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DIGITAL COMPUTER PROGRAMS FOR GENERATING’
OBLIQUE ORTHOGRAPHIC PROJECTIONS
AND CONTOUR PLOTS

By Gary L. Giles
Langley Research Center

SUMMARY

User and programer documentation is presented for two programs for automatic
plotting of digital data. One of the programs generates oblique orthographic projections
of three-dimensional numerical models and the other program generates contour plots of
data distributed in an arbitrary planar region. The user documentation gives a general
description of the computational algorithms, user instructions, and complete. listings of
the programs. Several plots are included to illustrate various program options, and a
single example is described in detail to facilitate learning the use of the programs.

INTRODUCTION

Studies based on mathematical models of structural configurations using a digital
computer yield large amounts of output data which must be comprehensively analyzed.
Graphical presentation of this data is often needed for effective evaluation by an analyst.
The present paper contains a description of computational algorithms as well as user and
programer documentation for two computer programs which generate graphical displays
of data. These programs generate (1) oblique orthographic projections of three-
dimensional models and (2) contour plots of data distributed in an arbitrary planar region.
The programs were developed initially for the graphical presentation of cumbersome out-
put data resulting from structural analyses by finite-element methods. However, the
programs have been extended for display of a general class of data. Several plots are
included in this paper to illustrate various program options, and a single example is
described in detail to facilitate learning the use of the programs.

SYMBOLS
K,Ai,Aj Ay areas of triangles shown in figures 7 and 11

A9,A¢ ’Aw transformation matrices for rotation about Y-, X-, and Z-axis, -
respectively (see egs. (2) to (4))



a,b,c length of sides of triangles shown in figure 11
h radius of circle inscribed in triangle

i,Li,L triangular area coordinates defined in equation (8)
Li,Lj, Lk

4 distance b_etween a particular grid point and centroid of ith surrounding
element

M number of grid points contained by a finite element

N number of elements which connect at a particular grid point (eq. (7))

s perimeter of a triangle

w coﬁtrol variable represented by contour plots

We constant value of a desired contour line

X, Y Z ~ coordinate system fixed in model

X0,Y¥g,Z4, coordinate system containing viewing planes

X,y¥,2 coordinates of a point in X,Y,Z coo.rdinate system
X,¥,2 coordinates of element centroid

X0:¥0:2Z0" coordinates éf a point in X,,Y,,Z, coordinate system
Xp;¥p,Zp coordinates of generic point p

B weighting function to interpolate data values from ith element centroid to a
particular grid point

6 Euler angle rotation about Y-axis, performed second
ol Euler angle rotation about X-axis, performed third
Y Euler angle rotation about Z-axis, performed first



GENERAL PROGRAM FEATURES

Programs to generate graphical displays of large amounts of output data are an
important aspect of any analysis system. Many of the programs which have been devel-
oped for this purpose are reviewed in references 1 and 2. The two programs which are
described in detail in this paper are distinguished by provision for generality and ease of
use, as well as numerous display options, computational speed, and efficient use of core
storage. These programs were developed initially for the graphical presentation of
cumbersome output data resulting from structural analyses by finite-element methods.
However, the programs have been extended for display of a general class of data. A
general discussion of the programs is given in reference 3 and their incorporation into a
computer-aided design system is discussed in reference 4.

In structural analysis, finite-element or finite-difference methods are capable of
providing displacements, stresses, and vibration or buckling mode shapes at many dis-
crete points on a structural model. Manual reduction of the data is a time-consuming
task which sometimes necessitates reducing only that data associated with particular
regions of the overall model considered to be critical. Errors in the analyst's judgment
can prevent the detection of other critical regions. Graphical display of analytical infor-
mation by oblique orthographic projections and contour plots over large portions of the
model, on the other hand, allow the analyst to assimilate accurately and evaluate the data
with a consequent reduction in time and manpower cost. For computer-aided design
programs as described in references 4 and 5, verification of data between steps in the
design process is often needed. Visual display of oblique orthographic projections or
contour plots by means of a cathode-ray tube (CRT) allows timely assessment of design
information needed to make intelligent changes in the design variables during program:
execution,

Oblique orthographic projections are useful in checking input data describing a
numerical model. The topology of a finite-element model for structural analysis is
described in a user-prepared input deck which includes a set of cards containing grid
point identification numbers and corresponding spatial coordinates (x,y,z) and a set of
cards containing grid point connections for rod, beam, and plate elements. The program
described herein includes options for plots of numerical models annotated with grid point
or element numbers. One option of the program allows boundaries of an isolated portion
of the model to be specified by cutting planes, and detailed inspection can be made of that
selected region. Also, exploded views can be generated which separate the elements in
a model to provide clarity in detecting the absence or presence of model elements.
Structural deformations calculated from a particular analysis can be superimposed on
the grid point coordinates of the undeformed structure. These displacements can also be
represented as vectors extending from the grid points. The program accommodates



lineal elements with two grid points and triangular or quadrilateral plate elements with
three or four grid points.

Another method of displaying output data is in the form of a contour plot. A com-
puter program is described herein that generates contour plots of data relative to a
planar mathematical reference surface which can have irregular boundaries or internal
cutouts. The program input data require a set of grid points and connecting triangular
and/or quadrilateral elements defining a planar region as well as the data to be repre-
sented by contour lines which can be specified at either the grid points or centroids of
the connecting elements. The contour lines are labeled to provide quantitative informa-
tion in a graphical form. For the most general case, the grid points and finite elements
of a model are located by three-dimensional coordinates. As developed for the plotting
routine herein, the reference surface is merely a planar projection of the three-~
dimensional surface. This arrangement is adequate for nearly flat surfaces; however,
the presentation of contour plots on the two-dimensional projection of a three-dimensional
surface having a large curvature may be difficult to interpret. In this case, a two-
dimensional planar surface must be developed from the three-dimensional surface by the
. user outside the program.

The input decks for the two programs are similar and thus allow for the programs
to be used as a set. Both programs contain options for selecting various plotting equip-
ment including CalComp, Varian, and CRT displays. Finally, this paper includes ¢om-
plete listings of the programs which contain comment cards to aid the user.

OBLIQUE ORTHOGRAPHIC PROJECTIONS

Specification of View

A three-dimensional analytical model consists of a user-prepared set of grid points
with given spatial coordinates (x,y,z) and a set of elements (e.g., rod, beam, triangular or
quadrilateral elements) connected at the grid points. An example of an oblique ortho-
graphic projection of a finite-element structural model of an airplane is shown in fig-
ure 1. This model was used in preliminary design studies focused on the wing structure.
The fuselage is represented by a structural model having a simplified rectangular geo-
metric cross section to reduce model complexity, but the model does provide proper
overall stiffness and mass distributions to represent symmetric behavior of the entire
airplane. Oblique orthotrépic projections allow a model to be viewed in any selected
orientation. Euler angle transformations are used to specify orientation of the model to
be projected. This transformation resolves the coordinate system of the model to a
principal plane (i.e., viewing plane) on which the display is to be plotted. The model
coordinate system is coincident with the coordinate system containing the viewing plane
when all the rotation angles are zero.
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Various approaches can be taken in formulating the Euler angle transformations.
Herein, the viewing planes are fixed in space and the model rotated about its body axes.
In this approach the principal plane is the plane normal to the user's line of vision. The
model can then be rotated in space until the Euler angles giving the desired view are
determined. The rotations (¢,6,) of the body about the model axes (X,Y,Z) for this
approach are shown in figure 2. The order of the Euler angle rotations is taken as 1,
6, and ¢ in the program and transform coordinates of a point on the model (x,y,z) to
viewing plane coordinates (Xy,y,,2o) as

XO X
bl
Zo ) Z

where

cosy -siny 0
sin ¥ cosy O (2)

"
&
1]

cos 8 0 sin @

-sin 6 0 cos 6

1 0 0
0 <cos¢ -sing (4)
0 sin¢g cos ¢

| e
>
s
1]

These transformations are equivalent to those used in reference 6. The option to specify
which of the principal planes is to be used as the viewing plane determines which two rows
of equation (1) are used. The model can be projected on either the XO-YO, XO-ZO, or
YO-ZO planes and is shown projected on the XO-Z0 plane in figure 2.



In addition to plots of the undeformed structure, oblique orthographic projections
can be used to display the deformed structure by adding given displacements to the coor-
dinates of the grid points before transformation and subsequent plotting of elements. An
option is also available to plot the undeformed model and represent displacements by
vectors extending from the grid points in the undeformed structure to the location of the
grid points in the deformed structure.

Exploded Plots

Oblique orthographic projections may be used to check the topology of an analytical
model. Grid points with erroneous coordinates are easily detected. Often, however,
absence or presence of elements in the model cannot be determined from a conventional
oblique orthographic projection. For example, a line element coincident with an edge of
a triangular or quadrilateral element could not be detected. To show clearly each ele-
ment, an algorithm for generating exploded oblique orthographic projections was devel-
oped. Such a plot is shown in figure 3 for a selected portion of the model shown in
figure 1.

The algorithm for generating exploded oblique orthographic projections follows:
For each elerrient in the model -

(a) Calculate the centroid of the element by using

M M M
Z%' Z% !, %

- i=1 - =1 - i1

x=1M , y=1M , and z=1M (5)

where M is the number of grid points contained by a finite element

(b) Multiply coordinates of the element by a reduction factor to give the location of
the reduced element centroid and vertices

(c) Translate the reduced element until its centroid matches the location of the
centroid of the element before reduction.

Although this procedure provides exploded plots, the resulting sides of reduced tri-
angular elements generally are not equidistant from the sides of the original element.
To correct this behavior, the incenter (center of a circle inscribed in a triangle) is used
for the reference point of the triangles during translation. The equations for the incenter
of a general triangle are given in appendix A. '



Sectioning or Cutting Planes

It is often desirable when checking input for a model to be able to isolate a portion
of the model for detailed examination. The program for generating oblique orthographic
projections described herein contains the option to specify sectioning or cutting planes to
isolate such a portion. For example, in the case of a finite-element model of an aircraft
structure, a particular fuselage frame could be generated by placing cutting planes imme-
diately in front of and behind the frame. Annotation of grid point and element numbers
show clearly on such a plot but might be obscured on a plot of the entire model. This
sectioning option was used to select the structural members of a fuselage frame-wing
spar cross section shown in figure 4 from the complete model shown in figure 1.

CONTOUR PLOTS

General Description

A contour plot is a graphic representation of a scalar variable as function of two
independent variables, w = f(x,y). Here W is a quantity such as deformation, pressure,
or siress which is distributed over some specified area of the X-Y plane. The set of
values of w are herein referred to as control variables and have been measured or cal-
culated at given locations called control points on a reference or datum surface. The
locus of lines of ' constant values of w (contour lines) over the reference surface can be
determined from the given values of w at the discrete control points. This section
describes a method for generating contour plots which is particularly adaptable for dis-
playing the results of a structural analysis by finite-element techniques. The data to be
represented by contour plots can be referenced to either the grid points or to the element
centroids. These alternatives are particularly convenient since finite-element analyses
generally evaluate displacements at grid points and stresses at the element centroids. A
contour plot of a selected vibration mode shape for the model presented in figure 1is
shown in figure 5(a). Oblique orthotropic projections of the same mode shape are also
included in figures 5(b) and 5(c).

Definition of Contour Surface

The data to be represented by contour lines can be visualized as a set of points
located perpendicular to and at a distance equal to the magnitude of the data value from
each control point. A surface which passes through this set of data points will be
referred to as a contour surface as shown in figures 5(b) and 5(c). Contour lines (lines
connecting constant values of w) are projections onto the datum surface of intersections
of regularly spaced planes, parallel to the datum surface, with the contour surface. The
regular spacing of the planes, hence contour interval, occurs in units of 10 in figure 5(a).




The primary difference between various contour plotting programs is the method
of representing the contour surface. Options for this representation include least-
squares fitting of the data with polynomial surfaces and surface splines (ref. 7). Such
representations result in smooth contour lines, however, considerable computational
time is often required for the surface fitting, and difficulties are sometimes encountered
with irregular boundaries or cutouts. Herein, the contour surface is idealized as a
series of triangular planes with their vertices connected at points where the control vari-
ables are located. The control variables may be located at either-the grid points or ele-
ment centroids of the model. A computationally efficient algorithm which uses linear
interpolation is used to determine the location of contour lines on each of the triangular
planes.

Prior to generating contour lines, a triangular mesh must be generated over the
datum surface and the magnitude of the control variable at each of the vertices in the
mesh determined. The triangular and/or quadrilateral elements in the model are used
to triangulate the datum surface. When control variables are given at the grid points, the
quadrilateral elements are divided into two triangles. Such a triangular mesh is shown
in figure 6(a).

Control variables located at the centroid of the elements, on the other hand, require
a different method of triangulating the datum surface since the control points (element
centroids) do not coincide with the grid points. For this case, a triangular mesh with
control points at both the centroid of the two-dimensional elements and the grid points of
the structure is generated. The centroid of each element can be readily calculated from
the data describing its corner points. Since the control variables are given only at the
centroidal control points, a suitable method is required to interpolate this data to each of
the grid control points. The following steps describe the method of interpolation used in
this algorithm and is illustrated in figure 6(b):

(a) Determine the elements that are connected to a particular grid point G (five ele-
ments are connected to the grid point G in fig. 6(b))

(b) For each element connected to the grid point, calculate the centroid which is the
location of the given control values ‘

(c) Calculate a weighted value of the contour value at the grid point wg based on
the contour values at the surrounding element centroids as follows:

N
YG = Z Wi ' - ©
i=1 .

where wi is the given data value at the centroid of the ith element, B

weighting function for that value, and N is the total number of elements con-

is a



nected to grid point G (N =5 in fig. 6(b)). The weighting function selected
for use herein is

where I, is the distance between the grid point G and the centroid of the
ith element surrounding the grid point. (See fig. 6(b).)

Constructing Contour Lines

The construction of contour lines which are projections onto the datum surface of
the intersections of planes parallel to the datum surface and the contour surface is '
described in this section. For convenience of discussion, the datum plane will be
assumed to lie in the X-Y plane although it could lie in another plane defined by two
independent variables. The contour lines are generated by considering one triangular
element of the contour surface mesh at a time. Area coordinates of a triangular plane,
as described in reference 8, are used to give simple expressions for the location of a
point on such a plane.

The area coordinates L, Lj, and Ly of a point p on the triangle shown in fig-
ure 7 are given by

(8)

and

Li +Lj+ Ly =1 9)

The coordinates of a generic point p on the triangular plane (one facet of the contour
surface) with vertices (xi,yi,wi), (xj,yj,wj), and (xk,yk,wk) can be expressed as



Xp = Lixj + Ljx; + Lygxy (10)
Vp = Lyy; + Ljy]. + Lyyy (11)

where x and y are measured in the reference sirface and w is the magnitude of the
control value measured perpendicular to the reference surface.

For a contour line, w is equalto w, where w. is the constant value of a
desired contour line. Procedures contained in the computer program require that the
data be scaled so that the contour lines have positive or negative integer values. The
number of contour lines, if any, and their associated magnitudes that are contained in a
particular triangular plane are determined from the minimum and maximgml values at
the vertices and the prescribed contour interval. 'ForA those triangles which contain con-
tour lines, the intersecﬁ’on of a particular contour line w, with an edge of the triangular
plane can be determined through the use of equation (12) and thé,definitibn of area coordi-
nates given 1n equations (8). For example, along the edge i-j, 'L, is equal to zero and
L; eqqals 1-1L; from equatiqn (9). Splving e‘quation (12) for L; along the edge i-j
yields

L = u ' . - : _ o (13)

WI—W:|

Similarly along the edge j-k,

L =0 . L =1- Lj
Thus,
w_ -W
WJ - Wk .

Along the edge k-i,

| Lj = 0 Li =1- Ly
which yields

R~ . _ , | , | A . .

Ly = —
K Wk - W

10



Two of the intersections given by equations (13) to (15) of the contour line and tri-
angle edges will be between the vertices of the triangle and the third will be outside the
triangle. The point outside the triangle is indicated by values of area coordinates which
are less than zero or greater than unity and this point is disregarded. The x-y coordi-
nates at the intersection of the contour line and an edge are solved from equations (10)
and (11); for example, the Cartesian coordinates at an intersection along the edge i-j
are given as

X = Xi + (X] - xl)L] (16)

y =¥ + 5 - vL (17)

The end points (x-y coordinates at intersections) of each contour line within the triangular
facet are then connected by straight lines. This procedure is repeated for each triangular
facet over the contour surface. Segments of the contour lines on adjacent elements meet
at the common element sides and result in all contour lines being connected properly

over the entire surface.

The plot is completed by drawing the boundary of the surface and labeling the mag-
nitude of the contour lines. Surfaces with irregular boundaries or cutouts are allowed.
The boundary lines are determined by summing the corner angles of each triangular facet
connected to a common grid point. If the total angle is less than 3600 (point not completely
surrounded by elements), the point is obviously on a boundary. All elements in the datum
plane are then tested and adjacent vertices which are boundary points are connected to
form the complete boundary. Each contour line which intersects the boundary is labeled
with its corresponding magnitude. An option is also available to label the contour plot at
specified locations within the boundary of the contour plot. This option is necessary to
allow labeling of contour lines which do not intersect the boundary of the datum surface.

DESCRIPTION OF COMPUTER PROGRAMS

Computer Hardware and System Requirements

The plotting programs described herein are written in FORTRAN IV for the CDC
6000 series computers. The programs are operational on the CDC SCOPE 3.2 system
(NASA Langley Research Center version) and make use of subroutines from its graphic
output system. This system includes CalComp, Varian, and CRT capabilities. These
programs have been utilized on all the above equipment. These programs may not be
operational directly on other computer systems without some modification. Therefore,
a deséription of the graphics subroutines that are used is given on comment cards in the
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subroutine called DOCMNT. This information is adequate for conversion to another

graphics system.

Storage Allocation

Dynamic storage allocation is used in both programs for efficient accommodation of
models of varying complexity. All large arrays used by the programs are stacked in
blank COMMON designated in the MAIN program as ZZZ. The starting location of each
array is calculated in the MAIN programs and the total blank COMMON requirement is
printed out. The amount of blank COMMON is determined in general by the number of
grid points, number of elements, and number of displacements considered at the grid
points. The total required field length is the address of the first location in blank
COMMON plus the blank COMMON length requirement.

Since the field length is problem dependent, the user must estimate the required
field length for any new problem. An approximate formula (in decimal) for the field
length required for the oblique-orthographic-projection program is

FLjo = 18 000 + (4 + NUDISP + NVDISP + NWDISP)NNDEST

where NNDEST is equal to the number of grid points and NUDISP, NVDISP, and NWDISP
are the indicators for displacements in the x-, y-, and z-direction, respectively (must be 0
or 1). The field length for this program is independent of the number of elements which
are stored on an auxiliary storage unit. A corresponding formula for the contour-plot

program is
FLjg = 17 000 + 5(NNDEST) + 6(NELEST)

where NNDEST is equal to the number of grid points and NELEST is the number of ele-
ments. For operation of either of the programs on the CRT display at Langley Research
Center an additional storage allocation of 3500 decimal words is required.

Programs and Subroutines

The two programs for oblique orthographic projections and contour plots are sep-
arate but intended to be used as companion programs. The input decks are designed to
be similar, and many of the variables controlling options in the programs have identical
names and purposes. :

“Complete listings of the programs are given in appendixes B and C as well as
information on flow logic for the programs. Comment cards are incorporated in the

12



computer programs to give the purpose cf each subroutine and to indicate the operations
that are performed.

COMPUTER PROGRAM USE

General Setup of Input Deck

In general the input data decks for both the oblique-orthographic-projection pro-
gram and the contour-plotting program consist of six separate groups of data as shown
schematically in figure 8. These groups are as follows:

(1) A single card containing any desired title information

(2) NAMELIST OPTION containing values to allocate storage in blank
COMMON and control values specifying various program options -

(3) a geometry deck containing the specification of grid points and con-
necting elements in the model

(4) an optional single card used to identify the deck of data to be
plotted

(5) the deck of data to be plotted

(6) NAMELIST PICT containing values to specify the type of plot
desired and what information is to be included on the plots.

Selected groups of this basic input deck can be repeated to make different plots of the
same data or to input additional groups of data to be plotted during a single run. Details
of the data contained in the input decks for both programs are described in the two sub- -
sequent sections of this report. '

Options are provided to input geometry data and data to be plotted in several dif-
ferent forms by selection of appropriate input subroutines. Generality is provided in
subroutines GEOM1 and DATAL1 by user specification of the format by which the data is
to be read directly in the input deck. A specialized subroutine GEOM2 provides for
direct input of bulk data decks for the NASTRAN (ref. 9) program. The plotting programs
herein handle only one- or two-dimensional elements (no solid elements) containing up to
four grid points. In addition, only a single coordinate system can be used and therefore
- models defined using alternate coordinate systems must be transformed to the basic
coordinate system of the model before plotting. Grid point numbers and element numbers
need not be sequential since they are reordered internally in the programs. Data to be
plotted can be read from magnetic tape by using subroutine DATAS5. In addition, dummy
subroutines GEOM9 and DATAS9 are included for user-prepared routines which read
geometry (grid points and connecting elements) information and data to be plotted.

13



Input for Oblique Orthographic Projections

The input data deck is illustrated in the sequence shown schematically in figure 8.
The data must be constructed in the order shown in figure 8 and is described in detail
in this section. For clarity, no zeros appear in variable names described in this section.

Title card.- This single card contains any desired alphanumeric information in
columns 1 to 80. The title will appear at the beginning of the plots.

NAMELIST OPTION.- This NAMELIST contains values to allocate storage in blank
COMMON and control values specifying various program options.

FORTRAN Default

Description
name value pescnption

NNDEST : 200 Estimated number of grid points, must be equal to or
greater than the actual number of grid points

NUDISP 0 0 no displacement data in x-direction
1 data including displacements in x-direction

NVDISP : 0 - - 0 no displacement data in y-direction
1 data including displacements in y-direction

NWDISP 0 0 no displacement data in z-direction
1 data including displacements in z-direction

KGEOM : 1 Specifies the subroutine and corresponding method of
input for model geometry _
1 subroutine GEOM1 to read in grid points and elements
from cards with user-specified/-format
2 subroutine GEOM2 to read in NASTRAN bulk data deck
with data in column widths of 8 v
9 subroutine GEOM9Y, a user-supplied subroutine

KDATA » 1 Specifies the subroutine and corresponding method of
input for displacement data
1 subroutine DATALI t{o read in displacement data from
cards with user-specified format
5 subroutine DATAS5 to read in displacement data from
TAPE20 '
9 subroutine DATAY9, a user-supplied subroutine

NVALUS " 0 Used if KDATA = 5; specifies the number of grid points
: at which displacement data is to be read from TAPE20
(must be less than or equal to NNDEST)

IRESEQ ' 1 Grid point numbers are stored in the program from 1 to
the total number of grid points
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FORTRAN Default

name value Description

IRESEQ 1 0 no internal resequencing of grid points necessary;
they are already ordered in ascending order starting
with 1
1 resequence grid points in the same order as they are
input

KPLOT 1 Specifies the type of output device to be used
1 CalComp
2 CalComp with plotting speed reduced for Leroy pens
3 VARIAN '
4 cathode-ray-tube (CRT) console (set up for CDC 250
scopes at Langley Research Center)

XSPACE 10.0 Space between plots in x-direction, in inches

PSIZE 25.0 Paper size in y-direction, in inches (used in scaling of
plots to insure this dimension is not exceeded)

IDCASE 0 0 no identification card preceding decks of displacement
' values ' _
1 identification card preceding decks of displacement
values

Geometry input data deck.- This portion of the input deck contains the geometry

definition of grid points and connecting elements. The deck has one of the following
forms, depending on the value of KGEOM specified in NAMELIST OPTION.

KGEOM = 1

(a) A single card containing the word FORMAT in columns 1 to 6 and a variable
format corresponding to the format of the grid point cards with the left paren-
thesis starting in column 11 and up to column 80 may be used.

(b) Deck of grid point cards. Each card contains 4 values: grid point number
(integer), x-coordinate (real), y-coordinate (real), and z-coordinate (real).
The format is specified in (a) above.

(c) A single card containing the word ENDGRID in columns 1 to 7.

(d) A single card containing the word FORMAT in columns 1 to 6 and a variable for-
mat corresponding to the format of the element cards with left parenthesis start-
ing in column 11 and up to column 80 may be used.
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(e) Deck of element cards. Each card contains 5 integer fields which are the ele-
ment number and grid point numbers at the vertices of the elements. For tri-
angular elements the last integer field must be blank or zero. For rod or beam
elements the last two integer fields must be blank or zero. The format is

specified in (d) on the preceding page.
(f) A single card containing the word ENDGEOM in columns 1 to 7.

KGEOM = 2
(a) A single card containing the word LINEEL in columns 1 to 6 and up to 9
NASTRAN lineal element connection names, which are adjusted to the left in
field widths of 8, starting in column 9 (cols. 9 to 16, 17 to 24, . . ., 73 to 80).
This card can be omitted if lineal elements are not used for the plot.

(b) A single card containing the word TRIAEL in columns 1 to 6 and up to 9
NASTRAN triangular element connection names, which are adjusted to the left
in field widths of 8, starting in column 9 (cols. 9 to 16, 17 to 24, . . ., 73 to 80).
This card can be omitted if triangular elements are not used for the plot.

(c) A single card containing the word QUADEL in columns 1 to 6 and up to 9
NASTRAN quadrilateral connection names, which are adjusted to the left in field
widths of 8, starting in column 9 (cols. 9 to 16, 17 to 24, . . ., 73 to 80). This
card can be omitted if quadrilateral elements are not used for the plot.

(d) A NASTRAN bulk data deck. Only the GRID cards and the element connection
cards with names matching those given on the LINEEL, TRIAEL, and QUADEL
cards will be used for the plot. All other cards in the NASTRAN bulk data deck

will be ignored.

(e) A single card containing the word ENDGEOM in columns 1 to 7.

KGEOM = 9
Calls subroutine GEOM9 which is prepared by the user to read geometry data.
Case identification card.- This single card is omitted if IDCASE = 0 is specified

in NAMELIST OPTION. If present, this card contains any desired alphanumeric informa-
4tion in columns 1 to 80. The identification will appear on all plots of the case.

Deck of data to be plotted.- This deck contains displacement sets at grid points for
the oblique-orthographic-projection program. A displacement set for each grid point is
defined to contain from 2 to 4 values (i.e., a grid point number and displacements corre-
sponding to NUDISP, NVDISP, or NWDISP equal to 1). The deck has one of the following
forms, depending on the value of KDATA specified in NAMELIST OPTION.
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KDATA =1

(a) A single card containing the word FORMAT in columns 1 to 6 and a variable
format for the data cards with the left parenthesis starting in column 11 and up
to column 80 may be used. If displacements are included for more than one
grid point per card, the number of grid points per card must be entered as an
integer in column 8.

(b) Deck of displacement sets. There can be multiple displacement sets per card '
or the set can extend to more than one card (often the case with NASTRAN
punched output) which can be handled with a format for reading multiple cards.

(c) Blank card or cards to end the data deck. The number of blank cards must cor-
respond to the number of cards read at one time by the specified variable format.

KDATA =5

Reads NVALUS (from NAMELIST OPTION) displacement sets from TAPE20. Each
displacement set must have been written on TAPE20 as an unformatted record.

KDATA =9
Calls subroutine DATA9 which is prepared by the user to read displacement data.

NAMELIST PICT.- This NAMELIST contains values to specify the type of plot
desired and the information that is to be included on the plots.

FORTRAN Default - ‘
name value Description
- KHORZ 1 Integer designating the horizontal axis of the
viewing plane where 1=1X,, 2 =Y, and
3 = ZO
KVERT 2 Integer designating the vertical axis of the view-
' ing plane where 1=X,, 2=Yg,and 3 =2
PHI 0.0 Angular rotation of model about its X-axis in
degrees (must be performed third)
THETA 0.0 . Angular rotation of model about. its Y-axis in
' degrees (must be performed second)
PSI 0.0 Angular rotation of model about its Z-axis in
degrees (must be performed first)
NEWFR 1 1 frame change before plotting (a frame change

resets the x-origin past previous plot by XSPACE
given in NAMELIST OPTION and resets the
y-origin at 0.0)
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FORTRAN

name
NEWFR
ISCALE

PLOTSZ

XORGN
YORGN
PSCALE

NOTAT

XLHT

KDISP

IDMAG

DMAGS

KSYMXY
KSYMXZ
KSYMYZ

Default
value

1
1

10.0

0.0
0.0
1.0

0.15

1.0

0
0
0

Description

0 no frame change before plotting

1 automatic computation of proper origin
location and scaling of plot
2 user-specified origin and scaling

Maximum dimension desired on completed
plot, in inches (used for scaling if
ISCALE =1)

x-location of plot origin (used if ISCALE = 2)
y-location of plot origin (used if ISCALE = 2)

Model size reduction factor (i.e., PSCALE is
equal to actual model size divided by desired
plot size (used if ISCALE = 2))

0 no numbering on plots
1 numbering of grid points
2 numbering of elements

Height of integers specified by NOTAT, in
inches (must be Z0.07)

0 plot of undeformed structure

1 plot of deformed structure

2 exploded plot

3 displacements represented by vectors

1 direct magnification of displacement data-
by DMAGS

2 scaling of displacement data to a maxi-
mum value of DMAGS

Magnification of displacements (if
KDISP = 1 or 3)
Reduction factor of elements (if KDISP = 2)

1 symmetry about X-Y plane
1 symmetry about X-Z plane
1 symmetry about Y-Z plane

Symmetries are performed consecutively (i.e., a plate quadrant with KSYMXZ and
KSYMYZ equal to one would yield a complete plate).
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FORTRAN Default

name value Description

XXMAX, YYMAX, ZZMAX 1.0 E+20 Locate cutting planes parallel to principal

XXMIN, YYMIN, ZZMIN -1.0 E+20 planes (X-Y, X-Z, Y-Z) to limit plot

NDMAX 9999999999 Maximum grid point identification number to

' be included in plot

NDMIN 0 - Minimum grid point identification number to
be included in plot

NELMAX 9999999999  Maximum element identification number to
be included in plot

NELMIN 0 Minimum element identification number to be
included in plot

KODE 0 Specifies control option after plot is complete

0 last plot, exit from program

1 read another NAMELIST PICT

2 read a new set of displacement data,
including a case identification card if prééent
3 read a complete new set of input data,
including a title card.

This section describes a complete basic set of input data if KODE =0 in NAME-
LIST PICT. For KODE =1, 2, or 3, additional sections of the basic deck must be
repeated. The deck must end with NAMELIST PICT having a value of KODE = 0.

Input for Contour Plots

The input data deck is illustrated in the sequence shown schematically in figure 8.
The data must be constructed in the order shown in figure 8 and is described in detail in
this section. For clarity no zeros appear in the variable names described in this section.

Title card.- This single card contains any desired alphanumeric information in
columns 1 to 80. The title will appear at the beginning of the plots.

NAMELIST OPTION.- This NAMELIST contains values to allocate storage in blank
COMMON and control values specifying various program options.

