ( If IFLITY is equal to ILUDW ).

ENN = 0.235

23.1IMA : Plot-flag (=1 plot file will be saved).
IMA = 1
24.ILMA : Number of increments after which a
plét—file will be generafed.
itMa = 50
25.IHALT : Number of increments computed.

IHALT = 350
26.IHEPSI : Flag for computing all external force

values (=0 all forces will be computed).
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IHEPSI = 1
27 .IDENGE : Self-correcting flag (=1 self correction

will be done).

IDENGE = 1
28.1T0P : Keyword for element type.
1TOP = "VIER"
29.IWRITEG : Number of increments for ocutput

generation.
IWRITEG = 30
30.ZEND : Punch displacement at which computation
should cease.

ZEND = 50.0 an

31.1IX : Number of nodes in R-direction.
IX = 67

32.1Y . : Number of nodes in Z-direction.
1y = 20

33. RB,ZB,RC,ZC,RD,;2ZD;RA,ZA. ¢ R and Z2 coordinates of
the die contour points

A ; B;C3j; D

ae

RB

h

8.264 um s ZB

fl

199.6 =wm 3 RC = 7.5 mm

ZC = 194.136 mm 5 RD = 7.5 aw s 2D 192.136 ww,
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R = 8.964 ww s 26 = 230 ww.

34 .RADE : Imnner radius.

RADE = 3.0 uw

35 .RADA : Qutside radius.

RADA 3.0 wn

It

36.Rk(N) : Radius of the node rows.

RK(N) = (0.0, 2.0, 4.0, 6.0, 8.0, 8.964) am
37.2K{N) : Axial coerdinates of the node columns.
(210.4, 209.8, 209.2, 208.6, 208.0; 207.4,

206.8, 20&.2, 205.4, 205.0, 204.4, 203.8,

203.8, 202.6, 202.0, 201.4, 200.8, 200.2,
199.6: 197.0) nwm ’

il

ZK (N

38.LIMVER : Basic iterations per increment.

LIMVER 2

it

37.ILAST1 8 Number.of increments with extra
iferatibns at the begirmming.
ItasT1 = 2
40 .LIMVER1 : Number of extra iterations.
LIMVERL = 1
41.ILASTZ : Number of second increment with ’extra
iterations.

ILASTZ = 3
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42 LIMVEREZ : Second extra iterations.

LIMVERE = 1

43.1ECK : Number of the node at the end of the
punch,
IECK = 1
44, TECKZ : Number of degree of freedom of the
given punch velocity.
IECKZ2 = 12
43 . ANF : Punch increment.
ANF = -0.04
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Appendix B

FIKITE ELEMENT HMETHOD FORMULATIONR

A finite element analysis of a deformation

leads to an approximate soclution [321. In two

dimensional problems two types of approximations can
be seen :

(1) approximate solution to a given partial
differential equation,

2) approximation of the domain by a suitable
finite element mesh .

Finite element method considers the displacement
of only a finite number of paints 0; nodes of the
damain. In metél forming processes workpiece is parti-—
tioned into finite number of elements by. using the
mesh genération programs. The required values may be
found by the interpolation'between the nodal values of
the function. Finally, stress continuity and force
eguilibrium equations are used to construct a system
of equations in order to describe the behaviour of all
nodes.

Considering the nodal problem in the given
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domain,

~¢fy = fi{xsy) {B1)

r=r + 7T, (B2)

where F: is the boundary for stresses are described, Fﬁ

is the boundary for disblacements are prescribed,
u is the displacement.

Ju/dn = n . ¥y {B3)

The first step is to develop the variastional form over
an element. Then using the relation {B1) and
variational formulation the following equation is

found

0= { v £-¥'u — 1 dxdy (B&)
3 g‘i‘

where » is the test function, A° is the area of the
element. By using the divergence theorem, the

variational statement of the model is found as

{ Fo.%u dxdy = [ of dxdy + { v du/dn ds (BS)
da ! e dre

>

Blw,u) = | ¥v.¥Fu dxdy s n . Ffu = Ju/dn {B&)

a° -

Egquation (Bé&) is symmetric bilinear form. It is both
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linear in u and %.

Lewy = |  wf dxdy + | (du/dn) ds (B7?
A‘L‘ -

The equation {(B7) is a linear form , gu/dn is the

flux in the normal directien. U is approximated

over an element by using the shape Tfunctions such
that
n .
u = Ik u . Ni(x,y) : (B8)
j=1 o o} .
e = Nb vo= 1,8,3,...-.“ (B?)
N-’(X)y) ,j = 1;8,3,.-..-“ (B10O)
Equation (B10) is called shape  functions or

interpolation functions. For the triangular elements,

shape function must satisfy the following property

N Cxgsy ) = 805 - &, =1 ifi = | (B11)

[} [

and in general
(Big»

1,8)3, e = i1

]

N, (x,y) = 1/BA_ ( a + b x +c y ) i

uix,y) = g, *d, x +d vy (B13)
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where 3&& is the kronecker delta, a, > b. s C. s mz’

o

. s... are constants. For guadrilateral element shape
function is defined as

N, (&€,9) = 1/4 (1 + &&) (1 + gp.) (B14)

where gh and 7, are the coordinates of the 4 node

guadrilateral master slement.
Variational statemenf equation (B3) is modified

by substituting the equations (B8) and (B?) into it.

R 3
jac N, dxdy + j}c g N, dA (B15)
k1] i =3 { o1}
or E K . u., = F (B1&)
. ._i:i [ ] d L

(K1 {a? = {f 3 . (B17)
Equationé (B13) and (817)‘ are called the finite
element approximation formulas. After the application
of stress - strain relationship to the equation
(B15), the element stiffness matrix for triangular

elements and elastic linear case 1is given in the
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following form

(K3 = | £B1TCDICBI dv (B18)
v

where [D1 is the elasticity matrix, [Bl is the
derivatives of the shape function matrix, V is the
volume of the element.

Element stiffness matvrix of the quadrilateral
element and for elastic linear case is defined as

~

{(e) . '
(K1 = j [G(&,n)] d&dy (B19)
A
where [G1 = h [BITLD1LBl( det [J] ) . Because of the
complexity of the LG8 ,7)1 terms, numerical

integration is necessary which calls for the Gauss

quadrature.
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Appendi=x

FINITE ELEMENT CODES FOR MICROCOMPUTERS

Searching for Interactive Preprocessors With Menues

INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

. < T D : o
rZ |52 .Data or mesh generator program exists
CODE g 8 Isy ( + ) or not exists (—) in the preprocessor
1 QIKDRAW system may be used to generate
~ program input including structure
ACES definition and load application.
(Australia) e Linear elastic static analysis of 2D and
3D arbltrary structures.
2 (FORTRAN IV)
Program does not include any preprocessor.
ADINA Mesh generator program FEMGEN is included.
(U.S.A. 16 A general purpose linear and nonlinear static
Cambridge) and dynemic 3D program. The nonlinearities may
be due to large displacements, large strains
and nonlinear material behavior.
3 Na user instructions are needed for these
programs. Since input are easily entered
AEC~-PC through the user's responses to prompting
(Sweden OO questions on the CRT screen.
Vastra . . .
Frélunda) Linear static analysis.
4 Preprocessor contains a limited
automatic mesh generation. CHKFE and
CONTUR are interactive graphics programs.
AFENA
=) A Li d 13 i lvsis. heat
(Australia) inear and nonlipear static analysis, hea

transfer analysis.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

< x .
Data or mesh generator pr exists
CODE <& |85 { + ;; or nor::1 exisgt:n( -) inp 318;3""
ao =0 preprocessor
5 (BASIC)
ATT In preprocessor mesh generation is possible
O 1w (2-D meshes).
(Thailand . . R .
Sangkok) Linear static and dynaml? analys%s of'general
structures. The program 1s organized in modules.
6 (FORTRAN IV)
ANSR-T and Not known.
ANSR-II Nonlinear general purpose codes for static and
NI paTp
(U.5.A dynamic response considering both large
Be;k;l;y) displacement and ‘inelastic effects.
7 (FORTRAN)
ANSYS~PC/ Batch or interactive mode of operation
LINEAR @ | creates data which is requested for the
4 . analysis. (Preprocessor—-PREP7) .
ég;i;ﬁ;) Linear static analysis.
8 (FORTRAN)
APOLLO Prebrocessor includes mesh generator.
+ .
(U.S.A. =) | 3D design of reinforced comcrete buildings,
Boston) linear static and dynamic analysis.
9 ‘ (FORTRAN IV)
Mesh generation program MESHMOD is included:
ASAS-NL : Nonlinear static problems due to material or
(U.K. =) 1 geometric nonlinearity can be handled.
Surrey) Program provides different capabilities for
plasticity, creep and swelling, large deflections
-and buckling.
10 (FORTRAN 77)
ASE Preprocessor include module for mesh
(Switzerland (=) | (+) generation.
Zurich) Linear static and dynamic analysis of spatial

structures like shells or solids.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE 22 |Ex Data or mesh generator program exists
gt‘g" ‘é"t‘g {( + ) or not exists { —) in the preprocessor
11
(FORTRAN 1IV)
Standard ASKA does not include pre-and
postprocessors. For this reason seperate
pre and postprocessors are used in
connection with ASKA, i.e., INGA, FEMGEN,
= 1) GIFTS.
ASKA Linear static and dynamic analysis. Some
(West Germany selected nonlinear applications are included,
Stuttgart) mainly elasto-plastic analysis and bifurcation
buckling analysis. Isotropic, kinematic and
mixed hardening are covered.
12 (BASIC#FORTRAN)
Elas£0plastic Not known. .
Analysis of CNNC)] ‘ '
Axisymmetric Analysis of elastoplastic axisymmetric sheels.
Sheels. - :
(Portugal
Codex)
13 (PASCAL)
B BDATA is a preérocessor for input file
preparation. Free-format input.
(Hustralia O]
Kensington) . Linear stability analysis of 2D frames.
14 , (MS+BASIC)
Preprocessor includes interactive graphic
BASIS @@ input/output operations, mesh generation, load
(Italy generation, boundary condition generation.
Genova) Linear special purpose program for planning and
. design of buildings.
15 (FORTRAN IV)
Program BEAM does not have a preprocessor.
BEAM
(U.S.A =1 &) Inelastic analysis of reinforced-and prestressed
Be;hieiem) concrete beams and beam columns. Modular

programming is used.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE ff = 32‘ Data or mesh generator program exists
g b ”2"8 ( + ) or not exists ( —) in the preprocessor
(FORTRAN 1V)
16 Free format preprocessor—B4PRE is included.
Certain commonly occuring geometries, such as
BOSOR4 cylinders, spheres, cones, etc. are generated
(U.S.A SIS with use of intéger pointers and end-point
Paio.Aito) coordinates.
Stress, buckling, vibration of branched
stiffened, elastic sheels of revolution.
17 (FORTRAN 1IV)
Input data is fixed fommat in the
BOSORS5 v preprocessor.
(U.S.A. =1.¢) Buckling of elastic—plastic complex sheels of
P
Palo Alto) revolution 1nc1ud1ng large deflectlons and
o creep.
18 (FORTRAN EXTENDED)
" BOVA and \ Program contains a minimal preprocess1ng
BOVAC SIS capablllty.
(U.S.A. Brldge overload analysis.
Bethlehem) r ;
(FORTRAN 1V)
1 Program contains minimal amount of
BRICK preprocessing capability in terms of
) prediscretization.
ézéz;Aivania) G & Inelastic analysis of Masonry Panel
¥ . wall-beam column structures.
- 20 The program is completely interactive. Screen-
oriented, menu-driven input; mésh generation;
CAEFRAME generation of load; generation of boundary
@ @ conditions.
(U.S.A. ’
Sunnyvale) Linear static analysis of 3D frame structures.
21 Completely interactive preprocessor and
y 3
postprocessor are included screen—oriented,
CAEPIPE menu-driven input; mesh and load generation.
(U.S.A COIENCY Li . . .
.S.A. inear static and dynamic 3D analysis of
Sunnyvale) process/power piping systems.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

< .| .
Data or mesh generator program exists
=Z nZ
CODE g ol ‘-‘2*"3 { + ) or not exists (—) in the preprocessor
29 ' (BASIC)
Preprocessor consists of extensive data
CASTOR-MICRO " generation—free ?ormat ilnput.
(France @) (™ Static elastic and thermal analysis of 2D
Senlis) structures, static and dynamic analysis of
3D frames, static and dynamic analysis, of
3D beam and shell structure. ’
23 , (PASCAL)
Free—format input.The input file can be
CEDRUS checked for syntax errors.
(Switzerland. RIS Linear static anélysis and design of plates and
Zurich) slabs. . o '
24 ~ (BASIC+FORTRAN)
Interactive graphics pre and postr
COSMOS /F processors, mesh and load generators dre
(France =) 1) included in the package.
Pares) ‘Linear static and dynémiq analysis, of
3D structures. '
Interactive mesh generator, load generator, and
25 . .. .
generation of boundary conditions are included’
in the program CINEMA.
COSMOS /U . . . . . .

/USA + | Linear static and dynamic analysis of general
(U.S.A. structures, heat transfer analysis, fluid flow,
Santa Monica) electrical and a coustical field problems.

26 (FORTRAN IV)
Not known.
DANUTA Static and dynamic analysis of structures
(U.5.A ) 1) encountered in the mechanical and civil
York) engineering fields.
27 (FORTRAN)
Free format input..2D and 3D automatic
DIAL mesh generation program is included.
(U.S.A. =) = Static and transient nonlinear analysis,
Sunnyvale) lipear stress analysis, vibration and

buckling.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

Herk—de-Stad)

< |z Data or mesh generator program exists
CODE gé gé { +) or not exists (—) in the preprocessor
(FORTRAN 1V)
28 Dynamic memory allocation is handled by FILOS.
Communication between used and computer is by
DIANA . means of table-oriented (free format). Prepro-
(The Netherland (+) | (£ cessor can bé used for mesh generation.
ds Delft): ’ Linear and nonlinear static and dynamic analysis
of general structures, heat transfer analysis.
29 (FORTRAN 1IV)
DRAIN-2D There is no preprocessor.
3
DRAIN-TABS (F) =) Seismic response analysis of 1nelast1c 2D
(U.S.A. structures and 3D bulldlngs.
Berkeley) L :
. (FORTRAN IV)
30 Preprocessor includes data checking bandwidth
optlmlzatlon and plotting the undeformed
PLANS, DYCAST - - | structure. ‘
(U.S.A ’ Static nonlinear analysis of structures.Plastic
Be;h'a.e) and large deflection analysis of structures,
ethpag dynamic crash analysis of structures.
(FORTRAN IV)
31 ‘
There is no preprocessor.
ELASS5 RG] Nonlinear equilibrium problems of thermo-
(U.S.A. » visco—elastic—-plastic solids and structures.
Durham) : ‘ » ’
32. K . (FORTRAN 77)
' Free format input., Interactive graphics
FE2C00 AN preprocessor for data generator.
(U' SQAO . . . i - - . '
Southfield) LlneaF and non}lnear static analysis, linear
dynamic analysis, heat transfer analysis.
33 . (BASIC)
Interactive , menu driven preprocessor
ESA facilities data input.
(91 . . . .
(Belgium Linear and nonlinear static and dynamic

analysis of general structures, heat transfer
analysis.
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INFTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE :.(. =z ﬁz Data or mesh generator program exists
Swgd ( + ) or not exists {—) in the preprocessor
34 Preprocessor includes mesh generation.
FEAP Linear and nonlinear static and dynamic
. CON NCY) problems, heat transfer analysis.
(U.S.A. - ' :
Berkeley)
35 Data generation,. interactive graphics
included in preprocessor.
FEB-SOFEC OO NG Linear static and dynamlc analysis of
“(West Germany . general structures.
Kerpen) ‘
36 - o ' o
No programs available (Pre and for
FEDBA postprocessor).
INFELgA RN Linear elastic and inelastic buckling. .
(Austr;iia Buckling analysis of beams, plates and
.Kensington)zf plate assemblles.‘
37 (HP-BASIC)
GENFAM-interactive preprocessor program (free
: format) .Mesh and load generators are included in
FEMEAM (+#) ] (#)| - the package. '
West G . . . . .
iazien)ermany All parts with dynamic array dimensioning.
Linear static analysis, heat transfer analysis.’
38 . . .
APREP 1s an interactive preprocessor to
generate input data-files for FENAP.
FENAP »
(U.S.A CON Y] Nonlinear axisymmetric static analysisy
Le;i;g;on) heat transfer analysis. - --
39 (HP~-BASIC)
Preprocessor includes plotter graphics,
FESDEC mesh generation, gemeration of boundary
(Canada CORIECD) conditions and loading.
Ontario) Linear and nonlinear static analysis, linear

dynamic analysis, heat transfer.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS
) < T _ Data or mesh generator program exists .
= z
CODE gé gg ( + ) or not exists (—) in the preprocessor
40 No programs are available.
FEODP Nonlinear layered slab or cylinder heat
N NG conduction/stress analysis program.
(U.S.A. : . :
Lexington)
41 (FORTRAN 77)
FINESTRA Preprocessor includes mesh generation
)| ®| program.
égii; Germany Linear static and.eigenque analyéis.
42 Dlsk~based data proce831ng. All input- data
are stored in the same allocated memory area.
FINITE/GP Interactive mode of operation. Mesh generation
: and generation of boundary conditions are included.
(U.S.A. (5 | (H
Houston) e Linear static analy31s, ‘heat transfer analysis,
' fluid a flow.
(FORTRAN 77)
43 4 . . : ; ) .
Thecinput is described by syntax diagrams.
Preprocessor includes generation of meshes
FLASH =) 1@ and boundary conditions.
(Switzerland Linear elastic static and dynamic analysis.
Zurieh)
4l (FORTRAN 1V)
Free—format input.
FLOSYS o |
(France Nonlinear static and dynamic analysis,
Malmaison) fluid-structure interaction problems.
45 (FORTRAN 77)
FLOWERS The input is described by syntax diagrams.
(Swiss =16 Linear, nonlipnear static and dynamic
Zuerich) analysis.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

(U.S.A.
Berkeley)

CODE :’ z 5,2 Data or mesh generator program exists
g 3 %"‘i’_:,’ ( + ) or not exists ( —) in the preprocessor
46 (C-LANGUAGE)
FRA/VEGA Preprocessor includes automatic mesh
(_) (+) gene ratoro
(Israel
Tel Aviv) Computation of stress concentration and
stress intensity factors.
47 Preprocessor includes powerful interactive
graphics. Automatic model gemeration with
GIFTS interactive data editing.
(U.S.A. (COR NG Linear static and dynamic ana1y51s, heat-
Greenbelt) - . transfer analysis.
48 A (FORTRAN IV)
N Preprocessor is not included. Mesh generator
HONDO IT program QMESH is included by the code.

. N - . Nonlinear inite element rogram for the .
(U.S.A AR Nonl 2D £ 1 prog £ h
Albuquerque) " solution of large deformation finite strain,

inelastic transient dynamic response of solids.
49 : (BASIC)
Preproceséor includes model generation,
IBA numbering of nodes and elements, load
(+) () generation, model checking.The preprocessor
(Italy ) allows for data corrections and modificationms.
R
oma) Interactive linear analysis of framed buildings
subgected to vertical and horizontal actions.
50 No generators are avallable.
IISS Linear static and dynamic anelysis of 2D
(Ttaly R ) and. 3D structures composed of beams or
‘Genova) isoparametric plate elements.
51 IMAGES 2D and 3D mesh generators are
available. For 3D case boundary conditions
and load generators are available.
TMAGES 2D, 3D | (i (.

Linear static and dynamic analysis of 2D and 3D
structures.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE EE é 5 Data or mesh. generator. program exists
S 1S ( + ) or not exists {—) in the preprocessor
59 (FORTRAN 1V)
Preprocessor is not included.
JAC . . .
: SIS A two-dimensional program which uses a
(U.S.A. - nonlinear confugate gradient technigue
Albuquerque) for the solution of the nonlinear
quasistatic response of solids.
53 (FORTRAN 1V)
Program has a simple data geperator capability.
LARSTRAN 80 Interactive graphics package INGA is used.
(West Germany | (=) | (=) Large strain nonlinear analysis. LARSTRAN 80
Stuttgart) is a program system de31gned to prov1de a
g basis for nonlinear statlc and dynamic structural
computat ions .
54 Interactive model builder, mesh genefator,
generation of boundary conditions and
: . loads are included in the preprocessor.
LIBRA 2
~ CONNCY)
(U.S.A. Linear static analysis of 2D and 3D structures,
Campbell) heat transfer analysis.
55 (FORTRAN IV)
Interactive preprocessor MENTAT includes
data generation and 2D,3D mesh generation programs.
MAR . £ . 3
c @l @ Linear and nonlinear analysis of structures in the
(U.S.A * static and- dynami tem. The followi linea-
.S5.A. ynamic system. e-following nonlinea
Palo Alto) rities are handled.by the program: elastic-plastic,
large dlsplacements, finite straln,creep,thermally
dependent prqurtles.
56 . . . ega s
Mesh, loading generation is possible in
AEA preprocessor, ’
Micro Qus
(Canada =) Linear static analysis.
Qutario)
57 (BASIC+PASCAL+FORTRAN)
. Interactive graphics, mesh generation,
MicroFe | @)  plotting.

