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Preface

The work described in this report was performed by the Engineering Mechanics
Division of the Jet Propulsion Laboratory.
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FEDGE—A General-Purpose Computer Program

for Finite Element Data Generation

User's Manual

I. Introduction

A general-purpose computer program—for the gener-
ation of natural coordinate systems (Ref. 1) and the
preparation of input data for finite-element ~nalysis—is
described in two volumes.

Volume I contains preliminary definitions and step-by-
step instructions for the use of the FEDGE program.
Although they have many basic, distinct definitions and
properties as far as input procedure is concerned, the
two- and three-dimensional problems are presented in a
unified form. This form of presentation not only facili-
tated the composition of this report, but offers for the
users integrity of thz definitions for two- and three-
dimensional problems. Although the general input pro-
cedure has been presented by choosing two specific
examples from the practice, the users, during their exam-
ination of the examples, must try to recognize the poten-
tial extension and versatility that FEDGE offers for
geometrical configurations of any degree of complexity.
Volume I is a tool for the user whose concern is solely
the generation of data for his problem.
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Volume II contains information concernirg thic siiuc-
ture of the program /++i{i summarized flow charts) and
a comglice listing of the program.

Volumes I and 1I, together with Ref. 1, comprise a
complete set of information for those who wish to adopt
or modify the existing program or prepare their own
program for their specific field of application. The appli-
cation area ranges from the finite-element analysis of
structures to finite-difference solution of any physical
problem, or any professional field wherein the descrip-
tion of a domain with a known boundary is required by
the use of a natural coordinate system concept. The need
for repeated use of such a description increases the effi-
ciency of the concept and of the program itself. The
physical program FEDGE can be obtained from
COSMIC,* a NASA agency for the distribution of the
computer programs.

*Computer Software Management and Information Center, Com-
puter Center, University of Georgia, Athens, Georgia 30601; tele-
phone (404) 452-3265,




Il. Definition of the P-ablem
A. Topological Definitions and Classifications

The finite-clement me hod is one of the most versatile
tools for solving engincering analysis problems; ii eiim-
inates the difficulties arising from the complex geometri-
cal definitions of the solution domain in one-, two-, or
three-dimensional spece. The only restriction to the
geometrical form of t'ie physical model to be treated by
the finite-element method is that it must be representable
by simple. open, bow ded, smooth lines and surfaces (and
combinations of ther1). Topologically, this class of figures
is defined as develonable in plane into squares or circles,
and in three-dimensional space into cubes or spheres by
continuous deformations (Ref 2) Further vore, a two-
or three-dimensicnal closed domain mig ¢ be either
concave or convex. The use of the FEDGE program
requires the defiition of a nearly convex domain; that
is, a domain tha: resembles a ~onvex domain but might
have practicalls insignificant concave portions on its
boundary (Fig. 1). Any concave domain can be subdi-
vided into a aumber of ncarly convex domains, and
represented as a collection of them.

With respict to its use in the finite-element analysis
and the FEDGE program, a line, surface, or volume can
be classified as:

(1) Real when it represents a physical material, such
as a line represciting a frame element or surface
representing a shell.

(2) A boundary when it separates two regions, such
as the boundary of solution domain and the outer
space.

(3) Fictitious when it does not represent anything, as
described in (1) and (2), but is used to define the
connectivity between real or boundary lines, sur-
faces, and volumes.

In this report, solid lines and solid, crosshatched surfaces
will be used consistently to illustrate real material; thin
lines and light, crosshatched surfaces will represent
boundary; and dotted lines and light, simple, hatched
surfaces will show fictitious lines and surfaces.

B. Model Representation »f a Physicai Problem

Figure 2 illustrates the axisymmetrical representation
of a spherical, solid-propellant rocket motor. The cir-
cular line ABCD represents the external spherical shell;
therefore, it is a real line, and is represented by a thick,
solid line. The grain represented by the crosshatched

Fig. 1. Concave domain subdivided into three
nearly convex domains

region is bounded by the iines BE and EC and the shel!
BC. This is a real surface, and lines BEC and BC are
boundary lines of the grain. The location of the symmetry
axis and the overall coordinate system, as well as the
equation of the lines, are sufficient for complete descrip-
tion of the model.

A model representation of a cylindrical shell is illvs-
trated in Fig. 3. The shell is supported and open at both
ends D, and D, and divided into two subdomains at
the middle by D.. The overall coordinate system is
chosen as shown, and the geometry of the model shell is
defined by the equation of the cylinder defining the shell
and the plane defining the support condition in the over-
all coordinate system. The planes D, D, D, are fictitious;
the shell itself is a real surface; the volumes bounded by
D, D, D, and the shell are fictitious dorains.

The objective of the FEDGE program is to generate
the meshes that would represent the shell ABCD and
the grain BEC in Fig. 2, and the mesh and the boundary
conditions for the cylindrical shell of Fig. 3, which could
be used for finite-element analysis of these or other
models. It should be noted that, by suitably changing
intrinsic properties corresponding to the problem, one
can obtain the input information for cither stress-analysis
or heat-transfer problems. It is assumed that the real
lines and boundary lines are completely defined in the
overall coordinate system x,, x., x,. Furthermore the in-
terest of the analyst might be focused on some specific
point, which is called a point of interest. Such points of
interest are hypothetically chosen in the example consid-
ered herein. Around this point, some degree of refinement
of the mesi will improve the convergence characteristics
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Fig. 2. Axisymmetrical model of spherical solid-propellant rocket motor

of the finite-clement method: therefore, the accuracy of
the results will also be improved.

Although the information as described above for Fig. 2
or 3 is completely sufficient for the definition of the
problem, some additional work is required to translate
the topological characteristics of the model into a form
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acceptable by FEDGE. Once the model representation
is set up, the preparation of the input for FEDGE fol-
lows the rules described below, separately, for two- and
three-dimensional examples. As a definite rule, the col-
lection of closed, bounded subdomains, interconnected
with each other in two- and three-dimensional space, is
the only possible form of model setup for input to




POINT OF INTEREST
C >

[ )

-——— —

POINT OF INTEREST

Fig. 3. Three-dimensional cylindrica! open-end shell model representation

FEDGE. A real line in two-dimensional space, or real
surface in three-dimensional space, must be a portion of
a subdomain. (Besides those lines and surfaces, addi-
tional lines and surfaces might be used as additional
information.) Subdomains that constitute a suitable input
tool for scattered lines or surfaces are distinguished from
the real subdomains by additional information. Further-
more, for each subdomain, the boundary must be divided
into regions. In this work, these regions are called faces
in analogy with the faces of regular geometrical figures,

4

such as squares and cubes, in two- and three-dimensional
space. From the above consideration, it follows that any
model has its equivalent collection of squares and cubes
in two- and three-dimensional space.

Partition of the boundary into faces is, in general,
arbitrary and can be used judiciously to obtain versatile
mesh forms, whereas the regular analog, composed of a
collection of squares or cubes, might (in general) be
unique.
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C. Setup for FEDGE Input for Two-Dimensional Problen:s

Figures 4a and 4b illustrate the topological analog
model and the setup itself, respectively, for input prep-
aration of the two-dimensional model illustrated in
Fig. 2. A few additional explanations will clarify the
logic steps required between the model representation
and the setup for input. After careful investigation of
both Figs. 4a and 4b, it can easily be concluded that. a-
far as the topological properties of the component; «.
the two figures and labelling systems are concerned, tiey
are completely equivalent; and the following can easily
be observed:

(1) The real lines ABFCD.

(2) Boundary lines BE and EC.

(3) Fictitious lines AG, GE, EH, and HD.

(4) Fictitious domains II and III.

(5) The I and J coordinate lines (Ref. 1).
)

(6) Dircction of positive normal to the lines, and e
labels in both Figs. 4a and 4b.

(o) TOPOLOGICAL ANALOGY

=] =FICTITIOUS DOMAIN
EXZ3 =REAL DOMAIN

—— =REAL LINES

—— =BOUNDARY LINES
—-~ =FICTITIOUS LINES

% %
Tosasesess
R

SRy
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The lines 10 at point F and 1 at point D are introduced
to define the corner of the domain on a continuous line
in Fig. 4b.

From this simple example, the degree of geometrical
complexity that can be reached and input into FEDGE
can be imagined easily by adding more and more real or
fictitious dcmains (squares in Fig. 4a or any geometrical
closed form as sbown in Fig. 4b). The compatibility of
faces between the faces of squares must be observed
after the I,J coordinate system has been determined.
The origin (in this example, the point E) is the oniy point
whose coordinates must be known for input purposes if
all other lines, fictitions or real, are defined by their
equations. The additional arrows and signs of the line
labels are explained later, together with labelling rules
of the lines and surfaces, following the brief exposition of
the logic and structure of the automation of the problem.

D. Setup for FEDGE Input for Three-Dimensional
Problems

Figures 5a and 5b illustrate the topological analog
model and the setup, respectively, for input prepara-
tion of the three-dimensional cylindrical shell problem

(b) SETUP FOR INPUT PREPARATION
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Fig. 4. General schematic input model for two-dimensional problem with application
to example of Fig. 2: (a) topological analogy; (b) setup for input preparation

JPL TECHNICAL MEMORANDUM 33-431




(a) TOPOLOGICAL ANALOGY

k

?

RS O
(10)- - o
N7
138k b’”‘ -20 " © ‘@
n Ak n
b4
A=t |- ——elc
7 _-1 M
= | I8y 4
gil == i
o A
1075 1 . f5 4
s | A | Tha
Ak S b} : -, | ‘@
12 @ 3k
n
Sl v
it Y 2
A;/’-n F AN
= =7 B
ORIGIN

(b) SETUP FOR INPUT PREPARAT\ON )

Fig. 5. General schematic input model for three-dimensional shell problem with application
to example of Fig. 3: (a) topeclogical analogy; (b) setup for input preparaticn

illustrated in Fig. 3. The topological analogy is
obvious, and one can easily follow the numbers and the
letters on the cubes and cylindrical subdomains, on
the surfaces and lines, and on the corners, which ex-
plicitly show the analogy. As in the case of the two-
dimensional model, cubes can be added in three directions
to obtain a topologically simple analogy between com-
plex geometrical configurations and collections of cubes.
Compatibility between the faces must be observed after
the I,JLK coo:-dinates have been chosen. The positive
direction of the surfaces can be selected arbitrarily by
the users. The origin and the equations of all labelled
surfaces must be defined in the overall coordinate system
x,,X,,x, as shown in Fig, 5b.

lll. Description of the Program

A. Method of Solution

The so'ition starts by integration along the lines in
two- and ti.ree-dimensional problems (see Ref. 1). The

origin (the point at which the integration starts) must Le
defined as input. The length of each line face is measured,
and the natural coordinate system is determined along
cach face. In this program, the number of divisions along
each line face is fixed equal to 16 (Fig. 6).

The natural coordinate system or the surface faces are
generated by using the division established along the
line faces (see Ref. 1). The mesh on any surface face will
be 16 X 16 quadrilaterals, which constitutes a special
case of the natural-coordinate-system concept.

In three-dimensional problems, the generation of the
mesh on the faces is done on a plane, which is obtained
by defining a plane normal to the component of the all-
normal vectors of the surface along its face. The mesh
obtained on this plane is projected to the surface. This
procedure violates the application of the natural-
coordinate system on the surface faces, but it is a very
close approximation for shallow surfaces, and provides
an extremely fast automation scheme.

JPL TECHNICAL MEMORANDUM 33-431




READ DATA

INTEGRATE ALONG THE LINES

B GENERATE NATURAL-COORDINATE
SYSTEM ON THE LINES

e > LINK 1

GENERATE NATURAL-COORDINATE
SYSTEM ON THE SURFACES

cq
GENERATE NATURAL-COORDINATE
SYSTEM IN THE VOLUME
(FOR THREE-DIMENSIONAL PROBLEMS
ONLY)

GENERATE FINAL MESH;

COORDINATE PUNCH ON CARDS LINK 2
DISTRIBUTE BOUNDARY CONDITIONS ON
THE PROPER NODES AND ELEMENT e

PROPERTIES ON THE PROPER ELEMENTS;
PUNCH CARDS

Fig. 6. General flow diagram for computer program

In three-dimensional subdomains, the natural-
coordinate system is obtained by an interpolation scheme
that generates each mesh nodal point through a sys-
tematic interpolation procedure between the correspon-
ding points on the opposite faces.

All procedures described above are automatically done
by the program after the necessary information concern-
ing the lines, surfaces, and volumes, as well as their
topological relationships, have been provided by the user.
In two-dimensional space, a line can be defined either
by its equation, which must be linear or quadratic, or
point by point. In three-dimensional space, the lines are
defined by the intersection of two planes or two quad-
ratic surfaces or by a plane and quadratic surface. A line
face in two-dimensional space can be defined by more
than one type of line, and a surface face in three dimen-
sions can be defined by more than one type of surface.