FORTRAN Default o
name value Description
NNDEST 200 | Estimated number of grid points, must be

equal to or greater than the actual number of
grid points
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FORTRAN Default

name value Description

NELEST 200 Estimated number of elements, must be
equal to or greater than the actual number of
elements

KGEOM 1 Specifies the subroutine and corresponding
' method of input for model geometry

1 subroutine GEOM1 to read in grid points
and elements from cards with user-specified
format
2 subroutine GEOM2 to read in NASTRAN
bulk data deck with data in column widths of 8
9 subroutine GEOMS, a user-supplied
Subroutine

KDATA 1 ' Specifies the subroutine and corresponding
method of input for control variable data to
be represented by contour lines

1 subroutine DATAL1 to read in data to be
plotted from cards with user-specified
format

5 subroutine DATAS to read in data to be
plotted from TAPE20

9 subroutine DATAY, a user-supplied
subroutine

NVALUS 0 Used if KDATA = 5; specifies the number of
given control variable points at which data to
be plotted is to be read from TAPE20 (can be
either the number of grid points or the num-
ber of elements)

IRESEQ 1 Grid point numbers are stored in the program
' from 1 to the total number of grid points
0 no internal resequencing of grid points
necessary; they are already ordered in
ascending order starting with 1
1 to resequence grid points in the same
order as they are input
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FORTRAN Default

Descripti
name value Lescription

KPLOT 1 Specifies the type of output device to be used
1 CalComp _
2 CalComp with plotting speed reduced for
Leroy pens
3 VARIAN ,
4 cathode-ray-tube (CRT) console (set up
for CDC 250 scopes at Langley Research
Center)

INFOR 1 1 data to be plotted is specified at grid
points
2 data to be plotted is specified at element
centroids V

XSPACE- 10.0 Space between plots in x-direction, in inches

KSIGN 1 -1 change signs of y-coordinates
1 do not change signs of y-coordinates

IDCASE 0 0 no identification card preceding decks of
data to be plotted
1 identification card preceding decks of
data to be plotted

Geometry input data deck.- This portion of the input deck contains specifications of
grid points and elements describing the reference surface. The deck has one of the fol-
lowing forms, depending on the value of KGEOM specified in NAMELIST OPTION.

KGEOM =1

(a) A single card containing the word FORMAT in columns 1 to 6 and a variable
format corresponding to the format of the grid point cards with the left paren-
thesis starting in column 11 and up to column 80 may be used.

(b) Deck of grid cards. Each card contains 3 values: grid point number (integer),
x-coordinate (real), and y-coordinate (real). The format is specified by (a)
above.

(c) A single card containing the word ENDGRID in columns 1 to 7.

(d) A single card containing the word FORMAT in columns 1 to 6 and a variable for-
mat corresponding to the format of the element cards with left parenthesis start-
ing in column 11 and up to column 80 may be used.
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(e) Deck of element cards. Each card contains 5 inte\ger fields which are the ele-
ment number and grid points at the vertices of the element. For triangular
elements the last integer field must be blank or zero. The format is specified
in (d) from the preceding page.

(f) A single card containing the word ENDGEOM in columns 1 to 7. -
KGEOM = 2

(a) A single card containing the word TRIAEL in columns 1 to 6 and up to 9
NASTRAN triangular element connection names, which are adjusted to the left
in field widths of 8, starting in column 9 (cols. 9 to 16, 17 to 24, . . ., 73 to 80).
This card can be omitted if triangular elements are not used for the plot.

(b) A single card containing the word QUADEL in columns 1 to 6 and up to 9
NASTRAN quadrilateral connection names, which are adjusted to the left in
field widths of 8, starting in column 9 (cols. 9 to 16, 17 to 24, . . ., 73 to 80).
This card can be omitted if quadrilateral elements are not used for the plot.

(c) A NASTRAN bulk data deck. Only the GRID cards and the element connection
cards with names matching those given on the TRIAEL and QUADEL cards will
be used for the plot. All other cards in the NASTRAN bulk data deck will be
ignored.

(d) A single card containing the word ENDGEOM in-columns 1 to 7.
KGEOM = 9
Calls a subroutine GEOMS which is prepared by the user to read geometry data.

Case identification card.- This single card is omitted if IDCASE =0 is specified
in NAMELIST OPTION. If present, this card contains any desired alphanumeric informa-
tion in columns 1 to 80. The identification will appear on all plots of the case.

Deck of data to be plotted.- This deck contains sets of a control variable value cor-
responding to each grid point or element (depending on INFOR in NAMELIST OPTION) to
be represented by contour lines. The deck has one of the following forms, depending on
the value of KDATA specified in NAMELIST OPTION. ‘

KDATA =1

(a) A single card containing the word FORMAT in columns 1 to 6 and the variable
format for the data cards with the left parenthesis starting in column 11 and up
to column 80 may be used. If control variables are included for more than one
grid point or element per card, the number of grid points or elements per card
must be entered as an integer in column 8. '
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(b) Deck of data to be plotted. There can be multiple data value sets per card or
the set can extend to more than one card (often the case with NASTRAN punched
output) which can be handled with a format for reading multiple cards.

(c) Blank card or cards to end the data deck. The number of blank cards must cor-
respond to the number of cards read at one time by the specified variable format.

KDATA =5

l Reads NVALUS (from NAMELIST OPTION) sets of control variable values from
TAPE20. Each set of control variables must have been written on TAPE20 as an
unformatted record.

KDATA =9
Calls subroutine DATA9 which is prepared by the user to read data to be plotted.

NAMELIST PICT.- This NAM'E'LIST contains values to specify the type of plot
desired and what i.nformation is to be included on the plots.

FORTRAN . - Default

name value Description

NPLOT _ 4 ' Specifies the type of plot to be generated
1 layout of elements in reference surface
without grid point or element labels
2 element layout with grid point labels
3 element 1aybut with element labels
4 contour plots without symbols at grid
points V
5 contour plots with symbols at grid points

XORGN 0.0 : x-location of origin of first plot, in inches
YORGN 0.0 ' , y-location of origin of first plot, in inches

PSCALE 1.0 : Model size reduction factor (i.e., PSCALE is
equal to actual model size divided by desired
plot size)

ISCALE 3 Method of scaling control variable data to be

plotted; contour lines have only integer val-
-ues annotated on the plot and, thus, the data

must be scaled such that these integers will
contain the desired number of significant
digits; the definitions of WMAGS and ICNTRS
depend on the value of ISCALE
1 user specification of scale factors

23



FORTRAN Default

Description
name value zescripuon

ISCALE 3 2 program calculation of scale factors to
give the user-specified number of significant
digits in annotation of the maximum absolute
contour line
3 program calculation of scale factors to
give WMAGS as the maximum value of data

WMAGS 100.0 If ISCALE = 1, magnification of control vari-
ables for annotation of contour lines on plot
If ISCALE = 2, number of significant digits
in annotation of maximum absolute contour
line (WMAGS = 1.0, 2.0, 3.0, etc.)
If ISCALE = 3, maximum value of scaled
data, WMAGS 2 2.0 (maximum contour
line is integer truncation of WMAGS)

ICNTRS 10 ' If ISCALE = 1, user-specified contour
interval (difference in integer values of
adjacent contour lines)

If ISCALE = 2 or 3, approximate number of
different contour line values; the contour
interval is calculated by the program

XLHT 0.15 Height of integers to be annotated on plots,
in inches (must be 20.07)

NXLAB 0 Total number of lines parallel to Y-axis
along which contour lines are labeled, must
be =10 (all contour lines are labeled where
they intersect with these selected lines);
these labels are in addition to those auto-
matically provided at boundaries of the con-
tour surface

XLAB all zeros Array of distances in x-direction from the
origin to lines parallel to the Y-axis along
which contour lines are labeled; there must
be NXLAB of these values and they must be
in units of the original (unscaled) model
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FORTRAN Default

name value Description
NYLAB 0 Same as NXLAB for label locations parallel
to X-axis
YLAB all zeros Same as XLAB for label locations parallel
to X-axis
KODE 0 Specifies control option after plot is complete

0 last plot, exit from program

1 read another NAMELIST PICT

2 read a new set of control variable values
to be plotted including a case identification
card if present

3 read a complete new set of input data,
including a title card '

The above NAMELIST comprises a complete basic set of input data if KODE =0
in NAMELIST PICT. For KODE =1, 2, or 3, additional sections of the basic deck must
be repeated. The deck must end with NAMELIST PICT having a value of KODE = 0.

EXAMPLES OF DATA PREPARATION

An example problem is presented to illustrate preparation of input data for both the
oblique-orthographic-projection program and contour-plotting program as well as printed-
and plotted output. The problem presented herein is designed to exercise and illustrate
use of various options of the programs. The example selected is the graphical display of
the normal displacements of a square flat plate under uniform lateral pressure. A finite-
element structural model of the flat plate with 36 grid points and 25 quadrilateral plate
elements is used to reduce the amount of input data required to illustrate the use of the
plotting programs. The input data for the programs are presented in appendixes D.and E.
Differences between these input decks occur primarily in the quantities contained in the
NAMELIST OPTION and NAMELIST PICT. Output listings are similar for both programs,
therefore, only the output for the contour program is included herein.

Oblique Orthographic Projections

The input deck for oblique orthographic projections of the flat plate example is given
in appendix D. The geometry portion of the input deck includes the entire NASTRAN case
control and bulk data deck used for analysis of the plate. Option KGEOM = 2 is used to
read this data; the TRIAEL card is omitted since no triangles are used, and the CQUAD1
element type is the only one specified on the QUADEL card. Therefore, in this case, all
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cards in the NASTRAN deck are ignored except GRID cards and CQUADI1 cards. The
displacement data are punched output from a NASTRAN analysis. Two cards are punched
for each grid point containing displacements in the x-, y~-, and z-directions and rotations
about the X-, Y-, and Z-axes. The specified format reads two cards at a time but retains
only the displacements in the xX-, y-, and z-directions which are given on the first card
(x- and y-displacements are zero at all grid points for this example). Two blank cards
are needed to indicate the termination of the displacement data for this particular format.

Two NAMELISTS PICT are used to generate oblique orthographic projections. The
first NAMELIST contains data for generating the deformed shape shown in figure 9(a),
and contains KODE =1 which causes the second NAMELIST to be read. In the second
NAMELIST, the value of KDISP is changed from 1 (as specified in the first NAMELIST)
to 3 which results in a plot with the di'splacements represented by vectors as shown in
figure 9(b). The magnitude of the displacements are arbitrarily exaggerated for visual
clarity. The second NAMELIST PICT terminates the run with KODE = 0.

Contour Plot

The'input deck for a contour plot of the flat plate example is given in appendix E.
Default values are used for most of the NAMELIST parameters. Use of the option,
KGEOM = 1, to input grid point and element data with a user-specified format is illus-
trated. GRID cards and CQUADI1 cards from a NASTRAN deck are used, however, any
specified card formats could have been used. In the case of the GRID cards, only the x-
and y-coordinates are read. Thus, if nonzero z-coordinates were used to locate the grid
points, they would be neglected and only the projection would be used. The data to be
represented by contour lines are the displacements normal to the plate and are given at
four grid points per card. In NAMELIST PICT, the option to specify labels on contour
lines on the interior of the plotting surface (see values of NXLAB, XLAB, NYLAB, and
YLAB) is used since the contour lines do not intersect the boundary.

The contour plot which was generated by using this input is shown in figure 10. The
displacements given in the data are symmetric about the two orthogonal principal planes
through the center of the plate. However, the contour lines generated by the program are
slightly unsymmetric as shown in figure 10. This slight nonsymmetry is introduced by
the process of breaking the quadrilaterals into triangles to define the contour surface.
That is, the triangularization of the surface, which is done automatically, is not quite sym-
metric since the resulting right triangles face the same direction in all quadrants of the
plate. This effect would have diminished with a more refined model. Default scaling of
.fhe data was used to assign a value of 100 to the point' of maximum displacement at the
center of the plate. A listing of the contour-program output for this example is presented
in appendix F. Titles and headings are provided to indicate the meaning of the printed
output.
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CONCLUDING REMARKS

User and programer documentation is presented for two programs for automatic
plotting of digital data. One of the programs generates oblique orthographic projections
of three-dimensional numerical models and the other program generates contour plots of
data distributed in an arbitrary planar region. The user documentation gives a general
description of the computational algorithms, user instructions, and complete listings of
the programs. Several plots are included to illustrate various program options and a
single example is described in detail to facilitate learning the use of the programs,

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., November 18, 1974.
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APPENDIX A
INCENTER OF A GENERAL TRIANGLE

The incenter of a triangle is the center of an inscribed circle as shown in figure 11
If the incenters of two similar triangles are coincidenf, the perpendicular distance between
~ corresponding sides of the triangles will be equal. This geometric relationship is desired
when locating the reference point for triangular elements in an exploded plot.

The coordinates of the incenter of a general triangle can be derived by using area

coordinates. Areas of triangles Ay, AJ, and Ayi shownin figure 11 are
1
Ai==—h
1 2 a
A, = 1 hb 5 (A1)
l 2
1
A, ==hc
k"
P
By use of equations (8) and (A1), the area coordinates are determined as
a |
Li=3
b
Lj=2 (A2)
=C
Lk = S

where s=a+b+c.

The area coordinates can be transformed to Cartesian coordinates by using equa-
tions (10) to (12) and equation (A2) '

axi + bxj + CX)

Xp = S
_ay; +by; + cyy
S

<
]
|
~

(A3)

B azi + bzj + czk
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APPENDIX A — Concluded

where

(A4)
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APPENDIX B

LISTING OF COMPUTER PROGRAM FOR OBLIQUE
ORTHOGRAPHIC PROJECTIONS

An overall flow chart for this program is given in figure 12. The MAIN program is
used to allocate blank COMMON storage and to call other subroutines necessary to read
input data and to generate the desired plots. The purpose of each subroutine is described
in comment cards in the listing. A subroutine called DOCMNT consisting entirely of
comment cards is included in the program. Subroutine DOCMNT contains (1) a directory
of selected variables used in the program, (2) user-input instructions, and (3) a descrip-
tion of plotting subroutines which are required from the Langley Graphic Output System
library.
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APPENDIX B - Continued

PROGRAM MAINUINPUT=201+,CUTPUT=201,TAPES=INPUT.,TAPE6G=0UTPUT,

LTAPESsTAPELO,TAPEZ20=201)
THIS IS THE MAIN PRUGRAM WHICH CALLS OTHER SUBRUUTINES

INTEGER NUMPT s XPT,YPT LPT yUPTyVPT,WPT

CUMMON/CONTRL/ KGEGM KDATA, KPLOUT o KSYMXY ¢ KSYMXZyKSYMYZ,NOTAT s XLHT,
LKHUORLyKVERT oPHI » THETA,PSI yNEWFRy L.SCALE,PLOTSZ y XORGN y YORGN s

2PSCALE KDISP+DMAG,KODE

COMMON/LIMITS/ XXMAX YYMAXyZZMAX g XKXMINy YYMINGZZMIN)NDMAXyNDMIN,

INELMAX, NELMIN

COMMON/ CURGN/ XOABS,YUABS, XPMAXy XSPACESPSIZE
COMMUN/ LOUP/ TLCCP

CUMMON/ ABLK/ A(3,3)

COMMON/ SAVEV/ DMAGS IDMAG

CUOMMUON/ KOUNT/ NNODE o NNDEST,NUDISP yNVDISPyNWDISP

CUMMUN/ VALUES/ NVALLS

CUMMON/CASELD/ ICCASE

COMMON ££2(1)

DIMENSION DSAVI(3}

DIMENSIUN ABCD(38)

NAMELISTY/PICT/ KHORZyKVERT o PHIyTHETA,PSI,NEWFR,yISCALE,
LPLOTSZ g XOKGNy YORGN 9 PSCALE JNCTAT KU1 SP o 1DMAG yOMAGS o KODE,
ZKSYMXY g KSYMXZ 9 KSYMY Zy XXMAX s YYMAX ) LZMAX s XXMIN,

BYYMING LZMINyNDMAX yNOMINyNELMAX oNELMIN g XLHT

TU ZERU NUDE AND ELEMENT SUMMATION COUNTERS

ILOGP
NNODE
XUABS
YOABS
XPMAX =
CONTINUE
XSTRT = 0.0
YSTRT = 0.0
WRITE(6198)
FORMAT( 1HL)

oo
CC O C O
oo

TO KbAD TITLE CARD FUR RUN

READ(5,10) ABCO

FURMAT(8ALD) ]

LFIEBUF5) 222243333

CALL PSTUP

CUNTINUE

WRITE(OLs11) ABCOD
FURMAT(//7/+v20Xs8A1047/71)

CALL INITAL )
IF(KPLUTeNC o4 URKUATALNELS) GO TO 111
ReWwIND 20

CALL MESAGE( Ly 24HENTERING OKTHOGC PROGRAM,24)
CALL MESAGE(L9)19HSELECT DESIRELD MODE, 19)
CAaLl MESAGE(l, 18HBY PRESSING FN KEY,18)
CALL NEATENKEY)

IMGut = NKEY-1

IE(IiMUDE.EW-0) GC TOU 111

DG 57 J=141IMUDE

KiUNT = 0
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APPENDIX B ~ Continued

IF{NUDISP.NE.O) KOUNT = KOUNT+1
IF{NVDISP.NE.O) KOUNT = KOUNT+1
IF{NWDISP.NE.O)} KOUNT = KGOUNT+1

DO 58 I=14NVALUS

KEAD(20) 1DUM, {DSAVIK) yK=1, KOUNT)

CONTINUE

CUNTINUE

CUNTINUE

HEIGHT = Q.15

XSTRT = XSTRT+2.0%HEIGHT

YSTRT = 1.0

CALL NOTATE(XSTRT, YSTRT.HEIGHT,ABCD 90.0480)
CALL CALPLT(12.040.09-3)

TC SET POINTERS FOR BLANK CGMMON STQORAGE 212

(WITH INTEGER NAMES OF ARRAYS USED IN CALLED SUBROUTINES)
NUMPT = 1

XPT = NUMPT+NNDEST

YPT = XPT+NNDEST

LPT = YPT+NNDEST

UPT = ZPT#+NNDEST

IFINUDISP.EQ.U) VPT = UPT#])

IFINUDISP.NE.O) VPT = UPT+NNDEST

IF{NVULISP.EQ.O) WPT = VPT+1

IFINVDISP.NE.O) wWPT = VPT+NNDEST

IF(NWDISP.EQ.Q) NEND = WPT+1-1
IF(NWOISP.NE.O} NEND = WPT+NNDEST—1

WRITE(6915) NEND

FORMAT(///+20X s *BLANK CUMMON STORAGE ZZZ REQUIRES AT LEAST *,16,
1¥ LOCATIUNS FOR THIS CASE%®///)

IF(KGEOM.EQ.1)} CALL GEOML
LOLZZANUMPT Y 2 ZLLAXPT Y 9 LZZ(YPT )Y o ZZL(ZPT ) 9 LZL(UPT ) 2224VPT )y 2ZZZ{WPT))
IFI{KGEOM.EW.2) CALL GEUM2

LULZLUNUMPT) o LZLAXPTU) o LZ2AYPT) 9 LZLAZPT) oZLZAUPT) yZLI(NPT ) ZIZ(WPT))
IFIKGEOM.Ew.y) CALL GEOM9

LOZZZANUMPT) ZLZ(XPT I 0L ZLUNPTY ) o L2ZULPT) o LZZIUPT) 222 NPT)22Z2Z2(HPT))
CALL PNTOUTI(1,

LEZLUINUMPT ) g ZZLAXPTY) yZZLAYPT ) ¢ ZZZAIPT) ¢ LZZ(UPT) yZZZ(VPT) +222(WPT}) )

600 CONTINUE

IF(IDCASE.EQ.0) GO TU 650
REAUL5410) ABLD
WRITE(6,11) ABCD

650 CUNTINUE

CALL ZEROD
l(ZZZ(NUMPT)vllZ(XPTlvéZL(YPT):ZZZ(ZPT)'ZLZ(UPT)oZlZ(VPT'tZZZ(NPT))
IF(KDATA.EG.L) CALL DATAlL
LOZZLANGMPT Y 9 ZLLAXPT Vg ZZLAYPT )W ZZZ(LPT )9 ZL2AUPTY ) o ZLL(VPT)$ZZZ{WPT) )
IF(KUATALEQ.5) CALL DATAS
LOLZZANIUMPT ) 9 ZZLAXPT ) g L2 Z(YPT ) 9 LLLALPT Yy ZLZ(UPT) 4y ZLZZANPT)4ZZ2(WPT))
[FIKUATALEQ.9) CALL DATA9
LAZZZUNUMPT) 9 ZZZUXPT VoL ZZAYPT) ¢ ZLZULPT ) fLZZLUPTY) yZ2ZINPT) W ZLZIWPT))
CALL PaTUUT(2,
lZLL(VUMPT)yLLZ(XPT)oZLL(YPT)1ZLL(£PT)yL[Z(UPT)pLZZ(VPT)vZZZ(WPT))

700 CONTINUE

IF(KPLOT.EQ.4+ANUL.ILUOP .NE.O) GU TO 6000
READ(5,PICT)
WRITE(o PICT)
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0000 CONTINUE

IFIKPLOT.EG.4) CALL CCRTL

CALL DSCALE :
L(ZZZUNUMPT) yZZZAXPT ) yZZZAYPT )y LLLULPT Y2 ZZZAUPT ) yiZZAVPT) 222 (WP T))
CALL BUUND ,
LCZZZUNUMPT) yZLZAXPT) yZZZAYPT )y ZLLUZPT Y4 ZLLAUPTY s ZZLINPT)4Z2ZIWPT))
CALL ROTAT

CALL PLOT

LALZZUNUMPY) ¢ ZZZAXPT ) o LZZAYPT) o LLLALPT ) 9 ZLZAUPT) $Z2ZZANPT ) 22LIWPT))
IFINOTAT.tWo1) CALL NDLET
LUZLZUNUMPT) yZZLAXPT) yLZLAYPT) 9 ZLLAZPT ) yZZZUUPT) y 222 (NPT )4 Z2Z{WPT))

IFGCKPLOTLEQe4) CALL CALPLT(12.0+D.04-3)
IF(KPLUT.EQ.4) CALL CCRTZ2
PLOOP = jJLIUP+L
IF(KUDE.EQ.0) GG TU 800
GU TGO (700+600,500) KODE
800 CONTINUE
CALL PSJOP
END UF MAIN
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SUBRUOUTINE

APPENDIX B - Continued

DOCMNT

*%% THIS SUBRUUTINE CCNTAINS PRCGRAM DUCUMENTAT ION

DESCRIPTICN GF INPUT DATA CARDS

TITLE CARD — CONWTAINS ANY DESIRED ALPHANUMERIC INFORMATION IN COLS.1-30.

NAMELIST. OPTION -~

ANU CONTRUOL VALUES NEEDED B8Y THE PROGRAM,

THE FOLLUWING VALUES ARE INCLUDED---

NNDEST = ESTIMATE NUMBER UF GRID POINTS TO BE USED. VALUE MUST BE

%k
NUDISP

0k
NVDI SP

%
NWUL SP

%

GREATER THAN OR EQUAL TGO THE ACTUAL NUMBER OF GRID POINTS.
DEFAULT = 200 **

O FOR NO DISPLACEMENT DATA IN X-DIRECTION.

L FOR UDATA INCLUDING UISPLACEMENTS IN X-DIRECTION.
DEFAULT = 0 %%

0 FOUR NU DISPLACEMENT DATA IN Y-DIRECTIUN.

L FCR DATA INCLUDING DISPLACEMENTS IN Y-DIRECTICN.
DEFAULT = 0 *%

O FCR NUO DISPLACEMENT DATA IN Z-DIRECTIUN.

1 FOR DATA INCLUDING DISPLACEMENTS IN Z-DIRECTICN.
DEFAULT = 0 *x

KGEOM SPECIFIES SUBROUTINE AND CORRESPONDING METHOD OF INPUT FOR
MODEL GEGMETRY.,

KGEUM =

"’ A

1 FOR GRID PUINTS AND ELEMENTS READ FROM CARDS WITH USER
SPECIFIED FuURMAT,.

2 FOR NASTRAN DECK WITH CARD IDENTIFIERS LEFT ADJUSTED
AND DATA IN COLUMN wluTHS OF 8.

Y FUR USER SUPPLIED SUBROUTINE ~ GEUM9.

DeFAULT = 1 *x

KUATA SPECIFIES SUBRUCUTINE AND CORRESPONDING METHOD OF INPUT FOR
UISPLACEMENT CATA.

KDATA

x X

NVALUS -

1 FOR SUBROUTINE DATAL TO READ IN DISPLACEMENT DATA
FRCM CARDS WITH USER SPECIFIEUL FORMAT.

5 FOR SUBROUTINE DATAS TO READ IN UISPLACEMENT DATA
FRCGM TAPEZ2C.
9 FUR SUBROUTINE DATAS, A USER SUPPLIED SUBROUTINE.
DcFAULT = 1 *x%
USED 1F KDATA = 5 TU SPECIFY THE NUMBER OF SETS OF

UISPLACEMENTS TGO BE READ FROM TAPEZ20.

R

IRESEQ =

ok

DEFAULT = 0 #x%
0 FOR ND RESEQUENCING UOF GRID POINT NUMBERS.
1 TJ RESEQUENCE GRID PUINT NUMBERS IN SAME ORDER
AS THEY ARE INPUT.
DEFAULT = 1 %=

KPLUT SPECLIFIES THE TYPE OF OUTPUT DEVICE TO BE USED.

KPLUT =

1 FOR CALCOMP.
2 FUR CALCOMP WITH PLOTTING SPEED REDUCED TO USE LEROY PENS.

CONTAINS VALUES TG ALLOCATE STORAGE IN BLANK CCMMON 211,



cCOCOCoOOoOOCC e

[N o

(@]

OCOoOC OO OO0 CO0 oo oo

(el

CCOoOOoOCoOoOenoOe

APPENDIX B - Continued

3 FOR VARIAN.
4 FOR CRT (USE CDC250 SCOPES AT LRC)
DEFAULT = ] *=*

00

*

XSPACE = SPACE BETWEEN PLOTS IN X-DIRECTION, IN INCHES.

*¥% DEFAULT = 10.0 *x*

PS1ZE = PAPER SIZE IN Y-DIRECTION IN INCHES, USED IN SCALING OF

PLUTS TO INSURE THIS DIMENSION IS NOT EXCEEDED.
*% PDEFAULT = 25.0 %%

[IDLASE = 0 FOR NO TITLE CARD PRECEDING

DECKS UF DISPLACEMENT VALUES.
= 1 FOR TIVLE CARL PRECEUING
DECKS OF DISPLACEMENT VALUES.
*% DEFAULT = 0 *x%

MODEL GEUMETRY IS NOW INPUT IN ONE OF THE FOLLOWING FORMS,
DEPENUING UN THE VALUE OF KGECOM SPECIFIED IN NAMELIST OPTION.

USE [F KGEOM = 1

USE

{Aa)

(3)

(<l
(D)

(&)

(F)

IF

{a)

(9)

A SINGLE CARD CUNTAINING THE WORD FORMAT IN CUOLUMNS 1-6 AND
A VARIAGBLE FCRMAT CORRESPONUING TO THE FORMAT OF THE GRID
POINT CARDS WITH LEFT PARENTHESIS STARTING IN COLUMN 11

AND UP TO 80 COLUMNS MAY B8E USED.

DECK UF GRID POINT CARDS. EACH CARD CONTAINS 4 VALUES, GRID
PGINT NUMBEK (INTEGER), X-COORDINATE (REAL}y Y-COORDINATE
{REAL) AND Z-CUORDINATE {(REAL). THE FORMAT IS SPECIFIED

IN tA) ABOVE.

A SINGLE CARU CUNTAINING THE WUORD ENDGRID IN COLUMNS 1-7.

A SINGLE CARD CUNTAINING THE wORD FORMAT IN CGOLUMNS 1-6 AND
A VARIABLE FCRMAT CORRESPONDING TGO THE FURMAT OF THE
ELEMENT CARDS WITH LEFT PARENTHESIS STARTING IN COLUMN 11
AND UP TC 80 CULUMNS MAY BIE USED.

DECK OF ELEMENT CARDS. EACH CARD CONTAINS 5 INTEGER FIELDS
WHICH ARE THE ELEMENT NUMBER, AND GRID POINT NUMBERS AT THE
VERTICES GF THE ELEMENTS. FOR TRIANGULAR ELEMENTS THE

LAST INTEGEK FILLO MUST Bt BLANK OR ZERG. FOR ROD OR BEAM
ELEMENTS THt LAST TwWwC INTEGER FIELDS MUST bt BLANK OR ZERO.
THE FURMAT [5 SPECIFIEL IN (D) ABUVE.

A SINGLE CARD CUNTAINING THE WURD ENDGEOM IN COLUMNS 1-7.

KGEOM = 2

A SINGLE CarD CONTAINING THE WORD LINEEL IN COLUMNS 1-6 AND
UP TU NINE NASTKAN LINEAL ELEMENT CONNECTION NAMES,

WHICH ARE LEFT-ADJUSTED IN FIELD WIDTHS OF 8y STARTING IN
COLUMN 9 (LULS. 9-164 L7~24y eeey 73-80). THIS CARDU CAN

BE OMITTED IF LINEAL ELEMENTS ARE NUGT USED FOR THE PLOT.

A SINGLE CARD CUNTAINING THc wWURD TRIAEL IN COLUMNS 1-6 AND
UP TU NINE NASTRAN TRIANGULAR ELEMENT CONNECTION NAMES,
WHICH ARE LEFT-ADJUSTED IN FIELD WIDTHS GF 8y STARTING IN
COLUMN 9 (COLS. 9—106y LT7-24+ eeey T73-801. THIS CARD CAN

BE UMITTED IF TRIANGULAR ELEMENTS ARE NUT USED FUR THE PLOT

~ 35



APPENDIX B - Continued

(C) A SINGLE CARD CONTAINING THE WORD QUADEL IN CGLUMNS 1-6 AND
UP TO NINE NASTRAN QUADRILATERAL CONNECTION NAMES, WHICH
ARE LEFT-ADJUSTED IN FIELD WIDTHS OF 8, STARTING IN COL. 9
(COLS. 9-16y 17-24y <eey 73-80). THIS CARD CAN BE OMITTED’
IF QUADRILATERAL ELEMENTS AKE NOT USED FUOR THE PLOT. .

{D) A NASTRAN BULK DATA DECK. ONLY THE GRID CARDS AND THE
ELEMENT CCNNECTIGN CARDS WITH NAMES MATCHING THOSE GIVEN ON
THE LINEEL, TRIAELy AND QUADEL CARDS WILL BE USED FOR THE
PLOT. ALL GTHER CARDS IN THE NASTRAN BULK OATA DECK WILL
BE IGNUKED.

{E) A SINGLE CARD CONTAINING THE WORD ENDGEGM IN COLUMNS 1-7.

aXeNyNaEeNoNaNal ol o ol

(@l

USE IF KGEUM = g

C CALL SUBRUUTINE GEUM9 WHICH 1S PREPARED BY THE USER TO READ
C GEUMETRY DATA.

c CASE IDUNTIFICATION CARD.