(West Germany -

Kaiserlautern)

Linear static and dynamic analysis.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE ﬁ = 5= Data or mesh generator program exists
<uw (W + i —Yi
S ¥y ( + ) or not exists (—) in the preprocessor
58 (BASIC)
Interactive data preparation.Mesh and
load generation can be handled.
MICROFEAP @i &) Program can solve 2D and 3D linpear
(Thailand elastic static problems. Modular programming
Bangkok) is used. The user controls solution: steps by
specifying a set of macrocommands.
59 . . . .
3D interactive color graphic.
MICROFEA OING Linear static analysis 2D and 3D structures
(U.S.A can be analyzeds
Bellevue)
60 Interactive graphic.
A macro element technique is used for the
MICROFIELD (_5 ) mesh generation. The mesh, boundary conditions
(U.K. . and applied loads can be displayed. Linear
West Glamorgan) static stress analysis.
61 Interactive graphics. Mesh generation-—
MORDOR. .
MICROPUS -] # The program is developed to solve problems
(West ‘Germany appearing in extrusion of polymers.
Aachen)
62 ' . . .
Interactive color graphics to display
the model. Free format input.
MICROSAFE 1
(U.S.A ’ Linear elastic static analysis.
WA)
63 (BASIC)
Interactive data. inmput and modifications
MICRO—-SIMS are included by preprocessor.
(Greece COIINCD Matrix manipulation, static and dynamic
Thessaloniki) linear elastic structural analysis

program.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE ;’5 =z 52 Data or mesh generator program exists
gg §$ { + ) or not exists (—) in the preprocessor
64
Free~format input. Mesh generator is
MICRO STRESS available. Plotting is possible.
éguiaampfon) Sl IS Linear static analysis of frames.
65 (BASIC+FORTRAN -77)
MINDLIN Automatic data generator is -included in the
] & preprocessor. .
(Italy
Padova) Analysis of thic plates on elastic soil.
66 (FORTRAN IV)
Program includes batch mesh generation in
MSC/NASTRAN the MSG MESH module. The basic program
(U.S.A ) &) processes free and fixed field input data files.
NASA) :
Linear and nonllnear general purpose structural
analysis program.
67 An interactive preprocessor includes free
format data creation and modification.
MSC/pal Graphical output for result presentation.
(U.S.A # 2D and 3D linear static and dynamic analysis.
Lo; An.eles)‘ Modular programming is used. Interactlve.
& model generatlon—PALPREP.
68 (FORTRAN+ASSEMBLY)
Free format input.
NEPSAP Nonlinear 3D elastic—plastic- structural analysis
(U.S.A O program capable of large displacement, thermo-
Su;n. éle) elastic-plastic and creep analy31s of arbitrary
- A structures. .
69 DISPLAY/DIGIT-interactive preprocessor.It
includes menu-driven mesh generation/
NTSA/DISPLAY modification.
(U.S.A 1 Static and dynamic analysis of 2D and 3D
Tr;yi ' structures, heat transfer analysis, analysis

of field problems.Modular programming is used.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE EE Lﬁu% Data or mesh. generator program exists
S8 153 { +) or not exists {—) in the preprocessor
70 (BASIC)
Input data file is created in free-format
NOLINA o | input. :
(U.K Nonlinear elasto-plastic stress analysis.
S NOLINA is a program for the elasto-plastic
Wales) L. K . s
analysis including creep of 2D and axisymmetric
structures.Modular concept program design.
71 (ASSEMBLY+BASIC)
OLIGINEST : Input data are prepared using system file editor.
(Italy (16 Static and dynamic analysis of 2D and 3D
Milano) structures. Modular concept program design.
72 ' (FORTRAN IV)"
: Program does not include any pre/post-
PACTS . processors. ’
(Eeypt SHES PAC78 (Plastic Analysis of Composites) is a
“E3P % general purpose 3D code. The program may be
Giza) 5 : . .
.used for.linear elastic analysis or nonlinear
‘elastic-plastic analysis.
73 (PASCAL)
PREMEF is an interactive preprocessor which
PC-MEF prepares the database for PC-MEF.
(Canada +) | (+) Automatic generation of meshes.
Quebec) Linear elastic static analysis, potential
flows in porous madia. o
74 o
Not known.
PCSAP SRS Linear static analysis of 3D frames.
(Australia
Indooroopilly)
75 (BASIC)
PEPSY Free-format input.
(West Germany |[(-) | (-) Linear static analysis.of arbitrary large
Postfach) spatial frameworks.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

< . |x s
Dat esh tor m exists
CODE LZ |42 ( vomn.?Tfrm?m e
ao =0 + or not exists in the preprocessor
76 . . . .
Graphics in the preprocessor 1s exist.
Boundary and mesh generation is included.
PERFINE
U.K (N NCY Linear static ahalysis, potential problems
- in 2D and axlsymmetrlc geometries. Modular
Coventry)
programming is used.
77
(FORTRAN IV+BASIC)
The interactive preprocessor—postprocessor
consists of four programs.
_ . MESHING-easy input and data editing
PLANEAXT/MICRO @ & - AUTOGEN~automatic mesh generation using
(U.K. A - macro -elements..
Swansea) MESHOPT-mesh renumbering.
PLOTDATA-mesh display at any stage of the
mesh preparation.
Linear static analysis of 2D structures.
Modular programming.
78 . .
Interactive graphics.
PLATE Linear static analysis of plate structures.
. CORECD) Which are subjected to arbitrary mechanical
(Austria .
and thermal loads. Program has restart
Graz) . o . ;
capability. - .
79 (POL;+ANST 66+FORTRAN)
Preprocessor is prepared with problem oriented
POLO-FINITE. language (POL) in batch and interactive modes.
. The POL includes coordinate and incidence data
(U.S.A. £y =) eneration commands that minimize the need for
Lawrence) &
preprocessors.
Linear and nonlinear static analysis program.
80 (BASIC+PASCAL)
No generators available.
PORTSMOUTH~ Li 4 1i tati dd .
MTCRO 51 inear and nonlinear static and dynamic

(SaLCoN package)
(U.K.
Portsmouth)

analysis, heat transfer amnalysis, field

problem analysis. The software developed is

aimed as a teching tool for problems in structural
and continuum mechanics.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

Los Angles)

CODE ﬁ = 52 Data or mesh generator program exists
<uw { + ) or not exists { —) in the preprocessor
caug =0
81
Mesh, boundary conditions and loading
PSTAR generation included in the preprocessor
- 1w Graphics are interactive.
(Switzerland ‘
Baden) Linear static and dynamlc analysis of piping
systems.
82 ‘ (FORTRAN IV)
Program has.pre-and postprocessors as
SAMCEF well as graphics displays for the data
(Belgium ) | and resu}ts. '
Liege) Linear and nonlinear, static and~ dypamic,
3D analysis code.
83 (FORTRAN 1IV)
Program does not include prepi:ocessor.
SAMSON .
(U.S.A = | Dynamic stress analy91s of media structure
Evz;. n; tén) problems with nonlinearities.
84 Free-format input..
SAP80 Linear static and dypamic analysis, analysis
. COECY) ‘of fluid problems. The program segments are
(U.S.A. designed to operate with a common database
Berkeley) system. ’
85 Fully interactive input and output capabilities.
Models are preparing using full-screen data
SAPS6 forms. MICROTAB is a general purpose interactive
Preprocessor.
DA, + + . . . .
égnSFiancisco) SE RS Linear static and dynamic analysis of 2D and
3D .structures. SAP86 is an modified version of
SAPIV program. - :
86 Preprocessor includes mesh generation,
generation of loads, boundary conditions.
SCADA Linear and nonlinear static and dynamic
(U.S.A O NCD) analysis, heat transfer analysis, fluid

flow problems.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE ﬁ =z %z Data or mesh generator program exists
‘ <uw ( + ) or not exists (—) in the preprocessor
au |=0 +
87 (ANSI FORTRAN)
Preprocessor includes geometric modelling,
specification of loads, boundary conditionms,
interactive data generation facilities. The
R input, data generator has checking and
sEsAM~69 [ (*»} (D} visualization facilities.
(N . . .
éozzz?y Linear and nonlinear analysis program. The
' solution algorithm is based on the superelement-—
technique. The total system is split into program
modules of pipes, beams, membranes, shells and
solids which may be executed with.the super-
element program.
88 (PASCAL)
SMAP Free-format 1nput User written preprocessor
=] = may be included.
(Australia,
N.S5.N) Llnear and nonllnear static analy51s of 2D
structure. :
89 (FORTRAN 1IV)
Pre/postprocessor is included in the module INGA.
SMART Linear and nonlinear static analysis. Nonlinear
(West Germany 1 appllcat10n§ are'lncluded'by SMARI I for limit -
load analysis, viscoelastic creep problems.- SMART II
Stuttgart)
contains nonlinéar,nonstationary coupled hygrot—
hermal amalysis. - :
90 .- ) .
: Menu~driven programs are included by
preprocessor. Line type input.
SNAP/FE :
(U.S.A. @ | & E;Zia;i:tatlc, transient and vibration
Blacksburg) ySi8.
91 Interactive graphics. capabilities. Mesh and
load generators are available.
SPACEFRAME 1 @ Linear static and dynamic analysis of 3D
(Austria frame structures.
Graz)
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE 22 |Ex Data or mesh generator program exists
Su gy { +) or not exists { —) in the preprocessor
(FORTRAN 1IV)

92 Software GIFTIS includes pre— and postprocessing
modules. Automatic data management facilities are

STAGSC-1 included.

(U.S.A. (RN Lipear and nonlinear structural amalysis of

Palo Alto) shell type structures. It contains static
stress analysis, bifurcation buckling, vibrations
and transient response.

93 Free—-format input. Total data input is divided
according to objective criteria into submenues
with arbitrary calling squence,

sst-micro - mask oriented input.

(West Germany | (+)| (=) - automatic control of user imput.

Bochum) Linear and nonlinear static analysis of structures
composed of arbitrary beams.

9% (FORTRAN+BASIC)
Menu-driven input. Interactive mode of operation.

STAPOG The .data are storing in an output datafile.
Display on the screen.

.54 OIR® |

Bo;t;nj : : Linear static analysis and optimal desing of 3D
truss structures.

95 (FORTRAN 77)

STAR Graphical display

(Switzerland OIRG) Static analysis of spatial frames.

Zurich) ’

96 (PASCAL)
Preprocessor STIN performs interactive menu-

STRAND /AUS driven operations. Mesh gemeration facilities,

@ @ generation of boundary conditions and loads,

(Australia are included by this preprocessor.

d . . . . .

Sydney) Linear and nonlinear static analysis, linear
dynamic analysis, heat transfer analysis.

97 (FORTRAN IV)
Not known.

STRAW Short duration transient, nonlinear response of

(U.S.A. I core subassemblies for safety analysis in the

Argonne) Liquid Metal Fast Breeder Reactor program.
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

CODE ,S >z ﬁz Data or mesh generator program exists
S8 (e ( + ) or not exists (—) in the preprocessor
98 Interactive modules for data input, checking
and editing, mesh generators are included by
SUPERSAP the module BEAMBUILDER.
(U.S.A. @) 1@ Linear and nonlinear static and dynamic
Pittsburgh) . analysis, heat transfer analysis, of general
structures. - :
99-. Preprocessor postprocessor includes
mesh generation and plotting.
TABU =) (;) Linear static and dynamic analysis of
(Italy tall buildings.
Padova) -
100 (FORTRAN 1IV)
Not known.
TEPSA Nonlinear. thermal elastic—plastic stress analysis..
(Canada N NG Code accepts temperature and strain~rate dependent
Manitoba) material properties. Isotropic bardening rule is
; used for doad increments and kinematic hardening
rule for cyclic thermomechanical loadings.
101 (BASIC)
' Data can be input by using a digitizex.
TITOU Data modification without restarting the
whole process..
ézizzzile) =1 O Linear static analysis, analysis of field
problems. : -
102 Interactive . graphics. Generators for mesh,
boundary conditions and loading are
TSTAR Generators for mesh, boundary conditioms
1 @ and loading are tee—junctian stress analysis
(Switzerland and reporting.
Baden)
103 (FORTRAN IV)
No pre-or postprocessors. No mesh generation.
ULARC
(U.S.A OIS Ultimate load analysis of small plane frames.
Berkeley)
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INTERACTIVE PREPROCESSOR and TYPE of ANALYSIS

< T Data or mesh generator program exists
[
CODE gé gg { + ) or not exists (—} in the preprocessor
104 (FORTRAN IV COMPASS)
FIGURES is a collection of interactive
preprocessors for WECAN. The preprocessors
generate meshes and loads, check isoparametric
elements shapes, reduce wave fronts prepare 1nput
for gemeral matrix input and for composite
[CORRNCY! materials. WAPPP is a collection of batch pre-
and postprocessors for WECAN.
Linear and nonlinear static and dynamic
3D analysis program.
WECAN
(U.S.A.
Pittsburgh)
. (FORTRAN IV)
105 No preprocessors. Simple mesh generators are
included. oo
S Transient analysis of 2D structures and continua.
(U.S.A. ORIG) Large strains may be treated by some of the
Evanston) elements. The following material models are

included:elastic,elastic-plastic with isotropic
strain hardening, the cap model for soils.
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USER

Appendix D

MENU LIST OF DATOR

§§§§§§.§§§§ e §§§§=§§§§5§§§§§ LhsEEs R e
PR R e R e P e T

MR nsuu lug
B%E“*EEE&&& gaé*&&!. E"’EE {RB’E&LE QSQIQHE’E_*EQEE&"E bﬁ..ﬁh_gfe SR S SRR

i'-’h = = H " *E,-_. L. _.g!: aeggazs &é. et a 32,
§_‘£§§§§=§ e B .%E i segg " ggngng fﬁs&ggégﬁi

BEGFgs sﬁ
e s =
ﬁa&s&g&a‘ xiopetotng B & Ei as
s Eigg & g;é

RERRE

, g‘§§§§§§

(DATAR BENERATOR) 2k
2 For the Finite Elesent Lode EP&AN
E 0 kBN Y e Bt

= ki H .2.198% il
a%ﬁ;@é&%:m&é Ef?“‘“ : ggngéi% o

SR “=,§=%§§ £ .é%‘é%%%%% R

=

= e e

sERenERu e et ea e a e s e b e e w
a%aaéa iz nggg 3§§_ana‘a“§a»§§§u§§§§§§§

eI

Readxng of the dala froa the SCREEN and
CREATION of the outpui-file

{Default : DATDR.INF)
gi%%&a§§§a§§§x§f§§&§§§§§ ka§,§ §§é§ =

- e
Please enter the output file name 33337
KARKING ; The File Bust Exisi

e R

e

SEbet SRR ERR R R st e et

The temporary file containing all
arrays will be creafed

{Befault : DATGR.BAT)
T —_ s 2
P s e §w§§§&.

i%wwmwmuaé ARREIETRERE

e e s rEsEmsusssy
Err s e e
Please enter the file name }))?
YARHINE @ The Fils Hust Exist
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HAIN HENU

A> DO YOU HANT TO HODIFY YOUR DATA 7
B> DO YOU WANT 70 RE&D ALL DATA 7
L DO YOU YANT TO ORBANIZE DATOR.FOR 7

YyYyYyy

D> GTOP THE PROGRAH D ATOR

INPUT YGHR CHGICE ¥y 1

End of the IRTERACTIVE BASIC progras
F DATOR *

))}5 PRESS ENTER KEY T8 570P (K

DREARIZATION MOBULE FOR THE PROGRAH EP D A H

In the case of second usage of thiz scdule
prev10u=1 created data rlie is destroyed

> CONTIHUE B > RETURK
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~HEHY

A> RUTOHATIC DATA PREPARATION
B: SCREEN ORIENTED DATA PREPARATION >

£ ARUTOMATIC BESH DATA -

D> ISOPARAHETRIC HESH DATA
E» RETURN TD HAIN-HODULE

HESH HEHU

#> ADD KESH BENERATION DATA 10
DATOR.INP AUTOHATICALLY.

BY RETURN TO ORGANIZATION-HENU

ENTER YOUR CHBICE 07

- ¥
DREANIZATION OF THE INPUT FLED A T O R.F D R FOR THE PROGRRH EPD AN

‘Please input your TITLE GF RUN for EPDAR
QEST DATA FOR DIELESS EXTRUSIOR
5 x 19 ELEHERTS 29/05/1989

Defaulf
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7y HORKFIECE-MATERIAL
"

'y DATA-BASE
L ITERATIGH-BOUNDS —
——————; BIE

———£>  PUKCH
F.E.0.
RETURM YO BAIN PROGRAH

b

PLEASE ENTER YOUR CHOICE

;

£ DG YOU WAKT TO CRERTE B HEY DATA-GET 1

By RETURR T0 HAIN Fﬁﬁﬁﬁﬁﬁ-—v—‘.

INPUT YBUR CHOICE X7
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WORKPIECE - HATERIAL DATA

HGRKPIECE HERU

Y

#> ELASTIC TYPE DATA
B: PLASTIC TYPE DRTA
€> RETURN YO HODIFY HENU

ENTER ’r’GHR £HUILE 12233041
: Hit the ERTER ke ou don®t use FUHCTIDR~KEYS for the secon é? 2 ﬁT

18 RKE Eg)ﬁTBE ?TEE‘BE ‘)?IEE _;E’kiﬂtﬂg 6§ .E. ﬁg 721&1?%

< A SKFHULL=Initial flow siress
B> Ef=Young®s Hodulus

<——4———~C} PO=Peisson®s Ratic
D> SK=Coefficient Bf Friction

—e——£3 RETURN TO THE WORKPIECE-HERY

ENTER YWR CHOICE ¥ 7
-R ke oy don®t use FUMCTIOH-KEYS for the SECM% o

EITEEBE é?IEg Egﬂﬂﬁﬂé 6§-‘.E.5§ @mm

i

| 2
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-.- WORKPIECE - HATERIAL DATA

f» ELASTIC TYFE BATA

By PLASTIE TYPE DATA

£ RETURN TO RODIFY HENU —————@

ENTER YOUR CHOICE 33037
REHARK: Mit the ENTER key if Euu don*t use FUNCTION-EEYS for the secon%ém t

i BREE E?NB? QITE Bg égﬂﬁ% Smﬂﬁtﬁg 6§.E.ﬁ§ ?giéﬁé BOBT

PLASTIC TYPE DATA INRUT

PLASTIC

B KEYHORD -

7'y

B> RETURH TO WORKPIECE HERYU

ENTER YOUR CHOICE 333333 1 )
REHARK: Hit the ENTER kex i%acm don®t use FURCTIOR-KEYS for the secnn%eg ET

{ENRKE CEATBE SEITERBE SEVIEES] SHUNCHES 68 .E.HE 7HWAIN
B cpemg CfEef PR SPUCB SR ER R

§§§§ e e

PLEASE INPUT THE KEYWORD =
IFLITY

e

IFLITY 333,07

Hgt thg ENTER ke if_vm_.:_ ég«n_:': use FUKCTID?&iEYifor Ehenggcc:rfd ToR t,
ﬁﬂkg \.QM’Bg thRBg quE% 5?1‘&%@ 6g.E.ﬁg /g}ﬁ!héﬂ ROBT

REMARK:
i
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A> RESTORE -1 Fy IDINKS-STRESS

B> RESTART -J 8 ILHA - IHCREMENTS
—C> IDIRKF-FORCE W INR - PLOT FLAG
B> IDIRKR-DISPLACEHERTS I} IHRITEG - THCREMENTS
E> IDINKV-BOUNDARY COMDITIONS  I> RETURH TO HODIFY MENU .......@

ENTER YBUR CHOICE 033337
REMARK: Hit the ENTER ke ou don®t use FUNCTION-KEYS for the second

rompl
= RKE 8§)MB§- ?TE%B; §§)IE 5«?{1&8}{5 6§-‘.E.H§ 7§1§IN== HOOT

— DUTPUT  IMCRERENT DATA

R

IDINKF - Force ]

PLEASE EETER IBINEF 72337
REEARK: Hit the ENTER key if Ecm don®t use FURCTION-KEYS for the secom é Ea

Bg §§JIE Egﬂﬁtﬂg bE:.E.ﬁg TERIN

SRKE E?é’fﬁg 331 TE

OUTPHT  IRCRERENT DATR -

pEEsEEISEETS

IBINKS - Stresses .