In the second link (see Fig. 6), the mesh is generated
and the nodal points are generated in the sequence
K, ], I (i.c., K varies first, then J, then I). The equivalent
FORTRAN input/output (I/O) statement can be
written as

{([(K =1,NZ),] = 1,NY],I = 1, NX) (1)
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For the form of the mesh, the users have three options:

(1) The number of divisions in the three directions of
the natural-coordinate system for the first subdo-
main (the number of divisions in the other sub-
domains is determined by the program, with the
resulting overall mesh depending upon the next
two additional options of the users).

(2) The location of a special point in the first subdo-
main around which the users might want a refined
mesh.

(3) The degree of refinement, which is defined by the
ratio of the two successive division intervals, with
the intervals being measured in the sense of the
number of natural-coordinate-system divisions in
the interval.

The labelling of the nodes starts from the first subdo-
main. Fictitious lines, surfaces, and volumes are not
labelled, and do not show in the sequence. The points
are labelled the first time they appear in a subdomain,
and are processed in the program sequentially as they
appear in the input. The user either judiciously labels
the subdomains and chooses natural-coordinate systems
to obtain the minimum bandwidth in the complex con-
figurations, or uses the relabelling scheme of Ref. 3 to
reduce the bandwidth for any complex configuration.
The resulting coordinates of the mesh nodal points are
punched on the cards.

In link 3, the boundary conditions and element data
are generated. In two- or three-dimensional space, the
boundary conditions are assigned by the users along
the complete line face or surface face, respectively. Only
linear relations between various degrees of freedom at a
point can be taken into account. The boundary condi-
tions are distributed to the faces in the sequence as the
corresponding subdomains and associated faces appear
in the input. The boundary information is punched in
the form ready for use in the program of Ref. 4.

The element-data information is distributed to all real
elements. The subdomains are treated sequentially as
they are assigned in the input, and the sequence number
of the elements follows rules similar to the sequencing
of the nodal point numbers. The face elements are
treated first (if they are real) in a subdomain in the
sequence, as they appear in the corresponding connec-
tivity information of the input, related to the faces of the
subdomain. The elements in the subdomain are labelled
if the subdomain is real.




The typical numbers corresponding to the intrinsic
properties of the faces or subdomains in which the ele-
ments lie are punched ready for use in the program of
Ref. 4.

B. Capabilities and Restrictions of FEDGE Progrom

The FEDGE program permits users to generate input
data for their finite-element aralysis problem, where the
geometrical configuration arising from the model repre-
sentation of the physical object offers any degree of
complexity. The objectives of the pregram are to provide
the users with complete sets of coordinates and mesh
topology and boundary condition information by auto-
matically generating a mesh configuration as it is re-
quired in the finite-element analysis. The lines and
information types associated with various regions are the
only necessary input information for FEDGE. In two-
dimensional space, the lines can either be straight or
quadratic lines, or can be prescribed point by point. In
three-dimensional space, the faces are planes or quad-
ratic surfaces. No practically defined model exists that
cannot be handled by the program (see Refs. 1 and 2
for exceptional geometrical configurations). The com-
puter time and engineers’ hand labor increase with in-
creasing complexity of the geometrical configurations.
Typical numbers corresponding to the limited capacity
of the program are listed in Table 1. These numbers are

Table 1. Typical maximum and mirinum numbers
of items that can be handled by FEDGE

Maximum or
Description minimum
number
Subdomains in two- or three-dimensional space 50
(maximum number)
Surface units in three-dimensional space (maximum 100
number)
Line units in two-dimensional space (maximum 200
number)
Boundary condition types (maximum number) 50
Boundary condition units that appear in a linear 8
relation in a point (maximum number)
Nodal points (maximum number) 8000
Elements (maximum number) 8000
Number of nodal points in an input unit in two- 5
dimensional space (maximum)
Number of surface units in o surface face in three 2
dimensions"

2The surface interfaces must cross two opposite line faces.

based upon the storage capacity of 32K 36-bit word-
capacity computers and upon the practical ranges en-
countered in engineering applications. With its actual
form, the program can accommodate any finite-element
analysis problem of continuous complex structures of
any size within practically feasible, computer-time ex-
penditures. However, if it is desirable to handle problems
beyond the capability of this program (e.g., by the appli-
cation of larger and faster machines), the entire program
should be reviewed for minor changes.

C. Programming Language and Operational System

The computer program has been developed for the
32K IBM 7094/7044 direct-coupled system; however,
FEDGE may be used in other systems that have the
FORTRAN II compiler and FAP assembler. The program
uses the following tape units during execution:

(1) FORTRAN Unit 1, system.
(2) FORTRAN Unit 2, chain.

(3) FORTRAN Unit 3, scratch.
(4) FORTRAN Unit 4, scratch.
(5) FORTRAN Unit 5, input.

(6) FORTRAN Unit 6, output.
(7) FORTRAN Unit 7, punch.
(8) FORTRAN Unit 8, scratch.
(9) FORTRAN Unit 9, scratch.

(10) FORTRAN Unit 10, scratch.

D. Description of Deck Arrangement

The FEDGE program consists of three chain links. The
deck arrangement is shown in Fig. 7. For each model
problem, there must be one complete data set and any
number of additional data sets for the same nodel prob-
lem if various types of meshes are requested. In the
generation of the additional meshes, the users take
advantage of the fact that, once the natural coordinate
systems are stored (the generation of which takes the
major portion of the machine time), the computer time
for the generation of the additional meshes is very short.

The source deck consists of approximately 5000 cards,
and the binary deck contains approximately 1000 cards.
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Fig. 7. Physical deck arrangement of FEDGE program
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IV. Preparation of Input
A. General Information

Regardless of whether or not it is a three-dimensional
problem, the input data deck can be considered in three
groups: (1) the title and control cards, (2) topological
connectivity and properties information deck, and (3) nu-
merical values associated with the surface or line equa-
tions and boundary conditions (Fig. 8).

The first group of data is prepared in a similar way in
both three- and two-dimensional problems. In the pre-
sensation that follows (Tables 2-8), each table describes

a card, or the deck of cards, with a sequential instruction
that refers to the column number on the card or deck
of cards in question. Additional or unusual propertics
of input parameters are explained whenever they appear,
The name of the parameter, as it appears in the pro-
gram, is also included in the last column, following the
description. The arrays are distinguished from the single-
valued constants by a dummy index.

B. Title and Contro! Cards

The input forms for title and control cards are pre-
sented in Tables 2 and 3, respectively.

C CONSTANTS ASSOCIATED WITH BOUNDARY

CONDITION INFORMATION

(TABLE 8) \

OR COORDINATES

EQUATIONS OF SURFACES OR LINE UNITS

(TABLE 7)

N

LINE UNITS FOR TWO=- AND THREE-
DIMENSIONAL PROBLEMS

(TABLE 6) \

®
TWO-DIMENSIONAL SUBDOMAINS OR SURFACE UNITS (TABLE 5)
FOR THREE-DIMENSIONAL PROBLEMS
THREE-DIMENSIONAL SUBDOMAINS (TABLE 4)
FOR NVOL <0 ONLY
‘/ CONTROL CARD

INPUT TYPE AND TITLE

(TABLE 3) /
(TABLE 2) \

FOR NE =0, A, B ARE ALL INPUT,

FOR NE =1, A IS THE ONLY INPUT, IT MUST BE PRECEDED BY ONE COMPLETE

DECK WITH NE = 0.

FOR NE =2, A, B ARE ALL INPUT, THEY MUST BE PRECEDED BY ONE COMPLETE INPUT

DECK WITH NE =0,

Fig. 8. Physical deck arrangement of data for FEDGE program
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Table 2. Title card for input

Column Description of input item Name Column Description of input item Name
1-2 A constant that defines the input type NE must precede this deck. In this deck, the
NE = 0 The complete deck of data is required element properties and boundary condi-
NE = 1 The title card and control card are required. tions con be altered. The first link is
The point of interest, the refinement con- skipped during execution
stant, and the number of final mesh divi. NE<—3The complele data deck is required in
sions in three directions can be altered. ol fonal probl In addition fo
The remaining values are assumed un- the stenderd output deck, mesh topolegy
changed from the previous complete data >
Silsiialion information for plotting (element! by ele-
ment) is punched out
NE = 2 The complete deck of data is required.
Complete input data deck with NE = 0 3-80 Any title information to identify the problem -
Table 3. Control card for input—format (12, 213, 412, E4.0, 12E, 5.0)
Column Description of input item Name Column Description of input item Name
1-2 Number of vol bd ins; zero for NVOL 31-35 The x; coordinate of the special point in the 20(10)
two-dimensional problem only overall coordinate system for three-
3-5 Number of surface units in three dimensions NSUR dimensional problems only
or number of surface subdomains in two 36-40 The x, coordinate of the origin in the overall XB(1)
dimensions coordinate system; the origin must be on
6-8 Number of line units in three and two NLIN the starting point of the line labelled 1;
Siniites the first line must be the | line
9-10 Lobel of subdomein at which the special 10 41-45 The x: coordinate of the origin in the cverall XB(1)
point lies (in this program, always 10 = 1) coordinate sysiem
11=12 | Number of divisions in the direction | in the | NX(IO) b S oo, g s B
firit subdomaln coordinate system for three-dimensional
problems only
13-14 Nu::b:r o;:lvhiion- in the direction J in the NY(IO) 51-55 Hinin T on el in- e sosrell el XMIN
rst subdomain
nate system
15-16 Number of divisions in the direction K in the NZ(I0) 56—60 Noklpus - —coontinite-1h- e oustall co- XMAX
first subdomain; nonzero only for three- ordinate system
dimensional problems
7-20 g CE>1 1< - 61-65 Minimum x; coordinate in the overall coordi- YMIN
17= Factor of refinement , an aote &
ystem
f’f. "0"" ""i’ l°f"°":°"‘°"’ A—— 66-70 | Moximum x; coordinate in the everall co- | YMAX
o practically 1 in the program seilinnie systes
125 The x; coordinate of the special point in the Xxo(io) 71-75 Minimum x; coordinate in the overall coordi- ZMIN
overall coordinate system; it must be nate system for three-dimensional prob-
within or on the boundary of the first lems only
whdemein 76-80 Maximum x; coordinate in the overall co- ZIMAX
26-30 The x; coordinate of the specicl point in the YO(IO) ordinate system for three-dimensional
overali coordinate system problems only

C. Topological Connectivity and Properties
Information Deck

If the number of three-dimensional subdomains
NVOL > 0, the program will expect the information
associated with the three-dimensional subdomains ac-
cording to Table 4. For two-dimensional problems, the
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deck associated with Table 4 is completely excluded
from the input deck.

Surface information associated with the face of each

subdomain is input according to Table 5. The labelling
of faces must be sequential; otherwise, the labelling is




Table 4. Information associaied with three-dimensional subdomains—two subdomains per card—

input format [2(814,8X)]

coordinate system

Column Description of input item Name*
1=4 (41-44) Label of the sequential subdomain MDM,
5-6 (45-46) Type of material in the ith subdomain IMAT = NMATE /100
7-8 (47-48) Type of temperature in the ith subd: in (if the vol bd in is fictitious, columns 5-8 must ITEM = NMATE, —
be blank) 100 * IMAT
912 (49-52) Label of the first face that is conventionally defined as the JK face for which | = 1 in the natural NFL; 4
coordinate system
13-16 (53-56) Label of the «~cond face that is conventionally defined as the JK face for which | = 17 in the NFL; »
notural coordinate syste .
17-20 (57-60) Label of the third face that is conventionally defined as the KI face for which J = 1 in the natural NFL; 2
coordinate system
21-24 (61-64) Label of the fourth face that is conventionally defined as the KI face for which J = 17 in the natural NFL .«
coordinale system
25-28 (65-68) Label of the fifth face that is conventionally defined as the IJ face for which K = 1 in the natural NFL, »
coordinate system
29-32 (69-72) Label of the sixth face thet is ronventionally defined as the 1) face for which K = 17 in the natural NFL; «

*Computations shown in this column are in the FORTRAN integer sense.

Table 5. Information associated with faces and surface units of two- and three-dimensional subdomains

—two surface units per card—input format [2(914,4Xi]

11-12 (51-52)

13-14 (53-54)

15-16 (55-56)

17-18 (57-58)
19 (59)

20 (60)
21-24 (61-64)

Thickness type

Temperature change type

Temperature gradient along the thickness type

Boundary conditicn type

Convexity index MCV: MCV = 0 for a perfectly convex surface domain; MCY = 1 for o nearly
convex surface domain

Label of the first line face that is conventionally defined as the first line of the second coordinale
label of a surface defined by 1) or JK or KI coupled labels

Column Description of input item Name*
1-4 (41-44) Lobel of the sequential surface faces; if the face is defined by more than one surface, the sequence MDM,
number of the face is repeated for each surface
5-6 (45-46) Element type number in the sense it is defined in Ref. 4 IELT = MELMA,/100
7-8 (47-48) Material type number; in the case of fictitious surfaces, columns 5-8 must be blank IMAT = MELMA; —
100 * IELT
9-10 (49-50) Pressure type IPRS — MPRTI; /100

ITIC = MPRTI, —
100 * IPRS

ITEM = MTETG,/100

ITGY = MTETG, —
100 * ITEM

MBON = MBOVR;/100

MCY = MBOVR,/10 —
10 * MBON;

ML,

sComputations shown in this column ore in the FORTRAN integer sense.