C THIS CARD IS CMITTED IF IDCASE=0 IS SPECIFIED IN $OPTION.

C IF PRESENT,y THIS CARD CONTAINS ANY DESIRED ALPHANUMERIC

C INFORMATION IN COLS.1-80. WILL APPEAR BEFORE EACH DATA PLOT.

c DATA TO 3E PLOTTED IS NOW INPUT IN ONE GF THE FOLLOWING FORMS,

C DEPENDING UN THE VALUE OUF KDATA SPECIFIED IN NAMELIST OPTION.

c USE IF KDATA = |

C (A) A SINGLE CARD CUNTAINING THE WORD FORMAT IN COLUMNS 1-6 AND
C A VARIABLE FORMAT FOR THE DATA CARDS WITH LEFT PARENTHESIS
C STARTING IN COLUMN 11 AND UP TGO 80 COLUMNS MAY BE USED, IF
C DISPLACEMENTS ARE INCLUDED FGR MORE THAN ONE GRID POINT PER
C CARD, THE NUMBER OF GRIU POUINTS PER CARD MUST BE ENTERED

C AS AN INTEGER IN COLUMN 8.

C (8) DECK UF DISPLACEMENT SETS. THERE CAN BE MULTIPLE DISPLACE-
C MENT SETS PER CARD OR THE SET CAN EXTEND TO MORE THAN ONE

C CARD {UOFTEN THE CASE WITH NASTRAN PUNCHED OUTPUT) WHICH CAN
C BE HANDLED wITH A FURMAT FUR READING MULTIPLE CARDS.

C A DISPLACEMENT SET FOR EACH GRID POINT IS DEFINED TO

C CONTAIN FROM 2 TO 4 VALUESy A GRID POINT NUMBER AND

¢ DISPLACEMENTS CGRRESPONDING TGO NUDISP, NVDISP, OR NWDISP

c EQUAL TU 1.

¢ (C) BLANK CARD GR CARDS TO END DATA DECK. THE NUMBER OF BLANK
C CARDS MUST CURRESPUND TO THE NUMBER- OF CARDS READ AT ONE

C TIME BY THE SPECIFIED VARLIABLE FORMAT,

c USE IF KDATA = 5

¢ READS NVALUS (FROM NAMELIST COPTION) DISPLACEMENT SETS FROM

C TAPEZ20. EACH DISPLACEMENT SET MUST HAVE BEEN WRITTEN ON TAPEZ20
C AS AN UNFORMATTED RECGRD.
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APPENDIX B — Continued

USE IF KDATA = g

CALL SUBROUTINE DATA9 WHICH IS PREPARED BY THE USER TO READ
DISPLACEMENT DATA,

NAMELIST PICT - CCNTAINS VALUES NEEUED TO GENERATE PLOTS.

THE FOLLUWING VALUES ARE INCLUULED---

KHURZ = INTEGER DESIGNATING HORIZONTAL AXIS OF VIEWING PLANE,
WHERE 1l=X, 2=Y, 3=/,
*% DEFAULT = 1 #%
KVERT = INTEGER DESIGNATING VERTICAL AXIS OF VIEWING PLANE,
WHERE 1=X, 2=Y, 3=2Z.
*% DEFAULT = 2 #*x%
PAHI = ANGULAR ROTATION OF MODEL ABOUYT ITS X-AXIS, IN DEGKREES
{MUST BE TAKEN THIRD).
¥% DEFAULT = 0.0 %%
THETA = ANGULAR ROTATION GF MODEL ABUOUT ITS Y-AXIS, IN DEGREES
{MUST Bkt TAKEN SECGND).
% DEFAULT = 0.0 *%
PS1 = ANGULAR ROTATION CF MODEL AdOUT ITS /-AXIS, IN DEGREES
{MUST BE TAKEN FIRST).
% DEFAULT = Q.0 %%
NEWFR = | FOR FRAME CHANGE BEFOKE PLOT IS MADE.
(A FRAME CHANGE RESETS THE X-URGIN PAST PREVIOUS PLOT
BY XSPACE AND THE Y-ORGIN AT 0.01).
NEWFR JNE. 1 FCR NO FRAME CHANGE BEFORE PLOTTING.
% DEFAULT = 1 #%
ISCALE = 1 FUR INTERNAL ORGIN LUCATION AND SCALING.
= 2 FGR USER SPECIFIED ORGIN AND SCALING.
x% DEFAULT = 1 %%
PLOTSZ = MAXIMUM UIMENSIGN DESIRED ON COMPLETED PLOT.
{USED FUR SCALING IF ISCALE = 1)
%% DEFAULT = 10.0 *=%

XORGN = X-LUCATICN OF PLCT ORLIGIN (USED IF ISCALE = 2).
*¥% DEFAULT = 0.0 *x*
YURGN = Y-LOCATICN GF PLCT ORIGIN (USED IF ISCALE = 2).

#% DEFAULT = 0.0 *x*
PSCALE = MODEL SIZE REDUCTION FACTOR, PSCALE = ACTUAL MODEL
SIZE/DESIRED PLGT SIZE (USED LF ISCALE = 2).
#% DEFAULT = 1.0 **
0 FOR NU NUMBERING ON PLOTS.
1 FOR NUMBERING CF GRID POINTS.
2 FOR NUMBERING OF ELEMENTS.
DEFAULT = 0 *x%
XLHT = HEIGHT OF INTEGERS SPECIFIED 8Y NOTAT, IN INCHES.
DEFAULT = 0.15 %%
0 FOR UNDEFORMED PLOT.
L FOR DEFORMED PLOT.
2 FOR EXPLUDED PLOT.
3 FOR DISPLACEMENTS REPRESENTED BY VECTORS.
DEFAULT = 0 *x
L FOR DIRECT SCALING GF DATA BY DMAGS.
2 FOR SCALING OF DATA TUO A MAX. VALUE UF DMAGS.
DEFAULT = 2 %%

NUTAT

¢ hon il

4

*
*

KDISP

TUMAG

#* *
E -3 1A T - S T T I TR 1}
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OMAGS = MAGNIFICATION OF DISPLACEMENTS (IF KDISP=1).
= REUUCTIUN FACTOR OF ELEMENTS (IF KDISP=2).
¥% DEFAULT = 1.0 =«

KSYMXY = 1 FOR SYMMETRY ABOUT X-Y PLANE.
*x DEFAULT = 0 *#

KSYAXZ = 1 FOR SYMMETRY ABOUT X~Z PLANE.
*% DcFAULT = 0 #%

KSYMY.L = 1 FOR SYMMETRY ABGUT Y-~Z PLANE.
% DEFAULT = 0 #*=%

XAMAX o YYMAX 9 ZLMAX 9 XXMINy YYMINGZZMIN LOCATE CUTTING PLANES
PARALLEL TO PRINCIPAL (X=Y,X=ZyY~Z) PLANES
TO LIMIT FLOT.
#¥% DEFAULT XXMAX=YYMAX=ZIMAX=1.0E+20 *x*
=k PDEFAULT XXMIN=YYMIN=ZL{MIN=-1.0E+20 **

NOMAX = MAXIMUM GRID PT. TO BE INCLUDED IN PLOT.
*% DEFAULT = 9955999999 *x

NOMIN = MINIMUM GRID PT. TO BE INCLUDED IN PLOT.
% DEFAULT = 0 %%

NELMAX = MAXIMUM ELEMENT NUMBER TO BE INCLUDED I[N PLOT.
*% DEFAULT = 99969496999 X%

NELMIN = MINIMUM ELEMENT NUMBER TGO BE INCLUDED IN PLOT.
*¥% DEFAULT = 0 *=%

RQULE SPECIFIES CONTROL OPTION AFTER PLOT IS CUMPLETE.

KUDE Oy LAST PLOUT, EXIT FRUM PROGRAM.

1+ READ ANUTHER NAMELIST PICT.

2+ READ A NEW SET UF DILSPLACEMENT ODATA, INCLUDING A

" CASE IDENTIFICATION CARD IFf PRESENT.
39 READ A COMPLETE NEwW SET OF INPUT DATA,
INCLUDING A TITLE CARD.
*% DEFAULT = Q0 **

OO OO OO CO OO E o

THE AoJuviE COMPRISES A CUMPLETE BASIC SET UF INPUT DATA IF

KOt = 0 IN $PICT. FOR KOOE = 1y 2y OR 3, ADDITIONAL SECTIONS OF
THE BASIC DECK MUST BE REPEATED. THE DECK MUST END WITH

NAMEL IST $PILT HAVING KUODE = 0.

e o o e % ok X% 3k ok ke e 2 sk sk ok e s o oo ok b ot i e ok o oboolk o e o o e 4 o e o o ok e ok ok ko o X ot o o ok ok e otk o ool o ok o e B ol o o ok ke X

DESCRIPTIGN CF ORAPHICS SUBROUTINES

GRAPHICS USED BY FOLLOWING CALLED BY FOLLOWING
SUBROUTINE PLCTTING DEVICE PROGRAM SUBROUTINES
CALCGMP caLCcGMP INITAL
LERDY CALCCMP ENITAL
PSEUUO . VARIAN INITAL
CDC250 CRT INITAL

cCcCoOCC o000 oGO aae

[
[ <]
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CALPLT
NJTATE
NUMBER
NFRAME
NEXT

MES AuLE
PAKAMS

KFORMAT

PURPOSE

UsE

CUMMENT S

PURPGSE

Ust

COMMENTS

PURPUSE

UsE

PURPOSE

USE

APPENDIX B — Continued

CALCOMP o VARTANCRT MAIN,CCRT34PSTOP+PLOT +GARROW
CALCOMP,yVARIANCRT MAILN

CALCOMP,VARIAN,CRT PLOT,NOLET

VARIAN PLOT

CRT MAINyCCRT1,CCRT24,CCRT3

CRT MAINsCCRT1,CCRTZ24CCRT3

CRT CCRT1

CRT CCRT1

SUBROUTINE CALCOMP

THIS IS THE NURMAL MODE PROCESSOR. THE NECESSARY
PARAMETERS AND LINKAGE ARE SET UP TO OUTPUT A TAPE
FOR THE CALCUGMP 780/763 0.010/0.005-INCH STEP PLOTTER.
CALL CALCCMP
THIS CALL MUST BE GIVEN BEFURE THE FIRST CALL TO A
PLOTTING ROUTINE.

SUBKGUTINE LEROY
THE PARAMETERS NECESSARY TUO ACCUOMODATE PLOUOTTING WITH THE
LIQUID INK PEN ARE SET UP BY CALL LEROY.
CaLt LERQY
THIS CALL SHOULOU OnNLY BE USED WITH THE'CALCGMP PROCESSOR.
In AUODITVICN TC REDUCING THE SPEED OF THE PLOTTER FOR

ALL PLUTTING MOVEMENTSy THE NUMBER OF PLOT VECTORS IN ANY
ANNOTATION IS CONSIUERABLY INCREASED.

SUBRLUTINE PSEUDD

INITIALIZES PLOT VECTOR FILE FOR VARIAN PLOTTER

CALL PSEUDD

SUBROUTINE CDBC250

INITIALIZES CATHODE RAY TUBE CUNSOLE.

CALL CDCZ250

39
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PUKPUSE

USE

CUMMENTS

PURPJSE

APPENDIX B - Continued

" SUBROUTINE CALPLT

TO MOVE THE PLOTTER PEN TO A NEW LOCATION WITH PEN UP
Of DOOWN AND TO SIGNAL THE END OF A JOB SEGMENTY BY
INCREMENTING THE BLOCK ADDRESS NUMBER.

CALL CALPLT(X,Y,IPEN)

WHERE
XY ARE THE FLOATING POINT VALUES FOR PEN MUVEMENT.
IPEN = 2 PEN DOWN

= 3 PEN UP

NEGATIVE IPEN WILL ASSIGN X=0, Y=0

AS THE LOCATION OGF THE PEN AFTER MOVING THE
XsY (CREATE A NEW REFERENCE POINT) AND
INCREASE THE BLUCK NUMBER BY ONE.

ALL X AND Y CUORDINATES MUST BE EXPRESSED AS FLOATING
PUGINT INCHES (ACTUAL PAGE DIMENSIONS) IN DEFLECTIGN FROM
THE URIGIN.

SUBRGUTINE NOUTATE

TO DRAW ALPHANUMERLC INFORMATIUN FOR ANNOTATION AND LABELIN
AND PROVIDE SPECIAL CENTERED SYMBOLS FOR ANNOTATICN GF
ODATA POINTS.

CALL NOTATEU(XsYyHELGHT yBCD, THETA,N)
WRERE

XY ARE THE FLOATING POINT PAGE COORDINATES OF THE
FIRST CHARACTER. FOR ALPHANUMERIC CHARACTERS
THE COORDINATES OF THE LOWER LEFT-HAND CORNER
OF THE CHARACTERS ARE SPECIFIED.

HETGHT SPECIFIES CHARACTER SIZE AND SPACING IN FLOATING
POINT INCHES FOR A FULL-SIZE CHARACTER. THE
WIDTH OF A CHARACTER WILL BE (4/7)*%HEIGHT AND THE
SPACE BETWEEN CHARACTERS IS (2/T7)*HEIGHT.

BCU IS THt STRING OF ALPHANUMERIC CHARACTERS TO BE
DRAWN. ‘

THETA IS THE ANGLE LN FLOATING PUINT DEGREES AT WHICH
THE INFORMATIUON IS TO BE DRAWN.

N IS THE NUMBER OF CHARACTERS, INCLUDING BLANKS, IN
THE LABEL.
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PURPGSE

USE

COMMENTS

PURPUSE

USE

PURPUSE

Use

APPENDIX B - Continued
SUBRGUT INE NUMBER

TU CONVERT A FLOATING NUMBER TO BCD {(EXPRESSED IN
F FCURMAT), AND DRAW. THE RESULTING APLHANUMERIC CHARACTERS.

CALL NUMBER(X Yo SIZE4FPNyTHETAsN)

WHERE
Xe Y ARE THE CUORDINATES IN FLOATING POINT INCHES
: CF THE LEFRT LOWER CORNER OF THE FIRST DIGIT
OF ouTPUT.
SIZE IS THE HELGHY OF THE PLOTTED NUMBER IN FLOATING
PGINT INCHES.
FPN IS THE FLDATING POINT NUMBER TO BE DRAWN.,
THETA IS5 THE ANGLE IN FLOATING POINT DEGREES AT WHICH
THE NUMBER [S TUO BE DKRAWN.
N IS THE NUMBER OF DECIMAL DIGITS TO THE RIGHT
GF THE DECIMAL POINT FOR OUTPUT.
N = =1 AND N = 0 BOTH SPECIFY NO DECTMAL PLACES,

HOWEVERy -1 SUPPRESSES THE DECIMAL PUINT.,
THE NUMBER IS RESTRICTED TO A MAXIMUM OF 12 DIGITS.

THRE RUUTINE TRKUNCATES THE FLOATING POINT NUMBER AT THE
REQUIRED DBECIMAL PLACE.

SUBRCUTINE NFRAME

USED BY VARIAN PLGTTER TU ADVANCE PLOTTING FRAME.

CALL NFRAME

SUBRCUT INE NEXT

PROVIDES A BREAK POINT OR HALT DURING APPLICATION PROGRAM
EXECUTION. OPEKATOR MUST PRESS FUNCTION KEY TO RESUME,
AND NUMBER OF KEY LS RETURNED IN CALLING PARAMETER.

CALL NEXT{NKEY)

WHERE

NKEY IS NUMBER OF FUNCTIUN KEY PRESSED.

41
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PURPUSE

use

PUKPUJSE

USE

COMMENTS

PURPUSE

UsStE

RETURN
END UF DOCMNT

APPENDIX B — Continued

SUBRCUTINE MESAGE

PRCVIDES THE CAPABILLITY TO DISPLAY A MESSAGE ON THE CRT250.

CALL MESAGE(1,8CD,N)
WHERE
I INUICATES INTENSITY UF CHARACTER DISPLAY.

BCD IS ADDRESS OF ARRAY CUNTAINING THE MESSAGE
IN HCLLERITH FORM,

N IS THE NUMBER OF CHARACTERS IN THE MESSAGE (LESS THAN
SUBRUUTINE PARAMS

USEC TU GENERATE A TABLE OF SYM3GLIC NAMES THAT CAN BE

ACCESSED USING THE ALPHANUMERIC KEYBUARD ON THE CRT250.

CALL PARAMS(BCD,VARI}

WHERE

BCD IS THE HULLERITH REPRESENTATIGN OF SYMBOLIC NAME.

VAR 1S PRCUGRAM VARIABLE REFERRED TO B8E SYMB0LIC NAME.

UP TU 3 PAIRS GF VARIABLES MAY BE SPECIFIED IN A SINGLE

CALL TO PARAMS. TABLE HAS CAPACITY FOR 42 PAIRS.

SUBRUUTINE KFORMAT

ALLCWS PROGRAMMER TO CHANGE FORMAT FOR KEYBOARD INPUT.

CALL KFUORMAT(NHBCD?

WHERE

N IS THE NUMBER OF CHARACTERS IN BCD.
H 15 REQUIRED.

BCD IS THE REQUIRED FORMAT (I14,F4.2+A10,ETC.)
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APPENDIX B — Continued

SUBRUUTINE CCRT1

*&% FUR CHANGING VALUES INPUT BY $PICT USING CRT.

CUMMON/CONTRL/ KGEOMsKDATA)KPLOT yKSYMXY o KSYMXZyKSYMYZ,NCTAT s XLHT,
LKHORZ yKVERT yPHL y THETA,PSI yNEWFR, ISCALE,PLOTSZyXORGNy YORGN,
2PSCALEYKDISP,UMAGKODE

CUMMUN/Z/LIMITSYZ XXMAXyYYMAX 9 ZZMAX 9 XXMINsYYMINSZZMINy NOMAX y NDMIN,
INELMAX,NELMIN

COMMUN/ SAVEV/ DMAGS ,IOMAG

¥¥x FOR INTEGER CUNTRUOL VALUES

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
catdi
CaLL
CALL
CALL
CALL
CALL
CALL
CALL

KFORMAT(3HILO)

PARAMS

PARAMS (5LKHURZ yKHORZ ¢ SLKVERT ¢KVERT)

PARAMS (SLNEWFR yNEWFR,6LISCALE, ISCALE)
PARAMS{S5LNCTAT »NOTAT,5LKDISP,KDISP,5LIDMAG, IDMAG)
PARAMS(OLKSYMXY sKSYMXY 96 LKSYMXZ s KSYMXZ yO6LKSYMYZoKSYMYZ)
PARAMS {S5LNDMAX sy NDMAXs SLNDMIN, NDMIN)
PARAMS(OLNELMAXyNELMAX y6LNELMINyNELMIN)
MESAGE(1+32HTO CHANGE INTEGER CONTROL VALUES,32)
MESAGE(1413FVARIABLES ARE,13)

MESAGE({ 1+ 27THKHGRZy KVERT, NEWFR, ISCALE,27}
MESAGE( 14 19HNOTAT, KDISP, IDMAG,19)
MESAGE( L9 22HKSYMXYy KSYMXZ, KSYMYZ,22)
MESAGE (1, 2BHNCMAXy NUMIN, NELMAX, NELMIN,28)
MESAGE{1l+17HANY KEY CONTINUES,1T7)

NEXT (NKEY)

FUR FLJATING POINT CONTRGL VALUES

CALL
CALL
CALL

CALL

CALL
cALL
CALL
CAaLL
CALL
CALL

CALL
CALL

caLt
CALL
CALL
CALL
CALL
CALL

KECRMAT(SHF10.3)

PARAMS

PARAMSE3LYAW PSTIy4LROLLyPHI y5LPLTCH,,THETA)
PARAMS LOLPLOTSLyPLUTSZy6LPSCALE,PSCALE)
PAKAMS (5L XORGN y XURGN 3 5L YORGNiy YORGN )

PARAMS {5LDMAGS y DMAGS)

PARAMS (4L XL KTy XLHT)

PARAMS (5LXXMAX s XXMAX 9 SLXXMINg XXMIN)

PARAMS [SLYYMAX» YYMAX e SLYYMINYYMIN)
PARAMS{SLZLMAX ¢ LIMAXySLLIMINYZZMINI

MESAGE(139HTO CHANGE FLOATING PCINT CONTROL VALUES,39)
MESAGE(Ly 13FVARIABLES ARE,13)

MESAGE{1,32HYAwy ROLL, PITCH, PLOTSZ,y PSCALE,32)
MESALE(Ly 25EX0RGN, YORGN,y, DMAGSs XLHT,25)
MESAGE( Ly LIHXXMAXy YYHAAX, ZZMAX,19)
MESAGE(L s LIHXXMINy YYMIN, ZIZMIN,19)
MESAGE (14 L7HANY KEY CUNTINUES,17)

NE XTINKEY) '

KETURN
END OF CCRTL
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APPENDIX B - Continued

SUBRGUTLNE CCRTZ2
*%% FOR SELECTING CUNTRGL OPTION, KODEs AT END OF JOB USING CRT.

COMMON/ CONTRL/ KGEOMyKDATA,KPLOT KSYMXY ,KSYMXL KSYMYZ ,NOTAT 3 XLHT,
IKHORKZ ¢y KVERT yPHI ¢ THETA4PSI ¢yNEWFRy LSCALE,PLOTSZ yXORGN ¢y YORGNy
2PSCALEKDISP,DMAG,KODE

L0 CONTINUE

CALL MESAGE(L,1H -1}

CALL MESAGE(L,32KFN KEY 12 TU ALTER EXISTLNG PLOT,32)

CALL MESAGE(1l,42HFN KEY 24 TU READ NEW SET OF DISPLACEMENTS,42)

CALL MESAGE(1,37HFN KEY 36 TO READ A COMPLETE NEW CASE,37)

CALL MESAGE( 1y 18HFN KEY 48 ENDS J0B,18)

CALL NEXTUNKEY)

KODE = 10

IFINKEY.EQ.48) KGDE

IF(NKEY .EQ.12) KUOE

IF(NKEY.Euw.24) KODE

IF{NKEY.EQ.36) KCOE

[F(R0ODEL.EQ.10) GG TO 1

KRETURN

ENLD OF CCRTZ2

ool

SUBROUTINE CCRT3
*¥%% RecMINDER TO PUT EOF ON PLOT FILE WHEN USING CRT.

CALL MESAGE(LlsLlH 41)

CALL MESAGE{Lls45KHLAST REMINDER TO PUT EOF ON PLOT FILEs IF ANY,45)
CALL MESAGE(Ly1lH 411}

CALL MESAGE(l,40RC0 IT AT NEXT PLOT FILE COMPLETE MESSAGE,.40)

CALL MESAGE(1lyLlH 41)

CALL MESAGE(l,17THANY KEY CUNTINUES,17)

CALL NEXTINKEY)

CALL CALPLT(12.090.0,-3)

RETURN

END OF CCRT3

SUBRUUTINE PSTOP
*¥% 7O TERMINATE JuUB.

CUMMUN/CONTRL/ KGEGMyKDATAZKPLOT o KSYMXY  KSYMXZoKSYMY Z9yNOTAT ¢ XLHT,
LKHURZ yKVERT yPHI s THETAyPST o NEWFR s LSCALEPLOTSZ y XORGN » YORGN
2PSCALE,KDISP,UMAG,KODE

CALL CALPLT(0.040.0,999)

IF{KPLUT.EWe4) CALL CCRT3

STGp

END OF PStop



APPENDIX B — Continued

SUBRGUTINE INITAL

C
C %¥% TU SET UP VALUES FOR CONTROL PARAMETERS
C .

COMMON/ CUNTRL/ KGECM,KDATA KPLOT yKSYMXY,KSYMXZyKSYMYZ 4yNOTAT 3 XLHT,
LRHUORZ yRVERT yPHI s THETA,PSI ¢y NEWFRy I SCALE,PLOTSZ yXORGNy YORGN
2PSCALEKD ISP ,UMAG sKUDE

COMMON/LIMITS/ XXMAX,YYMAXyZZMAX g XXMINsYYMINgZLMINys NDMAXs NOMIN,
INELMAXy NELMIN

COMMUN/ CORGN/ XCABS s YOABS XPMAX,XSPACE,PSIZE

COMMON/ SAVEV/ DMAGS, IUMAG

COMMON/ KDUNT/ NNCLENNDEST4NUDISPNVDISP,NWDISP

COMMON/ SEGNCE/ TRESEW

COMMUON/VALUES/ NVALUS

COMMON/CASEIUD/ TUCASE

NAMELIST/UPTIUN/ NNDEST yNUDISP yNVDISPsNWCISP,
LKGEUOM,KDATANVALUS,y IRESEQKPLOTyXSPACE,PS1ZE,IDCASE

L

C ®%% DESCRIPTIUN GF VALUES IN $OPTION GIVEN.IN SUBROUTINE DOCMNT
C

C

C *xx Ty SET UEFAULT VALUES FGOR $CPTION

C

NNDEST = 200

NUDISP = 0

NVDISP = 0
NaADLSP = 0

KGeOM = 1

KDATA = 1

NVALUS = 0O

IRESEQ =1
KPLOT = 1

XSPACE = 10.0
PSIZE = 25.0

IOCASE = 0

C
C *%% T SET ODeFAULT VALUES FCR s$PICT
C

KHORL = 1
KVERT = 2
PHI = 0.0
THETA = 0.0 S

PSI = 0.0

NEWFR = 1

[SCALE = 1

PLUTSZ = 10.0

XURGN = 0.0

YOROGN = 0.0

PSCALE = 1.0
NUTAT = 0O

XLHT = 0.15
KDISP = 0

IOMAL = 2

OMAGS = 1.0

KSYMAY = 0
KSYMXZ = 0
KSYMYZ = O

XXMAX = 1.0E20
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APPENDIX B - Continued

YYMAX = L.OE20
LIMAX = 1.0E20
XXMIN = -1.0E20
YYMIN = —1.0E20
ZZMIN = -1.0E20
NDMAX = 9999999999
NDMIN = O

NELMAX = 39995999999
NELMIN = 0 '
KODE = O

READ{S5,0PTIUN)

IF(L0F,5) 100,200

CUNTINUE

CALL PSTQP

CUNTINUE

IFIKPLOT.LEL2) CALL CALCOMP
IF{KPLOT.EQ.2) CALL LEROQY
IF(KPLUT.EQ.3} CALL PSEUDO
IFIKPLUT.EQ.4) CALL CDCgs0
WRITELOOPYION)

RETURN

END uf INITAL



APPENDIX B — Continued

SUBRUOUTINE GEGMLINUMPT ¢ XPT,YPT,ZPT,UPT,VPT,WPT)
C .
C *x¥x TU READ GRID POINT INFORMATION AND ELEMENTS
C *%%¥ FRUM CARDS WITH USER SPECIFIED FORMAT.
c
COMMON/CONTRL/ KGEOMsKDATA, KPLOT y KSYMXY yKSYMXZyKSYMYZ pNUTAT o XLHT,
LKHORZ 4 KVERT yPHI » THETA)PSI yNEWFRyISCALEPLOTSZ 4 XORGN 9 YORGN .
2PSCALE»KDISP»DMAG»KODE
COMMON/KUUNT/ NNODE yNNDESTsNUDISPHNVDISP,NWDISP
COMMON/ SEQNCE/ 1IRESEQ )
DIMENSION NUMPT(L) o XPTUL),YPT(L)4ZPTLL)UPT(L) VPT(L),wPT(1)
DIMENSLOUN ABCD(8)
OIMENSION FORMT(7)
DiMENSIGN NUDE(4)

REWIND 10

TEST1 = LOHENDGRID
TEST2 = 10HENUGEGM
TeEST4 = 1LOHFORMAT

C .
C *¥x TU READ GRID INFORMATIGN
C .

100 CUNTINUE
READ(5,10) ABCD
10 FURMAT(BALO) ‘
IFIASCLU(L).EQ.TESTL) GO TO 1000
IF(ABCU(1).EG.TEST4) 50460
50 CONTINUE
DECUDE(80,55,A4BCD} FORMT
55 FORMAT( 10X, 7A10)
GU TU 100
60 CONTINUE
NNUDE = NNUDE+1
DECOUE( d0,FORMT 4 ABCD) NUMPT (NNODE) » XPT{NNODE) 5 YPT (NNODE)
Ly LPTINNODE)
GG TO 100
1000 CUNTINUE

L % TU READ ELEMENT CONNECTION INFCRMATION

200 CONTINUE
KEAU(5,104 ABCD
IFCAaBLD(l).EQ.TEST2)} 275,285
275 CUNTINUE
END FILE 10
GO Tu 2000
285 CONTINUE
[F{ABCO(L)<EQ.TEST4) 25Cy200
250 CONTINUE
DECUDE(BU,55,ABC0) FORMT
Gu TU 200
260 CONTINUE
lbum = 1
vECUUC( 80, FORMT,,ABCU) NUMEL NODEL ,NUDE2,NODE3 ,NODE4
IFIIRESEQ.NE.1) GO Tu 700
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C #*x%x TU RENUMBEK ELEMENT NODES

C

48

511

510

500

550

700

2900

NUDE(L1) = NUDEL
NODE{(Z2) = NODEZ2
NODE(3) = NODE3
NODE(4) = NODLE4

DO 500 I=1,4%

IF(NODE(I}.EQ.O) GO TO 550

DO 510 J=1,NNODE
IF(NODEUL)+EQ.NUMPT{J))} 511,510
CONTINUE

NUDELIL) = J

GO0 TU 500

CONTINUE

CONTINUE

CONTINUE

NUDEL
NOvEZ2
NUODE3
NODES
CONTINUE

CALL RECOUT(L1Gs15,0,NUMEL ¢ NODELyNIDE 24 NODE3+NODES)
Gu TO 200

CONTINUE

RETURN

END UF GEuUML

NODE(11}
NODE({2)
NODE(3)
NODE(4)

oWk
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10

L5
800

50

60
111

61

62

63

o4
65

{0

C #%x%

100

APPENDIX B — Continued
SUBRUOUTINE GEOGMZ2 (NUMPT 4 XPT s YPT,,ZPT UPT,VPT,WPT)
FOR INPUT OF NASTRAN DECK TO DESCRIBE GEGMETRY.