Ll e e

PLEASE ENTER IDINKS 33237

Hit the ENTER key if you don t use FUNCTION-KEYS for the second prospt
GRKE 8?ATB§ EhERBg _.;,-.-;— d?dﬁtﬂg ég E. ﬁg ,g',,.,,;\-—g HODT

REHAF;?
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A> RESTORE -I £y IDINKS-5TRESS

Y

B> RESTART -J G ILHA - INCREMENTS

£> IBINKF-FORCE H» MR - PLOT FLAG

0> IDINKR-BISPLACEHENTS [> I¥RITEG - INCREHENTS

E> IDINKV-BOUNDARY COMDITIONE  J> RETURR TO HODIFY HEHU—"@

EHTER YOUR CHOICE 33237
REMARK: Hit the ENTER key if vou don®t use FUNCTION-KEYS for the 5econ%mgt

lﬁéﬁﬁﬁg Eg)ATSE EITERBE ‘}?IE@ 5?’3?&83% 6§-’.E.ﬁ§ 7§mm HODT

gUTPUT  INCREWERT BATA

R

IDINKY ~ Boundary Conditions B
e
PLEASE ENTER YOUR DATA  IDINKV }3:)7

REMARK: Hit the EWTER kevy if vyou don®t use FUHCTIDH-KEYS for the second proapt
Rﬁg Eg‘)é?ﬁg §1TE BE églﬁg 5?3&'&!@ 6§.E.ﬁ§ '@m HOGT

OUTRUT  INCRERENT DATA

e

' IDINKR - Displacements B
el

PLEASE ENTER YOUR DATA  IDIMKR 33337

RENARK: Hit the ENTER key if you don't use FUNCTION-KEYS for the second prompt
IZIORKE CEDATEE SgTEng CRIEER SPUNCHER oF BN TEA NGRS RODT
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f» RESTORE -1 F> IDINKS-5TRESS

#> RESTART -1 6> ILHA - IHCREMERTS

£ IDINKF-FORCE H» INMA - PLOT FLAG

" D> IDIRKR-DISPLACEHERTS IHRITES - INCREMEKTS -
E IDINKV-BODUNDARY CONDITIONS  J> RETURM TO HODIFY HENU

.
o

ENTER YQUR CHBICE 3233507
REMARK: Hit the ENWTER key if Kcu don®t use FUNCTION-KEYS for the second

EWRK% egmeg 3§ITE BE 4§)IE§ 5§3U!éﬁﬂg 6§.E.ﬁ§ 7?&{& F’ DT

RESTARTING  HENU

f> FLAG FOR RESTARTINB———“—"'H

1> RETURN TO DATA-BASE

ENTER 'fGﬁR CHOICE 0ikddr 1
Hit the EHTER ke gun don®t use FUNCTION-KEYS for the SECW%O? .

RK§ Eg‘nﬁﬁgg éﬂ'i Bg %?KE% Sgﬁﬁ‘:}ig 6§.E.?§g ?gam

REHARK:
iE

- Ay FLAG FOR RESTORING
X> RETURN TO DATA-BASE

ENTER YOUR CHOICE »9M) 1
URKEE 2@ATEE  STEREY PIEES 5
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BASE

DATA-

A3 RESTORE -1 F> IDINKS-GTRESS

8> RESTART -J §> ILHA - INCREMENTS »—
L> IDINKF-FORCE Hr IHA - PLOT FLAG

D> IDINKR-DISPLACEHENTS I> IHRITEG - INCREHENIS —-

E> IDIHKV-BOUNDARY CONDITIONS  J> RETURM TD HOBIFY HENU

ENTER YOUR CHOICE it
: Hif the ENTER key if Enu don*i use FURCTIOR-KEYS for the second proapt

ﬂRKg E?ATBE gITE Bé l}?iEE sgum:ﬂg 6?.5.&% ?gsans HOBT Y

Sl

IMRITES : HUKBER OF INCREWEWTS FOR OUTPUT GENERATION

e

PLEASE ENTER YOUR DATA FOR IWRITEG 33} 7
HARE: Hit the ERTER key if you don®t nse FUNCTION-KEYS for the second proapt

‘ERKE E?Fﬁﬁé é§E£B§ ‘i§31 J?UNCHE 6§.E.ﬁ§ 7@&1&@ HODT

P e e

ILHA - NUMBER OF INCREWENTS AFTER WHICH # PLOT-DATA-SET .
WILL BE EWTERED IRTU THE DATA-BASE

L e e e
Please enter your data ILHA 3337

REMARK: Hit the ENTER key if you don't uze FUNCTION-KEYS for the second prompi

. JBORKES 2EIRTRE JEITERSE 4DIEES SPPUNCHES oF .E.0F ??‘wﬂlﬂ% HODY
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R» RESTORE - F» IDINRKS-STRESS

B> RESTART -J B> ILRA - IWCREMENTS
£y IDINKF-FORCE Wy InA - PLOT FLAG
o B> IDINKR-DISPLACEHENTS I> IHRITEG - INCREMERTS

E> IDINKV-BOUKDARY CORDITIBNS  J» RETHRN 70 HODIFY HENU —»

) EHTER ’:ﬂUR CHOICE Mt .
K: Hit the ENTER kes ou don®t use FUNCTION-KEYS for the second

1 ﬁﬁﬁg Eg}éfﬁg EITEgﬁg QEJI\‘E% Sgﬁﬂﬁﬁg 6?.!5.%? 7§1’§I

prospt
HODT

PLOT FLAG  DATA-BASE

e

2

7 WILL BE CREATED =
~4{» RETURN 70 DATA-BAGE HERU ggg

REHQ%;&" Hit the ENTER ke you don®t use FﬂRCTIﬁﬁ-kE\%S for the secon % o

aaxg E@QTBE gx'{:nt 4?1!5% 5§3ﬁﬁﬁﬂ§ 6§- -E.Hg ?gmm

e e
T

I = PLOT-FLAGL plot data-base will be creafed ) § ,,.

R
Please enter our data for IHA 2335k 7
FERRRK: Hiy the ENTER key 17 ontt use FUMCTION-¥EYS fur the second proeapt
i

BRYE E?MB% ngTEzﬁg g}ltg .Jgﬁ'étﬁg 6§ .E. ﬁg "Eza’i%@ HODT
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ITERATION  BOUNDS  DATA

A LINVER
B ILASTY
£ LIMVER?
ﬁ% ILABTE

s LIRVERE

F> TTANL
B THALT
H> RETURN TO HOBIFY ﬁEt&U-——-’-—@

ENTER YOUR CHOICE 3332337
REHARK: Hit the ENTER keg if you don't use FUHCTIDH-KEYS for ihe second prompi

MK E E?QTBE QTERBE l)?IEg =§°{mm§ 6F - .E. ng ?gmu HODT

R

Flegase enter your daza IHALY }>\>> ?
REHéRk'Bgét the ERTER key 1‘{'E§eu don't use FUNCTIGN-KEYS for the secon éog 't‘T
h}

éTBé Bgﬂ' BE Q?IE% sguwzﬁg 6§-‘ E. ﬁg ??ﬁf-’lll’é

CONTACT DATA

TTARL=KUKBER OF ADBITIONAL ITERATION FOR THE INCRERERT o]

BFTER THE CORTACT

Plzase enter ITANL »>?

REHARK: Hit the ENTER kev 1i ggg dg-n"t use FgféCTIBN—KE‘{g_ for the secon ém i
1?&&% ~§)ATB§ Ell B8 4§‘:IE§ Jgu&mg ag-.E.ﬁE 7?‘:&1%& RBDT
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ITERATIBN  BOUNDS  DATA

A LINVER
B> ILAST!
£ LINVERL
b» ILAST2

E} LINVERZ
Fy TTANL

8> IHALT
H» RETURN TO HOBIFY HENU ——0—@

PN

ENTER YOUR CHOICE

REMARK: Hit the ENTER key if Eou don*%t use FUNCTIOH-KEYS for the second prospt
IE&GRKE EFQTBE E‘ITE BE QQ}IEE ﬁgi}ﬁﬁﬂg 6§:.E.ﬁg ‘7?“?&1& HODT
B
LIRVER - BRSIC ITERATIONS / IHCREHENT
Please enter the data LIRVER 3337 .
RERARK: Hit the ENTER key if F}ou dcn"’f use FgﬁETlﬁﬂ-KEYS for the second proapi
iﬁﬁﬁg E?RTBE §IT 35 é?xE% JFUHCH% 6§.E,ﬁ§ 7?&1& HBBT

LIHVERZ - SECORD EXTRR ITERATIONS

Please enter the data LIMVEHZ 37

REHARK: Hit the EﬁTER key if gou don*t use FUNCTIOR-KEYS for the secound prompt
~o RN 4t betiid 2. 2 :
i i‘xRi&E EEEM“E ng: .Bg ﬁ?IEg .JEDJNCHg cE.E.ﬁg 7?&2#&@ HOBT
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ITERATION  BOUNDS  DATA

ITER HERU

EHTER YGUR CHOICE 333337
REHARK: Hit the ENTER kex gou don*t use FUNCTION-KEYS for the second é
# BT

GRKE E?f‘-ﬂ'ﬁg JEITE Bg 4§}IE§ 5?&@%% Bg.ﬁ.ﬁg 7§%A1§

. ILASTR - WUWBER OF SECOND INCRERENT WITH EXTRA ITERRTIONS

Piease enter the data ILASTE ;37
REHARK: Hit the ENTER ke pu don®t use FURCTION-KEYS for the secon ésg e

IgslGR? :@ﬁ?’&g g?TEEBg ‘}?IE% S?Uﬁtﬂg 6§.E.ﬁ§ 7§’:§I§é

LIHVERL - HUHBER OF EXTRA ITERATIONS

Flease enter the data LIHVERL >337
REHARK: Hit the ENTER kev if Eou don®t use FUMCTIDN-KEYS for the second proapi

1§%ERK§ 3§}ATE§ 3§ZTE Bg ﬁ?IE ,.:?UMH@ ég.r_.ﬁg ;'ﬁmg REDT
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ITERATION ~ BOUNDS  DATA

A> LIKVER

Y

B> ILASTI
Cy LIMVERL
B> ILASTE
E» LIRVER2
F¥ ITANL

8> THALT
dy RETURN TO HODIFY HEHU—.@

ENTER YOUR CHOICE 333357
RENMARK: H%t the ENTER key if vou dgg:tpuse FUﬁCTIBﬁ-KEYS for the second prospi
13@ 2EATEE égmz&fﬁg AEDIEERR SEUNCHER 4F .E.ME 7BRIN HOBT

1LAST: - HUMBER DF INCREHERTS BITH EXTRA ITERATIONS

Please enter the data [LAST! 3337
REHQ&;{K: H%’c the ENTER key i%g{au don®t usa FUNCTIOW-KEYS for the second prompt

ng E§ﬁTB§ a§l Ba AE.’!IE% 5§’U§CR§ 6§ .E.ﬁg ?gﬁ%{fi HODT
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A» R and 2 COORDIRATES OF THE DIE CONTOUR POINTS —
B> RADA - DUTLET RADIUS OF Tn.. ﬁIE
'Ei RADE — ‘THLET RADIUS OF THE
I INANL- NUMBER OF NODES GHICH HA'Y HH THE DIE
E; RETURN TO HGOIFY HEMU

ENTER YOUR CHOICE 33333y 7

F 3

y
REHARK: Hit the ENTER keg if ﬁau don*t use théCTIGté-iiE?S for the gfcond roapt 1
7 a&&g E‘E)QTBE EITE Bg Q?IEE JE’UREHE &é’.’é.ﬁg ?gﬁﬁiﬁé RODT
¥ .
B BIE
A
v [ B
\NE ¥
HORKPIECE
¥
C68RD DIE
R & Z COORDINATES OF THE POIHTS
> B 2y C
3 B 4y B
X RETURH T THE DIE HENG -
Please enter your choice 72333% 7
PEHARK: Hit the ENTER ke ou don't use FUNCTION-KEYS for the seco rmgt
i RKE §J§TB§ §iTE i}g:ilig Sg'!jﬁﬁﬁg a§: NER ﬁg g}ﬁmé BODT
#
B\ BIE
\
vV L B
s ¥
WORKPIECE 777
3
®B : R-COORDINATE OF -THE POINT B .

ZB : Z-COORDINATE OF THE POINT B

REMARK: Hit the EHTER

ﬁnK' EE}QTBE aéITERBi 95}15@ JE’URCHg b? E. F‘g ghm

PLEASE ENTER YOUR DATA FOR RB.ZB ¥ 7

rez if vou don°t use FUNCTION-KEYS for the sscond preapi
é ¥OOT
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Lo e
-+
-
rzs
[t
(22}

v L p]
Ve £
WORKPIECE @ TTTTTTTTTTTTT
3 3
COORD DIE
R & Z CODORDINATES OF THE POINTS
iy B & L
& CHI i B >~

iy RETURM TO THE DIE HENU —-——b.
Please enter your choice »33332 7
REHARK: Hit the ENTER key if vou don't use FUNCTION-KEYS for the second prospt

iR 2PATER  GPTERRR GPIEEE SFUNCHES of £.NR TRINGEB HODT

HORKPIECE

"+
ht

R-COORDINATE OF THE POIRT D

RD 3
Z0 : Z-UODRDINATE OF THE POINT D

PLEASE EHTER YOUR DATA FOR RB,ZD 3> ¢

"

REHARK: Hit the ENTER key if vou don®t use FUHCTIOH-KEYS four the second prospt
1B &RK§ E‘?M’Eé a??iﬂﬁg églEg 5?8&8'&% 6?.5.&’5 ?‘gﬁéiﬁ HODT

x ¥
& 9\\ BIE
\ L D
¥ t 3
WORKPIECE ~— ~———
* 3

#A + R-COORDINATE OF THE -POINT &~
Z5 : Z-COORDIRATE OF THE POINT A

PLEASE EHTER YOUR DATR FOR RAZR 7

¥: Hit the Ei:i?ER kaz if 'gau dgn‘§ use FUNET}S&—EEYS__for E_‘neﬂsecnrgd TOoR '3,
.Bﬁkg c?ﬂfﬁg a!ITE BE q?ng sgamimg &g.E.ﬁg @m«g HODT
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L B
HORKPECE =

- £
LOORD DIE
R & Z CODRBIRATES OF THE POINTS
1 B 2t >
3D 4> 8

%> RETURN TD THE DIE ﬁEHU

Please enter your choice »»33:} 17
REHARK: Hit the ENTER ke ou don't use FUNCTION-KEYS for the secon

I'GRRE EE)ATBg ?TEQBE §§)IE§ ng‘éthg 6§: .E. ﬁg 75‘%&1!&%? BT

k3 ¥
f BY BIE
\
vV E ]
¥
HORKPIECE
¥ #
RC : R-CODRDIRATE OF THE POINT C
ZC ; Z-COORDINATE OF THE POINT C

PLEASE EHTER YODUR DATA FOR RL,ZC 33 ?
REHARK: Hit the ENTER kev if %ou don®t use FURCTIDN-KEYS for the secom éog o
1

RKES 2§3§TB§ 3§ITE Eg ﬁg‘:IEg EEURCHE 6§‘E.ﬂg 7?1&!1’%
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f* R and Z LODRDINATES OF THE DIE CONTOUR POINTS
B> RADA ~ DUTLET RADIUTZOFTHE DIE
413} RADE - IHLET RADIUS OF THE DIE

THANL- BUFBER OF NODES WHICH HAY HIT THE DIE—

‘ E\ RETURR TO HODIFY HEHU———-L__.®

ERTER Y{MR EHOICE »3didy 7

REHARK: Hit the EHTER ke ou don°t use FUHCTIOW-KEYS for the second é i}T
H

GRKE EE)QTBg g!TEEBg ég)IEg 5?’&1’41355 6@-’ .E. HE ;gmm

-

DIE CONTACY DATA

IHAHL=NURBER OF THE NODES WHICH BAY HIT THE DIE . >

Please enter CINARL 339037
REﬁéRs\. Hit the EHTER ke u don®t use FURCTIOR-KEYS for the 5ecrm%mgt

o
(\E E?ATB% EITEgﬂﬁ 4§}IE§ SEU?éﬁHE éf.E.HE ';gmm HODT

DIE COKTACT DATR o -

RARL{T) = NODE WURBERS

HAML( 1 1=7

REHMARK: Hit the ENTER key zou don*t use FURCTION-KEYS for the second prompt
_ 1 RKE EQRTBE EITE B§ %?IEE 5§3UNCH§ 6§.E.ﬁ§ 7§iém§ HODT
R =
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DIE HERU

& R and 7 CORDINATES OF THE DIE CONTOUR PUINTS
il

JADA - BUTLET RADIUS GF THE DIE .

T3 URADESUTNLET-RADIUS OF THE-DIE .

J! 4

2" (NANL- NUMBER OF NODES WHICH WAY HIT THE DiE

RETURM TO HODIFY ﬁE?iU-—-I-’@

ENTER YDUR CHBICE 333333 7
RERARK: Hit the ENTER key if

f gou don®t use FUNCTION-KEYS for the second prospt
IEéGRi(g E@MB@ agxrs

Bg 4§HE§ Egi}NCHg &?.E.ﬁg ??Qm HBBT

RADE - IHLET RADIBS

L e L
PLEASE ENTER YOUR DATA FOR RADE »)) ?

REHARK: Wit the ENTER key if you don‘t use FURCTION-KEYS for the secand proapt
\BIORKES EEATER JELTEREE 4BIIEEE SPUNCHES oF Mg TRININEER HODT

|
e é%%é%%%%%??i
RADA - OUTLET RADIUS

ﬁﬁi%éégﬁé%ééé%%ééééég@%%%é%%%%?

PLEASE ENTER YOUR DATA FOR RADR 323307
REHARK:NH{L the E?iTEg 'xez if you dcm“:'_use Fgﬁ_ﬁflgﬁ-ﬁEYg__fcr }_hens_»:-;cqu i‘t!m%t
IRk% egmsg %ITERB% i}g}l:g \;gﬂmuﬁg ég—.E.ﬁg 1@&1&@ ROGT
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Ry ZEHD

By IECK

Ly IECK
ARF

ES RETURN T0 HODIFY HENU-———-L:@

ENTER YOUR CHDICE 33y 17
REﬁéfgﬁ:ﬂHi’c the ENTER key if gnu don‘t use FUNCTION-KEYS for the secen%éog éT

Rﬁg E§)QTB§ 3§HE Bg ég)IEg 55’3&8@ 6§.E.H§ 7§’i§iﬁ

T

AHF : PUNCH INCREHENT

e e
PLEASE EMTER YOUR DATA FOR AHF 337
REMARK: Hit the ENTER ey if you don®t use FUNCTION-KEYS for the SECM%DE@%}’
= H

= E?&TBg giTEFIBg i}?!E% 5§’HNEH§ 6?&.&% ??éiﬁ

S R e

IECKZ : RUMBER OF D.0.F FOR THE GIVEW PUNCH VELOCITY

SEEREEER SERSEEE cESREYsEsnn: % ESEEEREYE
et e e
PLEASE ENTER YDUR DATA FOR 1IECKE 37 ’
REARRK: Hit the ENTER key i you don® truse FUNCTION-KEYS for thensgcayd mmgtT
aém% EEDATER SETERDE APIEER Sgﬁﬂﬁﬁg bF.EHE TEAINEERSR WD
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A> 7EHD -

B IECK >
£ IECKE

ARF )
EY RETURN TO HODIFY a&rw——-@

ENTER YOUR CHOICE 3333333 ]
REHARK: Hit the ENTER key if you don‘t use FUNCTIOH-KEYS for the second proapt
&Ri{g EE)QTﬂg ?Tiﬁﬁg ég}IEg 5?&&!’33@ 6§:.E.ﬁ§ 7?&1& HUBT

]
i
e

IECK : WUMBER OF THE MODE AT THE END OF THE PUNCH

e
’ PLEASE ENTER YOUR DATA FOR IECK 33y 7
REHARK: Hi't the ENTER key if vou don't use FUNCTION-KEYS for the second prmg’s

?g €§RTB§ éﬂ?&ﬁg é?IE% Sg-‘tiﬁﬁﬁg 6§.E.ﬁ§ 7?#1&‘% H

-

i

|
g e e

ZEND - PUNCH DISPLACEMENT AT WHICH COMPUTATIOR WILL CERSE

e e e e e
PLEASE ENTER YGUR DATA FOR ZEHD 333 7
Hit the ENTER kzv if you don®t use FUNCTIOH-KEYS for ithe =s=cond m%x}:_r_g_
SRS

ﬁ"‘ﬁg Egﬂgg agﬁ'ﬁﬁ'ﬁg i&"'IE% sgmscag ég.i.ﬁg ’7§;1§Zx‘4

RERARK:
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4> FLABS { IDENGE, IHEPSI )

B> NUMBER OF NOBES IN R & Z DIRECTIONS >
> 1T0P - KEYWORD FOR THE ELEMENT TYPE
B> IWKADT - DEFORMED ELEHENT MURBER

 §

» COORDINATES OF THE RGDES

F> RETURN 7O HODIFY HEWU '_—'L' @

EHTER YOUR CHBICE 33337
REHARK: Hit the ENTER kez if you don*t nse FUNCTION-KEYS for the second proapt
4 RKE eg:-mg agna‘zag é?IE 5§°UNCH§ 6§.E.ﬁ§ ?gzm HODT

A> IRH - NUMBER OF NODES IN R-DIRECTION
B> 1I2H - NUMBER OF WOBES IN 2~BIREETIE!€:3_-. .
€y RETURH TO THE F.E.H. HENG

ENTER YOUR CHOITE 33233 7
REMARK: Hit the ENTER key if you don®t use FUNCTIOM-KEYS fuor {he second prompi

BRK% Egﬁ‘f'&g gi?'{:’fiﬁg QEDIE% 5?0&(214% 6?.&55 7%5‘11‘%{?%% HEDT

HUR RODES

B o— ‘
- |

B Iy »
£» RETURN TO THE F.E.H. HERU

EHTER YOUR CHBICE 3333 1

REAARK: Hit the EHTER key 1f you don*t use FUNCTIGH-KEYS for the secomd reapt
i :g Eg‘:ﬁ?ﬁg dgiTEnﬁ'é 4?‘&@ S?U&EHE 6§.E.H§ 72??1’413%’“ HUDT

222




—P; #> IHEPSI - FOREE FLAG
B> IDEMBE - SELF-CORRECTING FLAG
€y RETURN TO F.E.H. HERH

7

A> FLABS { IDENGE,IHEPSI )
B> HUMBER OF NODES IN R & Z DIRECTIONS
C» IT6P - KEYWORD FOR THE ELERENT TYPE
D> INKAOT - DEFORMED ELEWENT RUHBER