12

JPL TECHNICAL MEMORANDUM 33 -431




Table 5 (contd)

of surfaces will be rero

A Hf ] Nl
In two [

Column Description of input item Name"
25-28 (65-68) Label of the second line fac: that is conventionally defined as the seventeenth line of the second ML
coordinate label of the surface defined by IJ or JK or KI coupled labels
29-32 (69-72) Label of the third line face that is converlionally defined as the first line of the first coordinate ML
label of the surface defined by 1) or JK or KI coupled labels
33-36 (73-76) Label of the fourth line face that is conventionally defined as the first line of the first coordinate ML

label of the surface defined by 1J or JK or KI coupled labels
In the case of a foce defined by more than orne surface, the label corresponding to the interface

, only the IJ surface is in question; ML, ; = 0 for all fictitious faces

*Computations shown in this column are ‘n the FORTRAN integer sense.

arbitrary. In three-dimensional problems, one facc can
be defined up to two surface units, the label of which
must appear in the surface information list as the label
of the face repeated for each of the units (Fig. 9a).

(a)

FIRST SECOND THIRD FOURTH

SURFACE NO., FACE NO. FACE NO, FACE NO. FACE NO.
| | (OTHER INFORMATION) 3 4 | 0
2 1 3 4 0 2
(b)
FIRST  SECOND  THIRD _ FOURTH
SURFACE NO, FACE NO. FACE NO. FACE NO. FACE NO.
1 | (OTHER INFORMATION) 3 0 1 2
2 | 0 4 1 2

Fig. 9. A face labelled (1) defined by two surfaces ond
the corresponding form of sequence label and line in-

formation (two cases)
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In two-dimensional problems, the surface is in the
x,,X; plane, and all information associated with x; is null.
Furthermore, each subdomain is defined by a single sur-
face; ie., x, = 0. One face can be defined up to any
practical number of line units, the label of which must
appear in the line information list as the label of the face
repeated for each of the units (Fig. 10).

The line iaformation associated with the line units of
the two- and three-dimensional subdomains are input
according to Table 6. Labelling of the lines must be
sequential. The values of the lines that define the two
opposite boundaries of a face defined by more than one
surface are repeated as described in the tabulation
(Fig. 9b). Labelling of the lines is not completely arbi-
trary. Users must follow imaginary integration procedures
along each line element. The lines connected at the end
of the lines must assume a higher label than that of the

LINE NO, FACE NO,

1
1
(OTHER INFORMATION) 1

s LN -
P
oocooo
woooo

)
Fig. 10. A face in a two-dimensional problem labelled

(1) defined by five different line units and the corre-
sponding form of sequence label and line information




Table 6. Information associated with line units of two- and three-dimensional subdomains—two line units

per card—input format [2(714,413)]

17-18 (57-58)
1920 (59-60)

21-22 (61-62)
2324 (63-64)

25-26 (65-66)
27-28 (67-68)

29-30 (69-70)

3 (7

32-34 (72-74)

35-37 (75-77)

38-40 (78-80)

Area type

Moment of inertia around local x axis of the member type; the lccal x axis is along the member and
in the direction of the base veciur of the naotural-coordinate system

Moment of inertia around the local y axis of the member

Moment of inertia around the local z axis of the member”

Angle type that defines the direction cf the local y axis”

Boundary-condition type along the line in question (for two-di

| problems only)

Indicator for the type of expression that defines the line (in two-di ional probl
NDT = 3for straight-line input
NDT = 6 for quadratic-line input
2 < NDT < 10, the number of coordinates input when the line is defined point by point (maximum
5 points)

only):

Indicalor for the type of line input for two-dimensional problems:
INR = 0 —the line is defined point by point; the number of points is defined by NDT/2 (Fig. 11)
INR = 1—the integration along the line stops the first time the end surface or line is reached
INR = 2—the integration along the line stops the second time the end surface or line is reached

In three-dimensional problems, the label of the first face whose interface with the second f.ice defines
the line in question; the normal of the first face, the normal of the second face, and the pesitive
base vector of the natural-coordinate system on the line form a right-hand coordinate system in
this sequence

In two-cimensional problems, the Inbel of one of the line faces connected to Ine end point of the line
along which the integration is performed

In three-dimensional problems, the label of the second face whose interface with the first face defines
the line in question (the sequence is defined above for IFL, ;)

In two-di ional probl the lobels of one of the line faces connected to the end point of the
line along which the int gration is performed

In three-dimensional problems, the lobel of the end surface where the integration continues; if one
of the surfoces that define the line is fictitious, the lines connected ot the end of the line are
chosen automatically as the two lines of the assumed end surfoce of the subdomain associated with
the line information are available; not more than one fictitious surface is allowed to define a line

In two-di ional problems, the label of the end line where the integrotion continues—zero if the
next line unit defines the same line foce

Column Description of input item Name*
1=4 (41-44) Label of the sequential line units; if the surface face is defined by more than ona surface in the IDM,
direction of those line faces, the sequence number of the line is repected for each surface unit; in
two-di ional probl the foce ber is repeated for each line unit associated with the face
if the face is defined by more than one line unit; the line labe! must be negative if the integration
is opposite the positive direction of the ralural coordinate base reclor along the line
5-6 (45-46) Element type number in the sense defined in Ref. 4 IELT = IELMA, /100
7-8 (47-48) Material type number; in the case of a fictitious or boundary line, columns 5~8 mus! be blcnk IMAT = IELMA,; —
100 * IELY
910 (49-50) Pressure type IPRS — IPRTE, /100
11=12 (51-52) Temperature type ITEM = IPRTE, —
100 * IPRS
1314 (53-54) Temperature gradient type in the local y-axis direction ITGY = IGYGZ,/100
15-16 (55-56) Ter:perature gradient type in the local z-axis direction ITGZ = IGYGZ, —
100 * ITGY

IARE = IARMX,/100

IMMX = IARMX; —
100 * IARE

TAMY = IMYMZ, /100
IMMZ = IMYMZ, -

100 * IMMY
IMFI = IMFBO,/100
JBON = IMFRO, —

100 * IMFI
NDT = IDTNR, /10

INR = IDTNR; —

10 * NDT

IFL;
IFLy s
IFLy s

bThis is d y infor

*Computations shown in this column arz in the FORTRAN integer sense.

The o of mesh in three-d! ional frame el is not possible.

14

‘e

JPL TECHNICAL MEMORANDUM

33-431




xA xA
£ 2

Fig. 11. The line defined by the coordinates of points

previous lines. The starting point at each line is deter-
mined through the integration procedure of the previous
line (and only once—the first time they are reached
during the integration process). The direction of the inte-
gration thus obtained in a given line might or might not
be in the direction of the base vector of the natural-
coordinate system. The label is then positive if these two
directions coincide; it is negative if they are opposite.

D. Numerical Values Associated With Surface or Line
Equations and Boundary Conditions

For three-dimensional problems for each labelled sur-
face, as described in Table 5, even if the equations
corresponding to various input units are identical, an
equation of the quadratic surface must be read by the
program, as shown in Table 7. The form of the equation
will be as given by Eq. (2), and the siga of the equation
will be determined by the positive direction of the nor-
mal to the surface.

a,+ a2+ a,x, +a,x, +a:%,X + agX X, + a:%.%,

+ a2 +agx; +axi =0 (2)

For two-dimensional problems for each labelled line,
as cescribed in Table 6, even if the equations cor-
responding to various input units are identical, a set of
coordinates x,,x., or a straight-line equation with three
constants, or an equation of a quadratic line must be
read depending upon the value of the corresponding
indicator constant, as defined in T.»! 6. Equations (3),
(4), and (5), and Fig. 11 clarify these t.put items.

#5200, 50,80, 50, 20, 27,27, X4 (3)
a, + an, +ax, =G (4)
a, + a,;x, + a;x, + ax.x; + aal + ax} =0 (5)

The constants of the equaiion of 2pe input unrit or ten
coordinates (five points) are read ..o card, according to
the form presented in Table 7.

Two integer numbers and one c::-<*ant constitute a set
of information for the linear rel.i'on between various
degrees of freedom o' a given poiai. Up to eight sets
of information can be read for 2 ... ivre of boundary
condition along a surface face i~ thr.c < taensional prob-
lems, or along a line face in two-dimensional problems.

Each card, therefore. will contain eight sets of informa-
tion, as shown in Table 8, and each card will correspond
to one type of boundary condition cited in columns 17-18
(57-58) of the connectivity information card, as described
in Table 5, or in columns 27-28 (67-68) of the con-
nectivity information card in Table 6. The number of
cards for boundary conditions or the maximum number
of boundary condition types is the maximum number
that appears in the corresponding column of Table 5 or 6.

Table 7. Input of constants associated with equations of surfaces,
line units, or coordinates—input format (10F8.0)

Column Description of input item Name" Column Description of input item Name"
1-8 a; o f Egs. (2), (4), (5), or x| of Eq. (3) ANon 1) +1 41-48 as of Egs. (2), (5), or x{ of Eq. (3) ANsorn -1) 46
9--16 a: of Egs. (2), (4), (5), or x{ of Eq. (3) ANjoin-1)+2 49-56 a; of Eq. (2) or xf of Eq. (3) ANijon -1y + 7

17-24 a; of Eqs. (2), (4), (5), or x'l' of Eq. (3) ANjon-1)+3 57-64 as of Eq. (2) or x:’ of Eq. (3) ANy -1 +»

25-32 a; of Egs. (7), (5), or x ¥ of Eq. (3) ANiotn -1) 44 65-72 ay of Eq. (2) or x! of Eq. (3) ANson-1)+9

33-40 a; of EQI. (2), (5), or x;' of Eq. (3) ANion -1) +5 73-860 ay of Eq. (2) or l,. of Eq. 3) ANyon 1)+ 10
AThe n refars either to the sequenca number of input items or to the sequence number of cards from which the information is reod.
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Table 8. Input of constants associated with boundary condition
information—input format (812,8E8.0)

= &
Column D::::m“::.“ - Name Column D:::ﬂu:v::::: X Name

(1=2), (3-4), """, (15-1¢) Number of degrees IBON, columns 1-16.

of freedom asso- Each set is complete

ciated with the by consecutive pairs

nodal points on of integers in

the face con- columns 1-16 and

sidered; each pair a corresponding

of numbers constant in

represents two columns 17-80.

direction labels on Integers in

a point in connec- columns 1-2

tion with the pre- correspond to con-

scribed boundary stant in columns

condition 17-24. Integers in
(17-24), (25-32), """, (73-80) Constant that relates BORC, ; columns 3—4

the degrees of correspond to con-

freedom defined stant in columns

by the integers in 25-32, etc.

2The actual input format in the program is different, but this con be used as is. It is r.ore explicit than the actual format, which is (414,8E8.0).

V. Error Messages and Diagnostics

A. General Information

The occurrence of an error that causes a message
generally has a detrimental effect on the results. The
program stops when the conti ucton of the execution
does not yield any additior.zi infoimation about the
status of the input. When error messages occur, the user
must check carefully that portion of the input designated
by the eiror message. The error messages are as self-
explanatory as possible, and are listed below in the order
of probable appearance during execution of the program.
The meaning of the printed information (italics in paren-
theses), the name of the subroutine in which the error is
detected, and the probable cause of the error message
are also given.

B. Error Messages in Link 1

VOLUME SUBDOMAIN NUMBERS ARE NOT IN
SEQUENCE (sequence number of volume subdomain
and user’s label)

Occurs in DORB when the user’s sequence label for
the volume subdomain is not correct.

16

ERROR IN THE FACE LABELLING OF SUBDO-
MAIN (number of subdomains involved) OR (number
of adjacent subdomains)

Occurs in DORB when the face numbers are not
correct in the subdomains involved with the label printed
out in the message.

TOTAL NUMBER OF FACES MAY NOT BE ZERO

Occurs in DORB. The zero or negative number of sur-
faces and lines is not acceptzble by the program.

INPUT ERROR PROBABLY IN CONNECTION
WITH INPUT UNIT (number of the input unit involved)

Occurs in COPY when an error exists in the label of
lines or surfaces corresponding to the input unit indi-
cated in the error message. Execution continues.