CUMMON/CONTRL/ KGEGMoKDATA,KPLGT s KSYMXY sKSYMXZyKSYMYZ,NOTAT ¢ XLHT,
LKHGRZyKVERT yPHI g THETA4PSI yNEWFRI.SCALE,PLOTSZ, XORGN ¢ YURGN y
2P SCALE,KDISP,DMAG,KODE

COMMON/ SEQNCE/ IRESEQ

CUMMUN/KOUNT/ NNODE yNNDEST,NUDISP NVL ISPy NWDLSP

DIMENSIUN NUMPT (L) o XPTAL)sYPT{L1)oZPT(1)oUPT(L)sVPT{L)sWPT{1)
DIMENSIUN ABCD(8)

DIMENSIGN NODE (4)

DIMENSION LINEEL{9)TRIAELI9),QUADEL(9)

FURMAT(BAL0)

REWIND 9

TESTU
TESTL
TESTe
TESTS

10H
10HGRI1D
LOHLINEEL
10HTRIAEL
TeESTA 1OHJIUADEL
TESTS 1OHENDGECM
DO 15 1=1+9
LINEEL(I)
TRIAEL( L)
QUADEL( T
CONTINUE
CUNTINUE
READ(5,10) ABCO
DECODE(80+50+ABCDO) WORD1

FOURMAT(AB)

IF(WO0RDL.EWLTESTO) GU TO 800
IF(WORD1.EQ.TESTL) GO TO 100
IF({WIRVD1.EW.TESTZ2) 60461 )
DECUDE(BOs111,ABCU) (LINEEL(L)+I=1+9)
FORMAT(8X99A8)

GU To 800

CONTIRUE

IF(WURDLEQ.TEST3) 62+63
ODECODE(80,111,ABCE) (TRIAEL(I)1=1,9)
66 TU 800

CONTINUE

IF(WORVD1.EQ.TEST4) 064465
DECOUE{(604,111,ABCD) (QUADEL(I)s1=1,+9)
Gu TU 3800

CONTINUE

DO 70 [=1+9

IF(WORD1EQaLINEEL(I)) GG TO 200
IF(WORU1.EQ.TRIAEL(L)) GU TG 300
IF{WUORD1.EGQUADEL(I)) GO TG 400
CONTINUE

IF(WURDLI.EQ.TESTS) GG TO 2000

G0 TO 80O

[T I I TR TR 1}

10H
10H
10H

~
TU READ GRID CARDS

CONTINUE

NNODE = NNODE+1 :

DECUDE(80,101,ABCD) NUMPT{NNCODE) +XPT{NNOGE) » YPT(NNODE)
L+ ZPTINNGDE)

49



101

ok

O C

200

201

T

o ¢

250

251

%%

O

300

301

k%

[aN el g

400

401

2000

50

APPENDIX B — Continued

FORMAT(B8X yA8+3X4y3F8.0)
CALL IRITE(NUMPT(NNGDE))
Gu Tu 800

TU REAu CARDS CONTAINING ELEMENTS WITH 2 GRID POINTS

CONTINUE

TESTLOU = 1OHPLOTEL
IF(WURUl.EQ.TESTLO00) GO TO 250
DECODE(B09201 4ABLL) NEL /NDL4ND2
FORMAT(8X,A8,8Xy2A8)

CALL IRITE{NEL)

CALL IRITE(NDL)

CALL IRITE(NDZ)

NU3 = 0

ND4 = O

CALL RECUUT (99 LsO+NELINDLIND2yND3yND4)
GG TJ 800

TG R£AD PLUTEL CARDS

CONTINUE
DECOUE(B0+251yABCU) NELNDLyND2
FORMAT(B8Xs3A8)
CALL IRITE(CNEL)
CALL IRITE(NDL)
CALL IRITE(NDZI
3 0

ND3 =

ND4 = O

CALL RECOUT(991+0sNELJNDL/ND2yND3+ND4)
GU TGO 800

TO READ CARDS CONTAINING ELEMENTS WITH 3 GRID POINTS

CUNTINUE

DECUDE(B04+301,ABCD) NELND1,ND2,ND3
FORMAT(8X1A896Xy3A81)

CALL IRITE(NEL)

CALL IRITE(ND1)

CALL IRITE(NDZ)

CALL IRITE(ND3)

ND4 = O
CaLL RECOUT(94+L4O+NEL+NDL+NC2¢NDIyND4)
60 Tu 800

TO READ CARDS CCONTAINING ELEMENTS WITH 4 GRID POINTS

CUNTINUE

DECGUE(B0+40L1ABCO) NELyNDUL 4ND2,ND3,ND4
FORMAT(B8X1AB+18X14A8)

CALL IRITECNEL)

CALL IRITE(NDL)

CALL IRITE(NDZ)

CALL IRITE(ND3I

CALL IRITE(NDA)

CALL RECOUT(9,1,0yNELyNDLyNDG2,ND3,ND4)
GU TO 800

CUNTINUE

END FILE 9
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C #*%% TO RcNUMBER ELEMENT NODES AND WRITE ON TAPE 10

¢

510

500

550

700

450

REWIND 9

REWIND 10

CUONTINUE

CALL RECIN(9414+5¢NUMEL ¢y NODEL1NODE2,NODE3,NODE4)
IF(ETF,9) 450,451

CONTINUE

IFLIRESEQ.NE.1) GO TO 700
NOUDE(1) = NUDEL

NODE(2) = NODE2

NUDE(3) = NODE3

NODE(4) = NODE4

DU 500U I=1,4

IF(NUDE(I).EQ.Q) GL TO 550

VU 510 J=1,NNODE
IFINOUEL{ D). EQ.NUMPT({U)}) 511,510
CONTINUE

NUDE(I) = J

60 TG 500

CONTINUE

CUNTINUE

CUNTINUE

NUDEL
NUDEZ
NODE3
NOUES4
CUNTINUE

CALL RECUOUT(LOy1909NUMELyNODEL yNODE 2y NUDE3,NODES)
GU Tu 600

CUNT INUE

END FILE 10

RETURN

END OF GEUMZ

NUDE( L)
NGDE(2)
NOODE(3)
NODE(4)
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SUBRUUTINE ITIRITE(NUM)
TU RIGHT ADJUST INTEGERS IN A FIELD WIDTH OF EIGHT

DIMENSION N(8)

LANK = 1H

DECOUDE( 8, 1sNUM) NSAVE
FORMAT(18)

DECODE(892,NUM) (N(L),1=1,8)
FURMAT(BAL)

D0 10 [=1,8

fI = 9~1

IF(N(IT).NE.LANK)} GO TO 20
CONTINUE

NUM = NSAVE/Z(10%%(8-11))
RETURN

END OF IRITE

SUBROUTINE GEOMIINUMPT ¢ XPTsYPT9ZiPToyUPT,VPT,WPT)

#%% USER SUPPLIED GEGMETRY INPUT SUBROUTINE.,

CUMMON/ CONTRL/ KGEOM,KDATA,KPLOTyKSYMXY  KSYMXZ yKSYMYZ,NOTAT o XLHT,
LKHORZ ¢ KVERT yPHI s THETAPST ¢NEWFRsISCALE,PLOTSZ s XORGN ¢ YORGN
2PSCALE.KDISP+DMAG+KODE '

COMMON/KOUNT/ NNOUE NNDEST o NUDISP4NVDISP4NWDISP _

DIMENSION NUMPT{L) o XPTLL) »YPT(L}2PTU{LIUPT{L1),VPT(L),WPT(1L)

%% [NSERT RUUTINE HERE

RETURN
END OF GEOM9
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APPENDIX B — Continued
SUBROUTINE BOUNDINUMPT 4 XPTyYPTyiPT UPT,,VPT,WPT)

T
TO DETERMINE MAXIMUM DIMENSIONAL LIMITS GOF BODY FOR USE
IN SCALING PLOTS

COMMON/CUNTRL/ KGEOM KDATAKPLOT KSYMXY ¢ KSYMXZoKSYMYZ 4 NOTAT 9 XLHT,
LKHORZ yKVERT yPHIL s TRETA,PST yNEWFRy I.SCALE+PLOTSZ » XORUN,y YORGN y
2PSCALE+KDISP,DMAG,KODE

COMMON/LIMITS/ XXMAKXsYYMAX ZLMAXy XXMINgYYMINS ZZMIN, NDMAX, NDMIN,
INELMAX, NELMIN

COMMUN/ZXYZLIM/ XYZMAX(3) XY ZIMIN(3)

COMMON/KOUNT/ NNGDE +NNDEST o NUDISP ¢NVDLSP 4 NWDILSP

UDIMENSIUON NUMPT(L) oXPTUL) oYPTLL) - ZPTLL)yUPTLL)oVPT(L1),WPT(1)
DIMENSION NGODE(4)

DG 5 I=193
XYZMINTU L)
XYZIMAX( T
CONTINUE
ReWiIND 10
CUNTINUE
CALL RtuIN(lO.1.SpNUMELyNUDEI,NO&EZvNDDE3yNODE4)
IF{EUF,10) 1000,200

+1.UE20
-1.0E20

now

CUNTINUE

IFINUMEL LT NELMINSORSNUMEL.GT.NELMAX) 60 TO 100
NODE(1l) = RNODEL

NODE(Z2) = NGDe2

NODE(3) = NUDE3

NUODUE(4) = NUDE4

DU 10 1=1.+4

ND = NUUDE(I).

IFINODE(I) EQ.Q) GU TO 15
IFINUMPTIND) LT .NOMINJORLNUMPT{ND).GT.NDMAX) GO TO 100
CUNTINUE

CunNTINUE

DO 20 [=1+4

IF(NCDE(IJ).EQ.T) GU TU 25

ND = NOUDE(IL)
[IF(XPTIND)GToXXMAX) GO TO 20
IF(XPTINU)LLTLXXMIN) GO TO 20
IFIYPT(ND).GT.YYMAX) GO TO 20
IFIYPTIND) LT.YYMIN) GU TO 20
[F{LPTIND).GT.ZZMAX) GO TO 20

IF(ZPT(ND) LTLZZMIN) GO TO 20
IF(XPTIND).GToXYZMAX{L)) XYZIMAX(L)

= XPT(ND)
IF(XPTIND) LT XYZMIN(L)) XYZIMINI1) = XPT{ND)
IFIYPTIND)sGT o XYLMAX(2)) XYZMAX(2) = YPT(IND)
IFCYPTIND) LT XYZMINLZ) ) XYZIMINL2) = YPTIND)
IF(ZPTIND) L OTLXYZIMAK(3)) XYZMAX{3) = ZPT(NDI
LEOZPTIND) (LT XYZMIN(3)) XYZMIN(3) = ZPT(ND)
CUNTINUE
CONTINUE
0 TO 100
CONTINUE

DO 300 I=1,3

IF{I.EQel sAND.KSYMYZ.NEL1) GO YO 300

IF(leEQe2.AND. KSYMXZ.NELL1) GO TO 300 -
IF{I.EQ+3.AND.KSYMXY.NE.L1) GU TG 300
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AYLBLG = AbSEXYZIMAX(I))
IFCABSIXYZMINCIN) JGT.XYLBIG) XYZBIG = ABSIXYZMIN(L))

KYLMAK(T) = XYZolG
XYZAIN(IL) = -XYIBIG
CUNTINUE

KRETUKN

cNU UF BOUND

SUBROUTINE ZEROD(NUMPT,, XPT,YPTZPT,UPTVPT,WPT)
INITLALIZES ALL UISPLACEMENTS TOU ZEROQ.

COMMUN/KOUNT/ NNUDE yNNDEST ¢NUDISPoNVDISP,NWDISP
DIMENSION NUMPTOLI o XPTCL)oYPT(L)9:ZPT(LI»UPT(L} VPT(L) WPT(1]}
IF(NUDLSP.EQ.O) GG TO 200

DU 150 I=1sNuUbnIiIsSP

UP1(I) = 0.0

CONTINVE

CONTINUE

IFINVDISP.EG.0) GO TO 300

U0 250 I=1,NVUISP

VPTI(L) = 0.0

CONTINUE

CONTINUE

IFINWDISP.EQ.D) GO TO 400

DU 350 [=1,NWDISP

WPT{L)l = 0.0

CUNTINUE

CONTINUE

RETURN

END OF LERUD
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APPENDIX B — Continued
SUBRUOUT INE DATALINUMPT ¢4 XPT s YPT4ZPTUPTVPT,,wPT)

TU READ DISPLACEMENT DATA FROM CARDS
wlTH USER SPECIFIED FURMAT.

CUMMON/CONTRL/ KGEOMyKDATASKPLOTyKSYMXY o KSYMXZyKSYMYZ o NOTAT ¢ XLHT,
LKHORZ yKVERT yPHI s THETAyPSIyNEWFRyI.SCALE PLOTSZ y XORGNy YURGN
2PSCALESKDISP,DMAG,KODE

CUOMMON/ KOUNT/ NNCDEyNNDEST o NUDISPNVDISP,NwWDISP

CUOMMUN/ ScJNCE/ IRESEW

DIMENSION NUMPT(L) o XPTUL)yYPTUL)p:dPT(L)yUPT(L)yVPTLL), HPT(I)

CIMENSION ABCD(8)

DIMENSION FORMT(T)

DIMENSIUN ISAVI10),0S5AvV(10,+3)

FORMAT(B8AL0)

Ty READ DISPLACEMENT INFGRMATION

TEST = oHFURMAT

REAV(5,10) ABCD

DECOUEL18D+45,ABC0) nWURDIKVALU

FURMAT(A641X,11)

IF(KVALU<EWw.Q) KVALU = 1

IF{WORD.EJ.TEST) 300,200

wkITE(0,20)

FURMAT (L1HLs/7// 20X % SURRY, FURMAT FOR DATA NOT GIVEN%)
STOP

CONTINUE

UECJUE(B8D450sABCD) FORMT 7

FORMAT (10X, 7A10)
CONTINUE

KOUNT = 0

IriNULISP «NELD) KOUNT
IFI(NVUISPLNEL.O) KOUNT KGOUNT + 1

IFINAULISP NELOJ) KOUNT KOUNT+1

KEAULS,y FURMT) (ISAVIK) y(DSAVIKsI)y1=1+KOUNT },K=1,KVALU)
DU 400 K=1l,KVALU

IDUM = 1SAV(K)

IF(IDUMEQ.0) U TG L1000

IFUIRESEQe.iNELL) GG TO 700

KOUNT+ L

hoaton

FOR RESEQUENCED GRID POUINTS

DU 500 J=1oNNGDE
[FINUNMPT(U) JEQ.TUUM) 501,500
CUNTINUE

KJUNT = 1
IF{NUDISP.NELG) 6104620
UPT(d) = 05AV(K,KDUNT)
KOUNT = KOUNT+1
CONTINUE
LEUINVUISP.NELU) 630,040
veTiJdl = DSAVIK,KCUNT)
KGUNT = KUUNT+1
CONTINUE
Ir{NAUISP.NELO) 650,660
wPT(J) = USAVIK,KOUNT)
CunTiNUE
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GO 1O 550
CONTINJE
CONTINUE
U TO 400
CONTINUE

FOR NO RESEQUENCE OF GRID PUINTS

KOUNT = 1

IF{NUDISP.NELO) 1610+1620
UPT{IDUM) = DSAVIK,KOUNT)
KUOUNT = KOUNT+1

COUNTINUE

IFI(NVUISP.NELD) 1630,1640
VPT(10UM) = DSAVIK,KUOUNT)
KOUNT = KJUUNT+1

CUNTINUE

IF(NADISP.NELU} 1650¢1060
WPT(1DUM) = DSAVIK,KOUNT)
CUNTINUE

CUNTINUE

GU TO 100

CUNTINUE

RETURN

END UF DATAL
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SUBROUT INE DATAS(NUMPfyXPT'YPT.ZPT,UPT,VPT.WPT)
TU Riab DISPLACEMENT UATA FROM TAPEZ2O0.

COMMUN/CUNTRL/ KGEUM KDATAy KPLOTyiKSYMXY ¢ KSYMXZoKSYMYZ ¢ NOTAT o XLHT,
IKHURZ 9 KVERT yPHE 2+ THETAWPSTyNEWFRHyISCALEPLUTSL ¢ XORGN o YORGN
2PSCALE,KDISP,DMAG,KUDE

CUMMUN/ KOUNT/ NNODE yNNDEST  NGD ISPy NVD ISP+ NWDLSP

CUMMUN/ SEQNCE/ IKESEQ

COMMON/ VALUES/ NVALUS

DIMENSTION NUMPTUL) o XPTLL) oy YPT(L) ZPTIL)»UPT(L)sVPTI{L),®WPT(1)

ODIMENSIUN-DSAVIE3)

00 10 [=1,NVALUS

KUUNT = 0

IF{NUDISPJNE.J) KUUNT = KGUNT+1
ITF{NVDISP.NE.D) KOUNT = KOUNT+1
IF(NADISPANE.D) KUOUNT = KOUNT#+1

REAUDL29) 1DUM{DSAVIK) yK=14 KQUNT)
KUUNT = 1

IF(NUDISPWNELO) 610,620

UDUM = DSAVIKUUNT)

KUuUnT = KOQUNT+1

CONTINUE .

IF{NVDISPJNEO) 630,640

VOUM = OSAav{IKOUNT)

KUUNT = KUUNT+1

CunTinUE

IFINNDLISP.NELUD) 650,660

WOUM = DSAVIKUGUNT)

CONTINUE

IF{IRESEQNE«L) GU TU 550

DL 500 J=1yNNUDE

T INUMPT(J) JEu- TOUM) 5014500
CONTINUJE

1OUM = J

GU TU 550

CONTINUE

CUNTINUE

IF(NUDISP.NELG) UPT(IDUM)
IFINVODISPLNEL.G) VPT(IDUM)
IFINWDISP.NE«O) WPT(IDUM}
CUNTINUE

RETURN
END OF DATAS

UDUM
vDuM
wDUM

[T

SUBROUT INE CATAGINUMPT ¢y XPToYPT4ZPTHUPT,VPT,wPT)
USER SUPPLIED DISPLACEMENT INPUT SUBROUTINE.

COAMON/ CONTRLZ KGEOMoKDAT AgKPLOT ¢ KSYMXY s KSYMXZyhSYMYZ yNOTAT 9 XLHT .

lKHGRLyKVEKTtPH[17HETA1PSIyNEWFRflSCALE'PLOTSZ1XORGN1YORGN1
2PSCALEKDISP,UMAGKJDE

L 23

CUMMUNZ KOUNT/ NNOUE,NNDEST4NUDESP ¢NVDISP«NWDISP
DIMENSION NUMPTUL) yXPTCL)oYPTLL) o ZPTCL)2UPT(L)oVPTLL)WPTLL)

INSERT ROUTINE HERE

RETURN
END OF DATA9
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SUBRUOUI INE PNTOUTLIQUT s NUMPT pXPT»YPT, ZPTsUPT,,VPT,WPT)
C %% FUR PRINTED QUTPUT UF INFORMATION IN BLANK COMMON - 2122

CUMMUN/KOUNT/ NNODE yNNDEST o NUDISPyNVDISPNWDISP
DIMENSIUN NUMPTUL) o XPTUL)oYPTLL)»ZPTLL)»UPT(L)VPTLL)WPT(L)
GU 7O (1000,2000) IDUT

1000 CONTINUE

C *#%x FUR QUTPUT OF GELMETRY INFORMATION

WRLTE(O'lb)
lo FURMAT(///+5Xsy%GRID PUINT INFORMATION%*,//7)
WRITElo,17)
L7 FURMAT(5X s *RESEQUENCED* 44Xy *USER INPUT*/
15Xy *GRID PUINT%,5X,%GRID PCINT*/
55Xy *NUMBER* ¢ IX y *NUMBER* ¢ 1 3X g %X %y L4X % Y%y 14X %2%//)
DU 30 I=1,NNOUDE
WRITE(G913) Lo NUMPT(L) o XPTUIL) YPTLL),2PTL(I])
13 FURMAT(2X+11095X+110+3Xy3E15.4)
30 CONTINUE
WRITE(S+19)
LS FORMAT(//7 +s5X o ¥ELEMENT INFORMATION — WITH RESEQUENCED GRID PUINTS
L*//771 :
WRITE(0 211
21 FORMAT(SX g ¥RESEQUENCED* 94Xy *USER INPUT*, 19X 4%GRID PDINTS%®/
15Xy %ELEMENT % 98Xy *ELEMENT %/
LIOX g XNUMBER* g IX g *NUMBER® g L3X 9 X 1% g 9Ky ¥2% 39X g% 3%, 39X %4%/ /) -
REwWIND 10
I =0
35 CUNTINUE
I = [+1
CALL RECINM(EL1Oyleo9NUMEL NGDEL »NODEZ2 ¢NOUE3 yNODES )
IF(EUF,L0) 36,37
36 KETURN
37 CUNTLINUE
WRiTclos22) 1,NUMEL yNOUELWNUDE2,NUDE3 NCGUES
22 FORMAT(2X,110+5X41104+4X4411C)
GU Tu 35
2000 CONT{NUE
C %% FUR CQUTPUT OF DISPLACEMENT CATA
aRITE(6,210])
210 FURMATI(///3+5X+*DISPLACEMENTS TO BE PLOTTED*,///)

WRITE(6,1T)
DU 230 I=1,NNUDE

U= 0.0
LE(NUULSP.NELD) L = UPTLT)
V.= 0.0

LFINVUISP.NELD) V = VPT(I1)
W =0

IFINWDISP.NELO) W = WPT(I)

WRITELo 187 [oNUMPT (I yUsVeh
230 CONTINJUE

ReTURN

END OF PNTOUT
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SUBRUUTINE DSCALE(NUMPT yXPT YPTZPT+UPT,VPT WPT)

C *%x% THIS SUBROUTINE DETERMINES THE SCALE FACTOR FUR DISPLACEMENTS

C

i0

20

500

501

502

100

30

COMMON/CONTRL/ KGLEGM KDATA,KPLOT ¢ KSYMXY 9 KSYMXZaKSYMYZ,NOTAT 9 XLHT,
LKHORZyKVERT yPHI s THETAPSI yNEWFRyI.SCALEPLOT SZy XURGN 4 YORGN 4

2PSCALEKDISP,OMAGKODE
COMMON/ SAVEV/ UMAGSy IDMAG

COMMON/ KOUNT/ NNCDE+NNOESTyNUDISP yNVDISP,NWDISP
OIMENSION NUMPT(L) ¢ XPT(L1),YPTUL) o ZPTLL)»UPTIL)sVPTIL1)+WPTL1)
IF{KDISP.EWs V. OR.KUISPLEQ.2) GO TO 10

GU TU (10,201 IUMAG

CONTINUE

UMAG = DMAGS

GO TO 30

CONTINUE

DMAX = 0.0

DG 100 I=1,NNGDE
IF(NUVISP.EQ.0) GO TO 500
IF(ABS(UPT(I)).GT.DMAX) DMAX
CONTINUE

IFINVDISP.EG.0) GO TO 501
LF(ABS(VPT(1)) .GT.DMAX) DMAX
CONTINUE ,
IF(NGDISP.EQ.U) GO TO 502
IF(ABS(WPT(I))GT.UMAX) DMAX
CONTINUE

CUNTINUE

DOMAG = DMAGS/UMAX

CONTINUE

RETURN

END OF DSCALE

[}

ABSIUPT.LT))

ABISIVPT({I))

ABSIWPT(I))
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SUBRUUT INE PLUT(NUMPT s XPTYPT ZPT,UPT yVPT,WPT)

C
C #*%%x FOR GENERATING PLOTS.
C

COMMUN/ CONTRL/ KGEOMsKDATA,KPLOT3KSYMXY s KSYMXZsKSYMYZ,NOTAT o XLHT,
LKHORZ yKVERT yPHI s THETA,PSI ¢y NEWFR, LSCALE,PLOTSZ+XORGNyYORGN,
ZPSCALE,KDISP,DMAG,KODE

COMMON/LIMITS/ XXMAX'YYMAX,ZZMAX:XXMIN,YYMIN,LLMIN:NDMAX NDMINy
INELMAXy NELMIN

CUMMUN/ XYZLIM/ XYZIMAX{3),XYZMIN(3) )

COMMUN/ COKGN/ XGABSYOABS» XPMAXs XSPACEWPSIZE
CUMMOCN/GLOOP/ TLGOP

COMMON/ ABLK/ A(3,3)

COMMUN/KOUNT/ NNOUE ¢NNDEST,NUDISP,NVDISP,NWDISP
COMMON/PDELS/ DELX,DELY

DIMENSLON NUMPT{L) o XPTULY YPT(L)}oZPT(L}sUPTL{L)VPTLL),WPTI(1)
DIMENSTUN NODE{(4) oX{4)oY(4)9L14)y XDISP{4)+YDLSP(4),2DISP(4),
LXROT(4i,YROT(4)

DIMENSLON TEST(3)

DIMENSIGN ABCD(3)

L FORMAT(8AL0)
2 FORMAT(LXyBA10)

C *x%% TO MAKE ALL GRIUD PUINT NUMBERS NEGATIVE

DG 50 I=1,NNODE
NUMPT(L) = -NUMPTILI)
50 CUNTINUE
Pl = 3.14159206
AMOVE = 0.0
LFINEWFR.EWS1) XMOVE = XPMAX#XSPACE
YMUVE = -YUABS
CALL CALPLT(XMUVE,YMUVEv 3)
XUABS = XOABS+XMUVE
YUABS = YOUABS+YMCVE
GU TU (701,7019703,701) KPLOT
701 CONTINUE
Gu TQ 710
703 CONTINUE :
IF{NEwFR.EQeL) CALL NFRAME
7110 CUNTINUE
DELX = 0.0
DeLy = 0.0
IF(ISCALE.EQ.Ll) CALL XYSCAL
CALL CALPLT(XURGNyYORGN=3)
XUABS XUABS+ XOURGN
YUABS YUABS+YURCGN
XSHIFT 0.0
YSHIFT 0.0
LSHIFT 0.0
XPHMAX = —1.0E20

[ TR

- C ¥¥% LGOPS TU ACCOUNT FUR SYMMETRY

LSIGN = +1.0

DG 500 Ii=1,2
IF{I1.EQe2.ANDKSYMXY.NEL1) GO T3 500
IF(IleEde2.ANDKSYMAY.EGQGel) ZSIGN = —-1.0
YSIGN = +1.0
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DO 510 Ju=1,2

IF{JJel e 2. ANDJKSYMXZ.NELL) GO TO 510
IF{JJeEQa 2 ANDJKSYMXL.EQaL) YSIGN = -1.0
XSIGN = +1.0

DG 920 KK=1l,2
IF{KKeEQN 2. ANDJKSYMYL.NELLl) GO TO 520
IFIKKeE o2 e ANDGKSYMYZWEQel) XSIGN = =1.0

TU DETERMINE PRCJECTED COGRDINATES OF ELEMENTS

REWIND 10

CONTINUE

CALL RECINU{104+14+5¢NUMEL yNODEL 9 NODE2NDDE3 4NUDE4)
IF(EUFs10) 1000,200

CONTINUE :
TF(NUMELLLT JNELMINJORJNUMEL 4GT.NELMAX) 60 TO 100
NODEC( L) NODe L

NODE(2) NODE 2

NGDEL 3} NUDE 3

NUDE (4) NUDE4

00 10 I=1,4

NO = NUODE(I)

[F{NUDE(]1).EQ.O0) GO TO ii

W onwoun

T3 MAKE GRID POINT NUMBERS CONNECTED BY ELEMENTS POSITIVE
NUMPT{ND) = TABS(NUMPT(ND))
FFUNUMPT(ND)JLT.NCMIN.GR<NUMPT {ND).GT .NOMAX) GO TO 100
NEND = |

CONTINUE

CONTINUE

I = KHURZ

J = KVERT

DU 20 N=1,NEND

ND = NODE{N) :

IFLXPTIND)«GToXXMAX) GG TG 100

IFIXPTIND)LT.XXMIN) GO TO 100

IF(YPTIND)GT.YYMAX) GO TO 100

IF(YPTIND).LT.YYMIN) GO TO 100

IF(LPTIND)«GTZZMAX) 60O TO 100

1F(ZPTIND)LTL.ZZMIN) GU TGO 100

XDISPIN) = 0.0
YUISPLAN) = 0,0
LDISP{N) = 0.0
IF(KDISP.EQ.1e ANDNUDISP.NELU) XDISPIN) = UPT.(ND)
IF(KDISP.EG.L.ANDNVDISP.NE.O) YDISPIN) = VPTIND)
FF(KUISP.EQ.Lle ANC.NWUISPJNELO) ZDISPIN) = WPTIND)

X{N) = XSIGN®*{ XPTIND)+XDISPIN) *OMAG+XSHIFT)/PSCALE
Y{N) = YSIGN*{YPT(NC)+YDISP(N)*DMAG+YSHIFT)/PSCALE
LIN} = LSIGN*(ZPTINUI+ZOISP(N)*DMAG+ZSHIFT)/PSCALE
CONTINUE ' : »

TF(KDISPLEGL.2) CALL XPLUOD{NENDsX¢Ys 2]

XCENT =.0.0

DU 25 N=1,NEND

XROTUNI = A{LoL)*XIN)#A(T,2)%Y(N)+ALL.43)%Z(N)
YROTAN) = A(Jr L) EXINI+A{I,2)%Y(NJ+ALI,3)%Z(N)
XCENT XCENT+XROTI(N)

YCENT YCENT+YRCT(N)
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XROT(N} XROT(N}+DELX

YROT (N} YROT{N)+UELY

IFIXRUOT(N).GT o XPMAX) XPMAX = XROTIN)
25 CUONTINUE

noh

XKCENT = XCENT/FLOAT(NENDI-(6.0/7.0) #XLHT
YCENT = YCENT/FLCAT(WNEND)-XLHT/Z2.0

ACENT = XCENT+DELKX

YCENT = YCENT+ODELY

AL = NUMEL

[F(NOTAT.Ee2) CALL NUMBER{XCENTsYCENToXLHT+AL,040,-1)

*¥%% TO PLOT ELEMENTS

CALL CALPLTIXROT(L}sYROT(1},+31)
U0 30 N=2,NENU
CALL CALPLT(XROT(N) »YRUTIN) 2)
30 CUNTINUE
CALL CALPLT{XRUOT(NEND) +YRGY (NEND} 3}
35 CALL CALPLT(XROTULI»YROT(L),2)
CALL CALPLT{XROT(1),YROT{1),3)
36 CUNTINUE
GU TU 100
1000 CONTINUE
LF{KOISP.EQ.3) 600,650
500 CONTINUE

¥k TU PLOT VECTORS AT GRID PUOINTS

U 601 ND=1,NNUDE

IFANUMPT(NU).LELO) GO TO 601
TFU{NUMPT(NU) o LT.NOCMINLORJNUMPTIND) « GT.NDMAX) GO TO 601
IFIXPTIND}).GT.XYiMAXI{L}) GO TO 601
IFIXPTIND)JLTLXYZMINGL)) GO TO 601

LFUYPTIND) GTLAYZMAX(2)) GO TO 601
IFLYPTINDILLTXYZMIN(Z2)) GO TO 601
IFLZPTIND).GT.XYZIMAX{3)) GO TO 601
TELZPTIND) LT XYZMIN(3)) GO TO 601

X(1) = XSIGN*(XPT{ND)+XSHIFT)/PSCALE
Y(Ll)} = YSION*{YPT(ND)+YSHIFT)/PSCALE
UL} = ZSIGN*(ZPTIND)+ZSHIFT) /PSCALE
XDISPIL) = 0.0

yolsP{i) = 0.0

Z01sP(L) = 0.0

IFINUUISP.NELO) XDISP(1) = UPTIND)
IFINVDISP.NE,O) YDISP(1) = VPT{ND)
IFINAUISPJNELC) ZDISP(L1l) = WPTIND)

X(2) = XSIGN={XPT(NDI+XDISP(L)*OMAG+XSHIFT}j/PSCALE
Y{Z) = YSION#(YPVY(NDI+YDISP (L) %DMAG+XSHIFT)/PSCALE
L2) = (SIGN*{ZPT(NC)+ZDISP(L)*DMAG+ZSHIFT)/PSCALE
I = KHJRZ )

J = KVERT

DG 005 N=is2

XRUTUAND = ACLoL)EXINI®ALT2)%Y (N)+ALT,31%L(N)
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YROTIN) = A(Js LIXXINI+ALI20%YINI+A(J$3)%LIN)
XROTEN) = XKROTUIN)+DELX

YRUTIN) = YROT(N)+DELY

CONTINUE

XARW = 0.06

YARA = XARW/3.0

CALL GARRUW(XROT(L1)sYROTI1) oXROT(2)sYRUT{2) 91l ysXARWyYARW
CONTINUE

CONTINUE

CONTINUE

CONTINUE

CONTINUE

RETURN

END OF PLOT

SUBRUUTINE RUOTAT
SETS UP COEFFICIENTS OF ROTATION MATRIX

CUMMUN/ZCUONTRL/ KGECMyKDATAKPLOT :KSYMXY yKSYMXZyKSYMYZ,NUTAT » XLHT,
LKHUORZyKVERT yPHI » THETAZPSIyNEWFRy LSCALEPLOTSZ  XORGN » YORGN »
2PSCALE,KDISP,DMAG,KOLE

CUMMUN/ ABLK/ A(3,3)

PI = 3.1415920530

SINPHI = SIN(PHI*P[/180.0)

CUSPHL = CUS(PHI*P1/180.01)

SINTHe = SIN{(THETA*P[/180.01

COSTHE = COUSIThETA%*PI/180.0)

SINPSI = SIN(PSI*PI/180.0)

CuUSPSL = COS(PSI*PI/160.0)

A{lsl) = CUSTHE*CGSPSI

A{L+2) = CUSPSI*SINTHE*SINPRI-SINPSI*CUSPHI
Al{ly3) = SINTHE*COSPHI*COSPSI+SINPHI*SINPSI
Al2+s1) = SINPSI®*CCSTHE

A(Z2¢2) = SINTHEXSINPHI®SINPSI+COSIPHI*COSPSI
A(2+3) = SINTHE*COSPHI®SINPSI-SINPHI*COSPSI
A{3,1}) = —-SINTHE

At3y2) = CUSTHEX*SINPHI

A{3¢3) = (0STHCE*CCSPHI

RETURN

END OF ROTAT
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SUBROUTINE XYSCAL

C *%% T DETERMINE SCALE FACTOR FOR MODEL GEUMETRY.