E} COORDINATES OF THE NODES

F> RETURM TOQ HODIFY MERH —————9

ENTER YOUR CHBICE 33333237
REﬁAi;(K' Hit the ENTER key if vou don®t use FUNCTION-KEYS for the second proapt

RKEG CEATER JBITCASH ABIEEE SEUNCHES 65 .E.ME 7EINGEB HODT
RIS SATER  JPTTERR SPIERR SEUNCHER o [E.R TR

CONTROLLING DATA INPUT -

\4

ENTER YOUR CHOICE 3333337 :
REHARK: Hit the ENTER key if you don’t use FURCTIOR-KEYS for the second prospt ¥

ng Sgsﬂ'ﬁg dgT Bg i}?IEg sgtsm:ﬁg 6?.8.53 7§mm itz

R

8> FLAG FOR SELF-CORRECTION

- L - §> RETURN TO COMTROLLING HERU

e

Please enter your choice J... 7

Hit the ENTER kev if gou don*t use FUNCTION-KEYS for the second proapt

Bg QEIEE 5§3UHCHE 6§:.E¢H§ 7@&1&@3 HODT

REHARK:

KK 2EATEY égne
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A> FLAGS ( IDENGE,IHEPSI )
B> NUMBER OF MODES IN R & Z DIRECTIONS
€y I76P - KEVHORD FOR THE ELEWEWT TYPE
D INKAGT - DEFURMED ELEMENT NUMBER

E> CODRDINATES OF THE NODES
F> RETURN 1O RODIFY aam——-.@)

4

. ENTER YBUR CHBICE 3333t !
REMARK: Hit the EWTER key if you don't use FURCTIDN-KEYS for the second prompi

18 Rﬁg Eg)éTBg g!TERBg 45)1!5% Egﬂﬂﬁﬁg &gﬂ&ﬁg 7§mm i

DEFORMED ELEHENT DATA

IHKAOT=NUMER OF EXTREMELY DEFORHED ELEHWENTS

REHARK: Hit the ENTER kev if vou don't use FUNCTION-KEYS for the second prompi V
i Riﬁig Sg)ﬁ'f%g SEITE Bg ég)iE% Sgﬂﬂﬁﬁg 6§? .E.ﬁg ?gﬁ!&@ HOOT
DEFORHED ELEHENT DATA ——

REKADT{T)=If INKAOT is not equal to zero number

of the exiresely deforaed elemenis

HEROTL 2 )= 7

REMARK: Hit the EMTER key if you don’t use FUNCTION-KEYS for the"secgnd rc«mg'tw
i F(Kg E?ATE; .:gITE "ﬁg #gﬂ‘ig sguaﬁﬂg 6§-’.E.Fx§ 1?‘?{%1% HODT
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+ FLARS ( IDENBE,IHEPSI )
B> RUMBER OF MODES IN R & Z DIRECTIONS

C> 1TOP ~ KEYRORD FOR THE ELERENT TYPE »-
D> INKAOT - DEFORHED ELEHENT NUMBER

£ COORGINATES OF THE NODES
P> RETURN 10 HODIFY HeN) ———>(k)

ENTER YOUR CHBICE »»x07 .
REﬁﬁ?K: Hit the EKTER key if you don®t use FUHCTION-KEYS for the 5ecnn%a§ E‘f

Rﬁg E?MBE §§TE Bg #?IE% SQDUHCHg 6§:.E.ﬁ§ ?gﬁﬁm

L

ITOP : KEYWORD FOR ELEHENT TYPE

YOUR DATR FOR ITGP ¥} %
REHQ?F’ 1 Hif the ENTER key if you don®t use FUNCTIDN-KEYS for the second prompt

BRK% Eg)k'fﬁg EITEKE% 4?&% Egﬁﬁﬁﬁg 6§.E.H§ ?gmm iliing
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Apvendix E

SOURCE LISTING OF THE MODIFIED MAIN PROGRAM OF E P D A N

CREEESHEREFSFFARR R F R R RN R R R R R R R R R R R R R R AR R R E RS R AR 2R R L
LR SRR E R E R E R EE B R R R R R E R R R R R R B R N A L S R RN RS R R R R R R AR RS E52
£ ELASTIC-PLASTIC DEFORKATION £
Lz ANALYSIS PROGRAN EPDAN £
CEEEEAEE R R LR T S R R R R R R R R R R R SRR R TR R RN SRR RERF R HRLERRRRREE
CESERR R EFR R R E PR E R R R B R R R E R R L S S R SRR E R R R EH R EF HEE

£
£
PROSRAM EPDAN
IHPLICIT -REAL=S (A-H,0-7), THTEGER®4 {I-{)
DIEENSIOH IA{72},IRALA}
IHCLUBE ’tﬁﬁﬁi.?&&’
. LOMKONS /EAL10000)
% OPEN ALL THE FILES
c CALL OPECLD
. INCLUBE CCOMZ.FOR®

KEB2=KEE#E . :
KKRA=KLE3%2
KHERD=KHERLED
Li={
L3=KER2+L1
{3=KEG2+L2
L4=KEBE+H 3

- L3=KEGS+Ls
Lo=KKEa+LE
L7=KKBa+LS
LE=KNEGS+LT
L9=Ki5+L8

10=K1649
Lil=KIa+L10
1i8= ggp;;g(
!z’

1

Lia-&ﬁﬁu+ 14
Lig=KEGE+L1G
LIT=KKB2+ 14
Lis-aKSQ+LI?
LI9=KKB2H1
LEQ-fK§E+L19
{21=K15429
LEE=KI§+LE§
LEB"ViS*L

L Q "S+L3“

L3141
C3aeKIgR L

;ﬁag CHBTA

3QL;IL“§Qg¥i3°?ﬁ ’fEI R:HES?;quﬁh
I )Vp DEMEE!
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1 E zLEE),tQ(L!?),EAiLi») EA{LIS),EALLIG),
2 EA{L19},ER{LED) EQ(Lﬂi).EQ(LQE),Eﬁ(L:E},
3 ER(LE#) Eﬁ(LEﬁ)yEA(LEb) EA(LET7) EALLEE),
§ £AL3 ,:h(LoO) EA{L31) KA, FREE)
§30  SONTIMUE
I3ER=,FALSE.
CALL <ONTUR{IDEL,ZZ,RR,[BER}

L1 OFILL{EACLLY, ERCLEYEALL )\ ERLLA)EALLSY, EALLLLY,

‘E‘ JER{LITY,REAUSE, IDEC, IBER)

{L1;,ER{LE),EA(L3},EA{LA),EA{LS) .ERLLE),
‘EA(LX°} (EA(L16),ERILLSY,ERCLIEY,ER(LIT),
2 EA(LRBO),ER {21} ,Eé L’E);EA(LE3),ER(L€S) EA{L29),EA(L30),
3 :ﬁ»»31},£0 IRA, IK I&R,IX&,IYU;IXBE;IYBS,ISEHL,IXUS,

& IYBG,FLITYRY

£

£ .

%**** { INEARIZE FLOM-CURVE (stresc-sirain curvel
IFi.ﬁﬂY.RiSTQRT} CALL LINIZER(EA(LID}EALLIGZ)H)

L
§ £5% COHPUTE ELARTICITY HATRIY
£
. CALL _LQCBﬁ(EA(LB),Ea(Lia},EA(L!Q}.Eﬁ(LcikxEA£LE:) RESTART!
IF(PLOT) CALL PLOTTER(EA{LL),EALL2),EA(LI),E4LLE),
1 EA{LB)EALLLI1),EA{LIR)},EACLIS},EALLR2),ERLLRT),
2 EQ(LEQ),EﬁiLES);EQ(LE&),EQ{LE?},EA(LES),EA(LE?),
3 ég(LBG) EA(LSI))
¢ CatL CL&Cﬁ(?C)
£ §E§§§§§§*§*§t§%%E§**i%%i{*é%i*%*‘f*%é**i%¥%%&*%i&%%&%*%&%i*&%&ii&f**%
g : ¥
£ % START INCREBENTAL QQﬁPﬁTQTIGﬁ” £
£ # ’ X
£ §§§§§§§f3§§§&§§§%£§§ri§;;%5;&;*§é*if***&=§§§§%*§§i1§§*§*§f%§§§§§§%*§§
A
£ §§§§§§*§%f!i%%i&&%*E**iii*%r%*E%ii**{i&i*iiii§E§§*§§§§*§§**§*i§*i§§
£ 3 L%
% R ; STQRY ITERQTIG& LGBP R
¥ A . £
£ *%§§§§i§¥§§iiiit*i§§t§§§§ %?*%if%ié%%f%***i%i§§§§§§§§%§**§§§*ii§i*§§
£
£ . ;
3?3 LALL BEEI&(EQ(L&),EAiL?),LﬁSéﬁL)
765 ITER=ITER+
B3 704 [=1,185
04 Qﬁﬁil}=§.
3%
£
%}* ‘£BLSYRBCT ST!FrNESa KQIRXX
CatL SYicfﬁ(EA(Ll),EQ(LEQ,EQ(LS),EA(L@),EA(LH),EQ(L?),EQ(LIO),
1 EALLIL),ERILLIE) ;ER(LIS),ERCLIS)ER{LR0),ER(LDT),EALLRR) JER{L23),
2 EA(LEé},EA(LES) EA{L2A),ERIL27),EA(L2E) Eﬁ(LE?),EA(L“Q),Ea(LSi),
-3 &Géﬁaa,LYQ&T IaSTEIF}
%23
Crz
£ .
2%  DOUNDARY CONDITIONS
g
1373
CALL BCSQE(EﬁiLsi,EQ(L?),EA(LXI),EA(LIE},EA(LIS),EA(LI#),
§ EAILLT),EA{LIB),ER{LLT),EALLEG) EALLRS),
¢ 2 ENTER,IDEC,IBER,AKFANG).
Ces
€
CALL BOLVELEANL S, EALLE),EAILTY,FAILIT),FALL IS, FRILIAY ERILLTY,
1 ER{L1T) EACL34),EA(LRSY NIPODE,LOCAL, FREE JMBLLE,RGANSS)
. IFLITER.LT.ITLIRITY 60 18 705
E %%&i*ii%%‘ii%}i%li*!§%¥§§!ki&‘%ii%**{i!!ziiiiiiiif**%F***%*%i*&*t**%*
£ ‘%
% % ERD OF ITERATION LBOP ¥
¥ ¥
L AR RR R R R RS E R R E PR R R R R R P F R R R R R R R R R LR R R R 3R E S
€ .
£

227



£ &*i*i}f%é*i&&*i*i!**&%i**********i**f*f&*§*§**i**i*§§*&*&*i§§*§li***i
£ s

€ ® GOLUTION IS SATISFACTORY :  COMPUTE THE NEW STATE i
¢ %

£ SRSEERERERHFERERRE R EE AR SR ER AR R MR F R R PR R R R FE R AR R RR Y
L
£

c .
£is COMPUTE STRAIN AHD ROTATION - INCREMENTS

CALL INCSTRCEA(LY),EA{L2),EA(LI},ER(LS),EALLE),EA(LY),

1 EA{LI0),EALLIT),EACLLR), EA(LI#) EACL1S),EAILE0},EA(LRL,
2 EA{LER),EAILRI),EA{LRS),EAILET) EE(LE&),ER{LE?),EQ(LES},
3 EQ(LE?),EA(LSO) EA(LSl),LKﬁGT IqSTEIF)

C
C CHECK BOUNDARY COHDITIONS
€
£ CHECK ENTRANCE INTO DIE CONTOUR
C ——————————————————————————

ﬁﬁLL DIECHK(EA(LS),EA(LIT),EA{L12),EA(LIA),ER(LID),
; { ZPOP,RDUMHY (REEU, H&TF&LL;XQEQ*IBER‘:ﬁTER FREE,BEENDE L OBANL)

CALL TESTDEF(EA{L1),EA(L2),EA(13}),EA(LS),EA(LE),

1 EAtLI1}) EALLIR), R(LIB} EQ(L'#),E&(LIb);EQ(LIS)‘

2 ER(L&?),EQ(LES),EQ(LE?},EA(LEQ);ER(LJi}thBP,
c 3 ROURHY,LKAOT, IBER,IﬁcﬁgFREE DE%SC}
c N
T 5-!-%%i-&-!-%i-%ii-i**i*%&i-{-&%iiiii****iiﬂi*%ii&iiii%%i%§§§§§‘H~§§*§§§*§§-§§{’%
£s : %
% t END OF IHEREﬁEﬁTAL COHPUTATIONS . %

H : : 3

L E3% *i%i-"’H'i-%%*%i%i’i%iii%i&i’&i%*%ii-%"%i-%*%E**&**i&-*%ii*%’i*%iii*%ii%%i%*
C
% DECISION FOR QRITIHB THE PLOTTER - FILE

KE=4

ggté. CLSCK(&S)
- IF(SAVE.AND, ﬁﬁB(ILQST NGABST) .E8.0)

2 CALL GTDRABE{EA{LI} FQ(LE);EQ(LQ),EA(L#) EA{LA) EA(LS},
1 EALLS), Eﬁ(LI@);EQiLIi)‘Eé(LIE) EA(L13),EAIL14),EA(LIS),
2 EA(LIBY,EA(L1T),EA(LR0), Eﬁ(LEi}:EQ(LEB) EA(LED) JEALLEG),

‘1 %%fLipéﬁEé(LﬁﬁlgEA(LE"!QEQ(LES) EQ(LEQ}*EQ(LSGigﬁﬁ(L3§);

£
IF{IHALEN.ED. TLHA.AND,PLOT) CALL PLOTTER(EA{L1),EA(L2),
L EALLA),ER(LS ), EA(LAY, EALLLLYERILLD) qEéiLlélaEQ(L€?§s
2 EALLE3)ER(LES), EQ(LCJ) ER(LEA),ERILET),EA(LAES,ER(LED),
c 3 EQ(Laﬂ) ER(LSI))

CALL ﬁhK(Eﬁ(LIE),aFBP IRBUﬁ;BEE%DE ROTFALL)
- IF(IRDUH.EQ. 1) 6070 723

C .

724 Kb=2
CALL DUTPUT{EA{L1),EALLD),EALL3),EA(LA),EALLS),
! EQ(LB),EQ(L?);EQ(LII) Eﬁ(tlﬂ),Eﬁ(Ll#);Eﬁ(Liﬁ}.
2 EaiL18),EalL19), EQiLEGJ LEA{L21),EALL22),EALLEE),
3 EALES) Eﬁ(LE?),EA(LSO) EA{L3L),
4 K0,1RA, IhEIﬂRaIXB 1YU, 14R6, IYBG,
] ISSHL,IKUE,IYUB,FLiT?P)

CAtL YOLUMEC(FALL1),EA{L2),EALLT),EAILG),EA(LIL),ERLIR),
1 7POP,BEENDE,NOTFALL)

IF{IS70F,.E0.1) BOTD 444
68 14 723

L
% CLOSE THE FILES

464  CALL OPECLO
£

228



Appendix F

SOURCE LISTIEG OF D ATOR

2 REM
3 REM
4 REH = =
3 Red = DATOR : DATA GENERATOR PROGRAM =
& REH = =
7 BB cz===s=mas
8 REM
REH FEFEERFEHEERERRETIES
10 REH FRESEERLREEREHTLERLE
11 REH FRSRESEREEFERRRFEESE
13 REH FPROG-GHAIN =
14 REH : . BRRFEREEREEIREEEEELE
15 REH
00 RER TEREEERRREEERTREESRI RN AR R R RS RN R R AR RN BN SRR R RS PR EREREERE
23 Red

24 RER SESREERRsiS i i R s s Rr e it LR R R R R R R R R R R IR R R R R SRR R R RRRE
£6 REM ¥ HAIN-HENU COHMUNICATE WITH THE GORG.BAS,BALL. BQS G0RE.BAS,GHEGH. BAS #
27 RER ¢ FOR THE FOLLOWINGS : £
23 REN & 1) USER - MACHINE INTERACTION FOR MODIFICATION ﬂF THE DATA FILE b
30 REM £ 2> USER - HACHINE INTERACTION FOR REABING ALL DATA (First case) 43

32 REM * 3) USER - MACHINE INTERACTION FOR FILE ORBAMIZATIOR 11
33 REN ¥ 4 WESH BEMCRATION. £%
34 REM SResrsse s bR EReRERtRE R R R R R R I E R R PR EF R RR R RN ERRRRRELRELRET
33 REf
43 REd

45 COMBON NEADT(1},HARLUL)RRKUL),\2K{1),ADREL), HANS({L)
47 EOMHON WL, VS0, TV(L),EVCL) HAS(L)  HRIS (1), AR(R) , BRS(2)

§8 ool PRR,RIi;REﬁ 13,11, IXE;XI,XE

49 CONHDR ﬁﬁéi(ﬁl.&ﬁB;(E) Bﬁﬁ(l) SE(2)

30 COHNOM RET,E4

dle %%Z{‘i{%ﬁ FI';(I),FR(I),MPQS(I);&AET(U,H&PR(U LU0 UL KU ﬁﬁ(i);ﬁSTEﬁ(I)
+ iy

60 CLS:KEY OFF:13=100:11= 100 12=10:16=130

&2 IF PAR=7 THEN 6070 135

53 PRINT CHR${7);:COLOR 7,0:CLS:83838 2092:C0LOR 0,7

&4 FOR =6 10 17

65 LOCATE I,3:PRINT STRINBS{75,178);

73 HEXT |

80 REM FIRST APPEARRNCE OM THE SCREEM

32 LOCATE t1,22:PRINT®

83 LOCATE 14,22:PRINT®

83 LOCATE 15,B2:PRINT* (B ARTA BERERATOR
86 LOCATE 15,22:PRINT® For the Finite Elesent Code EPDAN
87 LOCATE 11,22:PRINT"

® B o
Ehal VYN LL VN

LT

89 LOCATE 17,27:PRINT" Yersion 1 17.2.1989 :
89 LOCATE 18,20:PRINT" By : Ezgi Gunay :
95 LOCATE 12,22:PRINT® P A T 8 R ;

;

97 LOCATE 13,22:PRINT®
100 COLOR 7,0
110 REN
113 AS=INKEYS:IF A$="" THEM 115
114 REM Qutput file names DATOR.FOR and DATOR.DAT are infroducing
117 £15:60508 800 0
124 CL5:GO5UR 8055
125 CL5: 1X3=5:1%1= %
135 COLOR 7,0: LGC&TE 4,1 PRINT STRINGS(80,23191;
145 FOR 1=9 10 1
{35 LOCATE I,1: PRINT CHRE(221)5:L0CATE I,B0:PRINT CHR#(222);
163 MEIT
*74 LOCATE 17,1:PRINT STRINGE(80,219);

5 LOCATE 5;:0.rn1d7 STRINGS (23,2191
I?‘ LOCATE 7,30:PRINT CHRS(Z21) .LQEQTE 7,32:FRINT CHRS(22B);
198 LOCATE 6‘ 0:FRINT CH RifE°1) :LOCATE 6,52:PRINT CHRE (22213
205 LOCATE 2,30:PRINT CHR%(Eﬂf}"LG"ATE 8,92:PRINT CHRS(223):

208 COLOR 5,7

20 EER - - REIN HERU - -
215 LOCATE 7,37:PRINTMAIN NEMU";

.