ERROR IN THE INPUT UNIT (number of input
units) THE FIRST FOUR CONSTANTS FOLLOW (the
coordinates x4, Y., X5, Yz of the segment AB)

Occurs in DSAN when the boundary is defined by
straight line segments and the coordinates of the end points
of the segments are not correct. Execution continues.
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AFTER (number of steps) STEPS OF INTEGRATIGN
STARTING POINT IS REACHED, COORDINATES
AND COEFFICIENTS OF SURFACES FOLLOW (x,
y, = coordinates and the coefficients of the surfe. e cqua-
tions for left, right end surfaces sequentially

Occenrs in INTR. The coefficients involved . -¢ srob-
ably not correct.

AFTER (numober of steps) STEPS OF INTECGRA-
TION END SURFACE IS NOT REACHED, COOR-
DINATES AND COEFFICIENTS OF SUKFACES
FOLLOW (x, y, z coordinates and the coefficients of the
surface equations for left, right, end surfaces sequentially)

Occurs in INTR. The coefficients involved are prob-
ably not correct.

ERROR IN THE INPUT UNIT (number of the unit)
COORDINATES AND COEFFICIENTS FOLLOW (x,
y, = coordinates and the coefficients of the surface ¢nua-
tions for left, right, end surfaces sequentially)

Occurs in LENG when the maximum or minimum
coordinates assigned by the user are reached 7he m.xi-
mum and minimum coordinates, the coetficients cf the
equations involved, or the direction of the integ:ntion
may be incorrect.

ERROR IN THE COEFFICIENTS OF QUADRATIC.
COORDINATES, COMPUTED CONSTANTS, COEF-
FICIENTS FOLLOW [The integers .»d the constants in
the common map from 1-150 (see Table 2 of Vol. II)
and the coefficients of all equations up to the one in
guestion are printed out.]

Occurs in ROOT when the root of the quadratic can-
not be found in the step considercd. The coefficients of
the quadratic may be incorrect.

INPUT ERROR DETECTED DURING THE INTE-
GRATION OF (label of line along which the integration
is performed) TH LINE, RELATED INFORMATIONS
FOLLOW (the label of the line, the surface informations
related to the line, user's input and program selection,
and the label of lines at the end of the integration)

Occurs in BACO when an error exists in the connec-
tivity information of three surfaces constituting three
faces around a nodal point in three dimensions. Line
labels corresponding to the surfaces and the surface
labels corresponding to the lines must be reexamined.
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INPUT ERROR IN THE SURFACE LINE LABEL
INFORMATION, CHECK WITH THE FORMAT
SPECIFICATION (the surface number and correspon-
ding line labels are printed out for the surface in question
and the consecutive one)

Occurs in BOLI when a face is defined by more th:n
one surface and the labels of the boundary lines are not
written properly.

END POINTS OF THE (number of lines in ques-
tion) TH LINE DO NOT MATCH END POINTS OF
THE PREVIOUS LINE (number of previous lines),
COORDINATES FOLLOW (coordinates of the two ends
of the previous line, the coordinate of the first point of
the line in question)

Occurs in TEST when an error exists in the line
label or the computation of coordinates on the lines.

THE ERROR IS (error) ON THE FACE (face num-
ber) ERROR TOLERANCE (error tolerance) 1S EX-
CEEDED, COEFFICIENTS FOLLOW (coefficients of
the surface equation)

Occurs in NOCO when the surface equations asso-
ciated with the face in question are not satisfied by the
substitution of the coordinates computed.

ERROR IN THE COEFFICIENTS OF THE SUR-
FACE EQUATION, RELATED INFORMATIONS
FOLLOW [The integers and the constants in the com-
mon map from 1-150 (see Table 2 of Vol. 11), and the
coefficients of all surface equations up to the one in
question are printed out.]

Occurs in ROTZ when the roots of the quadratic equa-
tions do not satisfy the surface equations involved. The
coefficients of the surface equations may be incorrect.

C. Error Messages in Link 2

IN LINK 2 ERROR DETECTED IN CONNEC-
TIVITY INFORMATION (the number of subdomains,
surface in two dimensions, volume in three dimensions)

Occurs in ENFI. Usually this type of error is detected
in link 1.

D. Error Messages in Link 3

ERROR PROBABLY IN THE CONNECTIVITY
INFORMATIONS OF (the number of the subdomain)
TH SUBDOMAIN
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Occurs in ARBU. It is unlikely that any error of this
kind would be detected at this stage. If an error occurs,
the related inpvt should be checked carefully. Deeper
study involving the structure of the program may be
required

VI. Description of Output
A. General Information

The output of FEDGE can be considered in two basic
groups:

(1) The output in the printed form, which is basically
for documentation, but also allows the user to
follow some of the procedural aspects of the pro-
gram and the information concerning his input data.

(2) The output in the punched-card form, which is
basically for use as input data in a finite-element
analysis program (specifically in the actual form
for Ref. 4); in some cases, the user may optionally
request additional punched cards for plotting pur-
poses for two-dimensional problems.

B. Output in Printed Form

1. First page information. The first page starts with
the information in the title card. Under the title, the
dimension of the problem is printed out. The informa-
tion in the control card follows, line by line, in the same
sequence as it appears in the control card (see Table 3),
and the description of each item is given as explicitly as
possible.

2. Volume, surface, and lines connectivity information,
The next page starts with the information that is read in
as described in Section IV-C. The content of Table 4
appears in the input deck and in the output list for three-
dimensional problems enly.

3. Coefficients of surfaces, lines, or coordinates. The
following surface and line information is printed out
with explicit headings, in the sequence they are read in,
and in as explicit a form as possible. The numerical
values associated with the surface equations in three-
dimensional problems appear under the heading: Coeffi-
cients of Surface Equations. The numerical values
associated with the line equations or coordinates of the
given points appear under the heading: Coefficients of
Line Equations or Coordinates. The coordinates appear
in two lines: the first line for the x,, the second for the x..

18

4. Boundary conditions. Boundary conditions are
printed out, if there are any, and the type is assigned
as described in Sections IV-C and IV-D, under the head-
ing: Number of Directions Related to Each Other and
the Relation Constants. Eight possible combinations are
grouped, and each group is printed out as zero (even if
they are not assigned by the user) if one among them has
been assigned.

The output related to the direct input terminates at
this point. If users fail to cbtain this part of the output,
they should check carefully with the number of input
cards and the corresponding numbers previously assigned
by them.

5. Results of computations. The computations start
and continue with: (a) an error message, as described in
Section V, or (b) a message at the end of the integration
of each line face that is printed out: LABELS OF SUR-
FACES AND LINES INVOLVED IN THE (i)TH LINE
INTEGRATION ARE [, m, n, p, q, and r, where, for
three-dimensional problems, [ and m are two surfaces
that define the line and n is the end surface for the line.
Line p is the line along which the integration is per-
formed, and ¢ and r are labels of the two lines that are
connected to the end of line i. It follows that p = i, and,
in complex geometrical configurations, this information
might help users to adjust their input information as
described in Tables 4, 5, and 6 if any related error mes-
sage is printed out. In two-dimensional problems, only
p and g are meaningful integers that represent the labels
of the lines connected to the end of the ith line; I, m, and
n are zero.

6. Time messages. Three time messages are printed
out that indicate the computation time for parts A, B, and
C of link 1, respectively (see Fig. 6):

(1) INTEGRATION ALONG THE LINE SEGMENTS
TOOK ... SECONDS.

(2) DIVISION ALONG THE LINE SEGMENTS
TOOK ... SECONDS.

(3) GENERATION OF NATURAL COORDINATES
TOOK ... SECONDS.

7. Coordinate listing. The list of coordinates of the
mesh that is generated follows the last time message in
the format [2(14,3F12.6)]:

() ='xfx, (i +1) zforxteagi
where i is the nodal point number and x| are the asso-
ciated three coordinates in the overall coordinate system.
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8. Computation time, At the end of the list, a time
message is printed out:

GENERATION OF FINAL MESH COORDINATES
TOOK ... SECONDS

which denotes the computation time for link 2 (see Fig. 6).

9. Boundary conditions. The boundary conditions (if
any) are printed out in the format [8(I4,11,14,11,F6.3)]:

(@)E)DDCm, (DPNNG)C, -+

where i, 7, -+ are the labels of the nodal points for which
kth (or pth) degrees of freedom on ith (or jth) points are
related to the Ith (or gth) degrees of freedom by a con-
stant C,, (or C,) typically expressed as the mth (nth)
boundary-condition type in the input information. The
linear relation can be expressed as

(l;k=C":' =+ C:”(l” e cos

In the input format and output listing, C?, is distinguished
from C!, by k = [ and a;;, a;; are the deflections of the
ith point in the kth and Ith directions (see Ref. 4).

10. Element-data listing. The list for element data is
printed out in the format (2014), wherein the content of
each integer number directly corresponds to the cor-
responding input item in Ref. 4. The sequence of the
labels of the element vertices is determined, assuming
always the positive normal of the surface inward the
subdomain containing the corresponding face and that
has the smallest sequence number.

11. End card. The number of nodes, boundary condi-
tions, and elements are printed out in the end card:

NO. OF NODES (IN)
NO. OF ELTS (IE)

NO. OF BC (IB)
END

where IN, IB, and IE are computed during the genera-
tion of nodal coordinates, boundary conditions, and
element data, respectively.

12. Plotting information. For NE < —2 (for two-
dimensional problems in addition to the standard output
deck), a mesh topology information for element-by-
element plotting is printed out in the format (2014). The
nodal-point numbers associated with the elements are
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selected in such a manner that the common faces of the
elements are not plotted twice. Each group of five
integers represents the nodal-point labels of an element
in sequence in the cew direction. The nodal numbers
corresponding to common faces are not printed out, and
the remaining ones appear in the listing or in the cards
as left-justified in each group of five integers. The plot-
ting sequence follows the rule explained in Section II1-A.
Only labelled elements are accounted for.

13. Time message. The time message for the genera-
tion of elements is printed out as:

GENERATION OF ELEMENT DATA TOOK
... SECONDS

which denotes the computation time for link 3 (see Fig. 8).

C. Output in Punched-Card Form

For NE < 2, the output in printed form—as explained
in B7, B9, B10, and Bl11—is punched in the same format
and sequence, with each line corresponding to one card.
This complete deck is ready for use with the program
described in Ref. 4 (with a few additional information
cards).

For NE < —3 (for two-dimensicnal problems .n addi-
tion to the standard output deck described above), mesh-
topology information for element-by-element plotting is
punched out as described in B,,. This information, to-
gether with the punched information corresponding to
B; coordinates of the nodal points, can be used for
plotting purposes.

VIl. Examples

A. Axisymmetrical Model for Spherical Motor,
Cylindrical Inlet

The input listed in Table A-1 of the appendix can be
followed in the light of the corresponding instructions of
Sections II-1V, and with reference to Fig. 4. The users
must follow the following logical steps:

1. Determination of subdomains. Subdomain I is de-
termined by the grain material. Subdomains II and III
are selected as simply as possible (otherwise, arbitrarily),
and connected to subdomain I, to be able to include
portions CD and AB of the outer shell in the analysis.
The partition of the boundary of each subdomain into
faces is a result of a very natural choice, as in the case
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of subdomain III, or else depends upon the form of the
final mesh as requested by the users. In subdomain II,
the partition is a result of the selected form of the sub-
domain, In subdomain I, point F is selected to provide a
quasirectangular form. It should be noted that each face
has homogeneous properties; that is, EC is a boundary
of the grain, BF is a shell, AG is fictitious, etc.

2. Definition of origin. The origin can be any defined
point on the common joint of two faces. The E is chosen
because it is known without any computation. The H,
G, or A could have been chosen as well because they
are defined in an equally simple way.

3. Determination of coordinate lines. In two-
dimensional problems, the first line determines the IJ
natural coordinate system; i.e., EB is selected as the first
line, and therefore determines the I direction. The other
coordinate lines are the natural result of this selection.
The positive normal of each line is on the left side of
an observer, heading toward the direction of the base
vectors for the I and J lines. The integration directions
and the labels of the lines are determined at the same
time, the integration directions being denoted by small
arrows at each corner. The label of face 2 is positive
because the small integration arrow at B is in the same
direction as the J base vector. By the same token, the
label of face AB is —3, the label of FC is —4, the label
of AG is —5, etc. Face BF can be labelled 2 because the
origin is determined from the integration along line 1;
face AB can be labelled —3 for the same reason; face
FC can be labelled with the next sequence number, —4,
because the origin has been determined from the inte-
gration along line 2, etc.

4. Input deck preparation. Once Fig. 4 is set up prop-
erly, the preparation of input decks according to the
instructions of Tables 2, 3, 5, 6, and 7 is a simple exercise.

5. Output listing. In Table A-2 of the appendix, the
output is listed in the form in which it appears at the
end of the successful execution of the program. Parts
corresponding to Sections VI-B-5 and VI-B-6 do not
appear when NE = | or NE = 2, Parts corresponding to
Sections VI-B-7 through VI-B-11 and VI-B:13 are always
printed and punched in the same sequence and in the
same format. The part corresponding to Section VI-B-12
is punched only when NE < —3.