C

64

20

30

10

COMMON/CONTRL/ KGEOM,KDATA,KPLOT 4 KSYMXY s KSYMXZ ¢ KSYMYZ ¢NOTAT 3 XLHT,
LKHORZ s KVERT yPHI s THETAWPSI,NEWFRy{I.SCALE,PLOTSZ,XORGNy YORGN
2PSCALE,KDISP,DMAG  KODE

COMMON/Z XYLLIM/ XYZMAX{3)s XYZIMIN(3)

COMMON/CORGN/ XOABS,YOABS,XPMAXXSFACE,PSIZE

CUMMON/ ABLK/ A{3,3)

COMMON/PUELS/ UVELX,DELY

I = KHURZ

J = KVERT

DMAX = 0.0

D0 5 N=1+3

VOUM = ABSIXYZIMAXIN)~XYZMIN(ND))

IF{VDUM.,GT.DMAX) DMAX = VDUM

CONTINUE

PSCALE = DMAX/PLOTSZ

DO 10 L=1,2

DO 10 M=1,2

DU 10 N=1,2

X = XYLMIN(L])

IFIL.EQea2) X = XYIMAX(])

Y = XYLMIN(2)

IF(M.EQ.2) Y = XYIMAX(2)

L = XYIMIN(3)

XROT = ALl 1) X+A(1,2)%Y+A(1,3)%L

YROT = A(J o LI¥X+A(J2)%Y+A(J3)%L

IF{L*MEN,EQeld 20,30

CONTINUE '

XRMIN

XKMAX

YRMIN

YRMAX

CUONTINUE

IF(XROT GTaXRMAX]) XRMAX

IFIXROTLLTXRMIN) XRMIN

IF{YRUTGT«YRMAX) YRMAX

IFIYRUTLTLYRMIN) YRMIN

CONTINUE

YR = ABS{YRMAX-YRMIN)
IFLYR/PSCALELGT .PSIZE) PSCALE = YR/PSILE

XROT
XROT
YROT
YROT

Honod i

XRGOT
XROT
YROT
YROT

XKRMAX = XRMAX/PSCALE
YRMAX = YRMAX/PSCALE
XRMIN = XRMIN/PSCALE
YRMIN = YRMIN/PSCALE
UELX = —XRMIN

DELY = -YRMIN

XORGN = 0.0

YOGRGH = 0.0

RETURN

ENDO GF XYSCAL
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SUBRUUTINE XPLOD(NEND XY 2)

FUR GENERATING EXPLODED PLUTS.

COMMUN/CONTRL/ KGEOM,KDATA,KPLOT,KSYMXY,KSYMXZ,KSYMYZ (NOTAT 4 XLHT,
LKHORZ yKVERT yPHI ¢y THETAPSI ¢ NEWFR,1.SCALE,PLOTSZ +XORGN s YORGN,

2PSCALEKDISP+UMAG,KODE
DIMENSION X{4),,Y(4)12(4)

TU CALCULATE THE INCENTER UF TRIANGLES

IF(NENV.EQ«3) 10,420

CONTINUE :

A = SQRTL(X{2)=X(3)1%%2+(Y(2)-Y(3N)%*x24(L(2)}-L(3))%%*2)
B = SQRTULX(L)=X{3)1#%24(Y(1)-Y(3))%¥2+(Z(L)-L(3))*%*2)
C = SURTOIX({L)=X12))*x2+¢{Y(1)}=-Y(2))x2+4({2{L)=L(2)})%%2)

AClL = A/(A+B+C)

ACZ2 = B/(A+B+C)

AC3 = C/7{A+B+C)

X0C = ACLl*X{Ll)+AC2%X(2)+AC3%X(3)
YCC = ACL*Y (L) +AL2%Y(2)+AC3*Y(3)
LUC = ACL*Z{L)+AC2%L(2)+AC3%L(3)
GU TO 190

CONTINUE

TQ LALCULATE THE CENTRUID OF RODS,BARS,AND-QUADS
X0C = 0.0

YOC = 0.0

20¢ = 0.0

VG 100 I=1sNEND

XGC = Xuc+xX (D)

YOC = YOC+Y(1})

20C = L0C+Ltl)

CONTINUE

X0C = XGC/FLOAT (NEND)

YOC = YOC/FLOAT(NEND)

LuC = LCC/FLOAT(NENDI

CUNTINUE

TO REDUCE THE SIZE OF THE ELEMENT

DG 200 [=1,NEND

X(I) = X{1)*DMAG

Y(I) = Y(I)*DMAG

ZL1) = Z(1)%DMAG

CUNTINUE

TO CALCULATE THE CENTRGID GF THE REDUCED ELEMENT
XRC = XOC*DGMAG

YRC = YUC*DMAG

IRC = ZOC*DMAG

SHIFT CORNERS UF OKIGINAL AND REDULED TO MAKE CENTROIDS MATCH

DU 400 I=1+NEWND
X(1) = X(L)+(XOC-XRC)
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YI(I) Y(1)+(YUC-YRC)
Zi1) L)+ (ZCGC-LRC)
CONTINUE

RETURN

END OF XPLUD

SUBROUTINE GARRCW(X1sYLlyX2y)Y2sNCyXHEAD,YHEAD)
TG DRAW ARRUWS FRGM X1,YL TG X29Y2.

DEN = SQRTU{X2=X1)*%2+(Y¥2-Y1)*%2}
IF{UENJEQ.0.T) GC TT 5000

C = (X1-X2)/DEN

S = {YL-Y2)/DEN

"CALL CALPLTIXLsY1,31

CALL CALPLT(XZ21Y2,42)
IFINC.LTald GO TO 1000

XA = X2+(CxXHEAD-S*YHEAD)
YA = Y2+ (S*XHEAD+C*YHEAD)
CALL CALPLT{XA,YA,2)
IF(NC.LT.2) GO TO 1000

X8 = XZ2+{CxXHEAU-S*(-YHEAD))
YO = Y2+{S*XHEAD+C*(-YHEAD) )
CALL CALPLT{XByYBy2)
IF(NC.LT.3) GU TC 1000
CALL CALPLT(X2+Y2y2)
[IFINC.LT.4) GU TG 1000

XC = X2+(-S*YHEAD)

YC = Y2+&(+C*YHEAD)

caLt CALPLT(XC,YCy2)
IFINC.LT.5) GU TO 1600
X0 = X2+#(-S*(-YFEAD))

YD = Y2+ {+C*(-YREAD))
CALL CALPLT(XDsYDy2)
CONTINUE

CALL CALPLT(X24Y2,43)
CONTINUE

RETURN

END OF GARRUW
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SUBROUT INE NDLET(NUMPT 3 XPT,YPT,ZP.ToyUPT VP T, WPT)
FOR ANNUTATING GRID PUINT NUMBERS UN PLOTS.

COMMOUN/ CONTRL/ KGEOMyKDATA KPLOT s KSYMXY s KSYMXZ ¢KSYMYZ NOTAT y XLHT,
IKHORL 9K VERT 9PHI » THETAWPSI oNEWFR ) ILSCALEsPLOTSZ s XUGRGN » YORGN»
ZPSCALE+RDISP,yDMAG,KOODE

CUOMMUN/LIMITS/ XXMAXsYYMAX9ZZMAX, XXMIN,YYMINyZZMIN:NDMAX'NDMINv
INELMAXy NELMIN .
COMMON/ XY ZLIM/ XYIMAX{3)4XYZIMIN{(3]}

CUMMON/ ABLK/ A{(3,3)

COMMUN/ KOUNT/ NNUGDE s NNDESToNUDISPyNVOISP,NWDISP

COMMUON/PuELS/ DELX,DcLY

DIMENSIUN NUMPT(1)4XPT{L1)YPT{L)yZPTLL)+UPTLL)yVPT(L) WPT{L)

Il = KAORZ

JJ = KVERT

XSHIFT = 0,0
YSHIFT = 0.0
LSHIFT = 0.0

DU 500 I=1,NNODE

IFINUMPT(1).LE.CJ GO TGO 500

TF(NUMPTIL) e LT o NUMINSUORSNUMFT(I) 6T NDMAX) GO TO 500
IFIXPTUI) 6T XY LMAX(L) ) GO TO 500
IFIXPTIL)SLTLXYZMIN(L1)) GU TO 500

IFLYPTII) GT.XYZLMAXI2)) GO TG 500
TF(YPT(I)LT.XYZMINGZ2)) 60 TO 500
IFUZPTLL) «GT XY LNMAXI3)) GG TU 500
IF(LPTIINLLT.XYZMINE3)) GO TO 500

X = (XPTLI)+XSHIFT)/PSCALE
Y = {(YPTLL)+YSHIFT}/PSCALE
L = (LPT(L)+ZSHIFT)/PSCALE

XRUT = A(IL yLi*X+A{LLy2)%xY+A{I1+3}%*C
YRGT = A(JJ o LIEX+A(II2)2Y+A(JI3)%L

XL = ARUT+XLHT/2.0

YL = YROT+XLHT/2.0

XL = XL+DELX

YL = YL+DELY

AL = NUMPTI(I)

CALL NUMBER(XL + YL XLHT #AL»0.0,-1)
CUNTINUE

RETURN

END OF NOLET
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APPENDIX C
LISTING OF COMPUTER PROGRAM FOR CONTOUR PLOTS

An overall flow chart for this program is given in figure 13. The MAIN program is
used to allocate blank COMMON storage and to call other subroutines necessary to read
input data and to generate the desired plots. The purpose of each subroutine is described
in comment cards in the listing. A subroutine called DOCMNT consisting entirely of
comment cards is included in the program. Subroutine DOCMNT contains (1) a directory
of selected variables used in the program, (2) user-input instructibns, and (3) a descrip-

tion of plotting subroutines which are required from the Langley Graphic Output System
library.
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APPENDIX C — Continued

PRUGRAM MAINUINFULT=201,0UTPUT= &01 TAPES=INPUT ,,TAPEG=DUTPUI,
LTAPEZ2U=201)

THIS 1S MAIN PROGRAM WHICH CALLS OTHER SUBROUTINES

USER UUCUMENTATICN IS GIVEN IN SUBRUUTINE DOCMNT

INTEGER NUMPT s XPT»YPTyWPT oRACP.TyNUMEL +NODEL yNOUEZ2 yNODE3yNUDE4,
1CENTR

CUMMUN/KOUNT/ NNGUE,NELMT,NNDEST7NELEST

CUMMUN/ CUNTRL/Z INFURyKGEGMy KUATAy KSIGN,KPLOT ¢ XURGNy YORGN,
LPSCALE, ISCALEs WMAGy ICNTRy XLHT 9 NXLAByXLAB(L0d 4 NYLAB,YLAB(10]}
CGMMUN/ GKUDE/ KCLCE,NPLOT

COMMUON/ VALUES/ NVALUS

CGMMUN/CASEID/s LCCASE

COMMUON/ SAVEV/ wMAGS+ICNTRS

CCMMUN/SIZEXY/ XMINIM)XMAXIM,YMINIM,YMAXIMy XSPACE,YSPACE
COMMUN ££L2(1)

DIMENSIUN ABCU(8)BCO(2)

NAMELIST/PICT/ NPLUT 9 XORGNy YORGN9 PSCALE ) ISCALE¢WMAGS » ICNTRSy XLHT,

INXLABsXLAByNYLAB,YLAB,KCUE

500

REX

P

10

2222
3333

11

58
57
iil

CUNTINUE
1LagP = 0

TG ZERD NUDE ANU ELEMENT CUUNTERS AND SET TEST VALUES

NNUODE 0
NELMT 0
WRITE(64+38)
FORMAT({.1HL1)

TG READ TIiTLe CARC FOR RUN

READ (5,102 ABLD

FORMAT(8AL0)

LF(EUF,5) 2222,3333

CALL PSTUP

CUNTINUE

WRITE(oy11) ABCD
FURMAT(/// 420X ,8A1047/7)

CALL INITAL
1F(KPLOT<NE<4.OR.KUATALNE.5) GU 70 111
REWINU 20

CALL MESAGE(L,24hENTERING CCNTOUR PROGRAM24)
CALL MESAGE(L,19FSELECT DESIRED MUDE,19)
CALL MESAGE(Ll,18HEY PRESSING FN KEY,18)
CALL NEXTUNKEY)

IMODE = NKEY-1

IF(IMUDE.EG.0) GG TG 111

LG 57 J=1,IMUDE

DU 38 I=1sNVALUS

KEAD(20) [DUMyWDUN

CGNTINUE

CONTINUE

CONTINUE

HELGHT = 0.15

XSTRT = 2.0%HEIGHT+2.0
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APPENDIX C - Continued

YSTRT = 1.0
CALL NUTATE(XSTRTYSTRTyHEIGHT yABCD+90.0,80)
CALL NFRAME

TO SET PUINTEKS FGR BLANK CGMMUN STURAGE 242
(WiTH INTEGER NAMES CF ARRAYS USED IN CALLED SUBRQUTINES)

NUMPT = 1

APT = NUMPT+NNDEST
YPT = XPT+NNDEST

WPT = YPT+NNDEST
RADPT = wWPT#+NNDEST
NUMEL = RADPT+NNCEST
NUUEL = NUMEL+NELEST
NUUEZ = NGUEL+#NELEST
NUDE3 = NCDE2+NELEST
NUUE4 = WUDE3+NELEST
CENTR = NUDEG+NELEST

NEND = CENTR+NELEST-1

WRITElos15) NEND

FORMAT(// /920X, *BLANK CGMMON STURAGE 277 REQUIRES AT LEAST %,16,
1 LUCATIONS FUR ThiS CASE*///)

CALL SUBRCUTINES FCR INPUT CF CUNTROL VALUES AND GEOMETRY

iF(KotUM.EQe1) CALL GECOMLA
LELZUNUMPT ) g L2ZEUXPTI s 2L YPT) g2 224 WPT) sZ2ZZIRADPT ),
dLZL(NUMtL)pZLL(NCDEl)'LLZINUDEZ),LAZ(NUUEB)oZZL(NDUEQ);ZZZ(LtNTR))
ITF(KGTUMLEQL2) CALL GECMZ2{
LLLLANUMPT ) o LLLAXPT) o LLZ(YPT )2 ZLLAWPT) 2 LLLIRADPT),
QLLLANUMEL J 9 LLLANOOEL) 9 LLLUINGOE2) 9 LZL(NCGDEB) 2 LLI(NUDES) 9 ZLLICENTRI)
IF(KGEUM. £ G) CALL GECMIY(
LedANUMPT ) 9 £ZLAXPT) s LLLAYPT )9 LLLUWPT) »ZZZIRADPT),
CLLLUINUMEL ) 9 ZZLANGUEL ) 9 LZZANCUE2) v LLZUNGUE3) 9 2ZZ(NUODE4) 9y ZLZICENTR) )
CAaLL XyScalLdl
LELLANUMPT ) 9 LZeAXPTY o LLLAYPT ) o LLIAWPT) » LLLIRAVPT),
RLLLINUMEL )9 LCLANCBEL) 2 L2ZAINCUEL 9 LELLANGUES) 9yEZL{NODES) +ZZZL{CENTRI)
CALL ENCLOSH
LLELANUMPT ) o CZLAXPT) 9 LLLAYPT )y LLLLWPT) 9 LLLIRADPT ),
ZLLLINUMEL),LLZ(NGUtllpLLL(NCDEZ)yLLL(NUUEj)leL(NUUE‘),ZZZ(CCNTR))
CALL PNTOUTHL,
LLLZANUMPT J oL EAXPT) 9 LZZAYPT ) 9 ZZLEWPT ) 2 LLZARALPT ),
QELLUANUMEL ) o LLLUINCOELY 9 L4 ZANDDE2) 9 ZLZUNUDES) 9 L LZINODES) v ZLZILENTRI)
CUNTINUE
LELIDCASELEQO) GG TU 650
READLH,10) ABCO
WRITE(Oos11) ABCU
HEIGHT = 0.15
XSTRT = 2.0%HE IGHT+5.0
YSTRT = 1.0
CALL NITATE(XSTRTZYSTRT,HEIGHT yABCD+90.0,80)
CALL NFRAME
CONTINUE
CALL ZERUMW
LULEZUINUMPT) 9 ZZLAWPT ) yLZZUINUMEL ) s L LLACENTRY)
lF{KDATALEW.1) CALL CATAL
LUZLLANUMPT) o £42AWPT) 9Z LZANUMEL )y ZLZICENTRY)
[F(KCATA.EQ.5) CALL 0ATAS5
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APPENDIX C — Continued

LOLZLANUMPT ) 2 ZAZUnPT) 3L ZANUMEL ) 9 LZZACENTR))

IF(KDATA.EQ9) CALL DATA9
LAZLLANUMPT) 2 ZLLUWPT ) 9L LZUNUMELDY yZ22ZZ{CENTR))

CALL PNTOUT (2,

LEZLANUMPT ) 2 LLLUXPT) ¢ ZZEAYPT ) 9 ZLZAWPT ) 4 ZZZ(RADPT),
2LLIANUMEL ) 9 LLZUNUCEL Yy ZZLUINCDE2) 2 LLLUINUDES) ¢ Z2ZLINDODE4) 9 ZZZ(CENTR))

CALL SuUBROUTINES FOR PLOTTING GEOGMETRIC LAYOUTS

CONTINUE

IF(APLUT«EQe4« ANC.ILGGP JNE.G) GO TUO 6000
REALLS,PLCT)

ARITE(LPICT)

CONTLNUE

IF(KPLUT<Ew=41 CALL CCRTIL

FFANPLUT e EWe4URNPLBTEQeS) 2114212

CUNTINUE

CALL SLALLH(LLL(hPT),LZL(CENTR)l

LABEL = 8H WMAG = -
ENCUUE(Z09333,8CC) LABEL s WMAG

FORMAT(ABsELLe4)

HEiuHT = 0.l15

XSTRT = XSPACE

YSTRT = 2.0%HEIGHT

CALL NOTATEUXSTRT2YSTIRTyHEIGHT 48002040420
CUNTINUE "

YSPACE = 0.0

LFOYSPACE.LT5.C*HEIGHT ) YSPACE = 5.0%HEIGHT
XURUGN = —AMINIM/PSCALE+XSPACE

YUROGN = FLUOAT{KSIGN)*(-YMINIM)/PSCALE+YSPACE
CaLl CALPLTIXURGNsYURGIN9=—3)

LFE(NPLUT«LES3) 2C1,202

CONTINUE

CALL LAYOUTINPLUT,
LLLL(wu4PT),LLL(XPI),LZL(YPTJvZLL(HPT).LZZ(&ADPT)-
RLLLANUAEL) 9 ZLLANCGDELY yZZZANUOEZ2)H LZZINVDED) y L 4L INULES) yZ22ZICENTR))
Gu Tu 900

CUNTINJE

T

FUK CUNTUUR PLUTS

KPUINT = 1
KIND = -2
15128 = 1
TF{NPLUTcEWa5) CALL PUINTSIKINDESLZE, ZLZ(XPT);ZZZ(YPT))
IF{InFURER-L1) CALL wNUDEL
LZEZANUAPT ) 2 LLLAXPT 3 922 iAYPT )y L L2iaPT} oL {RADPT ),
2LLLANUMEL) 9 ZZLUNCOEL) 9 LZLUINGUER) +ZZLINODES) ¢ LLZANCGDES)Y Z2ZZ(LENTR))
ITFUINFUReEN22) CALL WwELNMTIL
LZLLANUAPT ) 9y LLEIAAPT Y 22 2(YPT ) o LLZUWPT) yZLZIRADPT),
CLLLIANUMEL) v LLLUNCDEL )y £LZANGDE2Y 2 LLZANDODE3) ¢ LLZANOUEG) 9 LZZICENTRI) )
CALL BUOUNGC(
Ledd (NUMPT ) 9 LLLAXET) oL LAYPT )WL LLAWPT) o LLZARADPT ),
dLLL(NuMbL)yZZL(NCb&l):LZL(NLUEZ)vZLL(NUD&3)1L£Z(NODE4).LZZ(LENTR))
CUNTINJE
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CaLL NFRAME
[F(KPLOT.EG-4) CALL CCRT2

LLuuP = 1LOUP+]
I1F{KODc.EWws0) GG TO 150
GU TO (700,600,500) KODE
CONTINUE

CALL P5TOP

STyP

END OF MAIN
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APPENDIX C — Continued
SUBRUUT INE DUCMAT

¥ TAlS SUBRUUTINE CCNTAINS PRGGKAM DOCUMENTATIUN
DESCRIPTICN OF INPUT DATA CARDS
TITLE CARU — CUNTAINS ANY DESIRED ALPHANUMERIC INFDRMATIGN IN COLS.1-30.

NAMELLIST OPTIUN - CGONTAILNS VALUES TU ALLOCATE STURAGE IN BLANK CCMMON 222,
AND CUNTROL VALUES NEEDED BY THE PROUGRAM.

THE FOLLUWING VALUES ARE INCLUDED=-—-—

NNUEST = ESTIMATE NUMBER OF GRID PUINTS TO BE USED. VALUE MUST BE
GREATER THAN UR EQUAL TU THE ACTUAL NUMBER OF GRID PUINTS.
#¥ DeFAULT = 200 *=
NELEST = ESTIMATED NUMBER OF ELEMENTS TU BE USED. VALUE MUST BE
GREATER THAN OR EQUAL TU THE ACTUAL NUMBER OF ELEMENTS.
#% DEFAULT = 20C %%

KGEOM SPECTFIES SUBRCUTINE AND CURRESPONDING METHUD OF INPUT FOR
MubLeEL GECGMETRY.
KGEUM = 1 FGR GRID PCINTS AND ELEMENTS READ FROM CARDS WITH USER
SPECIFIED FORMAT.
2 FOR NASTRAN DECK WITH CARD IDENTIFIERS LEFT ADJUSTED
AND CATA IN COLUMN wIDTHS OF 8e
= G FOR USER SUPPLIED SUBRUUTINE - GEOM9.
*% DEFAULT = 1 #*%
KDATA SPECIFIES SUBKCUTINE AND CORRESPONDING METHUD GF INPUT FOR
UATA TU BE REPRESENTED BY CONTUUR LINES,.
KDATA = 1 FOR SUBROUTINE DATAL TU READ IN DATA TQ BE PLOTTED
FRCM CARDS WIThH USER SPECIFIED FURMAT.
5 FOR SUBRUUTINE DATAS TU READ IN DATA TUO BE PLOTTED
FRLM TAPEZ20.
= 9 FOR SUBRUUTINE DATA9, A USEK SUPPLIED SUBROUTINE.
¥% DEFAULT = 1 #*%

NVALUS - USEL IF KUATA = 5 TG SPECIFY THE NUMbtR UF SETS GF
DATA TO BE PLCTTEDU wWwhICH ARE READ FROM TAPEZO.

#% DEFAULT = 0 #*%
IKESEQ = 0 FOR NG RESEQUENCING OF GRID PUINT NUMBERS.
= } TG RESEQUENCE GRID POINT NUMBERS I[N SAME ORDER
AS THEY ARE INPUT.
% DEFAULT = 1 #x
K¥LUT SPECIFIES THE TYPE OF OUTPUT DEVICE TU BE USED.

KPLOT = 1 FOR CALCUMP.
= 2 FOR CALLOMP WITH PLOTTING SPEED REDUCED TO USE LEROY PENS.
= 3 FOR VARIAN.
= 4 FOR CKT (USE CGC250 SCOPES AT LRC)
#% DEFAULT = | #% ,
INFOR = 1 IF GATA TO BE PLOTTED IS SPECIFIED AT THE GRID POINTS.
= 2 IF CATA TU BE PLOTTED IS SPECIFIED AT THE ELEMENT CENTROIDS.
#% DEFALLT = | #%

XSPACE = SPACE BETWEEN PLUTS IN X-OIRECTION, [N INCHES.
#*% DEFAULT = 10.0 *%
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APPENDIX C - Continued

=1 TG CHANGE SIGN OF Y OURDINATES.
1 UG NCT CHANGE SIGN UF Y COURDINATES.
DEFAULT = 1 »x

E R ]

*

[uCASE = O FOR NU TITLE CARD PRECEDING

LECK CF DATA TG BE PLOTTED.
= 1-FOR TITLE CARL PRECEUVING
UECK CF UATA Tu BE PLOTTED.
*% PDEFALLT = 0 *x

DEPENUILING UN THE VALUE OF KGEGM SPECIFIED IN NAMEL IST OPTION.

USE 1F KGEGM = 1

USE

(A)

(B

(el

(F)

IF

(A)

(3)

{C}

A SINGLE CARUD CUONTAINING THE WGRD FURMAT IN COULUMNS 1-6 AND
A VARTABLE FORMAT CORRESPONDING TG THE FORMAT OF THE GRIL
PUINT CARBS WITH LEFT PARENTHESIS STARTING IN COLUMN 11

AND UP TO 80 CUOLUMNS MAY BE USED.’ ,

DECK OF GRID PUINT CARECS. EACH CARD CONTAINS 3 VALUES, GRID
POINT NUMBER (INTEGER), X—CGORDINATE (REAL), AND
Y-CUURDINATE (REAL). THE FORMAT IS SPECIFIED BY (A) ABOVE.
A SINGLE CAKC CONTAINING THE wWORD ENDGRID IN COLUMNS 1-7.

A SINGLE CARU CONTAINING THE WORD FURMAT IN COLUMNS 1-6 AND

A VARIABLE FGRMAT CURRESPONDING TU THE FURMAT OF THE

eLEMENT CARLUS WITH LEFT PARENTHESIS STARTING IN COLUMN 11
AND UP TG 80 CULUMNS MAY BE USED.

LELK OF ELEMENT CARDS. EACH CARD CONTAINS 5 INTEGER FIELDS
WHICH ARE THE ELEMENT NUMBER, AND GRID PUINT NUMBERS AT THE
VERTICES GF ThHE ELEMENTS. FOR TRLANGULAR ELEMENTS THE

LAST INTEGER FIELD MUST BE BLANK OR LERO.

THE FORMAT IS SPECIFIED IN (D) ABOVE.

A SINGLE CARU CONTAINING THE WGORD ENDGEUM IN COLUMNS 1-7.

KGEGH = 2

A SINGLE CARU CUNTAINING THE wWORD TRIAEL IN CULUMNS 1-6 AND
UP TO NINE NASTRAN TRIANGULAR ELEMENT COUNNECTION NAMES,
WHICH ARE LEFT-ACJUSTED IN FLELD WIDTHS OF B, STARTING IN
CULUMN 9 (COLS. 9-169 17-24y «oey 73-80). THIS CARD CAN

gE UMITTED IF TRIANGULAR ELEMENTS ARE NOT USED FOR THE PLOT
A SINGLE CARD CUONTAINING THE WORD QUADEL IN COLUMNS 1-6 AND
UP TU NINE NASTRAN QUADRILATERAL CGNNECTION NAMES, WHICH
AKE LEFT—ADULSTED IN FIELD WIDTHS OF '8y STARTING IN COL. 9
{(CULS. 9-16y 17-24y weey 73-80). THIS CARD CAN BE OMITTED
[+ QUADRILLATERAL ELEMENTS ARE NOT USED FUOR THE PLOT.

A NASTKAN BULK DATA CECKe OUNLY THE GRID CAROS AND THE

"ELEMENT CONNECTICN CARDS WITH NAMES MATCHING THOSE GIVEN ON
- THE TRIAEL AND WUADEL CARDS wIilL BE USED FOR THE PLOT. ALL

CTHER CARCS IN THE NASTRAN BULK DATA DECK WILL BE IGNURED.
A SINGLE CARD CONTAINING THE wORD ENDGEOM IN COLUMNS 1-7.
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APPENDIX C - Continued
USE IF KGEOM = §

CALL SUBROUTINE GEUM9 WHICH IS PREPARED BY THE USER TO READ
GEUMETRY DATA,

A

CASE IDENTIFICATIGN CARD.

Trils CARD IS CMITTED If IDCASE=0 1S SPECIFIED IN $OPTION.
IF PRESENT, THIS CARD CONTAINS ANY DESIRED ALPHANUMERIC
INFURMATLGN IN CGLS.1-80. WILL APPEAR BEFORE EACH DATA PLOT.

DATA TO bk PLOTTED IS NOw INPUT EIN ONE OF THE FOLLOWING FORMS,
DEPENUDING UON ThE VALUE UF KDATA SPECIFIED IN NAMELIST OPTION.

CUSE IF KUATA = 1

{A) A SINGLE CAKRU CUNTAINLNG THE WORD FURMAT IN COLUMNS 1-6 AND
A VARI1BLE FCRMAT FUR THE DATA CARDS WITH LEFT PARENTHESIS
STARTING IN CUOLUMN L1 AND UP TO 80 COLUMNS MAY BE USED. F
CUNTRUL VARIABLES ARE INCLULED FOR MORE THAN UNE GRID
PUINT OR ELEMENT PER CARDy THE NUMBER UF GRID POINTS OR
ELEMENT> PER CARC MUST BE ENTERED AS AN INTEGER IN COL. 8.