229



224 LOCATE 10,18:PRINT®

223 LOCATE 11,18:PRINT" A> DO YOU WANT TO MODIFY YOUR DATA ?

235 LOCATE 12418:PRINT® B> DO YOU WANT TO READ ALL DATA 7

237 LOCATE 13,13:PRINT® C> DO YOU WANT TO ORGANIZE DATOR.FOR 7

250 LOCATE 16,18:PRINT" 0y STOP THE PROBRAM D ATOR

241 LOCATE 15,18:PRINT®

245 LOCATE 19,20:PRINT*INPUT YOUR CHDICE *:

Q#é COLOR 7,0:L0CATE 19,40:COLOR 28,0: PRIH&”)>)>}>“;:CGLDR 7,0
247 COLOR 0.7:LOCATE 19,48:INFUT AlS

EJQ COLOR 7.0

253 REDIM SBR{X1, 421, NMAS{XL XE),HHRSIX1, Y21, DURIYL) SE(XL, X8:
255 RERIN %YQGT\&B).HA&L(K3),RK(XQ), ZKEXG) AORUYST HAS LT

250 REDIR WW{X3),UVS(X33, IV(X31,EVIL3),HAS(X3) , NALE{XI) ARLYT, (R}

‘242 REDIY Fa(X#),FR(X%);ﬂPDS(Xé) NACT{X4), ﬁRPR(Xﬁ)

244 REDIH IU{(X4) JU(XQ),KU(X#),%U(XQ) NSTEH(X4)

295 IF RI$="A" OR A1$="a2" THEN GOTD 343

T IF Alg="R" OR A1$='b’ THER 6070 357

315 IF A1%="C" OR A13="c® THEN G6OTO 348

345 IF A1$=°D" OR Al$="g* THEN 6OTD 400

354 G070 125
356 REM

357 REH —e—mmmmomm oo COMMECTION WITH THE PROGRAHS

s s B 1} HODIFY 2} FIRST

359 REW 3} GREANIZE 6} HESH 5} IBOMESH ----——-m-eme-

Ef
353 CHAIN *C:HODIFY.EXE®
363 REH :
367 CHAIN "C:FIRST.EXE"
358 RET=1
374 SHQIN *C:ORBANIZE.EXE"
315 RER
400 CLS .
405 GOSUB 2000:G0SUB 9000:LOCATE &,19:PRINT® End of the INTERACTIVE BASIC pregraa”;
404 LOCATE 5,30 : COLOR 28,0:PRINT™ & &T08 #%; ¢ COLOR 7.0 X
508 LOCATE 15,20:COLOR 28,0: PRINT®>%5";:LOLOR ?;ﬁ ﬁRIﬂT ® PRESS EHTER KEY TO STOP ";:COLOR 28,0:PRINT={{{{7:
410 REH
420 LOCATE 20,10:A53=INKEY$:1IF AS%="" THEN 42¢
425 OIS
439 REM
435 REf - EHD OF THE MAIN PROGRAM G HAIN.BASG -
460 REH , -
470 REH :
430 REH
590 REW STOP
500 EMD
510 REH
311 REH
215 RER TABLE DRAHING SUBRBUTINES
517 RER --—- =
519 REl
1340 REH
13653 REH ~ HERU DRAKING (1)
1370 REH
1375 RE®
2000 CLS:LOCATE 12,1:PRINT STRI%S%(BQ,EI?)'
2002 FOR I=13 T0 17 .
2004 LOCATE I,1:F BRINT CHR%(QEI),.LGCATE i,SQ:PRINT CHR%(222);
2008 NEXT I
2008 LGCATE 18,1:PRINT STRINGH(80,219);
2010 RETURH
2015 END
2092 REN .
2093 REH HENU DRAHING (2)
2074 RER
2095 REM
2100 €LS
2110 LOCATE &,1:PRINT STRINGS{80,178);
2112 FOR =5 78 {8
2115 LOCATE I,1:PRINT CHRS(221); sLOCATE I,80:PRINT CHR$(282);

a B o B oy =
- VB

2116 NEIT |

£118 LOCATE 19,1:PRINT STRING$(80,178);

2210 RETURS

4500 REH

7000 REH HENU DRAMING (D)

230



7100 REH -
8000 CLS:GOSUR 2092

8005 LOCATE 22,18:C0LOR 28,0:PRINTTUARNING : The File Hust Exist *;:COLOR 7,0
8010 COLOR 0,7

8014 LOCATE 7,18:PRINT STRINGS(44,177);

8015 LOCATE S 18:PRINT"

9016 LOCATE 9,19:PRINT®

8018 LOCATE 10,18:PRINT® Reading of the data from $he SCREEN and
§022 LOCATE 11,18:PRINT™ CREATION of the ouiput-file

2023 LOCATE 12,18:PRINT®

3024 LOCATE 13,18:PRINT”

8025 LOCRTE 14,18: ?n,dT” {Dgfault : DATOR.INP)

8025 LOCATE 15,18:PRIN

8034 LOCATE 16,18: PRI%T STRINGS (44,1771

8039 LOCATE 21, 18 PRINT®Please enter the oufput file name ";:COLOR 7,0
8040 COLOR 28, 0 : PRINT® PRV

8943 COLOR 7,0 3 COLOR 0,7

8044 INPUT R1% : COLOR 7,0

8045 IF R1% ¥ °° THEN BOTO 8050

8049 R1:="DATOR,INP®

8050 RETURN

Rog By By B
P L R A

-

-

8035 REH

3056 REM - BENH DRAWING (4)

8057 REH
8040 CLS:G05UB 2092:C0L0R 0,7

8063 LOCATE 22,13:COLOR 28,0:PRINT"HARNING : The File Must Exist *j
8064 COLOR 7,& COLOR 0,7

8065 LOCATE 7,18: PRI%Y STRINGS (48,177

8047 LOCATE 8 18:PRINT

80468 LBCATE ?;18 PRINT®

8070 LOCATE 10,16:PRINT®  The teﬁparary file containing all
8073 LOCATE 11,18:PRINT® arrays will be created

8075 LOCATE 12,18:PRINT®

8076 LOCATE 13,18:PRINT"
8077 LOCATE 14,18:PRINT"  (Default : DAT&R.DAT)

8078 LOCATE 15,18:PRINT®

8080 LOCATE 16,13:PRINT STRI&S:(#@;&??), s

4082 LOCATE 21,18:PRINT"Please enter the file nage ® ;:C0LOR 7,0
8083 COLOR 88,9 PRINT#233" 3
.8084 COLOR 7,02 _COLOR 0,7

-B085 INPUT R2§ : COLOR 7.0

8087 .IF R34 >¢ ** THEN EGTQ g1og

8089 . RE&"HRT&R pat®

8108 RETURN

9000 LOCATE i 1:PRINT STRI&E%iSQ, 19}

9002 FOR I=2 TG 7 y

9006 LOCATE I,1:PRINT CHRE(EP1)::L0CATE I,80:PRINT CHRE(222);
9005 HEXT I .

9008 LOCATE 8,1:PRINT STRINGH{80,219);

9010 RETURN

2015 EHD

W o Wy
‘A.“"““.Mn”.ﬁll“—

m oy o®

4 REH HODULE : DRG AN I ATION

10 REN
a0 REH 'Eis"!!'*'i§x§'i%*%%%****ifﬁiii***ﬁ*i*%**ri’tii’**i§"'§§‘Z"§'§§'§"§t§t§§§{~*i{*
30 REH SUBROUTINES FOR THE URBAHIZATION OF THE FILE ¥
28 REN DATOR,.FOR ¥
2{) %Esﬁg i{§t*"¥*{'§§§ii¥'§§'I"E'H':i%{'5'1'*i”i‘"§i"§'§§§§§*§**§*{'§'§§*i**ii%**i***%*%ii

o}

50 COMNOM NKADTE1) ,NANL(1),RE(1),2K(L), ADRCL)  NANS 1)
52 COMNDN YWCLD, 005010, 901D, V1) AT 1) WA18C1) , ABLE) , BRSLD
54 COMHON PAR,R1$,R2%, 13,140,143, 11,18 1RIE RESL2)
55 COMMON NHAS(2) MBS (2), DU 1) SE(D)
28 Conto gEzl§ﬁFR(l Hegs .

Z 1 NPOS (LS, HACTLL)  HAPRCT Y, TUCLY , JUCLY KUEL) ST

38 cotiok rz(1), UOLT JULLY KUOLY  BUCE ) HSTENET)
40 CLS:KEY OFF

65 PAR=7
7 REH
‘8 RE§
a; %’-é(‘{ sas st s;{ d%g*gi%%i{gga 543 OHINE 12 LEED
FLoRo 3 iy Fialy MBI 1)x2 «ﬁﬁmal)q:E i, ‘E
74 REDIN H‘AUT( 3} HAH L(33}39§(X4}|un(i§);ﬂﬁ° {131, HAHS(X3) ;
& REDIN V¥{X31,UV8153),1V(43s,EY (13),483€X3}, @ﬁlﬁ(x3 RALEL, X2}

231



77 REDIM FZ{X4) FROL4) HPOS{XA) JNACTLXS) NAPRIXS)
78 REDIN TUCX4) . JULXS) KU(XG) , MU(XE) NSTER(XS)
79 IF RET=5 OR IS0=5 THEN GOTO 84
30 §OSUB 1000 : IF P=2 THEM GOTO 210
8¢ OPEN R1% FOR OUTPUT ARG 2
82 TITLE$="TEGT DATA FOR DIELESS EXTRUSIGN 5 y 19 ELEMENTS 29/07/198%"
83 RER -~ommmme—e ORGANIZATION-HERY
a4 RET=0: I50=0:CLS:G0SUR 8000
95 [F DUMMY={ THEN G818 92
95 IF DUMMY=2 THEW EOTO 95
47 IF DUMMY=3 THEN GBTQ 130
38 IF BUNMHY=4 THEN 807D 200
89 IF DUMNY=5 THEN BOTD 143
2¢ CLS 3 BOSUR 8300
91 GOSUB 2500
92 PRINT 42,
24 REH --————mmmommm—e FORMAT-HENY
9% CLS : GOTO 84
96 CLS @ GOSUR 12000
97 IF FOR1=1 THEW 8078 105
93 IF FOR2=1 THEN BO7C 117
99 IF FOR3={ THEM 6018 150
100 BOTR 82
105 605UR 110600
104 PRINT 32,

107 BOTY 130
119 GO5HE G000

{ REH -=---ommomeemee HESH-HENU

%30 gLa : GOSUB 7000
132 IF UFBi=1 THEN 807D 135 -
133 IF UF02=1 THEM GOTO {40
134 BOTO 8%
135 CHAIN °"CiHESH.EXE"
134 PRINT 52,
137 PRINT #2,
138 PRINT 52,
150 PRINT $2,
150 BE8T0 84
165 REDIN BBS(XL,X2),MHAS(Y1,Y2)  NRBS{XL, 12, DURIRL),BE(XL,12)
164 REDIH ﬁ?ﬁBT(XBE;HQJL(X3),Qh(Ké) ZK{XA) ADRCY3) , NAWSCXT)
147 REDIA YVL13) U843, IVOE31,EV0E3), MRS (Y31  HAIS (X3) AALYL, XY
168 REDIH F&(XH)«FR(X‘) HF&Q(XQ) HACTCNG) HAPRLXS)
149 REDIH IU(X#),JU(X@),KU(X#),%U(XQ);&ETEH(X@)
170 CHAIN °C:ISOMESH.EXE®
200 LLOSE(2)
210 CHAIN "C:HAIN.ELE"
435 REH 'f{'f"f:%r{-X-‘i**%*ﬁ-i-**%%t%%*‘*%‘i**&‘%%%*zﬁ'i’%%%i"%*r%i
700 REH SUBROUTINE FOR THE READING OF THE UHDLE ARRAYS
701 BEH E23 e irs s i Ra s st a s a s Rn e et eessss
703 OPEN E2% FOR INPUT 85 1
T4 KEZ=
718 ?EL-&EZ*l
715 REH
716 INPUT 51,HV3(KEZY, IVIKEZ), EVIKEZ), VVIKEZ), ABRIKEZ), HAMS(KEZ),UAIS{KEZ),RARIKED)
717 IF EBF(I) THEW 719 .
719 €078 710
719 CLOSE(1}
720 REH
721 RETURH
T2 REH S$PFL3 e85 s i s ass e st e asiaaas R s asaaasssiss
725 RE® SUBROUTINES FOR THE DRAHING OF THE TABLES
T30 REH SLER s Rra R r e F e R R R RN R R F R R LR IR AR R I LIRS
800 LBEATE 2,1 FRI?{T STRING%(80,219);
219 FOR £=3 10 7
815 LOCATE K,1:PRINT CHR${221);:L0CATE K,B80:PRINT CHRs{222);
820 HEXT K
825 LOCATE 8,1:PRINT STRING#(80,21%});
830 LOCATE 4‘8 PRINT®PLEASE ENTER 1} THE HAME OF THE MEW BATA
38%;;} %%%@;E{ By 24:PRINT2) LOCATION HUMBERS IN THE BATA FILE 3

{ §

00 REH BER3EReRsseRER iesaRi R st i s e n s sy
201 REH FUNCTION KEY SURROUTIME
742 REH TG SAVE THE INPUT DATA

902 RER FHHHE R R R

243 LOCATE 18,1:PRINT ﬁ R*(”*s)*"*ﬁ H65{75, 1941 +CHRE(I94 ]
°?3 LOCATE I,»lzcﬁi?T CHf 5(1"")"LSC§TC 19,80:PRINT CHRS{179);
91 LOCATE Lﬁwf PRINT CHRS(192)+ E?QYk83'78 !?‘ +HHRS(2LT);
?34 LOLOR 047
5 LOCATE XQ,IS PRINT" 1Y SRUE *3:sLOCATE 1(9,30:PRINTEEY IHPUT RGAIN"
9cﬂ LOCATE 19,50:PRINT®2> START éBRId“'

232



925 RER
930 LOCATE 23.10:PRINT"1%;

935 LOCATE 23,11:PRINT STRIKB*ﬁé 219

940 LOCATE 23,12:PRINT EBAVE";

950 LOCATE 23,30:PRINT"2":

950 LOCATE 23,31:PRINT °TRI§G$‘&.LI°‘;

970 LOCATE 23,32:PRINT"REED";

980 LOCATE 23,50: FQINT“S’

985 LOCATE 23,51:PRINT STEINGS(7,81 7}

370 LOCATE 33.53 9RIAY“”TQRT“‘

299 LOLOR 7,0

997 RETURH

1000 P=0 :COLOR 7,0

1010 CLS:60SUB 2008

1020 LOCATE 2,1:PRINT CHR${E18)+5TRINGH{78,1946}+CHRS(1%1);

1030 LOCATE 3,1 PQIH? CHR$(179);:LOCATE 3,80:FRINT EHRﬁ(I??)‘

104¢  LOCATE 4,1:PRINT CHR$(19E)+STRI&S$£78 1961+CHRS{217);

1050 COLOR 0,7:LGCATE 3,9:PRINT® ORGANIZATION HODULE FOR THE PROGRAH

1040 LOCATE 14,15: PRIRT“11 the case of second usage of this acdule
1070 LOCATE IJ;XJ.PRIHTnDYEVIBJSI created data file is destroyed 3

1080 LOCATE {4,15:PRINT® & > COWT HU‘ B » RETURH 3
1090 COLOR 7,0:COLOR 28, G LOCATE 28,1 :PRINT"S) 3> Pyradey®LOLIR 7, o
1095 COLOR ¢,7:LOCATE EE,IS:IﬁPUT Y$ COLOR 7,0

1102 IF K5= “f" OR K%="a" THEN EOT0 1120

1195 IF K$= "B" OR K3="b" THEW 80TQ 1130

1168 8910 1040

1129 P=1 : GOTO 1130

1130 p=2

1150 RETURN |

1300 REH FeRRsssspsdsdssss s b RRessfeinaRas s aanasatsnsasiss

1310 CL5 : LOCATE 9,10:PRINT STRING$(60,219);

1313 FOR 11=10 70 U7 )

?%g% %gg%}% 11,10:PRINT CHR${221);:LOCATE IT,&7:FRINT CHR$(E22);

1322 LOCATE 18,10:PRINT STRINGS{40,219);

1324 LDCATE 4,30:PRINT STRINBS{17,220);

1325 LOCATE 1.30. PRINT CHRS{221); LBQAfE TA48:PRINT CHRS(222);

1327 LOCATE 8,30:PRINT CHR$(EBX)'-LBLQTE g,48:PRINT CHR3(222);

133§ (OCATE 9,30:PRINT CQR${331)"LQCATE 9,#3 PRINT SHR%(LEE}'

1340 REH §§§§§§¥§*§§*§E§i¥§1i§§*¥**%ii}*¥§§§§§§%*§i§§§2%%*****

1344 COLOR 0,7

1352 LOCATE 21‘39 PRINT®ENTER YOUR CHOICE®:

1354 LOCATE 21,39:COLOR 28,0:PRINT® 22000

13546 £OLOR 7,0

1358 RETURM ‘

1350 REY BE3ersieessbeiRess i st asavaistsasasssssnssss

2000 CLE:10CATE 18 1:PRINT STRING3{80,219};

2003 FOR 1=13 18

2010 LBCﬁTE I,1: PRXHT CHR${221);:L00ATE 1,80:PRINT CHRS{222);

2015 HEXT ]

2020 LBSATE 18,1:PRINT STRING%!86,212);

2085 RETUR

2091 RER

2499 -REfl =====z===
2300 REH
c%% %é% SUBROUTINE FOR THE AUTOMATICALLY PREPARED DATOR.FOR
d

510 REH
2311 SH=0

2313 IF TIT$ »( "® THEN BOTO 2516
2314 PRINT #2,TITLES

2513 6070 2318

2514 PRINT 32,7173

2317 REH

2518 FOR H=1 TO 01

2319 FOR IT=1 70 12

£320 DuIT)=0 :

2321 HEIT IT

2523 PRE=02JL=0

2325 Te="":1K=9

2330 FOR #=1{ 70 12

2535 IF BE%(N,H) ="" THEM G870 2535
2340 TE="CHe": s~"r1

LS»U DEROHI=NLIF 9 ¢ 1 THEW 6070 2553

233

EPOANT



2590 #i=n
2355 HEAT 1t
2540 IF IKS{ THEN GBIG 2705
éq IF IK=1 THEN B5OSUB 2425
LJIG IF T$="" THEM BOTD 2580
2575 GOTD 24cE
£530 FOR LL=t T8 32
2585 K=H: KK=LL
2590 A=HHAS(N,LL)
:ﬁqa IF A% ="* THEHW GOTO 2500
2596 KkK=1
35?7 5070 3000
2500 NEXT LL
Ebeﬁ %%T‘a} 5300
”63 FOR LL=1 TO HL-1
2530 K=N : KK=LL
2635 A%=NHAS(N,LL):IF A%="" THEN GOTD 2443
2637 £Kk=2
2650 G0TH 3000
2542 REH
2543 MEIT LL
2550 K=N : {K=HL
2655 A%=HMBR(NHL)
2557 KKE=3
2860 B80T 2000
256463 REN
2465 FOR Li=HL+1 TO ¥
2670 K=N 1 KK=LL :83%= ﬁﬁﬁi(ﬁ LL)

2673 ¥RK=4

2673 BOTO 3000
2576 REH

2680 BEAT 1L

2683 REH

2690 BOTE 2373
2553 Ref

£700 REH

270% FOR L=t T3 i
2710 K=N » KK=LL

2715 IF 5ﬁﬁiLL) ¥ 0 6070 2733
2720 As=NHA%(N,LL)
2723 KKK=0
2725 BOTO 3000
2726 REH
2730 REH
2735 AS=HHBS(N,LL)
2737 Kik=4
2740 50TO 3000
2742 RER
2763 RELT LL
£7a5 GUTE 2373
3000 RER
3003 REH =s=== CHECKING OF THE FORHATS ==zEmss
3097 REH
3008 Y=K+5UH
3009 RER
3010 IF H=1 AND Li=i THEN 5070 3020
2082 IF LL »{ { THEN GOTO 3020
3014 PRINT $2,
3020 IF A$="INKAOT" THEN BOTO 3400
303¢ IF A%="INANL® THEN GOTD 3400
3040 IF A3="ITRHL® THEN 5OTO 3400
3050 IF A%="1" THEN GOTD 3800
3060 IF A3="J" THEM BOTD 3400
3970 IF A$="NSABST® THEN 6OTO 3400
34380 IF AS="DPHI" THEN GOTO 3420
3099 IF A$="PHIHAX® THEN GOTO 3420
3100 IF A$="IDINKF" THEN GOTD 3400
3105 IF A$="IDINKV" THEN 6070 3400
3110 IF A3="IDINKR® THEN GOTO 3400
3115 IF A3="IDIRKS" THEY GOTD 3440
3120 IF Aﬁ— SKFHULL® THEM 6070 3540
3125 IF A%="CH® THEM BOTO 3650

21360 ‘F ‘“PD” THEH 8OTC 3580
3125 h=="§\" THEN GLTO 3480

4ﬂ IC AE="IFLITY" THEW EOTO 2500
""‘ IF §%="CEE" THEM B0TD 2440
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3155 IF A$="ENN" THEN GOTO 3440

3140 IF AS="IMA* THEN 8OTO 3400

31465 [F A$="ILMA" THEN GOTO 3400

3170 IF A%="IHALT" THEN GOIO 3400

3180 IF A$="IHEPSI® THEN 6070 3400

3190 IF A%="IDENGE" THEN GUTO 3400

3200 IF A$="1TOP" THEM GOTQ 3500

3205 IF A%="IWRITEG" THEN BOTD 3500

3210 IF A3="TEND® THEN 6070 3420

3215 IF A$="IY" THEN GOTD 3500

3220 IF As="1Y" THEM GOTO 380

3225 IF A%="RB" THEN GOTO 3440

3230 IF #%="7B" THEN GOTO 3440

3235 IF As="RC" THEN GOTQ 3440

3250 IF A%$="ZC° THEM 607D 3440
.3245 IF As="RD" THEW 6078 3440

3250 IF #$="7D" THEN GOTO 3440

3255 IF A%="RA" THEN 6070 3440

3240 IF A%="ZA" THEN 50T0 3440

3355 IF A%="RADE® THEN 5070 3480

3270 IF A%="RADA" THEN GOTO 348¢

3275 IF As="IRN® THEN GO7TO 3400

3280 IF A3="IZN* THEN GOTD 3400

3885 IF As="LIRVER® THEN G070 3409

3260 IF A$="ILASTI" THEM GOTD 3400

3295 IF AZ="LIMVER1® THEX BDTO 3580

3297 IF a%="ILASTR" THEN 5OTO 3400

3300 IF As$="LIHVERZ" THEN G070 34500

3305 IF AS="I1ECK" THEN GOTO 3400

3315 If ps="1ECKE" THEN BOTO 3500

3325 IF as="ANF" THEM GOTO 3420

3335 IF A4="NKAGT" THEM GOTD 3600

3345 IF As="NANL® THEN BOTO 3500

3355 IF A%="RK" THEN 6OTO 3500

3345 IF As="Z¥" THEM BOTO 3400

3370 6070 5200

3400 PRINT $2,USING #38387 jRA1Y.KK) ;-
3410 PRI=1:B070 4200

3420 PRINT 82,USING 5588384857 1AR(Y,KK);
3430 PRI=1:6010 4200

3440 PRINT #2,USING 482434, ###“,AA(Y,?K)
3450 PRI=1: Eﬁ?ﬁ 52007

34560 PRINT #E;SSIHS'§§%§§### #‘ ﬁA{YsKK),
3470 PRI=1:6070 4200 -

3480 PRINT 42,USING"$8488. 3%3%“,&3(?,&&)'
3490 PRI=1:G070 4200

3495 REH $5E%RREIsEeREsss

3@97 REY CHARACTER FORHAT

500 REH S¥REEZSEEREssses

35@1 PRINT 82, ﬁSiﬁS"“'BBS(h KKi;