6. Generation of natural coordinate system and final

mesh. The natural coordinate system and final mesh are
illustrated in Figs. 12 and 13, respectively.
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B. Cylindrical Shell Problem

The input listed in Table A-3 of the appendix can be
followed in the light of the corresponding instructions of
Sections 1I-1V, and with reference to Fig. 5. The users
must follow the logical steps described below.

1. Determination of subdomains. Volumes of subdo-
mains I and II (which are fictitious) are distinguished by
the D, plane of Fig. 3. The partition of the boundary of
each subdomain is realized by two planes: x, = 0 and
x, = 0; that is, the six faces of subdomain I are (1) the
x, = 0 plane, (2) the portion of the shell between the
—x, and +x, axes, (3) the portion between the +x, and
+x, axes, ete. With reference to Figs. 5a and 5b, one can
see the fictitious planes (@ and @ defining the faces of
the subdomains; the base of the cylinder by (i), which
is a fictitious plane; and the four faces @, ®, @), and
(3), which constitute real surfaces and represent the
lower portion of the shell. The boundary conditions are
prescribed at the planes D, and D, defined by x, =0
and x, = 96, respectively, which are fictitious surfaces
and labelled (6), @. The positive direction of the surfaces
is assumed inward for the shell; the positive direction of
overall coordinate axes is assumed for the other fictitious

planes @, ®, @, G, and @).

2. Definition of origin. The origin has been chosen
arbitrarily at A (x, = —153, x, = 0, x, = 0).

3. Determination of coordinate lines. The first line of
integration is AB. The resulting simple, natural coordi-
nate system is shown on Figs. 5a and 5b, where the
arrows along the lines are the base vectors for the first
and last lines of the subdomain. The sequence label of
the lines follows the rules described in Table 6; that
is, the integration along line 1 yields the coordinates and
integration directions for lines BC and BF, which are
labelled +2 and -3, respectively (according to this in-
formation, sequentially positive), because these directions
are the same as the direction of base vectors along these
lines. Lines CG and CD are labelled 4 and —5 by the
same token, etc.

4. Input deck preparation. Tables 2 and 3 are self-
explanatory. Columns 5-8 (45-48) in Table 4 are blank
because the volume is void. In Table 5, columns 5-8
(4548) contain the element-type numbers in the sense
in which they are described in Ref. 4, and material-type
numbers of faces 2-5 and 7-10 are left blank for faces
1, 6, 11, 12, and 13. The connectivity information in col-
umns 21-36 (61-76) is blank for faces 12 and 13. The

JPL TECHNICAL MEMORANDUM 33-431



sssoss==tERR
=t R TRTY
\\\\\\;x\\\\\\

LA
L]

) SCALE
o
i

\
\

AL

\
5

\

g

A I

b S

bW

b3 i

%
\

X
A

* SCALE

Fig. 12. Natural coordinate system for axisymmetrical model
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list that follows contains line information according to
Table 6. Next, the list of constants associated with the
surface equation is given according to Table 7. Each line
corresponds to one surface input unit of Table 5,
sequentially.

The boundary conditions are give1 according to Table 8.
Three directions along which the points that are in the
Ist and 11tk surfaces are restrained are 11, 22, and 33;
and completz restraint is expressed by zero at correspon-
ding columns 17-24. The type number at columns 17-18
(or 57-58) corresponding to the line of the 1st and 11th
faces expresses the fact that the boundary condition, as
defined by the last card, will be assigned to all points
on faces 6, 1, and 11.

5. Output listing. In Table A-4 of the appendix, the
output is listed after successful execution of the program.
In the part corresponding to Section VI-B-5, a message
is printed out for each line-integration process. This part
would not appear when NE = 1 or NE = 2. Parts cor-
responding to Sections VI-B-7 through VI-B-11 and
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VI-B-13 are always printed and punched in the same
sequence and in the same format.

6. Generation of natural coordinate system and final
mesh. The final mesh is illustrated in Fig. 14. For cylin-
drical shells with the same geometry, the input and the
output for the generation of another mesh configuration
are illustrated in Tables A-5 and A-6 of the appendix,
respectively. It shouid be noted that the type of shell is
changed to membrane and bending by the change of
element-type numbers from 14 to 12 in the third column
of the surface information table. The boundary condi-
tions are also changed by fixing completely both end
points of the shell; that is, 6 deg of freedom, as shown
in the table for boundary conditions (see Section VI-B-4).

This output was obtained with NE = 2 from the
natural coordinate system, which has been generated
and stored in the previous case, and takes only 23 s
compared with approximately 7 min for the first case,
which includes the generation of natural coordinate sys-
tems in two- and three-dimensional subdomains.
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Appendix

Computer Results for the Examples

This appendix contains a listing of input data, together

with the respective output data obtained after success-
ful execution, for the following:

(1) Axisymmetrical model for spherical motor, cylin-

drical inlet.

(2) Cylindrical shell problem for the membrane case.

(3) Cylindrical shell problem for the membrane and
bending case.

Cited in the appendix are sectional references, which
the user wiil find helpful in following the applicable
procedural aspects of the FEDGE program.

Table A-1. List of input data for axisymmetrical model for sphe:ical motor, cylindrical inlet

AXISYMMETRICAL MUDEL FOR SPHURICAL MOTUR, CYL INDIRICAL INLET

DATA FUR TwWO LINENSIUNAL PRIOBLEM

NUMIER OF THREE DIMEISTONAL SUBDUMAINS NVOL
NUMBER UF FALES LR TWwU DIM. SUBDOMAINS NSJR
NUM3ER UF LINEAR FACES NR ONE DIM, FLEMENTS NLIN
NO« OF SUBGIVISION 14 wMICH SPECIAL POINT LIES 10
NUMIER OF DIVISIUN TN THREC DIRECTIONS NXEID)

NYLID)

NZLID)
FACTOR UF REFINEWENT

COURDINAGES OF SPECIAL PUINT

COURDINATES UF THE

CRIGIN

MINIMUM ANU MAXTrUM DUUNDARY CUORDINATES

SURFACES INFURMATION

LINE EQUATIONS DR

SURF NO ELEMNT MATIRL PHESSR
1 1 16 1 -0
2 l -0 0 -0
3 3 -0 0 =G
LINES INFORMATIO
VINE NO ELEMT  MATERL PRESSR
1 1 e e 1
2 Z 17 2 -0
3 - i? 2 1
4 =4 17 ? -0
o= -0 { ~L
6 =& -0 J 1
T -7 7 2 1
L] a -0 3 -
? -0 £ -C
| TV U -0 b -¢
11 -1l -0 0 =L
L UN NO CUEFHICT NTS UF
1 1 =Lec 000 -0.
2 Z | YR o -0.
3 =3 ledCOL -0.
4 -4 =le 007 -0.
5 -$ ) -0.
6 =6 =Ce a0 1.0000
T =27 =1, OO 0.
L] L} - HA" 1.0000
9 -9 =1ef O 1.0000
10 ~10 Te%0UC 1.0600
il -11 =le OLL =N,

THICNS  TEM

TEM

1.9009
-Ce

-0s
1.207C

=

=le

-Je

2.5070

-0.

-C.

X3(13)  C.B66000F 0C
YO(10)  ©.59NC0% O
10012) -0,
XB(1)  C.200200E-C"
Y8(l)  0.500000F 00
(1) -0,
XMIN  =0.200000€-00
AMAX  0,120CGE Ol
YMIN  =0.120CO0E 0L
YMAX N120%00¢ 01
N -0,
IMAX 0.
CH TEM GR BND CN CV IDX INP TP 1ST FC 2¥D FC 3RD FC 4TH FC
- 0 -0 -2 0 5 2 1 “
-0 o -0 -0 o 11 6 9 7
-2 e -0 - 0 3 3 5 1
GY TEM GZ S AREA TUR CS MOIN Y MOIN T ANG FI BND CN NOTINR FACE NJ
-2 0 -0 L -0 ¢ -0 o 3 1-0 2 3
-3 0 -1 0 -0 ¢ -0 2 6 10 410
-0 e -C ° -0 0 -0 8 6 L=0-=0 5
-9 " -2 0 -0 0 -0 2 6 1-0 7 &
-t 0 -t 0 -0 0 -3 6 3 1-=0-2 8
- ¢ - c -0 e -0 0 3 1-0-0 1
-: 0 -n 0 -0 0 -0 9 5 1=011 1
- 0 -0 0 -0 0 -0 2 3 1-0 9 1
- £ -t 0 -0 0 -¢ 2 3 1-0-211
-2 0 -c 0 -0 0 -0 3 3 1-0-)-)
5 o -2 0 -0 0 -0 2 6 1-0-0
CONRDINATES
-0. =1.0000  -1.,0030
-0. =1.77900  =1.500¢
-0, L.c0c0 1.0000 :
-2, leso0e 10000
-0. 1.0000 10000

-0
CF 0.12000% 0©1

INPUT TYPE NO. -3

-0
3
11
1
9
6
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Table A-2. List of output data after successful execution for axisymmetrical model

.y

o Aokl ok b i SO

LABELS UF SURTACTS AGD LINES TNVOLVED IN THE L TH LINE INTEGRATION ARP 0 k] 0 3 -3 ¢ |
LABELS OF SURFACHS ASD LINFS INVOLVED IN THE 2 TH LINE INTEGRATION ARE o ? n -4 -12 v
LARELS OF SURIACES AND LINLS «NVOLVED IN THE 3 T4 LINE INTEGRATIUN ARE o b 0 -5 9 0
LABELS UF SUKFACTS AND LINES INVOLVED IN THE 4 T4 LINE INTEGRATION ARE 0 b] 0 -1 -5 0
LABELS OF SURFACES AND LINFS ITNVOLVED IN THE S Tl LINE INTEGRATION ARE [ 0 0 ] 0 0
CABELS UF SURFACCS A0 LINES INVOLVED IN THE 6 Tt LINE INTLGRATION ARE 0 2 0 i o 0
LABELS Ul SURFACTS AND LINES INVOLVED IN THE T T LINE INTEGRATION ARE 0 3 0 -1l 1 0
LABELS OF SURTACES AND LINES THVOLVED IN THE 8 TH LINE INTEGRATION AwE 0 2 0 -9 1 0
LABELS OF SURFACES ALU LTWES TMVOLVED IN THE 9 TH LINE INTEGRATION ARC 0 b ] 0 =11 0 0
LABELS UF SURIACES AND LINES INVULVED IM THE L1 TH LINE INTEGRATION Adr 0 b] ] -5 0 9

INTEGRATIGH ALONG THE LINE SEGMENTS TOOK L10L7R SECINDS,

DIVISION ALUKL THE LINE SCOGMENTS TOOK 10,05 SECONDS,
CENERATION Uf MNATURAL COORDINATES TOOK 51430 SECUNDS,

1 Cel 99 0.5%L 200 L P4 0.366897 0e52000¢C Le
3 N.5.5979 (520200 Ne “ 0.621081 0.5200000 Ce
s 07184066 DS TlaalvI -Ce 6 0.798953 0.5C0C00 Ce
1 DebbbL LG Te 900200 L a Ce200000 Neh28852 ..
9 0.370838 Cetdtbduy Te 16 0.511%2 0e639811 Le
1 D.629645% Catihl6h6 De 12 0.732437 D.6a523y -1,
13 0816499 Le46959) 0. 14 2.889755 C.h5560 4 Ve
15 0.200 "¢ T L 3434T75 T 16 0.373930 Cu3584T77 Gie
1R Ca517125 JA8T710LH 0e 18 Deb4d102 G.371499 -Co
19 LS A 1 0 P LIk} | e 2 S.A3712% 0.389337 Ce
21 C.9155 12 Feal101R Je 22 0 .200¢00 0.261723 ‘e
23 C.37591% Ue?b4307 Ce 24 2.523860 0.279348 Co
25 Leb524n1 T 2BRLZNA Lo 26 Qe 764604 0.302830 Ce
e LT ) Le31730L9 0. 28 0.942323 N.333678 C.
29 Ce20CT .0 Ve LIBIRQ 2. ic 0.377584 C.149738 O
31 N.53C1n3 Tel73739 2. 32 D.665423 DelBICCH “Ce
33 N.7822:0 Vel 394 0. 14 0.8R2399 0.2322719 e
15 Qe 961849 Te2570569 0. 16 0.209000 =07 29652 e
3 Cadn2eis C.011024 N. 38 D.5620645 0.0641396 e
39 NebB2955 (alT0226 =N, “C 0.879870 0.129136 O
4l Ne02e686 “e 126428 0. 4“2 0.788509 2.1483%08 Ge
43 Le200C LTty 0. ha 0.3859%9 ~0.1580(8 =0
4“5 TS6RGAS - 113285 =Ce 4“6 C.6H9267 =LeCT5670 -,
47 0«0087480 =f 1036738 -Ne 49 0.910779 “0.,0F 0643 T
«9 C.9992.06 0.7023823 De Ll 0.200%00 =0.4149306 Ge
51 N. 3066069 ~(.363402 n, 52 0.5406086 “C. 308217 L
53 CobBIHIT  =0,256769 =0, 54 0.8104595  =0.200999 e
55 Na9ialn ~le155312 0. 56 0.9918%6  -U,126%4 C.
57 02000 ¢ . 613872 Ce L] 0.389048 =N.6126410 Lo
59 CaB4b077  =0.5%61915 % 60 0.676714 =0, 4172193 =,
6l N.T8C3 786 -, w0339 e 62 0.875%01% ~C.%42612 e
63 52118 =t.302110 0. 64 d.202000 =0.979795% e
65 C.aClbag ~L.D15782 0. hé 2.556138 =C.0201C7 =-\Ye
67 Cat72 0wl - 167275 aCe of 0757449 ~C.6323u4 T
69 AP PRGN A | “C.nllsT8 Ce nc 0.866726 =L 00000 .
143 Re27Le ¢ 21796 Q. 172 N.367298 0.929783 (A1
73 Da698% oL (.066781 O. 14 0.599703 CeTV9RLY Ce
7% Oets 17413 135177 L 2 Te Q.737.70 ".LT5583 e
m (eTu2633 «622124 2. L P.817642 TeST5209 Ve
9 DTS R4S + 23465065 0. 80 -0.000001 =l.C507C0 Ce
nl BaLT19% T2 -~ .M96411 n, n2 0.145%518  ~(.9A9336 ~-J.