¢8) wECKk OF UATA TU EE PLOTTEDI. THERE CAN BE MULTIPLE DATA
VALUE SETS PER CARD GR THE SET CAN EXTEND TO MORE THAN UNE
CARD (UFTEN ThE CASE wITH NASTRAN PUNCHED QUTPUT) WHICH CAN
Sk HANDLED WiIT¥H A FCRMAT FUR READING MULTIPLE CARDS,.

(€L} BLANK CARLC UR CARUS TU END: DATA DECK. THE NUMBER OF BLANK
CARDS MUST CURRESPOND TU THE NUMBER UF CARDS READ AT ONE
TIME BY THE SPECIFIED VARIABLE FORMAT.

USE IF KDATA = 5
READS NVALUS (FROM NAMELIST GRTIUN) SETS UF CONTROL VARIABLE
VALUES FRUM TAPE20. EACLH SET UF CONTROL VARIABLES MUST HAVE
BEEN WRITTEN CN TAPE2O AS AN UNFURMATTED RECORD.

USE IF KDATA = S

CALL SUBRGUTINE CATA9 WHICH IS PREPARED BY THE USER TO READ
DATA TU BE PLLTTED.

NAMELIST PICT - CCNTAINS VALUES NEEDED TU GENEKATE PLOTS.

THE FULLUWING VALUES ARE INCLUDED-—--
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APPENDIX C — Continued

PECIFIES TYPE OF PLCT JO BE GENERATE

% IF ELEMENT LAYCUT WILTHOUT LABELS IS DESIRED.
2 1F ELEMENT LAYUUT WILTH GRID PT. LABELS IS DESIRED.
3 IF ELEMENT LAYCUT WiTH ELEMENTY LABELS 1S DESIRED.
4 I+ CONTOUR PLOTS ARE DESIRED WITHOUT SYMBOLS AT GRID POINTS.
S IF CCNTGUR PLOTS ARE DESIRED WITH SYMBOLS AT GRID POINTS.
DEFAULT = 4 *% )
X—-LOCATICN GF GRIGIN BF FIRST PLOT, IN INCHES.
DEFALLT = 0.0 %%
Y-LOCATIGN CF ORIGIN OF FIRST PLUT, IN INCHES.
*% DEFAULT = Qo.C %%
PSCALE = MODEL SIZE REDUCTIGN FACTCR. PSCALE = ACTUAL MODEL
SILE/CESIRED PLOT SIdE.
¥% DEFAULT = 1.0 *¥
ISCALE =-METEGGC OF SCALING CONTROL VARIABLE DATA TO BE PLOTTEDS
: CUNTCUR LINES HAVE- ONLY INTEGER VALUES ANNOTATED ON
THE PLOT ANU, THUS. THE DATA MUST BE SCALED SUCH THAT
THESE INTEGERS WILL GUNTAIN THE DESIRED NUMBER OF
SIGNIFICANT DIGITSe THE DEFINITION OF WMAGS  AND
ICNTRS DEPENUGS CN THE VALUE OF ISCALE.
1o FCR USER SPECIFICATION UF SCALE FACTORS.
2y FCR PROGKAM CALCULATION UF SCALE FACTORS TO GIVE
THE USER SPECIFIED NUMBER OF SIGNIFICANT DIGITS IN
ANNCTATICN COF THE MAXIMUM ABSOLUTE CONTOUR LINE.
3y FCR PROLKAM CALCULATIUN OF SCALE PACTORS 10 GIVE
WMAGS AS THE MAXIMUM VALUE OF DATA.
¥¥ DEFAULT = 3 %%
WMAGS — (FUR ISCALE = 1), MAGNIFICATIUN OF CONTROL VARIABLES
FOR ANNOTATICN OF COUNTOUR LINES ON PLOT.
(FUR ISCALE = 2)4 NUMBER OF SIGNIFICANT DIGITS IN
ANNUTATICN -OF MAXIMUM ABSOLUTE CONTOUR LINE.
{WMAGS = 1.0y 2.0y 3.0y ETC.)
{FGR ISCALE = 3), MAXIMUM VALUE OF SCALED DATAv
WMAGS MULST BE LESS THAN OR EQUAL TO 2 (MAXIMUM CCNTOUR
LINE IS INTEGER TRUNCATION OF WMAGS).
*% DEFALLT = 10C.0 %
LCNTRS = (FUK ISCALE = 1)y USER SPECIFIED CGNTQUR INTERVAL
(CIFFEKENCE IN INTEGER VALUES GOF ADJACENT CONTOUR
(FUR ISCALE = 2 0OR 3), APPROXIMATE NUMBER OF DIFFERENT
CONTGUR LINE VALUES,y THE CUNT.OUR INTERVAL IS
CALCULATED BY THE PRUGRAM.
*¥% DEFAULT = 1.0 %x
XLHT = HEIGHT OF INTEGERS TO BE ANNUTATED ON PLOTS, IN INCHES.
¥% DEFALLT = Q.15 *%
NXLAB = TOTAL NUMBER UF LINES PARALLEL TO Y—AXIS ALONG WHICH
CONTLUR LINES ARE TQ BE LABELED, MUST BE .LE. 10, (ALL
CONTCUR LINES ARE LABELED WHERE THEY INTERSECT WITH
THESc SELECTEU LINES). THESE LABELS ARE IN ADDITION
TG THCSt AUTCMATICALLY PRUOVIDED AT BUUNDARIES OF THE
‘CONTCUR SURFACE. :
** PDEFAULT = 0 %%
XLAB = ARRAY CF DISTANCES IN X-DIRECTLCN FROM THE ORIGIN TO
“LINES PARALLEL TU THE Y-AXIS ALONG wHICH CUGNTOUR LINES
AREL LABELED. THERE MUST BE NXLAB OF THESE VALUES AND
THEY MUST Bt IN UNITS UF THE URIGINAL (UNSCALED) MUDEL.
*% DEFAULT = ALL ZERQS *¥
NYLAB = SAME AS NXLAB FOUR LABBL LDOCATIUNS PARALLEL TO X~-AXIS.
% DEFAULLT = Q0 *xx%
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APPENDIX C - Continued

YLAB = SAME AS XLAB FOR LABEL LOCATIONS PARALLEL TO X-AXIS.

#*% DEFAULT = ALL ZEKRGS *¥
SPECIFIES CONTRGL GPTION AFTER PLUT IS CUMPLETE.
Uy FOR LAST PLOT, EXIT FRCM PROGRAM.
1+ KEAC ANGTHER NAMELIST PICT.
Zy REAU A Ntw SET UOF CBNTKRUL VARIABLE VALUES TO BE
PLOTTED, INCLUDING A CASE IDENTIFICATION CARD IF PRESENT
39 KEAG A COMPLETE NEW SET . UF INPUT DATA, INCLUDING A
TiITLE CAKD.
¥% UDEFAULT = 0 #%

KUUE

o

THe ABUVE CUMPRISES A COMPLETE BASIC SET OF 'INPUT DATA IF

KOUE = O IN $PICT. FGR KCDE = 1y 2y GR 3, ADDITIUNAL SECTIUNS OF
THE BASIC DECK MUST BE REPEATED. THE DECK MUST END WITH

NAMELIST $PILT HAVING KGDE = 0. ‘

T L S g L L e T e

CESCRIPTION CF GRAPHICS SUBROUTINES

Gt S g T AL v
CALCUMP CALCCMP INITAL

LERGY CALCCMP ' INITAL

PSEUDLU VAR TAN INITAL

LUC250 CRT N INITAL

CALPLT CALCCMP s VARIAN 4CRT MAINyCCRT3,PSTOP, TRIN,BOUND,LAYOUT
PNTPLT CALCGMP yVARIANSCRT PGINTS

NGTATE CALCLMP (VARIAN,CRT MAIN

NUMBE R CALCCMP yVARLAN CRT TRIN, BUUND,LAYOUT
NFRAME VARTAN MAINyLAYOUT

NEXT CRT MAINsCCRT 1, CCRT2,CCRT3
MESAGE CRT MAINsCCRT1,CCRT2,CCRT3
PARAMS CRT CCRT1

KFORMAT CRT CCRT1

M
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PURPUSE-

USE

COMMENT S

PURPOSE

usSt

CGMMENT S

PURPGSE

USE

PURPOSE

USE

. APPENDIX C — Continued

SUBRCUTINE CALCUMP

THIS IS TRE NGRMAL MGOE PROCESSOR. THE NECESSARY
PARAMETEKS ANU LINKAGE ARE SET UP TO OUTPUT A TAPE
FCR THE CALCUMP 780/763 0.010/0.005~INCH STEP PLOTTER.
CALL CAiLCCMP
THIS CALL MUST BE GIVEN BEFORE THE FIRST CALL TO A
PLCTTING ROUTINE.

SUBRUUTINE LEROY
THE PARAMETERS NECESSARY TU ACCOMUDATE PLOTTING WITH THE
LiGulD INK_PEA‘ARE SET UP BY CALL LERQOY.
CALL LERQY
THIS CALL SHOULD ONLY BE USED WITH THE CALCOMP PROCESSUR.
IN ACDITIGN TC REDUCING THE SPEEUL UF THE PLOTTER FOR

ALL PLOTTING MOVEMENTSy, THE NUMBER OF PLOT VECTORS IN ANY
ANNCTATIGN IS CONSIDERABLY INCREASED.

SUBRCUTINE PSEUDU

INITIALIZES PLUGY VECTOR FILE FOR VARLAN PLOTTER

CALL PSEUDO
SUBKCUTINE CDC250

INITLIALLIZES CATHUOE RAY TUBE CONSOLE.

CALL CBC250
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PURPUSE

USE

CGMMENT S

PURPUSC
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APPENDIX C — Continued
SUBRUUTINE CALPLT
TG MGVE ThE PLOTTER PEN TO A NEW LOCATION WITH PEN UP
CF CGOaN AND TC SIGNAL THE END OF A JOB SEGMENT 8Y
INCREMENT ING THE BLOCK ADDRESS NUMBER.

CALL CALPLT{Xq+Y,IPEN)

_WHERE

,X'Y ARE THE FLOATING PUINT VALUES FUR PEN MOVEMENT.
IPEN = 2 PEN GUWN
= 3 PEN UP

NEGATIVE LPEN WILL ASSIGN X=0s Y=0

AS ThHE LOCATIGON OF THE PEN AFTER MOVING THE
Xy Y (CREATE A NEW REFERENCE PGINT) AND
INCREASE THE BLUCK NUMBER BY UNE.

ALL X AND Y CCORDINATES MUST BE EXPRESSED AS FLUATLNG

POGINT INCHES (ACTUAL PAGE UIMENSIGNS) IN DEFLECTICN FROM
THE ORIGIN :

SUBRCUTINE PNTPLT
TU CRAW NASA STANDARD PLUT SYMBGLS CENTERED ON A GIVEN

COCRDINATE VALUE.

CALL PNTPLTLABsNU,IS)

WHERE
A IS TRE X CUGRDINATE FOR THE CENTEREU SYMBOL
IN FLOATING PUOINT INCHES.
B IS ThE Y CUURDINATE FUR THE CENTERED SYMBOL
IN FLOATING PUINT INCHES.
NG IS AN INTEGEK SPECIFYING THE SYMBOL TO BE USEDLY
IS IS AN INTEGER VALUE SPECIFYING THE SIZE SYMBOL

16 BE USED.
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APPENDIX C - Continued -
SUBRCUTINE NOTATE

TG CRAW ALPHANUMERLC INFURMAT ION FOR ANNOTATION AND LABELIN
ANU PROVIDE SPECIAL CENTERED SYMBGOLS FOR ANNOYATIGN OF
GATA PCGINTS.

CALL NCOTATE(XsY HELIGHT y8CDs THETA,N)
WHERE

Xy Y ARE THE FLOATING POINT PAGE COORDLINATES OF THc
FIRST CHARACTER. FOR ALPHANUMERIC CHARACTERS
THE CUORDINATES OF THE LOWER LEFT-HAND CCRNER
CF THE CHARACTERS ARE SPECIFIED.

he 1GHT SPECIFIES CHARACTER SiZk AND SPACING IN FLOATING
PGINT INCHES FUR A FULL-SIZE CHARACTER. THE
WIGTE UF A CHARACTER WILL BE (4/7)*HEIGHT AND THE
(SPACE BETWEEN CHARACTERS IS (2/7)%HEIGHT.

8CC 1S THE STRLNG OF ALPHANUMERIC CHARACTERS TO BE

: _DRAWN. ' o S

THETA IS TRE ANGLE IN FLOATING PUINT DEGREES AT WHICH
THE INFORMATION [S TU Bt UKARN.

N [S THE NUMBER OF CHARACTERS, INCLUDING BLANKS, IN
THE LABELS
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PURPUSE

Ust

CUMMENT S

PURPOSE

Ust

PURPUSE

APPENDIX C — Continued
SUBRCUTINE NUMBER
TG COGNVERT A FLOATING NUMBER TO BCD (EXPRESSED IN

F FGRMAT)y AND DRAW THE RESULTING APLHANUMERIC CHARACTERS.

CALL NUMBERIXyYySIZE FPN,sTHETA,N)

WhERE

XY ARE THE COGRDINATES LN FLOATING PUINT INCHES
CF THE LEFT LUWER CORNER OF THE FIRST DIGIT
GF OuTPUT.

SIZE IS THE HELGHT OF THE PLOTTED NUMBER IN FLOATING
PGINT INCHES.

FEN [5 THE FLOATING POINT NUMBER TU BE DRAWN.

TREETA IS5 THE ANGLE IN FLOATING PUINT DEGREES AT WHICH -
THE NUMBER 1S TO BE DRA#WN. 4

N 1S THE NUMBER OF DECLMAL DIGITS TO THE RIGHT
GF THE DEGIMAL POINT FUR QUTPUT.
N = =1 AND N = 0 B8OTH SPECIFY NU DECIMAL PLACES,

HOWEVER, -1 SUPPRESSES THE DECIMAL PGINT.

ThE NUMBER IS RESTRICTEC TU A MAXIMUM OF 12 OIGITS.

"THE ROUTINE TRUNCATES THE FLUATING POINT NUMBER AT THE

REGUIRED CECIMAL PLACE.

SUBRCGUTINE NFRAME

USED BY VARIAN PLOTTER TO ADVANCE PLOTTING FRAME.

CALL NFRAME

SUBRCUTINE NEXT

PRLVIDES A BREAK PUINT OR HALT CURING APPLICATION PROGRAM
EAtCUTION. UPERATOR MUST PRESS FUNCTICN KEY TU RESUME,

AND NUMBER OF KEY IS RETURNED IN CALLING PARAMETER.

CALL NEXT{NKEY)

" WHERE

NKEY IS NUMBEK OF FUNCTIUGN KEY PRESSED.
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PURPUSE

USk

PURPUSE

USE

CUMMENT S

PURPUSE

USE

RETUKRN
END OF BOCMNT

APPENDIX C — Continued

SUBRUOUTINE MESAGE

PRGVIDES THE CAPABILITY TO OISPLAY A MESSAGE CN THE CRT250.

CALL MESAGE(I ,BCDN)
WHERE
1 INCICATES INTENSLTY OF CHARACTER DISPLAY.

BCC IS ADCRESS OF ARRAY CONTAINING THE MESSAGE
IN HCLLERITH FORM.

N 1S THe NUMBER OF CHARACTERS IN THE MESSAGE (LESS THAN 50}

SUBRCUT INE PARAMS

USEL TO GENERATE A TABLE OF SYMBULIC NAMES THAT CAN BE
ACCESSED USINL THE ALPHANUMERIC KEYBUARD ON ThE CRTZ250.

CALL PARAMS{BCD,VAR)

WRERE

8CC IS THE HGLLERITH REPRESENTATIUN OF SYMBOLIC NAME.
VAR 1S PRCGRAM VARIABLE.REFERRED TU BE SYMBOLIC NAME.
UP TC 3 PAIRS CGF VARIABLES MAY BE SPECIFIED IN A SINGLE
CALL TU PARAMS. TAULLE HAS CAPACITY FUR 42 PAIRS.

SUBRCUTINE KFURMAT

ALLCWS PRCGRAMMER TO CHANGE FORMAT FOR KEYBOARD INPUT.
CALL KFORMAT (NHBCDJ

WHERE

N IS THE NUMBER OF CHARACTERS IN BCD.

H IS REQUIRED.

BCC IS THE REQUIRED FURMAT (14,F4.2,A10,ETC.)
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APPENDIX C — Continued
SUBROULUTINE CCRT1
FUR CHANGING VALUES InPUT BY $PICT USING CRT.

COMMUN/CONTRL/ INFORIKGECMyKCATA7 KSIGNyKPLOT ¢ XORGNy YORGN,
LPSCALLEy ISCALE ¢y WMAG» ICNTRy XLHKT, NX&AB:XLAB(LO)'NYLAB,YLAB(lO)
CGMMUN/Z SAVEV/ WMAGS, ICNTRS

CUMMUON/ GKGUE/ KGOESNPLOT

COMMUN/ ST CEXY/ XMINIMyXMAXIMyYMINIM) YMAXIMy XSPACE,YSPACE

FfUR INTEGER CUNTRCL VALUES

CALL KRFCRMAT(5KILC)

CALL PAKAMS

CALL PARAMS(SLNPLLT yNPLCTy0LISCALEs ISCALE,6LICNTRSy [CNTRS)
CALL PARAMS(SLNXLABNXLAB+SLNYLABINYLAD)

CALL MESAGE(L32FETU CHANGE INTEGER CUNTROL VALUES,32)

CALL MESAGE(L1,13HVARIABLES ARE,L13)

CALL MESAGE{Ll421FENPLGT,y I1SCALEs {CNTRS,21)

CALL MoSAGE(L, L2HNXLABy NYLAB, 122

CALL MCSAGE(L,L7HANY KEY CCNTINUES,17)

CALL NEXT(NKEY)

FUR FLUATING PCINT CONTROL VALUES

CALL KFURMAT(5HF10.3}

CALL PARAMS

CALL PARAMS(SLXURGN s XURGNySLYORON s YORGN6LPSCALE,PSCALE)D
CALL PARAMS (5L wMAGS yWMAGS 94 LXLHT 3 XLHT)

CaLL PARAMS{SLXLABL,XLABIL) 5LYLABL,YLAB(L))

CALL MESAGE(1l,39HTO CHANGE FLOATLNG PGINT CONTROL VALUES,39)

- CALL MESAGE(L,13FVvARTABLES ARE,13)

Ak

10

CALL MESAGE(L +2URXORGNy YORGNy PSCALE+20)
CALL MESAGE(LyLlLlFaMAGSy XLHT,1L1)

CALL MESAGE(L,12EXLABL, YLABL.Ll2)

CALL MESAGE(L,L7EANY KEY LONTKNUESvlT)
CALL NEXT(NKLY)

RETURN

chND UF CCkT1

SUBROUTINE CLRTZ
FUR SELECTING CCNTRGL OPTIUN, KUDEy AT END UF JCB USING CRT.

CUMMUN/ GRUWES KCUEZNPLOT

CALL MESAGE(L LBRFN KEY 34 ENDS JUB,18)

CALL MESAGE(L,32HFN KEY 35 TO ALTER EXISTING PLOT,32)

CALL MESAGE(L+42EFN KEY 36 TU READ NEW SET OF DISPLACEMENTS,42)
CALL McSAGE(Ly37HFN KEY 37 TUO READ A CUMPLETE NEW CASE»37)
CGNTINUE )

CALL NEXTINKEY)

LF(NKEY el Te34.CR.NKEYLGTL37) GG TU 10

IF{NKeY.EQe34) KGDE = O
IF{NREY sEWe35) KCLE = 1
TF(NKLY «tWe36) KCBE = 2
IF(NKEY.EQe37) KLOE = 3

KETURN
END GF CCRTZ2
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APPENDIX C - Continued

SUBROUTINE CCRT3
REMINDER TO PUT EGF UGN PLGT FILE WHEN USING CRT.

CALL MESAGE(1l.1lH ,1) .

CALL MESAGE(Ll,45ELAST REMINDOER TO PUT EOF UN PLUT FILEs IF ANY,45)
CALL MESAGE(LlslH +1)

CALL MESAGE(1+4CKLO IT AT NEXT PLOT FILE CUMPLETE MESSAGE,40)

CALL MESAGE(1ls1lH 41)

CALL MESAGE(Llyl7FHANY KEY CUATINUES-17)

CALL NEXT(NKEY)

RETURN

END OF CCRT3

SUBRUUTINE PSTCP
TC TERMINATE JO8

CUMMUN/CUNTRL/ INFGRyKGEGMy KUATAy KSTGN,KPLOT 9 XORGNy YORGN
LPSCALEy ISCALEy WMAG s ICNTRy XLKET ¢ NXLLAB 9y XLAB(LO) yNYLAB, YLAB(10)
CALL CALPLT(040+6<0,999)

[F{KPLUT.Ede4) CALL CCRT3

5TUP

END OF PSTUP



APPENDIX C - Continued

SUBRUUTINE INITAL

C
C *%% JU SE1 VALUES FCR CONTROL PARAMETERS
C
COMMON/ KUUNT/Z NNCUE yNELMTNNDEST,NELEST
CCGMMUN/ CUNTRLY INFGReKGEGMyKCATA(KS IGN+KPLOT ¢ XORGNy YOGRGN,
LPSCALE ) ISCALE s wWMAG EICNTKy XLHT 9 NXLAB ¢ XLAB(10) 9 NYLAB, YLAB(10)
CUMMUN/ GKRUUE/Z KCCboNPLUT
CUMMUN/LASEID/ 1LCASE
COMMUN/ SEGNCE/ TRESEW
COMMON/ VALUES/ NVALUS
COMMON/ SAVEV/ wWMAGS, ICNTRS
CUMMUN/ SLZEXY/ XMINIMpXMAXIMoYMINIM,YMAXIMyXSPACE,YSPACE
NAMELIST/UPTION/ NNDEST NELEST KGEUM,KUATA, NVALUS s IRESEQ,KPLQT,
LINFURs XSPACEsKSIGN, LDCASE
I
C %% QESCRIPTION UF VALUES IN $QPTIUN GLVEN IN SUBROUTINE DUCMNT
C
¢
C *%% TU SET DEFAULT VALUES FGR $CPTIUN
C
NNDEST = 2060
NELEST = 200
KGELM = 1
KDATA = 1
NVALUS = 0
IRESEQ = 1
KPLUT = 1
INFGR = L
XSPACE = 10.0
KSIGN = 1
[CCASE = 0
< 4
C *%% Ty SET DEFAULT VALUES FCR $PICT
c
NPLUT = 4
XURGN = 0.0
YURGN = 0.0
PSCALE = 1.0
ISCALE = 3
WHMAGS = L0000
ICNIKS = 10
XLHT = Q.15
NXLAS = 0
NYLAS = D
DU 10 i=1,10
XLAG(L) = 0.0
YLAB(I) = 0.0
10 CONTINUE
KUDE = 0

READ(S5,UPTION)
IF(KPLUT.LEL2) CALL CALCCMP
IFIKPLUT.EGe2) CALL LERLY
TFIKPLUT.EQ.3) CALL PSELDG
IF(KPLUT.EWG4) CALL CLC250
WRITELG,UPTION)

RETURN

END UF INITAL
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"APPENDIX C — Continued

SUBRUUT INE GEOML(NUMPTy XPT,YPT»WPT,RAOPT,NUMEL ,NUDE1,NODEZ2,

LNOUE3 ¢yNLVUE4 s CENTR)

C *%% 1y RcAU GECUMETRY LATA FRGM CARDS HAVING A GENERAL FURMAT

¢

C ®%%

100

10

50

55

00

550

555

551

1000
C

{ *ux
¢

200

239

86

1 POINTS wAS EXCEEDED

LeNTS wAS EXCEEDEC

CUMMON/ KUUNT/ NNCUEsNELMT o NNDEST,NELEST
COMMUN/ CUNTRL/ INFURJKGECMsKUATATKSIGNsKPLOT » XORGNy YORGNy

LPSCALE s ISCALEy WMAGyICNTR o XLHT o NXLABs XLABL(LO} s NYLAB, YLAB(L1O)
DIMENSLUN NUMPT(L1) o XPT(1),YPTI1)7WPT{1),RADPT{1),NUMEL(1),

VDIMENSLIGN ABCD(8)
UIMENSIGW FORMTET)

TEST1 = 1OHENDGRID
TESTZ2 = LUHENDGELM
TEST3 = 1OHFORMAT

TG READ GRID INFORMATION

CONTINUE
REAU(S5,101) ABLO
FORMAT(8AL10)

IFCABLO{L)LEQ.TESTL) GU TO 1000

LF{ABCU(L).EQ.TEST3) 50,60
CONTINUE
DECOVE(80,55,ABCD) FURMT
FURMAT{ LOX,7A10)

GU TU 100
CUNTIRNUE
NNDDE = NNODE+1
IF(NNUDE.GT.NNDEST) 550,551
CONTINVE

WRITE(D,555)
FORMATULX /779 10Xy ¥XXXXX

»

STUP
CUNTINUE

SORRY,
AXXXAX¥)

LNGOEL(L)yNUDEZ2(1) yNCDE3(1) 4 NUDESLL)+CENTRI(L)

THE ESTIMATE OF NUMBER UF NGDE

DECUUE(BO ¢FURMT»AECD) NUMPT {NNUODE) +» XPTINNODE) y YPTINNUDE !

GU TU LU0
CONTINUE

TU KEAU ELEMENT CUGNNECTION INFGRMATION

CUNTINUE
READ(5, 10) AsCO

IFLALCD(1).EQ.TEST2) GO TO 2000

IF(ABDCUlL1.ELLTEST3) 250,260
CONTINUE

UECQUE(B80U,55,ABC0) FORMT

GO Tu 200

CUNTILINUE

NELMT = NELMT+1
IF(NELMT.GTNELEST) 6504651
LONTINUE

WRITE(6,4556)
FUORMAT( LXK o/ /79 LUX9*XXXXX

STup

XXAXX#*}

SORRY,

THE ESTIMATE OF

NUMBER OF ELEM



APPENDIX C — Continued
651 LONTINUE
UECUDc( 80sFORMT yABCU) NUMEL {NELMT )y NOGDEL(NELMT) yNUDE2 (NELMT ),
INUDE3 (NELMT ), NUODES(NELMT)
GG Tu <00
2000 CLONTINUE
RETURN
tivu UOF GEUML
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APPENDIX C — Continued

SUBROUTINE GEGM2UINUNMPT,xPT,¥PL,WPT,RADPT,NUMEL,NODEL,NUDE2,
INODES yNOUESCENTR)
¢
C *%¥ TU READ NASTRAN CEUMETRY DATA
C
CGMMUN/Z KOUNT/ NNCCE  NELMT yNNDESTHNELEST
CUMMGN/CONTRL/Z INFORSKGECM, KDATAyKSIGNyKPLOT y XORGNy YORGNy
LPSCALEy ISCALEy WMAGy ICNTRy XLET o NXLAD o XLAB{ 10) o NYLAB, YLAB(10)
DIMENSIUN NUMPT{Ll) s XPT(L) oYPTULL)pHPT(L1),RADPT (1) NUMEL(L),
AiNGUELC(L3sNOQUEZ2(1) ¢yNODE3 (L) NODES( 1) yCENTR(1)
DIMENSIUN ABCOIlS)
DIMENSIGON NDPT(4)
DIMERSIGN TRIAEL{9) s QUADELIS)
L0 FCRMAT(8A10)
TESTU = 1UH
TESTL LOHGRID
TEST3 LUHTRIAEL
TeST4 LOHQUADEL
TESTS 1UHENDGECM
U0 15 1=1,9
TRIAELLTD)
QUADEL (1)
15 CUNTINUE
800 CUNTINUE
REAO(5,10) ABCOD
IF(EUFy3) L1111,150
750 COUNTINUE
UECUDE(BU+50,ABCL) wORDL
50 FURMATI AB).
IF(WUrUL.EQ.TESIO) GU TG 80C
IF(WURU1l.EQ.TESTL) GO TC 20C
IFlWURD ]l EWeTEST3) 624963
62 DECULE(BV101,ABLU) (TRIAELILD +I=1+9)
1301 FUORMAT(B8X»9A8)
GO Tu 600
63 CUNTINUE
IF(AURDLeEGTESTS) €4,65
G4 UECUDELBO9101yABCE) (QUADEL(L)sI=199)
G0 Tu 800
05 COnNTINUE
DG 70 [=1+9
IF(WURD]L.EQ.TRIAEL(I)) GO TC 300
LF(AURD]ISEG.QUAGELL 1)) GU TC 400
70 CUNTINUE
IF(WURD1.EQTESTS) GG TG 2000
GU Tu 800

[T T T 1R}

10H
10H

ol

TC READ GRID CARES

<
3
*

200 CUNTINUE
OeClUE (80,201 ,A8BCL) IDUMy XDUMs YOUM
201 FCRMAT(UX1ABy8X92F8.0)
CALL IRLTECLIDUM)
NNODE = WNNUDE+1
LEINNGUESGT.NNUEST) 5504551
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550 CONTINUE
WRITE(64555) . :
555 FURMAT(LAs/// 910X ¥ XXRXX SURRY, THE ESTIMATE UF NUMBER GF NUDE

L PUOLNTS WAS EXCEECED XXXXX*¥}
STuP

" 551 CONTINUE

NUMPT(NNUOCE) = ILUM
APTINNODE) XDUM
YPT (HNNUDE) YUUM
GU Tu 400

0o

*%% TU READ CARDS CUNTAINING ELEMENTS wITH 3 GRID PUINTS

30U CONTINUE

DECUDLEL B8Oy 30L+ABCL) IDUMINDPTIL)+NDPT(2)+NUPTI(3)
301 FORMAT(BXAB898Xy 34810

CaLL IxRITE({IOUM)

CALL IRITEANDPT(LIN

CALL LIRITE(NDPTL(Z))

CALL IKITEINDPT(23))

NELMT = NELMT+1

LFINELMT.GTNELEST) 650,651
650 CUNTINUE

WRITE(69556)

556 FURMAT(LAX /779 LCX p%XXXXX SORRY, THE ESTIMATE OF NUMBER OF ELEM
LENTS wAS EXCEEDEC COXXXXX%) .
STUP -
051 CONTLNUE
NUMEL (NELMT) = [DUM
NUDEL{NELMI) = ADFT{1)
NODEZ (NELMT) = NDPT(2) i
NUDE3{NELMT) = NDPT(3) :
NGUE4 (NELMT) = 0 o

GG TG 800
#*¥% TU READ CARDS CUNTAINING ELEMENTS WITH 4 GRID bOINTS

400 CONTINJE
DECUDE(B0,401,ABCL) IOUMSNDPTIL)oNDPT(2)4NOPT(3)NDPT(4)
401 FURMAT(BX 1ABy8X4A8)
CALL IRLITE(LDUM)
CALL IRITE(NDPT(L))
CALL IRITE(NDPT{2))
CALL IRITE(NDPT(3))
CALL IKLITE(NDPT(4))
NELMI = NELMT+1
ITFINELMTLGT4NELEST) 7614151
761 CUNTINUE
WRITE(09550)
STUP
7151 UCONTINJE

NUMEL{NELMT) = [TLUM

NUODEL(NELMT) = NOPTL(1)
NUDE2INELMT) = NOFTLZ2)
NUDE3(WNELMT) = NDPT(3)
NUDCYINELMT ) = NLPTI(4)

Gu Ty 800
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APPENDIX C — Continued

LL1l CcunTiiNUE
2000 CUNTINUE
RETURN
END UF ECM2

SUBRUUTINE IRITE(NUM)
C
C %% TG RlIoHT ADJUST INTEGEKS IN A FIELD WIOTH OF EIGHT
C

DIMENSIGN WNi8)
LANK = 1H
UECuULE{ By LsNUM) NSAVE
1 FORMATI(I8)
DECUDE(bGy 2+ NUM) (N(IDdyI=1+8)
Z FURMAT({8ALl)
LU 10 I=1+0
1l = 5-1
IFIN(IL)oNE.LANK) GU TO 20
L0 CONTINUE
20 NUM = NSAVE/{(LO*%(8-11i)
RETURN
END UF IRITE

SUBROUT IWNE GEUOMIINUMPT s XPT s YPT o WP ToRACPTNUMEL yNODE1sNDDEZ2,
INUDES ¢yNUDESG yCENTR )

C

C *%%x USER SUPPLIED GECMETRY INPUT ROUTINE

C
CUMMUN/KOUNT/ NNUGLE ¢NELMT g NNUESTy NELEST
COMMUN/ COUNTRL/ INFURZKGECMoKCATAyKSIGN,KPLOT ¢ XURGNy YORGN,
IPSCALEY [SCALEy WMAGy ICNTRaXLHT 9 NXLAB 9 XLAB(10) yNYLAB, YLAB{10)
DIMENSLUON WUMPTUL) o XPTULI»YPTU L)+ WPT(1)RADPT (L) NUMEL(L),
ANOOELCLIyNUDE2( L) 9 NGDE3 (L) 4NODE4(1) yCENTR(L)

<

C =%x [NSEKRT RUUTINE hkERE

¢

RETURN
END UF GEUGM9
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C
L *%x%
C

100

110

200

210
500

APPENDIX C — Continued
SUBKUUTINE ZEROWK(NUMPT . wP T ANUMELS CENTRI
TG ZERU OUT VALUES UF DATA T0O BE PLOTTEVD.