3507 §OT0 4700

3503 REH

3510 REW . .

3400 REM ===c===zz=sssszessses

3405 REM ====== . DEFINITION OF FORHATS FBR THE ARRAYS ==mzzz
3610 RER =
3511 REM
3413 IF PR=0 8D LL=1 THEH G070 3615

3414 PRINT 32,

3615 HE=SE(K,KK)

Jh16 H5=HE+5UN+K-1

3617 IP=K4SUH -

3636 IF A$="HKAOT® OR Qi'"%ﬁﬂ&’ THEN 6070 3539

5 IF A%$="RK" OR A%="7%" THEM BOTD 3&%0

3639 FOR P=JF 1O HS

3431 IF P=HE THEH BOTO 3RS

3550 PRINT 42,USINE S5537RA(F,KK)

3553 GOTO 3443

3653 PRINT #2,USING"§4434° [ARIP,KK);

3563 HEXT P°

3666 PR=1:PRI=1:5UH=CUH#+NG~1

3665 G070 4200

3594 FOR P=JF TO HE

3591 IF P=M3 THEY BOTO 3898

uﬁfPﬂ{ %dﬁm? FEEEI LS AT N ]

3597 80TQ 3708
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3495 PRINT 82,USING §Hat#. 3338°jAR(PKKY;
3700 MEXT P
3705 PR=1 :PRI=0:8UH=5UM+NG-1
G

4190 REM  CHECKING FOR THE RETURNING STATEMENT
4195 REM ===
4200 IF KKK=1 BOTO 3600

4210 IF ¥K¥=2 GOTO0 2a%2

4215 IF KK¥=3 GOTO 2643

4220 IF KKK=5 BOTD 2676

4330 IF K¥K=5 8070 2728

4235 IF KkK=5 GOTO 2742

4350 REH FEREIFEREEEEEE

4300 PR=0

5320 REM

4335 NEXT N

4350 RETURN

4350 REH
4350 REH
5370 RER
5000 REH
5010 %5? SUBRDUTINE FOR THE CREANIZATION OF THE GUTPUT FILE AS UNFORNATED
5011 #
5015 RER
5017 IF TITS > “* THEN 6070 5024

5019 PRINT §2.TITLES

5022 6070 Q30

5024 PRINT 82,7173

5027 REH TITLE GF THE RUN IS PRINTED INTD THE FILE Dﬁfﬂﬁ FOR
5030 FOR =1 7O RROW

5031 FOR IY=1 7O 2

5032 DUM(IY)=0

5033 NEXT 1Y

5040 T$="" 1IK=0

5050 FOR H=1 10 12

5060 IF BBE(N.H)="" TH # 6070 5100

5070 TE= LR IK=IH+

5080 DUH{HI=M:IF # } 1 THEM BOTO 5100

5090 Hi=H

S100 HEXT H

5105 IF IK > 1 THEM 5O0SUB 5330

5110 IF IK = 1 THEN GOSUB 5230

5115 IF T¢="* THEN BOTO 5130

5125 6070 5170

5130 FOR Li=1 70 12

3140 PRINT 32,AR00,LL1;

5150 NEYT LL
<5132 Hi=N

5153 IF NH+1 > RROM 8070 5170

160 PRINT %E;

5170 HEXT H

S{80 REW CLOSE(D)

3190 RETURK

5200 REH

5205 RER .

5207 RER °

%209 REM :

5210 REH

5330 FOR J=1 T4 HL-t

3240 PRINT 82,RAH,14

rncg NEXT J

G260 PRINT &2,BBS{Y ﬁL),

5270 FOR 1I= WL*I TG X“

G280 PRINT #2,AA(H,J1);

5290 HEXT 17

5292 IF H+1 » RROW GOTO 5310

5300 PRINT %2,

5310 RETURN

5327 REH

5330 FOR 1J=1 70 §2

5340 IF DUM(IT) < 0 5OTO 5370

5350 PRINT $2,8A0M,13);

5355 GITD 5406

5370 PRINT §ﬁ BRE(N, [T

JJuf IF Nt oy R ‘SROY BOTE 5400

5390 PRINT 22,

§§QD REAT 13

5410 RETURM

&£000 REH
7000 REH
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7810 REN --—-mmmmmmommooe MESH HENU

T FDL=0.+ UFG2
4 =U 3 2=
7050 COLOR 7, 0 %L%RBI%STUB ﬂ?S%{Q ﬁ%ﬂLQR 0,7

7040 LOCATE 8,3 !

7070 LOCATE IE,Eﬁ:PQINT" A ADD NEHQ GENERATION DATA TD 7
7080 LOCATE 13,25:PRINT” DATOR. INP AUTOMATICALLY. "1

7099 LOCATE Ib!LJ PRINT® B> RETURH 7O ORGAMIZATION-HENY %3

tivﬁ LOCATE 21,42: IHPQT 8%:C0L0R 7,0

7110 IF §3="4" OR Q@%="a” THEW 80TQ 7i70

7120 IF 84=°B° O] @3="p" THEN 607D 7190

7140 CLS:COLOR 2840

7150 LOCATE 15,10:PRINT®ERROR IN YOUR CHOICE !!1 Press the enter key 3 ISR
7150 INPUT RR$ @ 6OTO 7050

7170 UFdl=1

7180 RETURN

7190 yFge=1

7200 RETURN

7210 END
go00 RER
8010 REH HENU FOR THE ORGANIZATION OF THE
8820 REH PATA FILE  DATOR.FOR{=Ri%)
2030 REH
3040 REH
2945 {LS: LOCATE 8,1: PRINT STRING3(80,219);

8047 FOR Ik=7 7O 20

2050 LOCATE IK,1: PRINT CHR$(221);:LOCATE IX,BO:PRINT CHR:{REE);
8040 NEAT IK

8070 LOCATE 21,1 : PRINT STRING$(80,2 1?},

8080 LOCATE 4587 PRINT STRING%(28,280)

8085 LOCATE 4,27: PRINT CﬁRﬁ(EEI)" Lﬂﬁﬁfﬁ &,38:1PRINT CHR${222);
9090 LOCATE 7,87: PRINT CHR%(EE!)" LOEATE 7,54:PRINT EﬂRﬁ(QEE)'
gi0o LOCATE B) 27t PRINT CHR$ {221)3; LOCATE 8,54:PRINT CHR%(222);
8110 COLGR 0,7: LOCATE 7,31: PRINT * ORGANIZATION-HENU * H

8120 LOCATE 11 20: PRI%T" A RUTOHMATIC DATA PREPARATIGH ®
9130 LOCATC $3,20: PRINT® By SCREEM ORIENTED UATA PREFARATION °
8140 LOCATE 15,20: PRIRT" C» AUTBHATIC BESH DATA "

2150 LOCATE 17,80 PRINT® D> ISOPARAMETRIC HESH DATA

2153 LOCATE 19,20: PRINT® E> RETURN TO HAIN-HODULE

Bi50 LOCATE 33,36' PRINT "Please enter Kuur choite %3

8170 PRINT ®»33r23222*5iCOLOR 28,0 :LOCATE 23,57: :CoLdR 7,0

8180 COLOR 0,7: INPUT h&s

8190 COLER 7, 6

8200 IF 883= ‘A“ OR-0@8="a" THEN DUMAY=1

4210 IF 808%="8" OR G0%="h" THEN DURHY=C

8220 IF BB%="C" 0OR a8%="c" THEN DUMMY=3

£230 IF §O%="D" OR 08%="d" THEM DUMMY=3

8235 IF B0¢="F" OR 00%="g" THEM DUHHY=4

9840 IF De3="" THEN G0TO 8000

8250 RETURN

4500 REH

8510 REM RUTOMATIC DATA PREPARATIDN FOR EPDAN

3320 fEH , -~FORBATTED-- -

8330 REH -

8540 LLI=0 :Lif=2 :LiP=4 -

8560 NEAS(1,1)="1HKAOT « HMAS(Z,1)="THANL®
70 HHAS(E, E)*‘ITQNL' 1 NHAS(3,1)=71"

8430 ﬁ?ﬁiiS,E)-“J“ H Hﬁﬁ$£3. }=’§SQBST"

2590 HHAs{4, I)-’ﬂPHI” + MHA%(4,2)="PHINAL"

3500 Hﬁﬁ”(g,li-’iWINkF’ ﬁ%ﬁ*(ﬁ, )=”IDI&K¥’

9510 NHAS(S,3)="IDINKR® : HWA%(S,4)="1DIMKS"

8420 ﬂﬂﬁ$(6,1)=”3€?ﬁﬂt£“ + MHAS{&,2)="EN"

84630 MHA%{5,3)="P0" : Hﬁﬁ$(5,é)=“3ﬁ“

G460 HRAS(H, 13="CEE" ; HHAS(Z,2)="ENN"®

3450 HHAS(Y, 1)-“1&9’ KHa%(9, E)—“ILﬁQ"

8450 NHAS(Y, 3}="THALT® 1 Hﬁﬁa(? 4)="IHEPSI®

8570 RH§$(9;4)~"IDE§SE“ H ﬁﬁﬁi(lﬂ,&)=“l&ﬁl?€8’

8580 HHAS(10,3)="2EHD" ¢ HMAS{1L,1)="1%"

8490 BHAR(IL.2)="1Y" : HHA%#{12,1)="RE"

8700 HiAS(12,2)= ’P" v HHA%(12,3)1="RC®

8710 NHAS(12 ,4) s HAA%(12,5)="RD"

2720 ﬁﬁ*(;L.51=”LE" : HHAS(12,7)="RA"

8734 Kﬁﬁ,(13‘27~"2§” H ﬁﬁ§$(1331?=”ﬁé35”

87ﬁﬁ i iq.;‘-“ﬁﬁﬁaa : HHAE(14.11="RK"

375 %%ﬁ*( S 137K 2 ’fﬁi(ioal)‘"LIﬁ“cQ"

a7 HAZ(15,2)= ILASTI® 3 IMAS(18,3)="LINVERL"
§770 NMASI18,61=" ILASTE® + MA3(14,5)="LIVERE"
B780 HARE(17,1)="1E0KY 3 MMAS(1T,2)=" [ECYE®
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8790 RHA$(17,3)="ANF" + MHBS(7,1)="IFLITY"
3300 NMBS(10,1)="IT0P"

8310 PRH=0 : AZ$="INKAOT"

8820 GOSUR 9300

8830 IF PRH=0 THEN 6OTO 8850
8833 LLI=L11+1 : BOSUB 9300
8337 NEAS{LLI,1)="NKAOT®

8340 PRM=C

8830 AZs="INANL®

39560 GOSUR 9300

8979 IF PRN=0 THEM GOTC 8879
8871 IF LLI (0 THEN BOTO 3873
8578 Lia=ti2-1

8873 LLI=Li2+1

8875 G0SHR 9300

8877 NHAS{LLE,I1="NANL"

8879 IKE=0 :LT=0:0V%="":Di=0
3530 FOR IR=1 7O &0

8570 FOR IN={ 70 £2

8871 I=iH : J=IN

8893 IF I=LT THEN CV$="BANE®
ags L1=1

8700 AEF=HRAS{I, D)

8910 IF AES < " THEN 607G 8920
8715 AEs=NpEsI, D)

8914 IF AE$ >{ "° THEM 6OTD 8920
8917 gT0 8922

8920 BOSYE 10000

8922 CVg="

8930 NEXT W

8740 NEXT IN

9010 RETURN

9300 REH
7310 REH SEARCHING PROCESS

9320 REH
9340 GOSUR 700

9350 FOR Ji=1 T0 KEZ

9340 IF AZ$=NAWS(I]] BOTD 9390
9370 KEAT 1J

9330 6OTO 9410

9390 IF ADR{II) 3¢ 0 THEN GOTO 9400
9395 607G 9410

9500 PRH=1

9410 RETURN

9500 REH

9310 REH INSERTINE PROCESS
9520 REYH FOR THE HON ZERD ARRAYS
3330 REH :

9570 FOR E=f1 TO'LLI §TEP -1

9573 JI=K-1

9380 FOR J=1 T8 {2

7500 NHAS(K, JI=NMA$(IT.J) :MMAS(IJ,J)="¥
9620 NEXT I

7630 NEXT &

9533 FOR ¥=¥1 70 2 STEP -1

9437 JI=K-1 .

9639 FOR J=1 10 {2

9545 HMBS(K,JI=HMES(I3,J) NMBS(]1J,1i=%"
9547 HEAT J

7650 HEXT X

76560 RETURN

10000 REH
10010 FOR II={ 10 KEZ

10020 IF AES=NAWS(II) THEM GOTO 10110
10830 KEXT 11

10060 FOR 11=1 T KEZ

10030 IF BES=UVS(II) THEX 5OTG 10180
10060 NEXT I

10070 FOR Ii=1 70 KEZ

10080 IF AE%=HAIS(I1) THEM GOTO 10340
10099 HEXT 11

10095 3R%="HBT" : RETURY

12100 REH
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10110 IF L0=1 THEM GOTO 10120
10115 IF CY$="SAHE" THEN GOTO 10130
10120 I=I+INC:DM=1 @ LO=0:60T0 10140
10130 I=DH -
10140 8A(I,J1=ADR(IT)
10140 RETURN
10176 REM
10480 1I1={I+1
10190 EX1=EV({])
10200 ENS=EV(III}
10210 ENI=EN2-1 :IF EN3=0 THEN GOTD 10330
10280 ENG=ENS-ENL
10225 SE(1,3)=EN4
10830 IF CV$=°SAHE" THEN 6070 10230
10240 [=1+INC:DN=1:607Q 10230
10230 I=DH
10280 FOR IE=ENI TO EN3
10290 AR, JI=YV(IE)
10293 I=1+1
10300 NEXT IE
10310 INC=INC+EN4-1
10330 RETURN
10340 REM IF CUS="GAME®" THEN 60T0 10370
16330 Di=I
10370 [=DH:L8={
10380 ACS=HAs(II} -
10370 BRS({,]1=ACS
10437 REH
10460 RETURN .
11000 RER
;fégg é%? SUBROUTINE FOR THE SCREEN ORIENTED FILE ORGANIZATION
11060 IF TITS »< *7  THEW GOTO 11053
11043 PRINT 22,TITLES
11050 6OTO 11043
11033 PRINT 42,7173 -
11063 FOR N=1 10 RROY
11070 FOR I7=1 10 2
11075 BUR{IT)=0
11080 REXT IT
11090 PRE=0:31=0
11095 °T3=" "2 IK=0 = .
11100 FOR M=1.78 X2 .,
11110 IF BBS(H,H) =% THEN 807D 111;6
11120 TE="CHE® ‘IK‘IK* e
11130 DUM(M)=M:IF B 5 1 THEW 5070 11140
11150 Hi=H
11150 HEXT H
11160 IF 1€Y1 THEN GOTO 11443
11170 If IK=! THE# BOSUR 11300
11180 IF T$="° THEN BOTO 1120¢
11190 6070 11280 ,
11200 FOR Li={ T8 X2
11210 K=H: KK=LL
11220 As=HHAS(N,LL) .
11230 IF a$ ==7 THEﬁ SBT& 11250
11840 ¥KK=t
11230 6070 14510
11860 MEXT LL
11280 6018 11881
11882 PR=t
11300 FoR Li=1 T8 AL~
11305 K=H @ Kk=LL: Af=MMas{N,LL)
11310 Kgr=2
11315 6078 11510
11330 HEXT 1L
11340 K=H & Ki=HL
11330 A%=HHBS{N,HL)
11360 KKi=3
11370 8070 11510
11390 FOR Li=HL+L T0 42
11395 K=H & KR=LL sAs=MMASOMLLL)
11400 Ki=4
11419 6070 11510
11486 NEXT LL
1430 6078 11190
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11445 FOR LL=] 7B 2

11430 K=N & KK=LL

11833 IF DUMILLY < O GOTO 11483
11450 a5=NitRs (N, LL)

11465 KKK=3

11470 BOTO 11510

11485 AS=HMRS(M,LLY

11490 KKK=4

11495 667G tisl0

11497 RER

11499 NEIT LL

11500 5078 11190

11510 RER ==== CHECKING OF THE FORMATS

11520 REH
115325 IF ¥=1 AND LL=1 THEN 6OTD 11540
11530 IF iL >{ | THEM GOT0 11540
11335 PRINT #2,
11340 IF A%="INKADT" THEN GOTD 11419
11545 IF AS="INANL" THEHW 60TO 11519
11547 IF A3="ITANL® THEN GOTO 11419
11549 IF A$="1" THEN 6070 {1419
115330 IF #%="1" THEN BOTO 11417
11535 IF A$="NSABST® THEN 60TQ 11819
11557 IF a3="DPHI® THEM GOTO {1683
11555 IF AS="PHINAL" THEN 6070 114623
11559 IF A%="1DINKF" THEN BOTO 11419
11560 IF A%="IDINKY" THEW GOTQ 11419
{1561 IF A%="IDIHKR" THEN 6OTD 1119
11562 IF A%="IDINKS® THEN GGTO 11419
11563 IF A$="SUFNULL® THEN B0TD 11427
11546 IF A%="EN" THEN GOTO 11433
11567 IF fg= ‘Pﬂ“ THEN 8070 11560
11568 IF A%="5K® THEN BOTD 11480
11569 IF Qi‘“IFLITY“ THEN 6070 11870
11370 IF A%="CEE" THEN GOTO 11427
11371 IF AS="ENH" THEN BOTD 11427
11572 IF A%="IHA® THEN BOTO 11619
115373 IF R3="ILHA" THEN GOTO 11819
11574 IF A%="IHALT® THEN BOTD 11419
11575 IF A4="IHEPSI® THEN BOTO 11419
11376 IF A%="IDENGE" THEN 60TQ 11619
11577 IF A$="1TOP" THEM 8OTO 11870
11578 IF AS="IHRITEG® THEM 6070 11519
11579 IF A$="7EHD" THEM BOTO 11423
11380 If A%="1{" THEN 607D 11619
11581 IF A% 'I?" THEN 010 11419
11582 IF A5="RB" THEM G070 11427
11583 IF A%="Z8" THEM 6OTO 11427
11584 IF A%="RC" THEM BOTQ 11427

11585 IF A%="7C* THEW BOTD 11427
IIJS& IF A$="RD" THEM GOTO 11427
11387 IF A%$="ZD" THEM G070 11827
{1388 IF A%$="RA" THER BOTD 11627
11589 IF A$="7A" THEM GOTO 11627
11390 IF A%$="RADE® THEN GOTD 11440
{1591 IF R%="RADA" THEM GOTO 11440
11592 IF A%="IRN® THEN 8070 11519
11574 IF A3="IZN" THEN GOTO 116197 .
113956 IF A3="LIBVER" THEN GOTO 11419
11598 IF A$="ILAST1" THEN BOTO 11419
11599 IF Af="LINVERL® THEM 6010 {1419
11600 IF R%="ILAST2" THEN 6070 11519
11610 IF AS="LINVERZ" THEN G600 {1519
11611 IF A$="IECK" THEY GOTO 11419
{1812 IF A3="IECKZ" THEN 8OTO 11519
11813 IF A3="ANF® THEN 5070 11483
11515 IF A$="HKADT® THEM BOTD 114689
11615 IF A%="NANL® THEN GOTO 11480
11615 IF A%="RK" THEH 507D 11480
11617 IF B3="7K" THEM BOTD 11580
11413 6010 11799
11619 PRINT %8,USIHG’%§§%$”;Q§{K,€K};
II&EQ PRi=1:6610 117

1523 PRINT £2,USING 3434, 85888° 0R0K, KK},

aaﬁ PQ{=1:GQTS 117 3?