GENERATIUN UF T INAL MESH CUOKDINATES TOUK 6e58 SFLONDS.
-11702 ¢ C o4 65 =217C2 0 0 65 66 =372 O O 66 67 ~41172
0 © 67 68 -5i72 L O &8 69 -517C2 0 O &9 W -nr2 b )
T 16 =Bi702 O & 16 21 =91702 O ) 21 28 -10MM2 N & 8 35
=170 0 C 3% 42 -121702 v 0 42 63 -13iv02 b N 49 Sb6 =141772
2 M % 63 -151732 D D 83 TN -161621 ¥ % 1 8 9 2 ~-1M61
0 v P 9 10 3 ~1Alo01 n 0 3 33 18 4 =1916"1 o n « 11
12 5 =2(1nc] 0 " 3 12 13 & =211 ¢ 0 & 13 18 1 -221671
0 & & 1% 18 9 =23160] 8 0 % 16 LY D=240001 9O ¢ 16 1?7
18 11 =251ef) C € 11 1°P 19 12 -z61601 0 0 12 19 20 .% =271601
0 13 20 21 14 -2R1e601 0 ¢ 1S 22 23 16 -291401 0 ¢ 16 23
26 17 =30lefl O © 17T 24 25 18 =31106I) 9 0 18 25 26 19 -3218)
3 € 19 26 27 20 -3316°1 2 D 20 27 28 21 -31s00 O C 22 2%
30 23 -s5)er) 0 ©23 3 31 24 -36leD) ? O 26 31 32 2% -371e7)
0 6 25 32 32 206 -381601 N O 26 33 34 27 -391601 I3 0O 27 34
3% 28 -4llof) 0 29 36 AT 30 -4118)1 (] 9 30 37 3R 3] -6216°1
€ © 31 30 39 32 -431601 €0 0 32 39 40 33 -441601 £ ( 33 40
4l 36 -eS1arl N T 36 4l 42 35 =4blaDL 20 36 43 44 AT -4Ti0601
O © 37 46 &5 38 =4B8loCl 0 2 3R &5 46 39 -491801 € C 39 4e
AT 4 =500atl D T 4D 47 4R 41 ~S11eML S0 41 4B 49 42 -%21601
O € 43 57 S1 &6 =531401 0 O 46 51 52 45 -S41601 & ¢ &S5 S2
53 46 =551001 0 O 46 53 54 o7 =%816"1 D N AT 54 5% 4B -S5Tlan)
U ( 48 %5 So &7 -381601 © 2 50 57 S8 51 -5916C1 0N ¢ S1 58
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Table A-2 (contd)
59 52 -6CloCl ©0 0 52 59 60 53 -611601 & 0 53 60 61 54 -6216C1
D 0 % 61 62 55 -631601 0 3 S5 62 63 56 -641601 0 0 57 64
65 S5# -651601 [ D 58 65 66 59 -661621 2 9 59 66 67 60 -671601
D ( 60 6T 68 b1 -6316C1 0O ©° 61 53 69 62 -691601 © € 62 69
7 63 -701702 0 1 Vi T2 -TWITO2 O 1 T2 T3 -T21702 © 1 13 74
-7317G2 0 1 T4 15 -7i702 O 1 75 75 -7517102 O 1 76 717 -761702
9 1 .7 T8 -T2 D 1 TR 79 -781702 O 1 19 T -191702 O 1
80 31 -801702 o 1 81 82 -8117d2 0 1 82 64
NO. OF NODES 8z NO. OF BC ¢ NO. OF ELTS 81 END
66 65 g o C 65 o6 ¢ 0 2 66 &7 2 b 3 67 o8 < 0 0
68 69 0 c U 69 70 ] g ] 7 1s o [} o 1l 21 C c 0
228 0 § b a8 3 0 8 0 3% 2 % 0 O & B 0 ¢ O
M 56 0 0 0 5 o ¢ 6 0 &3 1 06 B & I § 9 2 1}
3 10 3 2 0 s 1 4 3 g 11 12 5 4 g 12 1 6 5 1]
13 14 7 6 c 8 15 16 9 0 16 17 10 0 o 17 18 11 b 4]
18 19 12 9 c 19 2 13 e 0 20 21 14 ] 0 15 22 23 16 o
23 24 17 0 0 26 25 18 0 9 25 26 19 2 0 26 27 2¢ ] 4
21 28 21 [ 0 2 2 N 0 3¢ 31 26 2 a N 2 B 0 0
32 33 26 c o 33 %% 27 ] J 34 35 28 2 0 29 36 37 30 0
37 3 31 o t 3% » » 0 0 39 & 133 2 0 40 41 34 2 ]
41 42 35 C 0O 36 43 4 37 0 44 45 38 0 0 45 46 39 0 O
46 47 40 C 0O &7 4B 41 D C 43 49 42 0 0 43 S50 S1 4 O
Sl S2 45 0 0 52 53 4 0 O 53 S5¢ 47 O O S 55 48 O O
S5 S6 49 0 C 50 57 58 51 & 38 5 52 0 0 59 &0 53 0 0
60 61 5 C 0 6] 62 55 € 0 &2 63 56 0D 0 ST 64 65 58 O
65 66 59 € 0 56 6T 60 O O 67 58 1 O O 68 &9 &2 6 O
&0 8- 01" 0 0 A B 15 .5 O 0 I1Ir1% D 0 O
7% 75 G ¢ o 75 76 2 4] 0 76 77 o 0 2T " 4] 0 c
M 79 C c o 79 T 0 0 0 85 &8l 0 1 0 E1 82 4] 0 0
52 o4 0 4] 0
GENERATION OF ELEMENT DATA TOOK 11.20 SECONDS.

Table A-3. List of input data for the shell cylindrical problem for membrane case

CYLINDIRICAL SHELL PRUHBLEM

DATA FOR THRELD DIMENSIONAL PROBLEM
NUMBER OF THREE LIMESIONAL SUBLCMAINS NVIL
NUMBER [iF FACES LR TWU DIM. SUBDGMAINS NSUR
NUMBER (F LINcAK FACES DR ONE DIM. ELEMENTS NLIN
NO. OF SUBGIVISION IN »nlCr SPECIAL POINT LIES 10
NUM3ER CLF CIVISICON IN THREC ULIRECTIONS NXLTD)
NY(I0)
NZOID)
FACTOR OUF REFINEMENT CF C.1C0NC10E
CODRDINATES OF SPECIAL POINT X1 ~0e153C0CE
YorIo) 2.48CIC0E
at) -C.
COORDINATES UF THE ORIGIN X8(1) -C.15300CE
Y8tl) =0e
Z8(1) -0
MINIMUM AND MAXIMUM BOUNDARY COORDINATES XMIN -0.154C0CE
XMAX Uel15470CE
YMIN =0.10C000E
YMAX C.97C200E
IMIN =01545C0E
ZMAX 0.154C00E

VOLUMZ INFORMATION

SUBD NO MATERIAL TEMPERATURE
1 -0 0 5
2 -0 0 1%

3
8

c3
03
el
Ge
c3
03

1ST FACE ND 2ND FACE NO 3RD FACE NO 4Te FACE NJ

INPUT TYPE NO.

s
3

.

—

5TH FACE NO 6TH FACE NO
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< Table A-3 (contd)

SURFACFS INFLRMATION

SURF NO FLOMWT  MATLRL PRESSR THICNS TCM CH TEX GR BND CN CV IDX INP TP 1ST FC 2ND FC 3RD FC &TH FC

1 1 =C 0 -0 0 -0 (] 1 ¢ ¢ 11 2 1 5
2 2 14 1 1 1 =0 0 -0 - [} 1 7 12 3
3 3 ie 1 1 1 =2 n -0 =-C o 3 4 2 6
4 4 14 1 1 1 -2 0 = - c 5 9 10 4
5 5 i4 1 1 1 =B ¢ =0 =g a 12 10 1l 17
6 6 -0 0 -0 0 -0 o =0 -0 0 17 6 7 9
7 7 i4 1 1 1 -0 C -C =0 ¢ 7 19 13 20
a a 14 1 1 1 =0 o -0 =Q v 20 8 ] 14
9 92 L4 1 1 1 e 0 =0 =0 a9 9 15 16 8
10 v 14 1 X 1 -3 o -0 =Q G 13 16 17 18
1) 41 -C ] -C 0 =8 ¢ 1 c L 18 14 19 15
12 12 -0 0 =0 o -J 0 =€ -0 < -0 -0 -0 -0
=13 -0 0 -0 0 = 0 =0 -0 0 -0 -0 -0 -0

LINES INFURMATION

LINE NGO FLEMWT MATERL PRFSSR TEM CH TEM GY TFM GZ S AREA TOR CS MOIN Y MOIN Z ANG FI BND CN NUTINR FACE NO
1 1 =L £ -G 2 =0 0 =0 & - o -0 G 3 1L 2 112
2 2 =-C 3 =0 3 =0 o =y ' - 0 -0 J 3--E=2_%'1)
3 3 =L ¢ -0 2 =0 0 =g (8 =C 0 =C 0 ==l —t =6
“ “ -} S =-C 2 -2 0 =0 ' =0 0 -0 1} -1 313 &
5 =5 =L > -0 p) =0 0 =-C ¢ - 0 -0 0 2 -1=—5% 12
6 6 =G ¢ e J =2 e -0 D3 = c =C e 9 . 8 613
p ST =4 ¢ -0 2 -8 o =0 < =0 c -0 S ¥ L3558
8 a = { =0 ) =3 0 -C 0 -G (] =0 Q @ 1 81311
9 =9 =6 < -U 2 =3 o =-C c =N c =2 ] - 8§ 912

v 1If =4 3 =0 0 =3 0 -3 ‘ -0 0 =B [} 0 1 412 6
35==%1 =0 d -C 0 =g ¢ ] £ -y 0 -0 ) P 1=k =513
- 12 -G 2 -C () = ] -C =g 0 =0 S =118 =50
13 13 =0 < =€ o =2 o =0 £ -y 2 =t 3 3 1131011
14 -14 =G < -C 0 =g 0 = { =0 c -0 o 2 1 81112
1S =15 =4 & =0 Qo =0 0 =< J -9 ¢ -C o 9 111 912
16 16 =C ¢ -0 ] =3 n =L D) Lo o e ¢ ¢ 2 1 91211
17 17 =0 ¢ =g 0 = 0 L35 “ =i ¢ = 2 -1 ¢-16=12
18 14 b . =0 0 =0 o =0 9 - ] ~g ) 3 1111012
A9 - 19 = 2 £ 0 =2 e =-C LS -C 0 wf 3 21 -"F 1% 12
20 =2¢ =6 ¥ =~ o =0 0 -0 w =0 ] =0 c 12— &