COMMUN/ RUUNT/ NNCCE ¢ NELMT oNNDEST o NELEST

CUMMUN/ CONTRL/ INFORSKGEUMKCATAKSIGN,KPLOT ¢ XORGN e YORGN,
LPSCALEy ISCALE 1 WMAG s ICNTR 9 XLHT 9 NXLAB o XLABLLO) o NYLAB, YLAB(LO)
DIMENSION NUMPT(L) +ywPT( 1) oNUMEL(L)»CENTR(L)

GO Tu (00,200} INFGR

CONTINVE

DO 140 1=1+NNOEST

WPT(IL) = V.0

CONTINUE

GU Ty 500

CUNTINUE

DO 21U 1=1sNELEST

CENTR(L) = 0.0

CUNTINUE

CUNTINUE

RETURN

END OF <EROW
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SUBRUUTINE DATAL(NUMPT s WPT y NUMEL CENTR)

C *%% TG REAU THE DATA TO BE PLCTTED

C

(@}

92

10

+5

200

20

300

50

190

ok X

510

520

201
50V
250
500

X

oly

CUOMMUN/ KUUNT/ NNGDE ¢NELMT ,NNDESTy NELEST - - .

COMMUGN/ CONTKL/ INFORKGECM,)KCATAsKSIGNKPLOT ¢ XORGN,y YORGN, .
LPSCALEs ISCALE s WMAG, ICNTR, XLHT,NXLAB:XLAB(10)9NYLABoYLAB(lO)
CUMMUN/ SEQNCE/ [RESEQ

UDIMENSION NUMPT(L) +wPT(L) NUMEL(L)yLENTR(L)

DIMENSIGON ABCU(8)

DIMENSION FORMT(T)

OIMENSLIUN I15AV(1G),0SAV(10)

FORMAT(BAL10)

TEST = oHFURMAT

READ(5, LU) ABCD

DECUOELBO,454ABLL) WORD,KVALU

FURMATLAO,y LXy 1 1)

IF{KVALU.EQ.O) KVvALU = |

IF{WURDEJ.TEST) 300,200

WRITE(6,20)

FORMATULHL9///7+2CXe* SGRRY, FORMAT FOR DATA NOT GIVEN¥%)
STep

LGNTINUE

DECODELBUYD0yABLO) FURMT

FORMATI LUX,7AL10)

COUNTINJE

READ(S5sFORMT) {(ISAV(K) 4DSAVIK) oK=14KVALU)

GO TU (5104610) INFOUR

FUR VATA AT URILC POUINTS

CUNTINUE
DU 500 K=1,KVALU

10UM = 1SAVIK)

IF(LUU.Ewau) GO TO 100G
WOUM = DSAVIK)
IF(IxE3Eg.iuel) GG TO 520
WPT(IUUM) = WOUM

Gu TO 560

CONTINJE

UU 500 J=1,NNGUE
IF(NUMPT(J).EQ.ICUM) 501,50C
WPT(J) = WOUM

GG TJ 950

CGNTINUE

CONTINUE

CLNTINJE

6G Tu 100

FUR vaTA AT ELEMENT CENTROICGS

CUNTINUE

DU 660 K=l,KVALU

{0UM = 1SAVIK)
{F(IvUM.EL0) GU TG 1000
WLUIM = USAV(K])
LFUIRESEQ.EQeL) COU TO 620
CLENTREIDUM) = wOUM

LU TJ o200




oo

oo

020

01
600
030
650

1000

L2 3

510

620

601

000
i0

APPENDIX C — Continued

CunNTiInNUE

DU 600 J=Ll)NELMT
[F{NUMci(J) eEde IOUM) 6CLy6UC
CENTRIJ) = WOUM
GU T obu
CONTINUE
CUNTINUE
CONTINUE

GG Tu 100
CUNTINUE

ReT URN

&NV JF DATAL

SUBRUUT INE DATAS (NUNMPT s WPT s NUMELY CENTR)
TU READ DISPLACEMENT DATA FRGM TAPEZ20

CUMMUN/ KGUNT/ NNLCODESNELNMT o NNDESTy NELEST

CUMMOUN/ CONTRL/ INFURGKGEGMsKDATA3KSIGNsKPLOT » XURGNy YORGN,
LPSCALE ISCALEy WMAGy ICNTR ¢ XLET o NXLAB ¢ XLAB(LO )9y NYLAB» YLABLL1O)

CUMMUN/ VALUES/ NVALUS

CUMMON/ SEGNCE/ TRESEQ

DIMENSICN NUMPT(I)thT(l)yNUMEL(l).CENTR(1)
Du 40 [=1lysNVALUS

REAC(20) iLUMynDUM

LU Ty (5106103 INFGR

FUR DATA AT OURID POINTS

CUNTINUE

IFUIRESEQ.EQ.L) GG TU 520
WPT(LDUM) = WDUM

6C Tu 10

CONTINUE

DU 500 J=1,NNGDE
IFINUMPT(J) +EW. 1DUM) 501,506
WPT(J) = Wium

60 TU 10

CONTLNUE

GO T0 LG

FUR UATA AT ELEMENT CENTRGICS

CUNTINUE

IFUIRESEW.EGeLd CC TO 620
WwPT(IUuUM) = WDOUM

vu TO 10

CUNTINUE

UU 0600 J=1yNELMT
IFINUMEL(J) sEWlLUM) 601+60C
CENTR(J) = HWDUM

60 TQ L0

CUNTINUE

CONTINJE

RETURN

END UF DATAS
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APPENDIX C - Continued

SUBRUUT INE DATAY9(NUMPT ,wPT o NUMEL,»CENTR)

¥%% UStR SUPPLIED W CATA INPUT RCUTINE
CGMMON/ KOUNT/ NNUDE +NELMY yNNOEST ) NELEST
COUMMUN/Z CUNTRL/ INFOR KGEGMyKDATAF KSTIGN KPLOT ¢ XORGNy YORGN,
LPSCALEY» ISCALE) WMAGy ICNTRyXLFT 9 NXLAB 9 XLAB(LO) ¢y NYLABy YLAB(LO)
OIMENSLION NUMPTUL) o WPTEL) NUMEL(L),CENTR(L)

*%% INSERT RUUTINE RERE

RETURN
ENU uF DATA9I



C

APPENDIX C — Continued

SUBROUTINE PNTCGUT(IGUTyNUMPT ; XPTyYPT, WPT,RADPT ,NUMEL,

INOUEL yNUUE2yNODE3 ,NGUE4CENTR)

C *%% FUOR PRINTED OUTPUT OF [NFGRMATION IN BLANK COMMUN - Z2ZZ

C

o,

1000

P

L6

L7

18
30

19

21

210

220

230

240

CUMMUN/ KUUNT/ NNUUDE ¢NELMT ,NNCESTyNELEST

COMMON/ CUNTRL/Z INFGR I KGECMyKCATAy KS LGNy KPLOT 9 XORGNy YORGN,
LPSCALE» ISCALEy WMAG ) ICNTRy XLHT ¢y NXLAB s XLABL 1O} +NYLAB, YLAB(LO)
DIMENSIGN NUMPT(L) o XPT{L) o YPT{1)sWPT(L1)sRAUPT(L)yNUMELIL),
LNOUEL(L ) s NGDEZ2{1)4yNGDE3 (1) yNODE4L( 1) yCENTR{1)

LG TU (1000,200Q) ICGUT

CGNTINUVE

FCR UUTPUT UF GEGMETRY INFGCRMATION

WRITE(o, L0}

FORMAT(///95X9*¥GRID PCINT INFGRMATIGN*,//7)

WRKITE(S,17)

FORMAT{5Xy*RESEQUENCED* 44Xy *USER INPUT*,35X , *BOUNDARY*/
I5X0¥GRIC PUINT* 45Xy #GRID PUINT#*,7X, % INPUT*, LOXy*INPUT*,
28Xy ¥PUINT*/
35Ky *NUMBER* 99X o *NUMBER#* 9 L3X 9% X%y 14Xy ¥Y%,10X*INDICATOR%// )

DU 30 I = 1l+NNODE

WRKITE(O,18) 1o NUMPTUEI)WXPT{1)sYPT(1),RADPT(I)

FURMAT(2X¢1L095Xy110,3X,3EL5.4)

CONTINUE :

WRITE(L,19])

FURMAT(//7 45Xy ¥ELEMENT INFORMATION - HITH RESEQUENCED GRID PGINTS

Lx//7) .

WRITE(O,21)

FURMAT{ 5K »¥RUSEGUENCED*,4Xy*¥USER INPUT*,19X,%GRID POINTS*/
LOXy®*ELEMENT*,8 Xy *ELEMENT*/.
25Ky ¥NUMBER® 9 OX g ¥NUMBER® g L3X 9 XL ¥y IXy 2% ) 9X g %3% 39Xy ¥4%//)
DU 35 1 = LloNELMT .
WKITE{0922) Lo NUMEL(IL) NODELLIL),NOGDEZ(T)NCGOE3(I),NODE4L(I)
FURMAT(2X+110,5X,110,4X,411C)

CONTINUVE

RETURN

CONTINUE

FUR JUTPUT UF ULATA TU BE PLGTTED

WRITE(0,210) o

FURMAT(///¢5Xs*CATA Tu BE PLOTTED*,///)

TECINFORCCUel) WRITE(64220) _
FORMAT( 5K, *RESEQUENCED GRID POINT NUMBERS AND DATA VALUES#,/7)
IFUINFUR.EQe2) WRITE(6,230)

FOKMAT (5K ¥*RESEGUENCED ELEMENT NUMBERS AND DATA VALUES#*,//)
IFCINFURLEQeL) WRITEL69240) ((I,WPT(I)),1=1,NNODE)
IF([NFUR.EQa2) WRITE(6,240) (LLyCENTRCI)) y1=1,NELMT)
FCRMAT(S5(2X e 18,E15.5))

RETURN

END OF PNTOUT
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APPENDIX C — Continued

SUBRUUTINE XYSCAL(NUMPT o XPT+YPT NPT oRADPT yNUMEL ¢yNODEL+NQDE2,
INODE3 »NGDE4,CENTR)

TO DETERMINE MAXIMUM DIMENSICNS OF THE DATUM SURFACE
AND RENUMBER ELEMENT GRID PGINTSa
W OATA IS SCALED IN SUBROUTINE SCALEW

CUMMON/ KOUNT/ NNGOEoNELMT,NNDESTyNELEST

CUMMUN/ CONTRL/ INFORKGECMyKDATAsKSIGNsKPLOT s XORGNy YORGN,
LPSCALE s ISCALE yWMAGy ICNTRyXLHT s NXLAB o XLABI10) ¢y NYLAB,YLAB(10)
COMMUN/ SEGNCE/ IRESEQ

COMMUN/ STZEXY/ XMINIMyXMAXIMsYMINIM,YMAXIM, XSPACESYSPACE
DIMENSION NUMPT (L) o XPT{1) ,YPTLL)?WPT (1) ,RADPT{1),NUMEL(11)},
LNOUDELIL)yNUDEZ(1) »NGDE3 (1) s NUDE44:1) »CENTR(L)

VDIMENSIUN NOPT(4)

TO SCALE UATA ANC DETERMINE X MINIMUM AND MAXIMUM

XMINTM
AMAKXIM
YMInLM YPTLL)

YMAXIM YPTL1)

V3 110 1=19NNGDE
TF(XPTUL)dLTOXMINIM) XMINIM
IFUXPT(L) oGToXMAXIM) XMAXIM
TFLYPTUL) L TLYMINIMI YMINIM
LELYPTLL) e6T.YMAXIM) YMAXIM
CUNTINUE

IFUIRESEQeNELL) GC TOU 7C0

XPT{l)
XPT(1)

XPT 1)
YPI(l}
YPT (L)

oo u

TO RENUMBER ELEMENT NODES

DU 000 1=1,NELMT
NOPT(1) = NUDEL(I)
NOPT(Z} = NODE2(I) -
NOPT{3) = NUODE3(I)
NDPT(4) = NUUE4(L)

U0 6UH J=1,4

IFINOPTLU).EQ.0) GO TO €05

DU 610 K=1+NNGDE

IFINUMPTIK) dEWaNLPT(J) ) €L5+61C
IFlue.Edeld NOULELC(I) K
iFlJeEde2) NULEZ(I])
IF(u.Ewe3) NOUE3(T)
IF(JeEded) NUDES(I)
Gu TO oil

CONTINUE

ARLITE(G 95551 NOPT(JINUMEL(L)

FORMATUIDX 9% NUDE *,110,% IN ELEMENT *,110,% NOT [N USER DATA%)
Styp

CUNTINUE

CUNTINUE

CONTINUE

CUNTINUE

RETURN

END OF XYSCAL

I
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SUBRGUTINE SCALEW(WPT,CENTR)}
*x% THIS SUBRUOUTINE SCALES w DATA

CUMMUN/KUUNT/ NNGUESJNELMT yNNGESTyNELEST

COMMON/ CUNTKLY/ INFOR,KGEGM, KDATA3 KSION,KPLUT y XORGNy YGRGN,
LPSCALE ) ISCALEy WMAGy ICNTR e XLHT ¢ NXLAB 9 XLABL10) yNYLAB, YLAB{10)
COMMON/-SAVEV/ WMACS, ICNTRS

DIMENSLGN wPT(L)CENTRI L)

VG TU (1uU0,200) INFCR

#¥¥% FLR NUUAL DATA

100 CONTINUE

WMIN = WPTIL)

WMAX = WPTIL)

DG 120 I=1,NNUDE

IF{WPT(I)JLTAWMIN) WMIN

LEAWPTII).GT.WMAX) WMAX
120 CGNTINUE

ABLG = ASS(WMINI

[F(ABS{WMAX) «GT.wBIG) WBIG = ABS{AMAX)

WRANG = ABS {AMAX=WMIN)

WRITE(oy 121} WMAX, WMIN
121 FURMATULK 9//7 415Xy *MAXIMUM VALUE OF DATA =%,E20.8, 10X, *MINIMUM VALU

LE UF DATA =%,£2(.8)

GU TU (140,160,18C) iSCALE
140 CONTINUE

WMAG = WMAGS

LCNTR = ICNTRS

GG TU 190
160 CONTINUE

AMAG = WMAGS

LEXP = ALOGLO(WBIG)

IF(LEXPLLTL0) LEXF = LEXP-1

IF(LEXP.EQeU) GG TO. 161

WMAG = WMAGS/(10.G*%LEXP)
L6l CGNTINUE

WRANG = WRANGEWMAG

CINT = WRANG/FLGAT(IGNTRS)

GO 1O 800
130 CGNTINUE

IF(nWiMALSWiTa2.0) 3334334
333 NR[IE(O.S)b)

335 FORMAT{LXs///210Xs%SGRRY, VALUE OF WMAG MUST BE 2.0 UR GREATER#*)
STubP

334 CONTInNUE
WMAG = WMAGS/WBIG
WRANDG = WRANG*WMAG
CINT = ARANG/FLCATLICNTRS)

800 CALL INTRVLICINTICNTRI

190 CONTINUE
WKITE{09122) WMAG,ICNTR :

122 FORMATULX /779 5X#WMAG =%4E20eBylOXoxICNTR =%,16)
GG Tu 300

WPT (1)
WPTLI)

*&% FUR ELEMENT DATA

200 CANTINUE



APPENDIX C — Continued

CMIn = CENTR(L)

CHMAX = CENTRI{L)

DU 220 [=1+NELMT ]
FF(CENTRIL) «LTCMINY CMIN = CENTRLL)
IF(CENTR(I1)GT .CHhAX) CMAX = CENTRILI

Lbluv = ABS{CMINY
ITF(ABS{CMAX) .GTLCBIG) CBIG = ABS(CMAX)
CRANG = ABS(CMAX-CMIN)
22U CONTINUE
WKITE(LyLZ2l) CMAXCMIN
GU Tu (240,200,280) ISCALE
240 CUNTINUE
wMAG = WMAGS
[UNTR = JCONTRS
ol TJ 290
260 CUNTINUE
WMAL = WMAGS
LEXP = ALOGLOICBIG)
IF(LEXPLLTL0) LEXP = LEXP-1
IF{LEXP.EWs0) GU TU 261
WMAG = wMAGS/{10.0%%LEXP)
261 CONTINUE
CRAND = CRANG*WMAG
CINT = CRANG/FLCAT(ICNTRS)
Gu TU 900
280 CUNTINUE
WMAG = wWwMAGS/CBIG
CRANG = CRANOG*WMAG
CINT = CRANG/FLUAT(ICNTRS)
Y00 CALL INTRVLICINT,ICNIR)
290 CUONTINUE
WRITE(HO 91223 WMAGICNTR
300 CONTINUE
RETURN
END UF SCALEwW
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loo

lo7

Lo6s

LoY9

171
lob

175

140

APPENDIX C — Continued
SUBRUUTINE INTRVL{CINT, ICNTR)

TO CALCULATE CCNTGUR INTERVALsy ICNTR

D0 165 1=1,10

CUP = 145%{10.0%%])/10.0
IF(CINT L T.CUP) 166,167
ICNTR = 1*(10%%1)/10

GO TU 140

CONTINUE

CUP = 3.5%{10.0%#%1)/10.0
IFICINTLLTLCUP) 1€E, 1069
ICNTR = 2%{10%%1)/10

GU TU 140

CUNTINUE

CUP = Ta5%(10.C*#*[)/10.0
LF(CINTLTLCUP) 170,171
ICNTR = 5%{10%*1)/10

6L TU 140

CUNTINUE

CUNTINUE

WRITE(6417D) .
FORMAT(LX /775X %SURRY,y CONTGUR INTERVAL NOT FUUND, CHECK INPUT¥*)
SToPp '
CONTINUE

RETURN

END UF INTRVAL
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C

c

505
500

60Ul

- 602

600

100

SUBRQV
INUDE3,

CGMMOnN
DIMENS
LNCOEL(
DIMENS
DU ¢5

RADPT{
DU 3500
NDi
ND2
ND3
NU<4
XX(1)

YY(l}

Xxi2)

YY{2)

XX{3)

YY(3)

CALL A
RADPT(
KAUPT(
RADPT (
IF(NV4
XX(2i

YY(2)

CALL A
RADPT{
RADPTU
RAUPT(
CUNTIN
CONTIN

APPENDIX C — Continued

TINE ENCLGSINUMPT o XPT»YPT yuPT,RADPT,NUMEL ,NODEL,NODEZ2,-
NGDE4,CENTR S '

C *=%% TU CALUULATE ENCLGSED ANGLES AROUNUD NODE POINTS

/KUUNT/ NNOCENELMT¢NNDEST,NELEST
TGN NUMPT (L) o XPTHLL) oYPT(L)aWPTILL)RADPT (L) NUMEL(L),
1)yNUDEZ(1},NODE3(L),NODE4(1)CENTR(L)
IGN XXL3)4¥Y{(3)yWwn(3),RRAD(.3)
I=1+NNDEST
1) = 0.0
I=1,NELMT
NGOELLD)
NGDE2(1)
NUDE3(I)
NUDE4 ()
XPT(NDL)
YPT{NDL)
XPTIND2)
YPT(ND2)
XPTIND3)
YPT(ND3)
RCUNDIXX s YY sRRAU)
ND1) RACPT(NGL) +RRAD(]1)
ND2) RADPTINLZ) +RRAD(Z)
NU3) RADPT(ND3)+RRAD(3)
.twe0) GU TQ 505
= XPTIND4)
= YPTIND4)
ROUNDUIXXyYY 3RRAD)

[T AT I TR {1}

1]

NUL) = RAUPT(NDL)+RRADI(1)
ND4) = RAUFT(ND4) +RRADI(Z2)
NU3) = RAUDPTINU3)+RRALI(3)
JE
UE

Pl = 3.14159265

EPSIL
TEST =

= 5.0%P1/180.0
2.0%PI—-EPSIL

DO 600 I=1,NNUDE

IF(RAD
CUNTIN
KADPTI(
G0 TO

CUNTIN
RADPT(
CONTIN
KETURN
ENU OF

PTEL1)«LT.TEST) 6014602
vt

i) = 1.0

ouJ0

Uk

[) = 0.0

JE

ENCLOS



APPENDIX C - Continued

SUBRUUT INE ARGUNGIX,Y,RAD)

oGO
4%
L.
3

DETERMINES A SPECIFIED CURNER ANGLE OF AN ELEMENT

DIMENSIUN X{3),Y{3),RAD(3)

UUNE
UTwWU
UTRI
CGS1
Cus2
CUM3 =
Kaul{l)
RAD(Z2])
RAUL3)
RETURN
ctNU UF

[T T I T

SURTUIXA3)=X{2) 1%%2+(Y(3)-Y(2)}x%2)
SURTIIXA3)-X(LII#22+4(Y(3)=Y (1) )*%2)
SURTUIXEZ2)I=XCLI ) #2224 (Y (2)=Y (1) )%%2}
(UTwO*% 24 CTRI**2-QUNE**2) /(2. 0*0TWO*GTRIL)
(OONE** 2+ 0TRI#%2-UTWC**2) / (2. 0%CONE*QTRI)
(UUNE*#2+CTWG**2-UTRI*%*2)/ (2. 0*%00ONE*UTWO)
ALUSICES L)

ACUS(LGS2)

ACOS1COS31)

ARUUND

SUBRUUTINE PUINTSIKINDISIZESXPT,YPT)

C *%%x TU PLOT SYMBULS AT NOUE PUINTS

COMMUN/KUUNT/ NNCDE o NELMT o NNDEST NELEST

CUMMUN/ CUNTRL/

DIMENSICN XPTUL)»YPT(L)

DU Lou

I=1,NN{UDE

X = XPT(Li/PSCALE
Y = FLUAT(KSIGNI*YPI(I)/PSCALE
CALL PNTPLT (XY ¢KINDy1SIZE)
LOU CUNTINUE

RETURN

ENU UF

POINTS

INFOUR(KOEUMyKUATASKSIGNyKPLOT y XURGNy YORGN,
LPSCALEs ISCALEy WMAG ) ICNTR o XLHT ¢ NXLAB ¢ XLAB(10) 4 NVLASB, YLAB(IO)
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SUBRUU

APPENDIX C - Continued

FTINE WNUDE(NUMPT XPT,YPT wRPT,RADPTyNUMEL,NODEL1,NGDEZ2,

LNUDE3+NGDE4,CENTR)

{ *%%x FUGR PLUTTING NUOCAL CATA

C

5U5
500

102

CUMMUN
COMMUN
IPSCALE
UIMENS
INuLDELL
DIMENS
00 500
NUL =
NDZ2
NDJ
NU4
Xall)
Yyil)
Whwiil)
XX{(2)
YY(2)
Wil 2l
XX{3}
YY{(3)
WWi3)
caLe T
IF(NUV4.
XX{(2)
YY(Zi
Wl 2)
caLL T
CUNTIN
CUNTIN
RETURN
ENL UOF

oo

/KUUNT/ NNGDEyNELMToNNDESTH-NELEST
/CUNTRL/ INFCR)KGEGMyKCATAZKSIGN,KPLOT 9 XORGNy YORGN,
s ISCALE s WMAGy ICNTRy XLHT yNXLAB ¢ XLAB(10) o NYLAB,YLAB(10)
iON NUMPTUL) 9 XPT(L) o YPTUL)»WPTLL),RADPT(L) NUMEL(1),
1) NUDE2(1) yNGDE3( L)y NODE4L L) CENTR( L)
LGN XXE3)oYYI(3)yWi(3) +RRADL 3)

I=1yNELMT
NODELL(I)
NCDEZ(T)
NGDES(I)
NLOt4(I)
XPT(NDL}
YPTINDL)
WPT{ND1}
XPT(ND2)
YPT(ND2)
WPTIND2)
XPTIND3)
YPT(NL3)
APTAND3)
RIN(AX.YY,wu)

EdeV) GO TG 505
= APTINL4)
= YPT(ND4I
= #WPT{ND4)
RIN(XXsYYsini)
JE
UE

[ U T T TR TR T 1}

WiNGDE
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APPENDIX C — Continued

SUBRUUTINE WELMT( NUMPT ¢ XPT,YPT,WPT»RAUPT ,NUMEL yNUDEL1,NQDE2,
INUDE3»NUDE4CENTR)

FOR PLUTTING ELEMENT DATA

COMMUN/KUUNT/ NNCUE ¢NELMT o NNDESToNELEST

COMMON/ CUNTRL/ INFGRyKGEGM,KCATAsKSIGN,KPLOT» XURGNy YORGNy
LPSCALEy ISCALE ) WMAG ) ICNTR ¢y XLHT ¢ NXLAB ¢ XLAB(10) ¢ NYLAB, YLAB(10)
DIMENSIUN NUMPT(L) o XPT(L),YPTUL)sWPT(L1),RAUPT{1) NUMEL(L),
INODEL( 1)+ NOUEZ(L1),NGUE3(L),NCOES( 1) »CENTR(1)

DIMENSICN NDSAV(4)oNELUZ20)9X(20)+Y(20),4RE20)+ANG(20)
DIMENSLION XX€3),YY(3)yWnl3)

UDIMENSICGN ISAVI4)d5AV (4}

Pl = 3.1415926536

VY 100 1=1,NNULEt

TU DETERMINE ELEMENTS CCNNECTED TO NGODE 1

NKEEP = 0

DU 50U J=1l,.NELMT
NUSAVILI) = NODel(J)
NDSAV{2) = NODEZtJ)
NDSAV(3) = NUDE3(J)
NUSAV(4) = NUDE4(J)

DG 505 Jd=Lr4

LE(NUSAVIJY) «EWal) 5104505
NKEEP = NKEEP+1

Niel {NKEEP) = J

CUNTINUE

CONT IiNUE

IF{NRECP.EQe0) GC TG 100

CALCULATE INFURMATICN FCR CENTRULD UF EACH CONNECTED ELEMENT

DU 550 K=1,NKEEF
TbuM = NEL(K}

NUL = NGDEL(IDUM)

NOZ = NUODEZ(ILUM)

N3 = NUUE3(IDUM)

NDge = NUOUE4(ILDUM)

[F(ND4.EQ.O) 560,501

CUNTINJE

X(K}) = (XPT n L)+XPTEND2)+XPT(ND3)) /3
Yi{k) = (YPT LICYPTUIND2I+YPTUIND3)I/3
GuL TU 565

CGNTINUE

X{K) = (XPTINDL)#XPT{ND2)+XPT{ND3)+XPT(ND4))/4.0
Yin) = (YPTUNDL)+YPTUNDZ2)+YPTUND3)+YPT(NC4))/4.0
CONTINUE

XDIST = XUK)=XPT(I)

YUIST = Y(K)=-YPT(1}

RAK) = SQRTIXDIST*%2+YDIST*%2)
LFIXDISTeEQeUe0eANLSYDIST.GE-0.0) ANGIK) = P1/2.0
[F(XUISTeEQea0a0.ANDLYDISTLLT20.0) ANGIK) = 3.0%P[/2.0
IF(XDIST.NE.U0) ANGIK) = ATAN2{YDIST,XULST)
IFCANGUK) oL Ta04C) ANGIK) = ANGIK) +2.0%P]

CONTINUE

i

In i
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c .
L *%% T REUKDER INFGRMATICN IN UROER OF INCREASING ANGLE
C .
IF(NKEEP.EQ.1) GO TG 60C
U0 570 K=1,NKEEP
KK = NKEEP-K
D0 570 J=19KK
IF{ANO{J)—ANG(J+1])) 5701570’575
575 TEMPL = ANG(J)
ITEMPZ2 = NEL(J)

TEMP3 = XULJJ
TEMP4 = Y(J)
TEMPS = R{J)
ANG{J) = ANG{J+1])
NEL(J) = NEL{J+]L)
X{Jd) = Xtd+l)
Y{J} = Y{J4+l)
RiJ) = RlJ+1)

ANGEJ+1) = TEMPI
NEL(J+L) = [TEMP2
X{Jd+1) = TEMP3
Y{a+id = TEMP4
R{J+l) = TEMPS
570 CUNTINUE
600 CUNTINUE

%% TU CALCULATE WEIGHTED AVERAGE AT NGDE POINT

e ol o

DENOM = 0
DG olo K leKhtP

DENUM = OENUM+1.0/K(K]}
610 CUNTINUE

WPTLL) = 0.0

DU 015 K=1oNKEEP

WEIGHT = (1l.0/R{K) ) /DENCM

IuuM = NEL(K)