?ILE? PRINT 22,USIHG" $42349 . 8547 JAALE, KXY,
29 PRi=L: “'?E 11739

!1&33 PRINT 32,USTNG™ 39443454 4" ARIK, K1)
11436 PRI=13E0TC 11797
{1650 PRINT #2,USING"2383%. 4488 ;A0(K,KK)
11630 PR1=1:5070 11799
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11653 REM ERESEERERREENERE
11655 REM CHARACTER FORNMAT
11460 REM SERREFREREEFeERs
11670 PRINT #2,USING"L";BB${K,KI);
114728 BOTO 11799
11675 REH PRINT 42, )
11577 REM PRINT $2,HSING"&";EBSU,KK); .
11479 REH ====== DEFINITION OF FORMATS FOR THE ARRAYS szz===
11480 IF PR=0 AMD Li=! THEM 5070 {14%0
11683 PRINT $2,
11690 HM=GE(K,KK)
11597 HH=K+NN-1
11699 IF A$="HEAGT" OR A%="HANL® THEN GOTO {1740
11700 IF A$="RK" DR A$="ZK" THEN 6OTO 11745
{1719 FOR =K 70 84 .
11715 IF I=HM THEN BOTO {1730
11720 PRINT #2,USING§88587 ;R0(1,K0)
11735 6OT0 11738
11730 PRINT 32,USING"§88837 8A(1,KK);
11736 NELT I
11738 PR=1:PR1=1
11739 6078 11799
11745 FOR 1=K 10 BH
11730 IF I=MM THEM BOTO 11743
11795 PRINT #2,USING 3588, 8888° 1 RA{1,KK)
11760 507G 11770
11763 PRINT 32,USING 53583, 8388% 1AR(1,K)
11770 HEXT 1
11780 FR=1 :PRI=0
11790 REH
11793 BEH  CHECKING FOR THE RETURNING STATEMENT
11798 REH =
11799 IF KKK=1 6070 11250
11800 JF KK¥=2 GOTD 11330
11310 IF KKk=3 607D 11390
11815 IF ¥¥K=4 8070 11820
11817 IF ¥KK=5 GOTO 11485
11819 IF KKK=8 GOTO 11499
11320 REH sessezssssesss
11821 PR=0
11825 NEXT N
11830 RETURN
18000 REH :
12005 REH
12010 REW SURROUTINE FOR FILE HODIFICATION
12015 REH
12017 REH
12018 BOTH 12020
12019 COLOR 7,9
12020 £L5:EO5UR 2000
12021 LOCATE 2,1:PRIKT CHRS{21B)+5TRINGS{TE, 196)+CHRE (191}
12022 LOCATE 3,1:PRINT CHR%(179)::L0CATE 3,80:PRINT CHRS(179);
12023 LOCATE 4,1:PRINT CHR$(192)+STRINGS(78, 196)+0HRS(217);
12024 COLOR 0,7:LOCATE 3,3:PRINT® ORGANIZATION OF THE INPUY FILED AT O R.F O R FOR THE PROGRAN E P D A N "3
18030 LOCATE 14,15:PRINT"Please input your TITLE OF RUM for EPDAN  *;
12035 LOCATE 15,15:PRINT*Default :TEST DATA FOR DIELESS EXTRUSIGN =
12035 LOCATE 14,15:PRINT® 3 » 19 ELEHENTS £9/05/1989 i
12040 COLOR 7,0:C0L08 29,0:LOCATE 23, 1:PRINT®2303233533%;:COLOR 7,0
18043 COLOR 0,7:L0CRTE 22,151 INPUT TIT$:COLOR 7,0
12043 CLG:GO5UB 2000:C0LER 0,7
12047 LOCATE 14,10:PRINT® . *s
12050 LOCATE 15,10:PRINT” HOW HANY DATR-NAMES DO YOU HAVE FOR THE INPUT DATA %
12051 LBCATE 14,10:PRINT® *
12055 COLOR 28,0;L0CATE {9,15:PRINT® number of unknouns 3)3¥j
12060 LOCATE 19,37:INPHT 27
120843 INC=0 & LT=0 @ CY$="®: DH=0 : UMF4=0 : RRON=D
12064 COLOR 7,0
12063 FOR 0T=1 10 22
12066 CLS:IF SRS »("NOT* THEW GOTO (2049
12067 COLOR 28,0:LOCATE 9,30:PRINT"Last reading name can net be found in file®;
12048 COLOR 7,0 '
1204% BOSUB 900
12070 BOSUR BOO:COLOR ©,7
12071 LOCATE 9. 104PRINT® "1
12072 LGCATE 11,10:PRINT” i
12075 LOCATZ 10, 10:PRINTPNANE OF THE BATAY;
12077 COLOR 28,0:10CATE 10,29:PRINT Y 3on0my
12078 LOCATE 10,5 :PRINT BT : COLOR 7,0:00l6R 0,7
12080 LOCATE 10,34:IKPUT AES:COLAR 7,0
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12085 LOCATE 13,14:PRINT Ty I
12087 COLOR 28,0
{2090 LOCATE 14,15: PRI%T EQRS( 51:LOCATE 14,22 :PRINT CHR¥{23};
12095 COLOR ?,0 COLOR
1%323‘%FLATE 15,13: IHPUT I LOCATE 15,18:PRINT CHR#{44) :LOCATE 15,20:INPUT J
12180 RHH=I
12102 IF I<=0 OR J<=0 THEN 607D 12048
12105 IF I=LT THEN CV3="GANE"
12107 LOCATE £1,13:IHPUT 843 :COLOR 7,0
12109 IF SAs="°  THEN BOTC 12129
12110 IF SRs="1" THEN BOT0 12225
{2115 IF 343="2" THEM GOTO 12046
12120 I SA&-“S“ THEN 8070 12019
12121 CL§
12122 LOCATE 21,45:PRINT” Please reinput your data ! Press any key ..."
12125 Q:—IN?E¥$ IF B$="" THEM 607D 12123
12124 CLS
12128 6070 12054
12129 Sas="" 3 LT=i
12130 GOSUB 12300
12138 £yg=""
12135 IF SA%="NOT" THEW GOTO 12064
12216 HEXT DT
12217 RROW=RHU+UNF4
12218 8070 12234
12225 8hs=""
12230 GOSUB 12300
{8232 IF SA$="HOT" THEN GOTO 12044
12234 BOSUB 12973
12235 COLOR 7,0
12240 RETURN
12300 REH
12305 REM SUBROUTINE FOR THE SEARCHING OF THE ARRAYS
12310 REf
{2314 BOSUB 700
12315 FOR II=1 7O KEZ
12320 IF AES=HAWS{II} THEN GOTO 123s8
12325 HEXY {1
12330 FOR II=1 7O KEZ
18335 IF AE$=UV$(II) THEN GOTO 12400
2340 NEXT i
183#4 FOR -1I=1 70 KEZ .
12350 If RE$-§A1$iII) THEN GOTD 12440
18335 HEXT .
12345 Sﬁ$=°ﬂﬁf’ 1 RETURN
123565 RER
19358 IF CY4="SAME® THEN 6OTO 12370
123469 I=1+IHC:DH=1 : BOTO {2374
12370 1=04
12374 &ALI1,J1=RDR{IL}
12375 HHAS(I,J)=AF%
12390 RETURH
12395 RER
12500 11I=11+1
124053 ENI=EV(I1)
12406 ENZ=EV(IIL}
12607 EN3=EN2-1 :IF EQB—Q THEN BOTO 12435
12408 EN4=EN-EN1
12414 IF CYS="SRHE" THEN GOTO 1216
12415 [=I+INC:BR=1:60T0 12417
12416 I=BH
18417 SE{1,Ji=EN4
12418 MRAS({I,J)=AES
12619 FOR IE-ENI 10 EN3
12628 AALL,TI=YY(IE}
18423 [=1+1 .
12425 NEAT IE
12426 I=0:INC=INC+ENA-1
12628 UNFa=UNF&+EN4-1
18435 RETURN
12640 IF CY4="SAME" THEM GOTO 12643
12641 I=I+INC:DH=1,
12468 6OTD 12445
12443 1=0H
12443 ACS=HRS{IT)
12430 BEE(I,]}=AC%
2555 NER *ti,"“ht‘

12 d/ ExL.h
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12540 RETURN

12300 REM

12930 REH - . *

{2950 REM  MEMU FOR THE GEMERATION OF THE OUTPUT FILE  “DATOR.FOR

iE?’ﬁ REH
12973 FORI=0 : FORZ=( : FOR3=0

1290 COLOR 1,6 £LS:50SUR 1310:COLOR 8,7

12950 LOCATE 8,34:PRINTFORMAT HEWU®: e '

13600 LGCATE {2,25:PRINT AY F FORMATER FILE ORGAYIZATION "1

13003 LGEATE 14,25:FRINT® B) LNFBRﬁhTt FILE ORGANIZATION

13010 LOCATE 14,2%:PRINT® C) RETURN 7O CREANIZATION-MERY %3

13020 LOCATE 21,42: IHPUT 9: LOLOR 7,0

13030 IF 8%="A" OR 9%="3° THEN 50T0 13300

13040 IF @s="" OR Q%—“b" THEN 80T 13320

13050 IF 0%="C" (R B4="c” THEN &0T0 13340

13050 CL5:COLOR 28,0

13070 LOCATE 1q,19 .PRINTCRROR IN YOUR CHOICE ! Press the emter key X3)..."j:

13080 INPUT RE$ : 6OTC 12930

13300 FORi=1

13310 RETURN

13320 FORE=d

13330 RETURM

13340 FOR3=|

13330 RETURN

13333 ERD

10 REM #35ssspsatie s s ssbiaRsat s esesnssaasasisaassssssnss

13 REN # ¥
20 RER ¥ ISGPARANRETRICL e
30 REH ¥ &
G0RER s HESH GENERATION PROGRAN %
42 REH ¥ ¥
43 REB Erueiespissierssistesb e ains HIEsERRERREFERRLERERIEL

&4 COMHON MEADT(L),MANL{1),RK(1),ZK{1),ADR{1) Naks{1)

43 CORHON WW{1), ﬁvﬁiik JIVOTELEVOLE, HAS (1), HRLS (1), AR(2), BBEID)

54 COMNON PAR,R1%,R2%,13,101,1X8,X1,12

47 COMNOH ﬂﬁaiie};ﬁﬂBiiE),ﬂUﬁ(l),SE(E}

48 COMHOM RET, %6

49 COMMON F2{1),FROLY,MPOSCLY, HACTOL), HAPRILY y TUOLY, JUCLY KUY BULL T NETER(T)
53 COHMDY IS0

50 DIH ETA(H),KSI{B),HURN(B)
.70 DIY NODN{S00),SHPF(8),LOORY(500),C00RY (500, ISﬂX(B) 150Y(8)

g0 DIf IEL(EQQ,S),;%(J%),#SET(:QO,E),Cﬂﬂﬁ(ﬁ,ﬁ),ﬁﬂﬁ(ﬂl,ﬁil(e}

84 DIY NOB{200),COR(200,2), ELE(lﬁﬁgé),CBﬁBSIG é)

%3 %és HPB(SG),ﬁaC(SO) %éP(BQ),%SYE(3Q)

{

93 158=

93 ELS:KEY {IFF

37 GOTO 200

100 605UR 2000

120 GOSUR 3100

123 FOR TIME={ 7O NUHEL

127 6O5UE 3200

130 GO5UB 3000

134 GOSUR 3259

135 GOSUB 3800

140 REXT TIHE

145 GOSUR S400

150 GOSUB 8000

170 6OTC 290

200 CLS:ROSUE S000

210 LOCATE 14,20:PRINT® ﬁ; START THE ISOHESH PROGRAN";

220 LOCATE 16,20:PRINT® B RETURM TO THE HODULE- ERB“HIL&TIS%“

230 LOCATE 18,20:PRINT” ?Iease inpuf your choice ¥ ;1 INPUT SHS

240 IF SYs="A" OR S¥s="a" THEW G60TO0 270

259 IF SH$="B" OR SH$="p" THEN GDID 290

250 BOTE 2040
270 5070 100
270 REDINM EBS(X1,Y2),HNA%(XL,12), MBS (X1, 12),BUK(L1,8E(K1,48)

295 REDIN NKADT{13),NANLUX3 ),RR(XQ) 2H1X4) ,ADR(13), HANS(X12) :
300 REDIH YU(X3),UVE(X3), IV{H3) ,EVIX31,4A5(X3) HALE (XY ARLKT, XD

310 REDIM FZ(X4),FR{L4), ﬂ?ﬁS(X#) HA ET(X& JHAPR(K4)
320 REDIN TU(X4),JU(%4), ?U(X#) ﬁﬂixq),NSTEﬂ(X%}

330 CHAIN'C:ORGANIZE,EXE"
S40 REH SUEROUTINE IMITIALIZE
_‘XQ r"qg e ! ?Iﬂ f=]
Z25 Hun 3
533 K511

540 ETA{LI=0
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350 RETURN

680 REN SUB&BUTI&E HOVE THE LOCATIONS OF THE ARRAYS FOR THE SRHE DATA
520 FOR II=1 TO SSUM-!

630 DU=RODRLID)

540 FOR I=1I+1 TD 53U .

550 IF BU ¥{ HODN(D) THEN GOTC 710

550 FOR J=1 70 S8UH-1

570 NODBHIT)=NODN{I+1}

530 COORY(J)=COORX(J+1)

430 COORY(J)=COORY{J+1)

700 NEXT T

710 HEXT I

720 HEXT II

730 R

800 REﬁ SHHRBUTIHE - SERRCH

803 REG=0

810 FUR K=1 T0 NUMEL

820 IF KD ¥ COHB(K,1) THEN GOTO 849

830 COHBIK,31=]

833 IF E »¢2 6OTO 838

845 CORB(K,4)=CONB(K,31+11Y
856 6070 840

858 CONBIK,4)=CORB{K,3)+1HY
850 NELT K

870 RETURN

1000 REH TABLE DRANING (1)
1010 CLE:COLOR 28,0

{080 LOCATE 141: PRIﬁT STRING%(80, 196),

1030 FOR Ii= i il

1040 LOCATE II.2: PRI&Y CHR${179}3:LOCATE II,79:PRINT CHR&{179);
1030 KEXT {1

1068 LOCATE 23, 1:PRINT STRI&E%(SO,I?&)‘

1070 COLOR 7,0

1080 RETURN

£000 REH SUBROUTINE - START THE HESH BEMERATION PRUOCESS
2005 GOSUB 1060

2010 LOCATE 12,2:PRINTHE S H BENERATIOHN®;
2020 LOCATE 14,23:PRINT® PRBLCESS

2030 LOCATE 14,23 PRINT®Based on iscparameiric cancent H
2040 LDCATE 14,23:PRINT®Press any key to contlnue 3
2042 COLOR 28,9: PRIHT"‘>>}';:IH Ut A% :

2043 COLOR 7, 0 ; ®

2050 RETURN i
£500 REH SUBROUTINE - ERROR
2510 CLS:COLOR 28,0:B05UR 3000 -

2380 LOCATE 15,20: ?RIRT’ ERROR in your data "3

2530 LOCATE 16,20: PRINT®Please inpui 2gain .....%;

2333 COLOR 7.0

2940 LOCATE 22,20:PRINT® Press any key to INPUT  333ndeddes

2550 LOCATE 22,60: [4PUT A% :

2560 CLS:RETURN

3000 REH INPUT NUHBER OF ELEHEKTS IH THE ¥ aMD Y DIRECTIONS --—-~—---—-
3010 CLS

3020 GOSUB 5000 - -

3030 LOCATE 15,10:PRINT*Nusher of elements in the ¥ direction”;

3040 LOCATE 28, 10 EGLQR 28,0:PRINT® NNX J33)220"; s INPUT NHX

3050 CBLOR 7,0 :

3032 IF HMX <~ 2 THEN BOTO 3058

3033 G070 3040

3058 GOSUB 2500 :6070 3010

3040 GOSUB 5000

3070 LOCATE 15,10 FRI&T’ﬁumher of eleaents in the ¥ direction”;

3080 LOCATE 27,10:COLOR 28,0:PRINT® NKY »3ri3i®;sINPUT MMY

3083 COLOR 7.0 : CL3

3087 IF HNY <=0 THEN GOTG 3089

3088 GOTH 3090

3037 BOSUB 2500:60T0 3040

3099 RETURN

3100 REM SUBROUTIME - SUPERELEHENT HESH
3110 CLS:ECOR=0

3120 BOSUB 5000

3125 LOCATE 15,10:PRINT*HUMEL=Husber of divisions for the whole doaain®s
qige é%i%g& 22,10:C0L0R 28, 0:PRINT MIMEL  >3:073: INPUT NUMEL

3133 €5 9'1}
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3137 IF MUNMEL <=0 THEN &OTQ 3140
3139 GOTO 3145

3140 GOSUR 2300 :60T0 3110

3145 SSUM=0 : §5M=0 : OU=3 :TTE=0
3150 RETURN

3200 REM SUBROUTINE - CODRDINATES

3210 Ci§

3220 ECOR=ECOM+t

3230 GOSUR 5000

3240 LOCATE 13,10: FRIVT’REQXQH”' PRINT ECOH ;

3350 LOCATE 14,10 PRINT® Mazter nedal coordinates KSI and ETA with taspecz i

240 LOCATE 1;‘10‘ PRINT"to the %, roordinates of fhe section

3265 LOCATE 28,10:C0LOR 28,0:PRINT"Press any key to continue®;:INPUT 43
3266 COLOR 7,0

3257 RETURN

3268 REM SUBROUTINE - SUPERELEMENT HESH DATA
3269 €LS : BOSUR 500 :KKK=1
3270 FOR I=1 10 8

3271 GOSUR 3400

3272 LOCATE 22,2:PRINT®Node Mo ®3:INPUT HUBN(I)

3273 IF ﬁﬁﬁﬁil)-o THEN GOTO 3278

3274 IF NUHNCI)-8 THEN GOTO 3279

3275 DO=KUKN(I) @ INKX=I

3274 60SUR 5100

3277 IF INIH1 THEN BOTOD 3271

3274 8070 3280

3279 BOSUR 2500 :B0TO 327!

3280 LOCATE 22,20: PRIHY’KSI(’-.PRI&T 13:PRINT "}-“"IRPUT &RI(I)
3290 LOCATE EE 50:PRINT*ETAL"} :PRINT I :PRINT®)="3: INPUT ETA

3295 LOCATE EE,ES PRINT STRIN@$(16 176) :LOCATE Eé §3:PRINT STRINS*(IG 178}
3300 LOCATE 22,10:PRINT afﬁiﬁﬁ$(6,17

3308 LOCATE EE,E# PRIHT STRING$(3,175) :LOCATE 22,44 :PRINT STRING$(3,176)
3310 kKK'&kk+i

3320 REXT 1

3330 £L5:605U8 3400

3340 RETURN

3400 REH

3401 LOCATE 1,2:PRINT*Domains with Ksi and Eia axes are oriented as in the Figura";
3413 LOCATE 15,10:PRINT CHR$(219)

3415 LBCATE 1?,11:?81§T STRING5(17,195)

3414 LOCATE 3,11:PRINT STRING$(17,196)
. 3417 LOCATE 3,27:PRINT LHRS(219)

3418 LBCATE 17,27:PRINT CHR$(219)

3619 LOCATE 17,18:PRINT CHR${219)

3425 LOCATE 17,10:PRINT CHR$(219)

3427 LOCATE 3,18: PRINT CHR3(E19)

3428 LOCATE 3,10: PRINT CHR${(219)

3429 FOR 1I=4 70 15

3430 LOCATE II,10:PRINT CHR$(179)

3440 LOCATE I1,27:PRINT CHRE(179)

3465 NEXT I

3448 LOCATE 10,27:PRINT CHR3(219}

3447 LOCATE 10,10:PRINT CHRE(219)

3450 LOCATE 1, 18 PRINT CHR$(26)- -

3532 LOCATE 9, 16 PRINT CHR$(179):L0CATE 8,16:PRINT CHRE(24)

34860 LOCATE 7,20 PRINT "Eta":LOCATE 10,1A:PRINT CHR$(179)

3670 LOCATE 11,21:PRINT "Ksi® :1OCATE 11,17 PRINT CHR$(195)

3675 LOCATE 11, '18: PRINT CHR$(195):LOCATE 11,19:PRINT CHRE{2S)

3476 LOCATE Ii 14:PRINT CHR3(192)

3480 LOCATE 19,27:PRINT CHR${4%)

3590 LOCATE 2,27:PRINT CHR$(51)

3495 LOCATE 10,29:PRINT CHR${GO)

3500 LOCATE 2,18: PRINT CHR3{CZ)
- 3510 LOCATE 2,10: PRINT CHR$(33)

3520 LOCATE 10,8: PRINT CHR3(54)

3540 LOCATE 19,10: PRINT CHR$(33)

3550 LOCATE 19,18: PRINT CHR%(G4)

33536 IF KKK=7 THEN BOTO 3509

3555 IF Kki=1 THEN 607D 3780

3556 LOCATE 2,35:PRINT Mode";:LOCATE 2,43:PRINT*COORDINATE";

3 o7 LOCATE 2,3b: PRINT‘CQQRDIHATE“;:LGCQTE 3,35:PRINT" ﬁuaber"

3 3358 1?6&?‘ 3,53:FRINT® X *1:LOCATE 3.4? SRINT" ¥ "3

EE J
Muﬂ FOR Ii=1 70 8
3561 L=t
3555 IF KEK »49 607D 3570
3567 PEX PRINT 43, NUHN{T1),KSI(I11,ETACIL)

3573 LOCATE L, 36:PRINT HUN(IL)

3580 LOCATE L, &&:PRINT 51411
3585 LOCATE L,SO PRINT ETA£I1
3590 MEXT U
3395 6010 3780
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3509 FOR [=1 70 8

3510 m*;x‘g[u?(iur =1

3620 FOR I=1+

3530 IF NURNLD) HIH THEK BOTD 3550

ggj@ NIN;NU&N(J) =1

3560 DURI=NUMNCID) :DUM=KSICI sDUN3=ETRLID)
3570 RUMN(ID)=NUMMCI) oXSI(ID)=KSICI) :ETAUIDI=ETA{D}
3560 NURN(I}=DUNI :KSI{I)=DUM2 : ETA{I)=DUM3
3690 NELT 1

3598 I=0

3700 Jo=ECOR=qU

3710 JH=J0-(8U-1)

3720 FOR I=IH T8 IO

3730 J=J+1

3740 KSET(I,1}=K51(1)

3750 KSET(I,2)=ETALT)

3760 MEXT I

3770 6010 353

3730 RETURN

3300 REH SUBROUTINE - ISBPARRﬁETRIC HESH GENERATION
3810 ISQY(li=1! : ISBX{B)=1! ; I5OY{3)=1i; ISBK(&)=04
3820 1804{51=-11 ISSX(&)'-&’ '1863(7}- 1‘ +15Q%(8)=0!
3830 IS0Y{1}=-14 TISOY(RI=01 & ISOY(3)=11 1 ISDY(A4)=1!
3540 ISOY(S)=11 & ISOV(H)= ‘ISﬁY£7}—-1* 150¥{gi=-1!
4310 K¥K=0: IDA=1! 1IDE=-11:ELN=0

4015 E=0 ;8U=8

4343 REM

4042 TIMI=2zHNI+]

4044 TINY=2&lNY+]
" 4045 CLS:B05UD 5000 . o

4044 LOCATE 15,17: Pﬁif’ *Input the ﬁtartln node nusher for the new doeain®;
4047 LOCATE 22,17:PRINTRECE »30°;: DHPUT EO o .