S UN KO COEFFICIENTS OF SURFACE CQUATIONS

1 1 =0. O« 1.000° =0. =0e -0. =Je =0s =0. =J.
2 2 £3409. .0” s =D -Ce. =N, -0. =Ny =1.0023 ~J. =1.220)
3 3 23409.0CC0 =Ge =3¢ -0. =0. -0. =0 =1.0000 -C. =1.0230
4 & £36409..00C e =0, 0. =Ce =0. =fe =1.7CC0 =2. =1.0220
5 5 £3409..000 e - -0. =l =0 =0 -1.0¢00 =J% =1.0200
5 6 ~48.7 000 =0 1.200C 0. =-0. -0. “Oa =Ce =-J. -0.
;4 €3609..C0C 0. =Ce 0. =Ce =0. =de =1.5000 =3 =1.2220
8 A 23409. 0C° =M. — =0. =0 =-0. =De =1.2C00 =0 =1.0320
9 9 23409..000 e =le -0. =C. =0. = =1.3033 =Je =1.2223
10 1 236409.: T0U =G =Je -0. =0. -0. =0. =1.0C00 =0. =1.003)
11 11 =96.000C e 1 1.29400 0. -0e =0. =De =0 =2. Ve
e 12 =-0. =0e =Je 1.200v¢ =G =-0. -0, =C. -C. =2
13 13 -0. 1.0000 =J. -0. =C. 0. -0. =0. -0. 0.
3 UN NU MU UF DIRECTIONS RELATED TO CACH OTHER AND THC ELATION CUNSTANTS
1 2 2 =0. ¢ G <0 =0~-0 -C. =6 G =0. =C=C -Co -C 9 -J. af=3 =Js =2 9 =de
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Table A-4. List of output data

after successful execution for membrane case

LABELS
LABELS
LABZLS
LABELS
LABELS
LABELS
LABELS
LABELS
LABELS
LABILS
LABELS
LABELS
LABELS
LABFLS
LABZLS
LABELS
LABEZLS
LABELS
LABELS
LABELS

uF
GF
UF
uf
UF
(413
OF
UF
uF
UF
ok
OF
UF
or
OF
ur
or
CF
LF
OF

SURFACLS
SURFACES
SURFACES
SURFACES
SURFACES
SURFACES
SURFACES
SURFACFS
SURFACES
SURFACES
SURFACK S
SURT ACeS
SURFACES
SURFACES
SURFACES
SURFACES
SURFACES
SURFACES
SURFACES
SURTACES

INTEGRATION ALUNG

1 -152.995995
3 =153.00CC
5 =l4l.345861
7 -139.713243
9 ~libB.1685.8
11 -IFR.18Ib4E
13 -5B.511314
15 -62.336586

Ca 4605
C.C49793

21 ~141.3565%4
23 =139.719635

58.58555C
62.393792

2% ~1Cé.1952¢L9
31 -178.195554
33 108B.211745
35 108.213748
37 -5R.55609,
39 -62.365(78
41 141.366999
42 139.732302

~LeulTioe
-(.018133
58.5261 39
62.3337175

53 1{B.1l6b6lob
5% 1iB.1673¢81
57 14i.342305
59 139.7.5574
6l 152.998Li3
63 152.99999¢
65 =152.99999%
67 ~152.995.35
69 =139.715900
71 - 1LB.16408.7
73 -."8.191693

75 =-62.3417 2
1 C.049793
79 -f.L12536
Pl -139.719578
83 62.393734
85 58.58554C

BT =108.195906
89 1lb.213743
91 1r8.211745
93 -62.366533
95 1349.732241
97 14l.366999

=Cal2173%
62.3 34 04
28.504957

1CS 10B.1nTece
LT7 139.705%24
139 141.3419.0
111 152.99999%6

Al LINCS
AND LINES
Al LINES
A LINES
AND LINES
AdD LINES
AND LINES
AnD LINES
axD LINES
ALD LINES
A LINES
AND LINES
AsD LINES
Asl LINES
A LINES
AND LINES
AND LINES
AU LINES
AdD LIKES
AND LINES

INVOLVED
INVOLVED
INVOLVED
INVOLVEL
INVOULVED
INVOLVED
INVOLVED
INVOLVED
INVULVED
INVOLVED
INVULVED
INVULVED
INVOLVED
INVOLVED
INVOLVED
INVULVED
INVOLVED
INVOLVED
INVOLVED
INVOLVED

IN
IN
IN
N
IN
IN
N
IN
IN
IN
I
IN
IN
IN
IN
IN
1
IN
IN
IN

THr LINE SEGMENTS TOOK

0.
32.0303406

G.
32.03C0349

0.
32.03035]1

32.03035¢C
0.
32.C30346

32.030349
C.
32.030349

0.
32..30351

0.
32.730351

0.
32.030348

C.
32.03C348

C.
32.230346

0.
32.030349

0.
32.730351

C.
32.03035¢

0.

2..30 340
64.C16764
96 LI
79.99440 2
64.716760
96. 000200
79.99640¢
64.016764
96, LC220¢
79.994395
64,016757
96.90C30C
T79.994 386
b4.L16759
96.£0020C
79.996373
b6, 16758
96.032207
79.99437C
b4..16708
96.0L030
79.994387
64.016754
6. 300207
77.99441¢

DIVISIUN ALUNG THE LINE SEGMENTS TOOK

GENERATIUN OF NATURAL COORDINATES TOUK

=0.004241
=0.300257
-58.5589C3
-62.362927
-108.220586
-1C8.1935646
=141.366733
-139.724993
=152.997:25
-152.3999939
58.54202)
62.348608
-141.335R82
=139.599463
108.178452
1CR.178941
-1CR.159132
-108.16N7N2
1414349415
139.712276
-58.511584
-62.32020)
152.3993527
152.999996
141.362.57
139.72625¢%
108.206160
108.237112
58.572493
62.387°93
0.)32784
£.J30301
Ue220623

= .301542
-62.3569374
-10B8.189691
=108.179247
-139.722710
~152.399439
=152.396564
62.348732
=139.5994C)
=-141.335282
128.178529
-10H.1607C2
-108.159132
139.711628
-62.320341
=-58.511584
152.399996
139.726128
141.360973
108.207273
62.380208
58.572165

C.3308°

1

THE
THF
THE
THEF
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THF
THE
THE
THE
THE

TH
TH
T
TH
Tn
T™
TH
TH
TH
™
11 T™H
12 TH
13 TH
14 Th
15 TH
i6 TH
17 Th
18 TH
19 TH
20 Th

DVIDNOCUNSWN -

LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

49.23 SECINDS.

47,87 SECONDS.

276.05 SECONDS.

86
1]
9C
92
9%
96
98
1°C
102
104
16
ire
110
112

=153.c00000
-152.998(35
=133.711%7
=141.353840
=123.174530
=103.191693
-62.328458
-53.553762
J.049793
=2.012536
=139.71949¢
=141.355469
62.394121
59.585550
=108.195%7
=103.194603
103.21378¢8
108.211785
=62.365395
=53.557750
139.732157
161.366999
-0.018133
=0.C17166
62.33641C3
58.526139
123.167381
123.166166
133.705429
161.342365
152.999996
152.996:13
=152.999996
-139.715899
=161.35384C
=-108.185(81
=62.340665
~58.553762
2.049793
=133.719604
=141.355019
62.393979
=178.195961
=173.193878
128.213788
=62.366426
-59.556608
133.732218
=C.021734
-0.C018752
62.334104
123.167439
108.165405
133.725498
152.999996
152.998013

INTEGRATION ARL
INTECRATICN ARE
INTEGRATIOUN ARE
INTLGRATION ARE
INTEGRATIUN ARE
INTEGRATION ARE
INTEGRATION ARE
INTCGRATION ARE
INVEGRATION ARE
INTEGRATION ARE
INTEGRATION ARE
INTEGRATION ARE
INTEGRATION ARE
INTEGRATIUN ARE

INTEGRATION ARE

—

INTEGRATION ARE
INTEGRATIUN AKE

INTLGRATION ARE

-

INTEGRATION ARE
INTEGRATION ARE

16.C15967
48.00C00C
16.015972
48,009C0¢
16.715974
48.Co0C0U
16.715972
48.020000
16.015967
48.000CC0
16.715972
48.C0000C
16.015972
4B.700C00
16.015974
48.000000
16.715974
48.000C00
16.015972
48.00000C
16.015972
“8.0N00C00C
16.C15967
48.00090LC
16.015972
48.0007°C0
16.015974
48.00002C0
16.715972
48.000000
16.515967
48.500L0C
79.994410
64.C16759
96.CL0TCC
79.9944C4
64.216758
96.C200CC
79.994410
64.016752
96.020000
79.9944L2
64.016743
96000000
79.9944C2
64.016713
96.00000¢C
79.994399
64.016655
96.°00L00
79.994375
64.016741
96.0000C0C
79.994399
b4,N16T764
96.0C0000CC

=0.000257
=0.001%42
~62.366685
=58.543404
-108.199963
~108.179247
=139.728619
=141.34905%6
=-152.999989
=152.996964
624348930
58.540R84
=-139.6993106
=141.335882
108.178947
108.177729
-108.165702
-108.159132
139.712135
1641.348957
-62.320529
=58.511584
152.999996
15¢.999027
139.726107
141.362057
128.207111
108.20616C
62.360419
584572493
C.03080C1
C.032784
C..00423
=62.356961
=5J.543404
~108.169416
-139.723173
=141.3490%6
=-152.999989
62.348677
58.540558
=139.699379
1.8.178534
L7A.177768
~1Cb.160702
139.711674
141.347885
~62.320387
152.999996
152.996986
139.726107
17C8.,277758
108.205496
62.380268
Gel308L1
L.032784

DN O~ I NN=P DN~ WWeN

———
COOL IV VOLTOT & &N —-

-
-~

-
OOD®DNT VP WN -

-
N

e
LS

N b
QOV®E Y
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Table A-4 (contd)

GENERATION UF HInAL MESH CUORDINATES TDOX
< 5¢ 520
252 252-C.
45/ 452-0.
6T 672-2.
22 H22-0,
912 912-0,
1122 1122-¢.

12 1c=0.
212 212-0.

111601 100
45 46 5L
=1614C1 10C
35 %
=2114°71 10C
58 59 o3
=261471 1°¢C
21- 32 -0
=311471 Ly
31 32 «C
=3514 1 10C
18 26 27
=4l14C1 L 0C
33 41 42
461671 1cC
43 63 64
=5116.1 170
68 71 12
=561401 1oL
16 20 17
=6ll4ecl 1C
99 17°C 173
-66i4.1 1.0
106 175 1(8
=7114¢C1 1¢0

4 65 oC
=7614C1 100
8l 42 88
-811601 10¢
92 93 99
-8561401 170
28 36 89
=911401 10C
90 96 97
-96i601 17C

NO. 0F NUDES

GENIZRATIUN UF

—
~ (B4 = ~ o > - - - N o e > L
B R L i L e T S e e . B B R e N T

x

98

1

11¢

1 5
Rl A §
r 11
=914C01
14 18
-141421
49 50
=191401
8556
=-241401
é 3
=291401
29—
=341401
37 40
-391421
26 34
-441401
4] 51
491401
6b 69
=541401
7 74
=5914%1
48 9B
-b6414"]
1e2 103
-69141
167 128
=T414C1
24 8C
=791601
B7 AN
-B64l1401
77 A3
-B91421
36 44
-941471
96 111

6
100
12

120
112

Nile UF 8C

92 92
292 292
492 492
72 1702
352 852
1322 1202
2 =214J1
1 5 9
8 =71401
1 11 15
15 =121431
1 46 47
53 -171401
E=53=—36
59 -221471
- —99 A0
22 =2714)1
i 22 23
37 -321471
i 31 3
41 -371401
1 1927
27 -4214)1
1 34 42
42 -471431
1 4 8
67 =5214)1
89—
72 =5714)1
L 1811
52 -621471
1 52 121
105 =-671421
1 195 1%
110 -721431
1 65 66
32 -771401
1 32 86
93 -A214)1
F=93=—9K
78 -B871401
1 83 89
89 -921401
1 644 66
97

-0,
-0,
=C.

=0
-N,
=Ce

100
10
100
16
100
51
100
58
100
64
1co
31

ino
110

2177 SECINDS.

132
332
532
132
382

132-C,
332-0.
532-0.
732-0.
8A2-0,

1032 1032-0.

2

9

—

15

-

50

w
——— ) O

57

6 7

=51401 100

13 14

=101401 100

19 20

=151401 100

$51 58

=201401 100

58 62

63 -2514C1 100

1 3

4 24

3) =3)14C1 100

1 30

a1 39

45 -351401 100

1 17

25 26

2) -4J1401 1C0

187

35 36

35 -451401 1CO

1 42

62 63

65 -501401 100

1 8

i -1

72 -551401 100

I8

75 76

75 -601401 100

1 98

99 102

56 -6514C1 100
1 56 104 167
133 -721401 100
1 178 109 112
8) -7514C1 100

1 80

81 87

4) -821401 100

1 &0

92 98

93 -851401 190

—30

84 85

84 -901401 1C0

1 89

95 96

95 =951401 130

32 NiO. OF ELTS 96

CLEMENT DATA TOUK

6.52 SECONDS.

172
32
572
762
912
1062

172=Ca
372-0.
$72=0,
T62-0s
912=1,
1062-0.

=31401 100

6

11

-8l4CL 100

13

17 18

-131401 100

47

48 S2

=181401 100

54

35 -39

-23140C1 10O
1

LB

-2814.1 100

23

24 32

=331401 1CC

i8

39 a7

-3814°1 170

25

33 36

=43140C1 1C0

35

43 44

-48l4.1 100

65

68 69

=531471 10

12

16 74

=5R81401 100

7%

7 719

=6314'1 170

1cl

102 105

-681471 130

on
=731
66

197 110
4C1 100
67 A2

=7814"1 100

86

8l 93

-8314°C1 1CO

20

28 83

-8814°1 1¢0

84

9C 91

=9314r1 10C

95

110 111

o L LS " LI N MR Ol IO U
O e O e O e O e O e e e e e OD B e e B e

-~

END

Table A-5. List of input data for cylindrical shell pioblem for membrane and bending case

CYLINDIRICAL SHELL PROBLEM BENDING

DATA FOR THREE DIMENSIONAL PROBLEM

NUMBER OF THREF DIMENSTONAL SUBDOMAINS NVOL
NUMBER OF FACES UR TwO DIM. SUBDUMAINS NSUR
MUM3ER OF LINEAR FACES OR ON! DIM. ELEMENTS NLIN
ND. OF SUBDIVISIUN IN WHICH SPECIAL POINT LIFS 10
NUMBFR OF DIVISIUN IN THREE DIRECTIONS NX(10)
NYLID)
NZ(10)
FACTUR UF REFINEMENT CF
COORDINATES UF SPECIAL POINT X0t10)
Yo(1o)
Z0t10)

0.1C0010E 01}
-0.153000€ 03
0.480000E 02

~C.

INPUT TYPE wO. 2

30
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:
; Table A-5 (contd)
|
: COORDINATES UF THE URIGIN XB1)  =0.15320%E 3
: y8tl)  -0.
8(1)  ~0.
MINIMUM AND MAXTMUM BUUNDARY COORDINATES XMIN  =0.15400CF 03
XMAX 341542008 03
YMIN  =C.10000GE 01
YMAX C.970C0CE 02
ZMIN  =0,15420LE 03
IMAX 0.154C00¢ 03
VOLUME INFORMATIULN
SUBD NO MATERIAL TCMPERATURE 1ST FACE ND 2ND FACE NO 3RD FACE NO 4TW FACE ND 5TH FACE ND 6TH FACE NO
1 -0 ) 5 3 2 4 1 6
_ 2 -0 0 10 8 7 3 6 11
E
F SURFACES INFURMATIUN
; SURF NU ELEMNT MATERL PKESSR THICNS TEM CH TEM GK BND CN CV IDX INP TP IST FC 2ND FC 3RD FC 4TH FC
: = -c ¢ -C ) -t o 1 o 0 11 2 1 5
: 3—2 W2 1 1 1 -2 2 -0 -0 D) 1 7 12 3
! 3 3 12 1 1 1 -2 0 -C -0 0 3 4 2 6
: “ & 12 1 1 i -2 c -c -0 0 5 9 ¢ 4
: 5 5 12 1 1 1 -2 g -2 -0 0 12 1c 11 17
{ 6 6 -0 0 -f ) -2 o -t -0 0 17 6 7 9
; 3 12 1 1 1 -t 0 -2 -0 o 7 15 13 22
f 8 & 12 1 1 1 -0 ¢ - -0 0 22 8 6 14
: 9 9 i2 1 1 1 -2 n - -0 ) 9 15 16 8
: 10 10 i2 1 1 1 -2 0 -c -0 0 13 16 i7 18
; 1-—11 -0 ¢ - 3 -2 ¢ 1 (o ) 18 14 19 15
: 12 12 - g -0 2 -0 c -2 - 0 -0 -0 -3 -2
] 13 13 -C 3 =5 b) =N o -0 =i 0 =3 -0 -3 -0
LINES INFORMA{ION
: LINE NO ELEMNT MATERL PRESSR TEM CH TEM GY TEM GZ S ARFA TOR CS MOIN Y MOIN Z ANG FI  BND CN NDTINR FACE %0
:
: =1 - : -C 2 -0 [ -0 (0 -0 0 -C §—0_3-2 112
g g2 -2 £ -G 0 -3 o o 0 -0 0 -C 0 -0 1 3 113
; 3 3 -C e -0 0 -0 c -4 0 -9 9 -C o= 01122 =b
: 6 & - e -0 e -2 o - c -0 0 -0 6 0 1 313 6
; 5 -5 -C 2 -0 0 -2 c -C c -0 o -c ¢ 0 1 1 &12
; 6 6 - 2 -2 0 -2 > -c o -0 0 -0 8- 0-)- .5 613
T -7 -C ¢ -0 c -2 0 -2 0 -0 ¢ -0 f—0-1_T 5.1
8 8 -C - -0 0 -0 ) -0 ¢ -0 0 -C 0 o 1 81311
s -9 -0 2 -2 0 -t o -3 c -0 ° -c 5 0 1 6 912
1 1C -0 e -0 0 -2 c -0 0 -0 0 -c e
11 -11 -0 8 -G 0 -5 ¢ - 0 -0 o -c 9—0 -1 1 %13
. 2 12 - 3 -0 b -2 ¢ -2 C -0 ¢ -C 0113 54§
: 13 13 -0 ¢ -C 0 -C 1 -z g -0 ° -0 2 0 1131311
: 14 -14 -0 N -t 3 -0 e - ¢ -0 ¢ -0 ¢ 0 1 8112
| 15 -15 -0 s -0 3 -1 0 -5 0 -0 o -0 0 0 111 912
| 16 16 -0 2 -0 2 -0 n -C 4 -0 0 -0 0 0 1 31211
4 17 17 -0 = -C 3 -0 o - ] -C 0 -0 6 6 1 61012
! 18 18 -C 2 -z > -2 ¢ -0 0 -G c -0 0 0 1111012
: 19 19 - ¢ -0 J - c -0 (4 -9 0 -0 =03 7T H IR
i 2v =27 -c 3 -C b -0 o -0 c -0 ¢ -c 00112 195
S UN NO COEFFICIENTS OF SURFACE EQUATIONS
= -C. . 1.9000 -0. -Ca -0. -C. -C. -0. -C.
2 2 236409.000C -C. -0. -0. -r. -0 - -1.2000 -C. -1.0000
3 3 23409.0000 =Ge -0. -0. -Ce -Ca -0, -1.0000 -0. -1.0200
4 & 23409.0uLC -0. -0. -0. - -Ce = -1.0000 -0. -1.0200
5 5  23409.000¢ -C. €. -0. -C. “Co - =1.0000 -C. -1.0003
6 & ~48,0507% - 1.0970 -0, -2 -0. -7, -0. -0e -0
7T 1 23409.0000 “0e -0. -0. -C. -0 -2, -1.0003 -G. -1.0000
B B 23409.1 00 -0. -0. -0. -C. -G -C. -1.0C20 -C. -1.0500
9 9 236(09. (UC s T -0 0. =-€e =0 Qe =1.0C00 -Ce -1.0C00
10 10 23609.. .07 -0 -0, -0. - -C. -n, -1.0090 -0. -1.0002
g -9%.uull -0. £200¢0 -0. -r. -0. -0. -0, -C. -0.
12 12 -C. -0 -0 1.000C -t -0. -Ce -0 -C. “Ge
13 13 -0. 1.0000 -, -0. -G -0. -0 -0 “0. -0
3 UN NO NO OF DIREGTIONS RELATED TO FACH OTHER AND THE RELATION CONSTANTS
=110 2 2 -t 33 -G, 4 4 -0, 5 5 -0. 6 6 -C. -c=0 =0. -0 0 -0.
g
:
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Table A-6. List of output data after successful execution for membrane and bending case

1 ~152.995%9% Ce =0.004241 2 =153.,00N00C 24.722748 -Ge0( 0257
3 =152.99A035 48,0005 0 =0.001542 4 =178,.166557 Ce =108.203171
5 ~108.17547¢ 26,.022755 =108.199190 6 =178,189716 48.00000C ~108,161431
7 0.04682% 0. =152.397025 L) 04069793 264.722748 ~152.999989
9 =(.01¢536 40.002000 =152.396% 4 10 ~109.193292 0. 108.180635
11 -108.193742 24.022755 1CR.IBCI2T 12 -108.192625 48.00000C 106.179913
13 108.213968 C. =108.,157156¢ 14 108.21%700 244022755 ~1(8.1%8679
15 108.2139%08 48,.0700¢ ~1CA.157154 16 =0.C17160 Ce 152.999°.27

17 -0.018133 264.022748 152.399996 1A =0.017166 48.000C0C 1%2.9997°27
19 1C8.168350 (e 108.204182 20 103.169263 264.022755 113.2.533
21 1CB.16835C 4R.0 00300 10B.2064182 22 152.996013 Ce Te32784
23 152.99999¢ 24.022740 04230971 24 152.998(13 4B8.2000C0 C.032784
2% =152.9999%¢6 T2.0059u0 ND.320423 26 =-152.99R035 96.07C 0010 =0.001%42
27 -1fd.102280 T2.005976 ~1C8.19239) 28 -108.189716 96.,CCN0CY =10B8.181431
29 La0N49793 T¢.C05980 -152.999989 30 =0.01253¢ 96200700 =152499690%
31 -108.196199 T2.005959 1CB.1680673 3¢ -103.191K99 96,707,000 108.179251
33 10B.2157¢2 T2.0059TH ~10B,158F79 34 10H9.213968 96.0L0000 ~108.157154
35 =0.0217%4 T72.705905 152.399996 36 =2.018752 96.70020L0  152.9969%6
37 1084169422 TEa005953 109.225247 38 109.167589 96.000000  104.203518

=111201 100 1011 17 16 -125201 160 11 12 18 17 -131201 100 1

39 152.9999% 12.7053%06¢ C423G801 4C  152.998(13 96.00L000 0.032784
GENERATION UF Tlial MESH CCORDINATES TOOK 17.95 SFLONDS.
11 11-0. 12 12-C. 13 12=C. 14 14-0. 15 15-0.
16 lo=ie 41 41-C, 42 42-0. 43 43-0. 44 L4-0,
45 45-C, 46 45-0, 71 T1-L. 72 72-0. 73 73-0.
74 Te=(. 5 75~C. 76 Te=0e 121 1C1-C. 162 10¢-C.
103 1v3-7, 106 174=0, 105 1C5-0, 106 106-0. 131 131-C.
132 132-Ce 133 133-C, 136 134-7, 135 135-0. 136 136-(.
161 1lol1-C. 162 162-C. 163 163-r. 164  1664-C. 165 165-C.
166 l6b-7, 191 191-r, 192 192-t. 193 193-7, 194 194-C.
195 195%-.. 196 1956-7. 221 221-t. 222 22¢2-C. 223 223-7.
226  224-1. 225 225-L. 226 226-". 261 261-7. 262 262-C.
263 26.-C. 264 264-C. 265 265-0. 266 266-0, 2Bl 281-f.
282 28¢-1. 283 203-C. 284 284-C. 285 28B5-(. 286 c86-0.
301 3ul-C. ac2 3C02-C. 303 303-C. 3C4 304-{. 3¢5 3C5-C.
366 3°6-t. 321 321-C. &2 322-cC. 323 323-C. 324 324-0.
325 1325-C. 320 325-1. 341 341-C. 342 342-C. 343 343-C.
344 34u-1, 345  345-0. 346 346-C. 361 361-C. 362 362-C.
363 des-.. 3664 364-(. 365 365-C. 166 366-C. 38l 381-0.
382 3b.-'. 383 383-0. 384 384-0, 385 385-0. 386 386-0.
40l &li-. 4L2 &12-0. 403 403-C, 426 4061, 4L5  4in-0.
406 4(6-C.
=1 128} 16 1 1 4 5 2 =21221 100 1 2 5 6 3 =31201 1c0 1
4 7 L} 5 =641201 1C0 1 5 8 9 5 =51201 100 I— 2 1720 19
=612¢1 17¢( ¥FA=1a-0-20 11201300 1 19 20 23 22 ~-81201 1C0 1
25 21 24 23 -91201 168 1 1 2 11 10 -1312C1 170 1 2 113
1 1 7
¥ 43 1% B =141221 170 1 8 14 135 9 -151201 100 13 _d& 23 1%
=1612r1 1(C 1 16 23 24 15 -171201 1u0 1 3 6 21 25 -181201 10C 1
25 21 ¢8 26 -191z201 100 1 (3 9 29 27 -2n)1201 100 1 2729 30328
=2112¢:1 1iu 3 18 35 37 21 =221231 1C% 1 35 36 38 37 -231201 1uC 1
21 37 39 264 -241201 17C 1 37 38 4C 39 -251201 1CO 1 3 25 31 12
=261211 1ui 1 25 26 32 31 =271201 1v( 1 12 31 135 18 -28]1201 100 1
31 32 3 35 -2912C1 170 1 9 15 33 23 -371201 100 1 39 33 3% 30
=3112°1 1i¢ 1 15 26 39 33 -321201 1eM 1 33 39 40 34
NG. OF WubDFES 40 e UF BC 96 NO. OF ELTS 32 END
GENERATIUN UF ELLMENT DATA TUUK 4«28 SECONDS.
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