4048 IF ECO (1 TﬁE% GOTH 5045 :

40530 EC-ECO

4051 TIE=TTC+1:COHB(TTE,1)=ECO

4052 £15:LOCATE 15,15:PRINT® inpu; ELEHENT- HGQ; ﬁUnBERI&h DINECTION;
G&E@ LOCATE 14,15:PRINT® %) Along the x directien ®

5055 LOCATE 17,15:PRINT® Y> Along the vy directis

40556 LOCATE 30;15 PRI%T’ IHPUT -YOUR EHOICE X% I%gﬁf A%: £is

,4057 IF 83="X" OR f%="x" THEN 6OT0 4090

038 -IF A%="Y" OR. ﬁ% *y" THEN 50TQ 4050»;

4349 B50T0 4052

5080 E={ -0 2
6062 DTURE= ST&&X HX 1 1 DUHI= BUﬁX+§HX

6053 DTUNY=TINY . DUHY=NNY

4064 EHR=TIHI

4055 ENNCTINY

5070 6OTO 4100

§(399 E=2

4091 DTﬁﬁi-DYﬁﬁY+TIﬁY -1 DBUHY=DURY+HNY

4093 DTURI=TIRY @ DUHI=NRY

4095 ERB=TINY : EMH=TIRY

100 HHYY=HNY : HﬁXX—ﬁHX

4103 ﬂﬁXEL=ﬁ%YiﬁﬁX

‘4105 HAYNGD= (ﬁﬂﬂX*l)*(DﬁﬁY*l)

4109 SSH=5SHHHRIEL

5110 FOR K¢=1 10 EBY

4115 IF £=2 THEN 5070 4120

4117 COKSI=IDE+212{KK-1) /{2NNXY}

4118 6070 6138

41720 COETA=IDE+2{®{KK-1)/{2=NHYY)

5130 ELN=ELN+1

5150 IF ELN=3 THEN ELN={

4140 FOR LL=1 TD ENN STEP ELK

4162 IF E=1 THEN BOTO 4175

4170 COKSI=IDE+21={Li-1}/{2HHLY}

4173 BOTO &180

4175 COETA=IDE+2I#(LL-1)/{22NNYY}

4180 FOR LiL=1 7O G0

4190 OM LLL 6OTO 4200,4230,64200,4250,4200,5230,4200,4250
4200 SHP=,2oe(IDA+COKSILISOL(LLL) 241! + COETREISOY(LLL))
4210 SHPF(LLL)=SHP#{COUSI+ISOY{LLL ) AE0ETARISOY(LLL)-11}
4320 8070 4260

4230 SHPF(LLLI=,S2{ [DA+COKSI= 150X {LLL) 12 IDA-COCTARCOETA?
42460 BOTO 4250

4350 SHPF(LLL )= Sx(IDALCOETARISOV(LLLY J2{IBA-CORBI2CONET!
43L0 HEYT LLL

4270 SUHE=0!
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4380 SUNY=01
4290 FOR LP=1 T QY
5300 SUMX=BUNY+BHPF (LP)3KEI{LP)
4310 SUMY=SUHY+SHPF(LPIRETR{LP!
4320 NEXT IP
5325 HODN(EC)=EC
£330 COORY(EC)=5URY
4340 COORY{EC)=5UNY
350 EL=EC+
4340 NEXT LL
4370 NEXT KK
4339 HAX=EL-1
4330 ECC=NODN(ECDI
4395 GOSUE 500
6400 IF ECOM > NUMEL THEM GOTO 4840

4603 REN EMD OF SUPERELEMENT HESH GENERATION
5410 REM FOR ND=1 TO HAX

4420 REM PRINT #2,H40DN(ND),CODRY(ND),COORY{ND
5430 REM MNEXT HD

4448 TL5

}

4450 REN NODE AND ELEMENT GENERATION
5480 IF E=2 THEM BOTO 4510
4690 I E={ THEN BOTQ 4500
5495 GOTD 4449
4500 TTHI=DTURY
4502 THE=DUNY: IMY=DUAY
4505 GOTO 4520
4310 TTHX=DTUNY
5512 TH=DUHX: INY=DUNY
4520 FOR LL=1 T0 50 STEP 2
452t SHiLL)=1

522 NEXT LL
4555 150 & T9=0 1 J3I=0 $1K=0: SUNSD § 1K=
4587 DTHY=TTHX

4530 1K=D
4531 [K=1K+1
4532 323+
£534 1J=1341
4536 TIK=13Ket ‘

4540 IF IK=1 THEN BOTO 4570
4556 IF JI=IHK+L THEN GOTO 6549
4543 IF LIK=3 THEN BOTO 4572
4547 1=1K+ -

4549 GOTD 4580

4549 J3=1 : Si=0

4530 IF SH(IHX)=1 THEM BOTO 4353
4551 IK=1K+THI%4

4552 G010 4556

4553 IK=IK+THEH

4555 DTAX=TTHK

4555 JII=311+1

4336 IF T03=IHY+1 THEK GOTO 4740

4538 3=t

4559 1IK=1
4550 BOTO 4580

§570 I=IK
4571 6OTO 4580

4578 1JK=1

4574 IX=1K2 3 I=1K

4576 DIRX=DTME-2
5578 SUM=SUM

5580 A1=NODN(IT)

4590 AR=NODN(I+1)

4595 A3=NODN(1+2)

5500 T1=DTHI+IE

4610 T2=DTHI+IKH
5620 AS=NODN(T1)

4630 A4=NODN(T2)

4640 TT1=DTHY+IRY+[+34501

4642 TT2=TT1-1 3 TT3=171-2
4650 AB=NODN(TT1)

4540 B7=HODN(TTE)

5570 AG=NIDN(TTS)

5680 I1EL(T,1)=A1
5490 TEL(I,2)=02

4700 1EL1,31283
4710 EL{T,4)=Ab

4720 IEL{I,5)=A8
4730 1EL(T,61=A7
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4740 IEL{I,7)=Ab

4750 1EL(3.8)=AS

4760 GOTD 4531

4780 REM FOR I=1 TO SSH
5790 RER PRINT 82, I3
4800 REM FOR J=1 T0 8¢
4310 RER PRINT $2, IEL(I, ]}
63230 REM NEXT I

4830 REN PRINT &2,

4849 RE# NEXT I

4840 RET

HRR
5000 REW TABLE DRAWING {
5010 CLE:LBCATE 1141: PRINT STRING${80,219);
5020 FOR II=12 T8 8
5030 LOCATE IX,1:PRINT CHR$(221);
5060 LOCATE II;SQ PRINT CHR$(EEB)‘
5030 NEXT I
5060 LOCATE 19,1:PRINT STRINGH{80,219);
5070 RETURN

5100 REH SUBRGUTI&E :SEARCH THE PREVIOUS DATA
G110 REH

S120 IHf=0

5130 FOR P=1 TO INXX

5140 IF DB ${ NUMMIP) THEM B0TG 5170

S130 INX=INK+]

5170 REXT 7

5180 RETURN

5190 REl
5400 REH SUBROUTINE:NESH PLOTTING ON THE SCREEN
9410 REN .

5420 CLS: BGSUB 5000

5425 LOCATE 15,15:PRINT® Do you want to see the last geperated HESH °;
5530 LOCATE 16,15:PRINT® Remark: Using microcomputer sust have the

4434 LOCATE 17, 15 PRINT® graphic card.
5440 LOCATE IS {3:PRINT® £
;445 LOCATE 21, 15:PRINT®) »"3 s INPUT 558
5450 IF 353="1" OR SS%—?y‘ THEN 6OTO 5500
5660 IF 55%="R" GR 85%="n" THEH I 6366
5465 G070 5420 . .
5500 SC=0:CLS -
5501 GOSUB . 5000 LﬁtATE 2y S.PRIST' SEREEH DRIENTATION HERU *®
5502 .LOCATE '14,20:PRINT*A>.CHANBE THE VALUES
5503 LOCATE 16,20 PRINT"B) CONTINUE -70 THE PROCESS .
5504 LOCATE 18,20:PRINTZC) SCREEN QUTPUT i
5303 LOCATE 20,80 PRINT®Please imput your cheice *
3504 LOCATE 20,43: INPUT 55¢
5207 IF S55="A" OR §3§="a" THEM 6070 5
5508 IF S8%="B" QR §54="t" THEN 6070 4760
5509 IF 55%="C" OR S5§="c" THEN 6070 3320
510 5070 5500
5515 6OSHB 7000
9917 £L5:80=1
5520 SCREEN 2 -
‘525 IF 56=1- THEH 5070 4550
5330 CLG: X-O,Y =03 XX=330: Y¥=200
530 11=0-
3560 HINDOW (X ¥1-{4X:¥Y)
5570 PR=1
5580 FOR Z=1 TO NUMEL
5390 FOR I=1 70 84
5392 11=11+1
G600 KIICI=KSET{IL 1)
5610 EAR(II=KSET(II,2)
3620 ¥EXT 1
5630 FOR J=t 70 86-1
5640 IF T ¢ 1 THEM 6070 3640
5650 W=KII{I)%PR HH=EAA{J)=FPR
660 I1=1+1
53670 A=KII(1)PR iB=ERALTIPR
5680 C=KIT{]1%PR :D=EAA{I}:PR
5690 LINE {8,B)-(E,1)
S700 HEYY ]
5710 LINE (C,D)-{4, 34}
5720 NEXT 2
4738 EO5UE 6200
S LOCATE 1+1 sPRINT Press any key to continue®;:INPUT A3
4733 SCREEN 0 5070 3500
740 RETURHN
5806 REH

e

6000 REH
5010 REN
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4020 FOR K=1 TO §5%
&030 FOR J3=1 T GU
R,
30 =1
4060 IF DUl X HﬂDﬁ(KK} THER GOTO 6108
8070 CBBR(JJ 11=CO0RX{KK]
5080 COOR{II,ZI=COORY{KK)
£099 8070 4110
5100 HEXT BK
£110 NEAT 3]
4120 FOR M=t 7O Q-1
5130 IF ¥ < 1 THEN G370 4140
5140 Z1=CO0R(N, 1)#PR
§150 72=COOR(N,2)%FR
6160 C1=COOR{N,11=PR
£170 C2=COOR{N,2)#PR
4180 N=N+1
4190 CLI=CODR(HN,1)#%PR
4200 CC2=LODR{MN,Z)2PR
4210 LINE (C1,C21-(CC1,C02)
5220 NEXT N
4230 LINE {CC1,CC2)~ (él;:ﬁ)
5050 NEXT K
§300 RETURN
7000 REH SUBROUTINE : CHANGE THE RANGES OF THE HESH ON THE SCREEN ---—-
7014 BOSUR 3000
7015 LOCATE 5,10:PRINT Default @ 10=0 Y0=0 Y%=330 YY=180";
7020 LOCATE {2,10:PRINT® HAXINUM X¥=839 I0=0RIBIN *;
7030 LOCATE 12,45:PRINT® HAXIHUM YY=320 YO=ORIGIN °;

7040 LOCATE 14,20:PRINT® 1) XX 2y 1Y ;
7050 LOCATE 16,20:PRINT® 3 {0 4 Y0 3
7050 LOCATE 18,20:PRINT® 3> SANE 4y CONTINUE =

7070 LOCATE 13,70:INPUT 355

7080 IF 554="1° THEN GOTO 7100

7082 IF §9%="4" THEM BOTO 7300

7090 IF 55$="2" THEM BOTO 7150

7095 IF 55$="3° THEM BOTD 7200

7097 IF 58%="4" THEN GOT0 73200

7098 IF S54="5" THEN 6070 7504

7099 6OT0 7010

7100 CLS:LOCATE 10 10 PRINT® Pleasn input the value ZK DA
7105 IHPUT XX .
“ 7110 BOTH 7910

7150 CLS

7152 LOCATE 19, Q:PRINT® Please input the value :¥Y 3 3 37
?iaq INPUT YY ;
7135 6010 7010

?Eﬂ@ £Ls

7205 LOCATE 10,10:PRINT® Please inpui the valuz i 3 ) 3%
7207 INPUT & ’
7210 8010 7018

7300 CL§

7302 LSCQTE IQ {0:PRINT® Please imput the valus sY.3 ¥ 3%
7305 - IHPUT

7310 6070 ?019 .
- 7500 RETURN - -

8000 REH SUBROUTINE - TRANSFORMATION OF GENERATED ISOPARAMETRIE ————- -
8001 REM HESH DATA TO THE MESH DATA FOR EPDAN :
8004 ECOH=

8005 IF E=2 THEN GGTO 8048

8010 IMi=nUHY

8020 IHY=DUHX

9630 5070 8100

8050 INX=DUHY

30560 IHY=DURY

8100 I=0

8119 I=t

8120 ND=1:11I=t

g130 607D 8130

8140 ND=MD+2

2150 J=J+1

8150 IF ND ¥ MAY THEM 5070 8227

8170 IF III » IMf+1 THEN 5070 8190

8120 8070 2210

319") ISSE
3200 NO=HD+INY
3210 24542 229

BEXS Nb(Ji=1
220 £OR{J,1)=CO0RY(ND)
§E£$ ??g(gf§}=CGQRY(ﬁD}
260 T1I=11I+1
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8230 GOTO 8140

8245 QEH NODE AND ELEHENT NUMBER GENERATION
4267 REM

8300 I1=0 ;ICK=0 :171=0 :[J2=0:1J3=0
8305 1JK=0 :J=0 :1J4=0 :KE=0
8308 KP=1 :H=0 :HH=0 :LLi=0

3307 REGNI="ND"

3310 J=J+1

4315 IJK=1JK+l

2317 Ii=1i+]

8320 603UR 9300

4321 ICK=ICK+t

8327 IF ICK > B3M THEN 6070 8709
8328 IF [IK=IHX AND KP=1 THER H=l
8329 IF IJK=1 AND E=2 THEN HH=!
8330 IF IJ{=IHX+1 THEM BOTO 8350
8335 5070 8420

8330 IF E=¢ THEW GOTC 8295

83460 IF ECOH=1 THEN B0TD 3354
8352 IF ECOM=2 THEN E0T0 9372
8344 IF ECOM=3 THEW GOTO 9373
8364 IF KP+1 { IHY THEN 607D 8349
8367 GOSUR 8995

3363 GOTO 8394

8339 LIi=1{+!

8370 WPOLI31)=11

8371 6070 8396

8372 IF KP+1 { IHY THER 60TO 8375
8373 BOSUE 8993

8374 G0T0 839

8375 1J2=1J2+!

8375 NAL(IJE)=11

8377 IF REBNE »<{°"DK" THEM GODTD 8379
8378 REGN$="NO" : ECOM=REGION
9377 6070 8394 '

9330 IF KP+l { IHY THEW GOTO 8394
8381 IF REGBNIM{"0K® THEN BOTO 8383
§382 REGH$="NO":ECOH-REGION

3333 GOSUR 8395 .

8334 GOT0 8394

83%4 1J3=133+1

8395 NAP{113)=I1

8395 IF REGHSY("BK" THEM 80T0 8398
8397 REEM$="HD":ELBH=REGION

8378 LIK=1:KP=kP+!

8400 I=Ii+!

3410 BOSUR 7300

8420 I2=I{+{

8440 RI=NOD{I1} : B2=HOD{IZ)
8430 TO=IH{+I2 1 TOH=TH+}

2460 B3=HOD(TQ} + B4=HOB{TS4)
8360 ELE(T,1)=R1 _

8370 ELE(],2)=B3

8580 ELE(J,3)=B%

8590 ELE{1,4)=B2 e

8392 IF E=¢ THEN GOTD g&50

8394 IF H={ THEM 6070 4377

8373 IF KP > 1 THEM BOTD 8852
8397 1J4=1J4+1

8599 NSTE{1J5)=B1

8500 IF H=0 BOTD 8432

8606 IF £=2 THEN GOTO 8632

8505 114=1J4+1

8510 NSTE{1J4)=BE :H=0

8552 80SUR 7100

8708 &070 8310

8709 FOR N=1 TO HAXNGD

8710 REH PRINT 42,MOD(N);

8720 FOR NH=1 10 2

8730 PRINT 42, COR(N,HN);

8740 NEXT MM

3730 PRINT g2,

g760 HEIT W

8770 FOR I=1 TO 53%

3730 HEM PRINT 42.1;

8770 FOR J=1 TQ 4

3800 PRINT 42,ELE{I, 1)

8810 NELT J

8820 PRINT %8,

3930 HEAT 1
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5840 FOR I=1 TO 22

8950 PRINT %2, NPO(IM

8840 NEXT 1

8370 FOR I=1 70 1§

3870 PRINT #2, NAC(I)

8900 NELT I

§910 FOR =1 70 ¢

8320 PRINT #2, RSTE(I}

3930 NEIT 1

3940 FOR [=1 78 3

3950 PRINT $2, NAP(I}

8360 NEIT I

8370 PRINT %2, IJ%,132,1J3,13%

8980 RETURN

8790 REM SUBROUTINE - ARRAY ORGANIZATION (1)
9993 IF ECOM=1 THEN BOTO 2020

9000 If ECOH=C THEN 6870 9032
9010 IF ECON=3 THEN 6070 9043

020 1Ji=1J1+1

023 NPGL1J1)=11

9025 IF REGNS ><"0K® THEW G070 9029
2027 IF HUMEL »(2 THEN B80TO 9029

9028 REBWE="NO" 5070 9039

027 LI1=1]1+1

9030 NPB(IJ1}=T1+1/Y+1

G031 LIl=111#t

9032 NPO{IJ1)=I1+28IHi+2

034 607G 9054

9033 1128=132+1

9035 NAC(IJ2)=I1

9037 IF REGHS >{ *0K* Tﬂfﬁ 5070 9039
9038 REGN$="NO" :8070 90

9039 1J2=1)2+1

2040 NAC{IJ2)=F1+1HE+L

9041 112=1Jo+1

9042 NAC{TJ21=1{+28IHI+2

9044 GOTR 9054

9045 113=1J3+¢

9047 HAP(1J3)=11

9049 1J3=1J3+1

9050 RAP(I1T3)=11+INX+]

9052 113=1J3+1

9053 NAR{1J2)= Il*E%IﬁX+3

9054 RETURN

9100 REW SUBROUTINE - ARRQY UPE#%IZQTIQ% (2)
9110 REH ;
3120 IF HH=0 THEM EBTQ 9275

125 IF kP »<{ IMY THEN GOTO 9843
7130 IF LLY{=1 THER GOTG 9140

9133 174=114+1

9180 NSTE{IJ4)=Bi

7143 LLi={ -

9150 1J4=174+1

9135 NSTE({1J4)=H3 i

9160 IF ECOH=1 THEN 6810 9147
5143 IF ECOM=2 THEN BOTO 9190

9145 IF ECOM=3 THEW GOTO 9230
9167 11i=111+1 .

9170 ¥PA{1J1}=B3

7173 IF 1JK »< IMX THEN GOTO 9875
9175 1J1=1J1+1

7180 NPG(1J1)=B4

9187 6OTO 9250

9199 13B=1J2+1

7192 HAL{1J2)=H3

9200 IF 13K ¥{ IHX THEM BOTO 9273
9210 132=1J2+1

9220 HAC{1J2)=84

9227 6410 9240

9230 133=1J3+1

9235 NAP(113)=83

9250 IF 13K ¥4 IBX THEM GOTO 9273
9243 113 I33+‘

2230 HQFiI337=34

9250 IF LL¥={ THEN BOTO 9873

?263 IF 1J¥ »4 1 THEM 5079 92?5
265 Iu"}-IJ%"'i

2274 HSTE(1J41=81

3275 RETURM

9300 REM SUBRIUTINE - SEARCHING PROCESS FOR THE DETERMINATION OF THE -----—
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7310 REM REGION NUMBER
9320 IF E=2 THEM GOTD 9425

7330 FOR I=1 7O NUMEL

23530 If 11 >< COMB(I,3) THEN GOTO 9420
9370 IF I < 1 THEM GOTOD 9370

9380 REGION=1:REBN$="0K":GDTO 74%0
7390 IF I {2 THEN GOTO 7400

9395 REGION=2:REGNS="0K":607T0 9490
9400 IF T ¥ 3 THEM G070 5420

2510 PRINT AA%:REGION=3:REGN$="0K":G0T0 24%0
9420 HEXT I

9423 BOT0 7470

7423 IF KP »C INY THEN 6OTD 9490

9430 FOR I=1 TO RUREL

9440 IF 11 >< CORB(I,G) THEN BOTO 9480
94553 IF I »< 1 THER 6070 9470

2440 ECOM=1 : GOTD 9480

9470 IF I 3 2 THEN GOTD 9477

9475 ECOH=2 :60T0 9480

9477 IF 1 < 3 THEN GOTOD 9489

9477 ECOM=3

9580 NEXT

9490 RETURM
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Appengdix O

ISOPARAMETRIC HESH GENERATION SCRETY  OUTPUTS

253



;!d 3!: l’!; 55

254



255