WPT(I) = WPT(IJ+WEIGHT®*CENTR(LOUM)
ol CUNTINVE

*%% TO PLOT CONTUOURS ARGUND PUGINT

e aN el

LF(NKECP.EQ.Ll} GU TO 625
XX{1) = XPT(I}
YYilL YPTLI)
Wihil) WPTHLI)
DU 62U K=14sNKEEP
Il = K
I = K+l .
IF(K.EJONKEEP) 2 = 1
C #%% Tu CHECK CUNNECTIVITY UF CENTROIDS ABOUT A BOUNDARY POINT
650 CUNTINUE

I1DUM = NEL(I1)
JDUM = NEL(IZ2)
ISAV(Ll) = NUDEL(CICUMI)

ISAV{Z) = NOLE2{ ICUM)
ISAV(3) = NODE3(ICUM)
ISAV{4) = NuUDEA4( IVUM)
JSAVILl) = NUDEL(JLUM)

104



652
051

660

620
05
100

APPENDIX C — Continued

JSAVIZ) = NUvEZ2(JDUNM)
JSAV(3) = NUDE3(JCUM)
JSAavV{4) = NUDE4LJDUM)

DU o5l 1ll=1+4

TF{ISAVILIT)abWe0.0RISAVIIIL)LEQ.L) GO TO 651

DU 652 JJdd=1+4

TF(USAVIJUIUI) eEdaC URLUSAVIUIJ)IEQ.L) GU TU 652

IFUISAVILII)eEQaJSAVIJJY)) €604052
CONTINUE

CONTINVE

GO TU 640

CONTINUE

XXt2: = X{111

YY(2) = Y{Il) -

ILUM = NEL(IL)
Wwl2) = CENTR{ILUM)
XXU{3) = X(12)

YY(3) = Y(i2]

1DUM = NEL(12)
Wrl3) = CENTRIL IGUM)
CALL TRIN(XXsYYrhh)
CONTINUE

CONTINUE

CONTINUE

RETURN

END OF wELMT
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SUBRUOUTINE TRIN(XGyYGyWG)

C
L =%xx PLUTS CONTUUR LINES WITHIN A GIVEN TRIANGLE
C
CCMMUN/CONTRL/ INFOGR oKGEGMy KCATAWKRS LGNy KPLOT o XORGNy YURGN,
LPSCALE Y iSCALE) WMAGy ICNTRyXLHT ¢ NXLAB» XLAB(L10) yNYLAB,YLAB(LO)
OIMENSICN XG{3),YGL3)yWG(3)
DIMENSION X{3)eY(3),nWl3]}
DIMENSIUN XPNT(3),¥YPNT{3}
C
L *%% TU SCALE vi DATA BEFCRE PLOTTING
C

DU LU I=143
X1 XG{1)/PSCALE
Yil) FLOAT(KSIGN)*YG(1)/PSCALE
All) WG L1 ) *WMAG
1O CUNTINUE

wonoN

%% T FINU MIN AND MAX VALUES CF W

[aNaXal

WMIN Wili

WMAX wil)

DU 20 [=2,3

IF(a (1) eLTanwMIN) WMIN

1Fiwi 1) sGCTWMAX) aMAX
20 CUNTINUE

won

Wi(l)
wil)

#¥¥ JU DETERMINE CUNSTANTY VALUES GF w wITHIN TRIANGLE

<O

IouM WMIN/ICNTR

JUUM IOUM®TCNTR

1F(9UUMLGTL0) ISTRT JCUM+ICNTIR
IF(JuUMeLELO) ISTRT = JDUM
IF(FLUAT(JDUM) cEQWMIN) ISTRT = JDUM
IDUM = WMAX/ICNTR

JOUM = [DUMXICNTR

IF{JUUM.GE.O) 1ISTCP = JQOUM
LF(JDUMLTL0) ISTCGP = JDUM-ICNTIR
ITH(FLUATIJDUM) cEG.nwMAX) [ISTCP = JDUM
TF(ISTUPLLTLISTRTY GO TG 10C0

i ou

C
C *%% DETERMINES INTERSECTICNS CF CONSTANT W LINES AND TRIANGLE SIDES

(a)

ALLUA = L.0E-05

EPsSILN = 1l,0E-10

ELUW = Q.0-tPSILN

EUP = 10+EPSILA

VSAVE = 1.0E+20

DU LOO I=1STRTyISTUGPLICNTR

WCONST = FLUAT(I1)

LOCNT = ©

DEN = nill)-W(3)

IF{DEN.EW.O.V) GU TO 120

XLI = (WLOGNST—-wWi3)I/UEN

LECALLGEELUWJANULXLILELELP) 140,120
L10 ICONT = ICNT+1

APNTULIUNT)

YPNT{LUNT)
120 CUNTINUE

XLI#X(L)+{ Lo 0=XLI)*X(31)
XLIFY{L)+{10—XLII*Y.A3)
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180

350

310
300

450

410
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DEN = dal{3)-wWi2)

IF(UEN.EQeVULU) GC TU L40

XLM = (WCONST-W({2))/UEN
IF(XLMoGL oELUW «ANDe XLMJLELEUP) 1300140
LONT = ICONT+}]

XPNTLICNT)
YPNTUIUNT)
CONTINUE
DEN = a(2)-Wll)

IFIUEN.EW.0.0) GG TU 1leC

XLJ = {WCUNST-w(1l)J)/DEN
IF{XLJY.GELELDW e ANDaXLJeLELEUP) 1504160
ICNT = ICNT+1

XPNTLICNT)
YPNTUICNT)
CUNTINUE
IFLICNT.LE«L1) GG TO 100

IFUICNT .EQe2) GG TU 10
IF(ABSUXPNT(L)-XPNT(2)) LT.ALLUWSANDS
LABS(YPHT(LI-YPNT{23)eLTALLCH) 1704180

(leC-XLM)®X(2) #XLMEX(3)
(Ll O-XLM)®RY{2)¢XLM*Y.(3])

[T}

W

{1o0-XLJ)X{1)+XLJ¥X{2)
{LeO-XLJ)®Y (L) +XLI%*Y.H2)

CONTINUE
XPNTL2) = XPNT{3)
YPNT(Z2) = YPNT(3)
CUNTINUE

CALL CALPLTIXPNTCLI»YPNTLL) +3)

CALL CALPLT(XPNT(2)2YPNT(2),2)

CALL CALPLTUIXPNT(2)YPNT(2)+3)

IF{NXLAB.EQLO) GC TO 30¢C .
IFCASBS(XPNT(L)=XPNT{2)) «LT.ALLOW): GU TOU 300

UU 3lu K=1,NXLAB

XLADEL = xtLAB(KI/Z/PSCALE

TELRPNTIAL) e LE«XLACEL.ANGXPNT{2)GELXLABEL) GG TO 350
IFUAPNT12) o LEa XLABEL .ANDXPANTI1)abELXLABEL) GG TO 350
GU TU 310

CONTINUE

XSIRT = XLABEL

YSTRT = YPNTULI#{YPNT(2)=-YPNTL{L)I*{XLABEL-XPNT{1)2d/
LUXPNT(2)-XPNT( L)

YSTRT = YSTRT=XLET/2.0

IFLABS{ VSAVE-YSTRT)LLT.XLHT) GO TO 310

VSAVE = Y>STKT

CALL NUMBER(XSTRTSYSTRT ¢ XLHT yWCUNST0.0,—11)

CCONTINUE

ConNTINUE

LFiNYLAB.ERQSU) GC TG 40C
TF(ASS{YPNT{Ll)~YPNT{2))LT.ALLOGWI GU TU 400

DO 4lG K=1oNYLARB

YLAvklL = FLUOATIKSIGNI*YLAB(K)/PSCALE

LFCYPNT{L) o LEYLABELLANCLYPNT (2)aGE.YLABEL) GC TO 450
IF(YPNT(2)eLE.YLABELANDLYPNT(1)GE.YLABEL) GO TO 450
GU TU 410 ’

CUNTINUE

YSTRT = YLABEL .
XSTRT = XPNTOLI+(XPNT(2)=XPNT{1)I*(YLABEL-YPNT(1)2d/
LEYPNTiU2)=-YPNT(1))

XSTRT = XSTRT+XLET/2.0

[F{ABS{VSAVE=XSTRT)LT.XLHT) GO TO 410

VSAVE = XSTRT

CALL NUMBERIXSTRTsYSTRTyXLHT s WCONST y90.0,-1)

CONTINUE
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200
100
10060

300

CONTINUE
CONTINUE
CUNTINUE

DO 500 I=1,3
Wil) = Wil)/nMAG
CGNTINUE

RETURN

END UF TRIN
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SUBRUUTINE BUUNDONUMPT y XPT,YPT WRPT,KAUPT NUMEL y NODEL »NOUE2,
INUUES3 yNCDES s CENTRI

*¥%% PLUTS oUGUNDARY GF STRUCTURE AND LABELS COUNTQOUR LINES

CUMMUN/KUUNT/ NNCCENELMT)NNUGEST 4 NELEST

CUMMON/CUNTRL/Z INFORGKGECMyKDATAyKSIGNsKPLOT ¢ XORGNs YCRGN
LPSCALE,y ISCALE s WMAG s ICNTRyXLET o NXLAB,XLAB(10),NYLAB, YLAB(10)
OIMENSTIUN NUMPTOLY o XPTUL) o YPTU L) s wPTUL)RADPT(1) +NUMEL(L),
INUDEL(L) o NODEZ2 (L) +NUDE3(L)yNGDES{ L) CENTR(L)

DIMENSIGON NU(S5) ¢NGCON(50,2)

DIMENSION XX(3),YY(3)euWwl3)

®#x% LXAMING ALL- ELEMENT CONNECTIUNS AND ADD 1.0 TO RADPTS WHEN TWC

*&¥ NUDES ARE CUNNECTED WHICH HAVE RADPT.NE.0O.0. ALSC FLAG

¥%% ELEMENTS CUNTALNING SUCH CONNECTAUNS 8Y MAKING NUMEL NEGATIVE.

V0 40u 1=1,NELMT

Null) = NGDELL(I)
NO(2) = NODEZ2(1)
ND(3) = NUDE3( 1)
ND{4) = NGDE4(I)
ND({(5) = NODEL(I)
vU 410 J=1lr4

K = NO(Jd)

IFi{ne.Ewed) GU TG 40C
L = ND(J+1)
IlF{LeEwed) L = NG(J+2)
IFIRAUPT(R) e NEeOeQoAND.RADPT(L )NE.0.0) 4114410
“ll COUNTINJE
RAUPTI(K) = RAUPT(K)+1.0
RACPT(L) = KADPTI(L)+1.0
IFINUMELL{L)«GT0) WNUMEL(L) = —NUMEL(I)
410 CUNTINUE
40u CONTINUE

%% EXAMINE ALL . ELEMENTS AND SAVE ALL CGNNECTIUNS WITH BGTH
%% ENDS HAVING RACPT.GE.4.0 IN NUOCON.

NPUSS = 0
U0 420 [=14NELMT
IFINUMELIT) «GT 0} GO TO 420

NL(Ll) = NUODELL(I)
NGE2) = NGDE2(1)
NUL3) = NUDE3LI)
NUO(4) = NUDE4( L)
w31 = NUDEL(T)
OU 430 J=l,4

K = NulJd)

IF{KeEQ.0) GU TO 42C
L = ND(J+1)
IFlL.EQ-U) L = NDUJU+2)
IF(RADPTI{K) e UE «4eCeANDRADPTILD «GE«4+0)- 431,430
431 CUNTINUE :
iF(NPUSS.EW.50}) GC TO 430 ' o
NPUSS = NPUGSS+I
NOCCNENPUSSHL) = K
NGCUNINRUSS2) = L
430 CUNTINUE
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420 CUNTINVUE
C
C #=x%x CHECK POSSIBLE NC CGNNECTS ANU SAVL ANY MATCHED PAIRS
“‘ .
NBAD = 0
IFI{NPUSS.LESL) GO TU 4170
ITENU = NPUSS-1
DO 420 I=1,1END
JOU = 1+l
JEND = NPGSS
DU 460 u=JG0,JEND
FFINOCUNCLyL) e EQoNUCGN(Jy1) «ANDSNOCUNCI 22} oEQ.NOCUN(J221)1)
iGU TU =<6l
IFENUCUN(LY 1) oEG. NbCUN(J'Z).AND NOCON(I+2) sEQ<NUCON{J+1))
i GJ TU 461
Gu Tu 400
461 CUNTINJE
NBAD = NBAL+I
NUCGN(NDBAU, L)
NOCUNENBAD ¢ 2)
460 LUNTINUE
450 CUNTINUE
4T0 CONTINUE
D0 100 I=1,NELMI
TFINUMEL{L)0GT«0) GU TU 100
NULL) = NUDELL)

NOCON(T,1)
NCCENIET,2)

Wi

ND(2) = NGDE2(1)
ND(3) = NGUE3(I)
NUL4) = NGUE4(D)
ND(5) = NUDEL(1)
DU 50 J=1,4

K = ND(J)

IF(KsEwWwsU}) GU TG 100

L = NDtJ+1)

IFiL.EQ.0) L = NOILJ+2)

ITF{RADPT(K) oGt a34CeANDLRADPT(L)6EL3.0) 111,50
111 CONTINUE

Nul = K
NuZ = L
1FlJ.Gi.1) IDUM = J-1l
IFtJ.Eds1) TDUM = 3
NAUX = NDO(IDUM)
C
C =%% TG PLUT BUUNDARY LINES
C

IF{NBAD.EG.0) GO TO 40

DU 30 Ju = 1,NBAD

IF(iNDLoEQaNUCUNIJJr1)aANDNE2.EQeNUCONLJU2)) GO TO 50

IF(NDLoEQeNUCON(JJ9 2 e ANDJNDZ2LEQWNGCON(JJ1)) GO TG 50
30 CUNTINUE .
40 CONTINUE

X1 = XPU(NDL)/PSCALE

YL = FLUAT(KSIGN)®YPTI(NDL)/PSCALE

XZ = XPTI(ND2)/PSCALE

Y2 = FLOAT(KSIGN)*YPTIND2)/PSCALE

CALL CALPLTIX1,Y1,43)

CALL CALPLT(X2+Y242)

CALL LALPLT(X2:Y2,43)

1FUINFUR.EQ.2) 8B8B&, 889
888 CUNTINUE
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C
C *%% T PLOT CONTOUR LINES TG EDGE OF ELEMENT DATA PLOTS
c

AX{ld = XPT{(nND1)
Yy{il) = YPI{NDL)
win{i)d = WPIINDL)
XX{21 = XPTIND2)
YY{2) = YPTIND2]}
wal2) = WPT(ND2)
N1 = No(l)
N2 = ND(Z)
N3 = NU(3)
Ne = NOL4)

IF(N4.EGeC) G10,G520
910 LONTINUE
XCeENT = (XPTINL)+XPTIN2)+XPT{N3)3/3.0
YCENT = (YPT(NL)+YPTUNZI+YPTIN3Id /3.0
Gu Tu 950
920 CUnTINJUE :
ACENT = (XFTINLI#XPTIN2)+XPTIN3)#XPT(N4}I/4.0
YOENT = (YPTINLI+YPTUINZI+YPTUINII+YPTIN4) /%40
950 CUNTINUE
XX{3) = XCENT
YY{i3) YCENT
Wal3) CENTRI{ 1)
CALL TwUNIXXyYYy bl
889 CunTINUE

C

C *%% JTU LABtL CUNTOUR LINES

C
wPTINDL) = WPYTINCL)*WMAG
WPT(ND2) = WPT{ND2)*4MAG

IF(WPTINUL) cEQ«nwPTIND2)) GU TO o606
AMIN = WPTINDL)

AMAX = wPTIND2]) o
IF{WPTINDL) «GTonPTIND2)) WMAX
IF(WPTINUDZ) «LT.wPTINCL1)) nwMIN
IuouMd = WMIN/ZICNTR

JiUM = JDUM¥ICNTR
IFJDUM.GTL0) ISTRT = JOUM+ICNTR

[F{JduUM.LE-G)} LISTRT = JDUM

ITF(FLUAT(JDUM) cEGwMIN) ISTRT = JUUH

TouM = WMAX/ICNTR : . : ;

JOUM = IDUM*ICNTR .

[IF{JUuUMaGE.O) ISTGP JOUM

ITFluuuM.LT.U) ISTOP JOUM—ICNTR

IF{FLUATIJDUM) cEG.WMAX) ISTCP = JDUM

LR(ISTUPLLTLISTRT) GU TU 606

YLINC = 1.0E+20

XLINE = 1.UE+20 : o
[F(XPTINDZI=XPTINDLY NEWVULO) YLINE = YPTINDLI#(YPTINLUZ2)~YPT(NUL))
L {XPTUNAUR)=XPTANDL) )/ (XPT(NL2)-XPTIND1})
TFCYPTINDZ)~YPTUNGLIoNECQLO) XLINE = XPT(NDL)+(XPTINC2)=-XPT(NDL))
L {YPTINAUXI=YPTINCLI )/ (YPT(ND22I-¥PT(NDL1))

APTINDL)
wPTIND2)

I}

XUlST = XPTINAUXI=XLINE
YulsT = YPTINAUX)-YLINE
THETA = 0.0

LF(ABS(YDIST/XDIST) LTele0) THETA = 90.0
ASAVE = la.uUE+20
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YSAVE = 1.UE+20

DO 600 Jd = ISTRTLISTOP,ICNTIR

WwCONST = FLOAT(JJ)

IF{WCONST ol TonMINJURHWCCNSTLGT oMAX) GO TO 600

X = XPT{NDLI+*(XPT(ND2I—XPT(NDLI)¥(WCONST-WPT{NDL1))}
L/ (WPTINDZI-WPT(NCL)}

X = X/PSCALE

Y = YPT(NDL)+(YPIU(ND2)~YPTI(NDL))*(WCONST-HPT(NDL1))
L/Z(nPTIND2)-WPT(ND1))

Y = FLUAT(KSIGN)}#*Y/PSCALE

DU 650 IG = 1,10

iLuM = 10%¥*x1s .

IFLIABS(JJ) LT IDUM) 655,65C

NDOLIG = G

1F{JJelLTa0) NDIG = NDIG+]

GO TG sb60

CUNTINUE

COUNTINUE

ILFU{THETA.EQ.0.0) GO TU 670

[F(THETA.ELW.930.0) GU TU 680

CONTILNUE

LF(ABS{YSAVE-Y) LEXLHT) GO TO 600

YNUM = Y=XLHT/2.C
IF(XDISTeLE«O0) XNUM
IF(XOIST.GT «040) XNUM
YSAVE = Y

60 TO 090 |

CUONTINUE . i
IFLAGSTXSAVE~X) JLELXLHT)Y GU TO 600 !

XNUM = X+#XLHT/2.0 J
LF(YUIST.LE.VL.0Q) YNUM Y+{(6.0/720)%XLHT

TF{YDIST.GT «0.0) YNUM Y~({6.0/7e 0)xXLHT*FLOATINDIG+1)
XSAVE = X / : .
uDNTlNUE

CALL NUMBERUXNUM  YNUM, XLHT, hCCNbF THETAy“l)

CONTINUE
CONTINUE
wPTINDL)
wWPT {NDZ I}
CUNTINUE
CONTINUE

X+{€.0/740) %*XLHT
X~{€e0/7a0)*XLHT*FLOAT(NDIG#*1)

[T

WPTINCL1)/WMAG
WPTINLC2)/wMAG

Won'

TU RESTURE RADPT GF BOUNCARY POINTS TO 1.0
AND wumMeEL TO PUSITIVE VALUE.

DU 310 I=1,NNODE
IF(RAUPT(1) «5ToUeC) RADPT(I) = 1.0
CunTINJUE

VO 315 1=1,NELMT

NUMELCL) = [ABS(NUMEL(IL))

CONTINUE . :

RETURN

- END UF BOUND
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SUBRUUTINE LAYCUTINPLUTyNUMPT s XPT »YPT o WPT ¢RAUPT 3 NUMEL,NUDEL yNODE2,
INCLE3 +»NCDE4»CENTK)

®*%¥% TOU PLUT LAYUUT GF ELEMENTS

CUMMUN/ KOUNT/ NNGDEJNELMT 9ynNNDEST,NELEST
CUMMON/CUNTRL/ INFURYKGEGMoKCATASKSIGNyKPLUT s XGRGNy YORGN,
LPSCALEy ISCALE ) WMAGY ICNTRy XLET ¢y NXLABs XLAB(L1OJ) o NYLAB, YLAB(10)
UIMENSIUN NUMPT(L) »XPT (L) o YPTUL)aWwPTLL1) RADPT (L) i NUMEL(L),
INGUELCL) yNUDE2(1) o NUGDE3(1) oy NUDE4C L} CENTR(1)

#¥%% TU MAKE ALL GKIU PUINT NUMBERS NEGATIVE
DU 290 I[I=1,NNUDE
NUAPT(L) = -NUMETI(I)

490 CONTINUE
VO LOU I=1sNELMT

Nol = NUDELL)
ND2 = NQDEZ(I1)
NG3 = NODE3L1)
NU4 = NUDE4LI])

¥%% TG MAKE ALL GRID PGINT NUMBERS CONNECTED B8Y ELEMENTS POSITIVE
NUMPI{NDL) ITABSINUMPTINUL))
NUMPT(ND2) LTABSINUMPT(NDZ))

Holioiom

NUMP T INU3 TABSINUMPT(ND31)
NUMPT (D4 ) {ABSINUMPT(ND4))

XL = XPTINULL)/PSCALE

X2 = KPT{ND2)/PSCALE

X3 = XPT(NU3)/PSCALE

Yi = FLUOAT(KSIGNI*YPTINDL)/PSCALE
Y2 = FLUATUKSIGN)*YPT(ND2)/PSCALE
Y3 = FLOATINSIGN)*YPTI(ND3)/PSCALE

CALL CALPLTIXLl,Y1l,3)
CALL CALPLTIXZ24Y292)
CALL CALPLT(X3,Y3,2)
IF(NUa«EQ.0U) 200,300
200 CONTINUE
CALL CALPLTIX1l,YL,2)
CALL CALPLT(X14+Y143)
IF{NPLUT.NE-3) GC TO 25¢
*x%k TG NUMoER TRIANGLES
XCENT = (X1#X2+X3)/3.0
YCENT = (Yl+Y2+¢Y¥3)/3.0
X = XCENT—(640/7.0)*XLHT
Y = YCENT-XLHT/2.C
A = NUMEL(IT)
CALL NUMOER{X,) Yy XLEHT9A30.09—11
250 CONTINUE i
GU TU L00
300 CONTINUE
X4 = APT{NU4)/PSCALE
Y4 = FLCAT(KSIGN)*YPTIND4)/PSCALE
CALL CALPLTIX4y9Y4,y2)
CALL CALPLT(XLlyY1le21)
CALL CALPLT(XLlsY1,:3)
LF{NPLUT.NE«3) GG TG 350
%k TO NUMBER QUADRILATERALS
XCENT = (X1+X2#X3+4X4d/4.0
YCENT = (YLl4Y2+4Y3+4Y4)/4.0
X = XCENT=(6.0/7.C)#XLHT
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Y YCENT-XLHT /240G
A NumMEL{L)
CALL NUMBEKIX»Y  XLRT,4,0.0,-1)
350 CONTINUE
LUg CONTILINUE
IF{NPLOT.NELZ2) GC TG 45C
C #=%% TU NUMBER GRID PLCINTS
DU 400 i=1,NNUDE
LF(NUMPT(IL}1.LELQ) GO TU 400

o

X = XPI(L)/PSCALE+C5%XLHT
Y = FLOAT(KSIGN)#YPT{L1}/PSCALE®OL S¥XLHT
A = NUMPT(L)

CALL NUMBER(Xs Yo XLHT4A¢CaO4—11
4G0 CUONTINUE
420 CONTINUE

ReTUKN

ENU UF LAYGUT
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APPENDIX D

INPUT DATA FOR OBLIQUE ORTHOGRAPHIC PROJECTION OF EXAMPLE PROBLEM

FLAT PLATE UNUER UNIFURM PRESSURE - (GBLIQUE ORTHOGRAPHIC PROJECTIONS
$0PTION
NNDEST = 369 NUDISP = 1, NVLISP = 1, NWDISP = 1,
KGEOM = 2, KDATA = 1, KPLOT = 3, IDCASE =1

$
QUADEL  CwuADl
iv GILESTEST
APP DISPLACEMENT
SOL is0
TIME o0
CEND
TITLE = FLAT PLATE UNDER UNIFORM PRESSURE
OL0OAD = ALL

SPCFORCES = ALL
DISPLACEMENTAPRINT yPUNCH) = ALL
STRESS{PRINT yPUNCH) = ALL

LUAD = 100

SPC = 100

BEGIN BULK ,
PQUAUL 1 1 0.0l ! 8. 333E-91 0.01 0.0 . +GARY1
+GARYL  0.005 -0.005

MATL 1 30.+0 0.3 0.3

SPCL 100 123 10 20 30 40 50 60 +S1
+51 10 130 190 250 310 320 330 340 +52
+$2 350 360 120 150 240 300 ‘
PLOADZ 100 100.0 6 THRU 10

PLUADZ 100 100.0 16 THRU 20

PLOADZ? 100 100.0 20 THRU 30

PLUADZ 100 100.0 36 THRU 40

PLUADZ 100 100.0 46 THRU 50

GRUSET 0 ' 0 6

GRIU 1o 0.0 0.V 0.0

GRID 20 2.0 0.0 0.0

GRID 30 4.0 0.0 0.0

GRID 49 6.0 0.0 0.0

GRID 50 8.0 0.0 0.0

GRID 60 10.0 0.0 0.0

GRID 70 V.0 2.0 0.0

GRID BU 2.0 2.0 0.0

GRID 90 4.0 2.0 0.0

GRID 100 6.0 2.0 0.0

Grlu Li0 8.0 2.0 0.0

GRID 120 10.0 Z2.0 0.0

GR1U 130 0.0 4.0 0.0

GRLD 140 2.0 4.0 0.0

GRID 150 4.0 4.0 0.0

GRIU 160 6.0 4.0 0.0

GRIu 170 8.0 4.0 0.0

GRID 130 10.0 4.0 0.0

GRID 190 0.0 6.0 0.0

GRID 200 2.0 6.0 0.G

GRID 210 4.0 5.0 J.0

GRIU 220 Gel €.0 0.0

GRID 230 80 6.0 0.0
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GR1Iv
GRID
GRID
GRiD
GR{D
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GKILD
CQuAavl
cQuabDi
CuabDl
CQUAL L
CQUADL
CQUADL
CQUADL
cQuaDl
CQUADIL
CuuADlL
CQUADL
CQUADL
CQUADL
CQUADIL
cQuAapl
L{QUADL
CuuAaDl
CQUADL
CQUAUL
cQuaD1l
CQUADL
CQUADIL
CQUADL
CQUADL
cQuapl
ENDDATA
ENDGEUM

L - DISPLACEMENTS

FORMAT 1
~CONT-
=CUNT-
—-CONT=-
=CUNT-
~CONT-
~CUNT~-
~CONT-

-CUNT-
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lo
17
i8

19 .

20
26
21
28

29

30
30
37
38
39
40
4o
47
48
49
50

10

20

30

49

50

60

10

8U
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APPENDIX D — Continued

10.0 6.G
0.0 8.0
2.0 840
4.0 8.0
6.0 8.0
8.0 8.0
10.0 §.0
0.0 10.0
2.0 10.0
4.0 10.0
6.0 10.0
8.0 10.0
10.0 10.0
10 20
20 30
30 40
40 50
50 60
70 30
80 90
90 100
1U0 110
110 120
130 140
140 150
150 160
160 170
170 180
190 200
200 210
210 220
220 230
230 240
250 260
260 270
270 280
280 290
290 300

(110,8X,3E13.671)

[+

L

G

-5.74L610E+0L

O.
2.83138306+03
o.
4.462056E+03
O.

2:631530E+03
-2:741610E+01
-2:0453956+01
2:192913E+03

4.462056E403

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.C
0.0
0.0
0.0
0.0
0.6
80 70
90 80
100 90
110 100
120 110
140 130
150 140
160 150
170 160
180 170
200 190
210 200
220 210
230 220
240 230
260 250
270 260
280 270
290 280
300 290
320 310
330 320
340 330
350 340
360 350
c.

5.741610E+01
220453955+01
3:751137Ef01
-2:7511375+01
-2:0453955401
-2:7416105+01
—2:831&30E+03
-221929135+03

0.
5.284250E+03
0.

10
11
12
13

" 15

16
117
18

19

20
21
22
23
24



-CONT-

—CONT -

—-CONT-

=CONT-

-CONT-

—CONT-

—-CONT-

~CUNT-

—CUNT-

~CONT-

—CUNT-

~CONT-

~CONT-

~CONT-

-CONT~

~LONT—- -

-CONT-
~CUNT~
-CONT-
-CONi -
-CUNT~-
—CONT-
-CONT-
—-CONT-
—CONY =~
~CONT-
-CUNT~-

~CONT~-

110

120

130

140

150

100

170

180

190

200

210

220

2390

270

280

290

300

310

320

330

340

350

3060

&

APPENDIX D — Continued

2:472762E+03
2:474762E+03
221929135+03
—2:045395£+01
-3:751137E+01
3:800294E+02
?:25089ZE+03
?:2503925+o3
2:600294E+02

—2.751137E+01

2:75113?E+Ol
—?:600294E+02
—f:250592E+03
—i:zsoequ+as
—9:800294E+02
2:751137E+01
3:0453955+01
—2:192913E+03
-g:4727eze+o3
0.
-3.472162E+03
—2:1929135+03
2:0453955+01
2:741610E+01
—2:83L8305+03
-2:462056E+03
—2:4620566+03
—3:83183CE+03
g:741610E+01

(BLANK CARD)
(BLANK CARD)

—2:800294E+02
2:800294E+02
2:192913E+03
2:831&30E+03

—2:462056E+03

—2:472762E+03
O.

~1.250892E+03

?:250892E+03
2:472762E+O3
2:462056E+03
—2:462056E+03
‘2:472762E*03
—S:250892E+03
2:250892E+03
2:472762E+03
2:462056E+03
—8:851330Et03
-2:192%13E+03
—3:8002945*02
3:6002946*02
2:192913E+03
2:831830E+03
2:741610E+01
2:04539SE+01
2:751137E+01
-2:751L37Ef01
—2:045395E+01
-2:7416106+01

8.351675£+03
0.
8.351675E+03
0.
5.284250E+03
0.

0.

O'

0.

O.
8.351675E+03
0.
1.324540E+04
o.
1.324540E+04
0.
8.351675€E+03
0.

O.

0.

Oe

O.
B.351675E+03
o.
1«324540E+04
O. )
1.32454CE+04
0.
8.351675€+03
Oe

0.

0.

O.

o.

5. 284250E+03
O-
8.351675E+03
O.
B8+351675E+03
5.284250E+03
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

O.

O.

O.

O

O.

o

26
27
28
29
30

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
73
14
75
76
17
78
79
80
81
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APPENDIX D - Concluded

$PLLT

CHORL = Ls KVERT = 3, PHI = 20.0, THETA 2 0.0y PST = 1004
SLALE = 25 XORGN = 1.0y YORGN = 1.0 PSCALE = 2.0s

KDIsPp = L, IDMAG = 2, DMAGS = 2.0+ KODE = ls

$

$PICT

KDESP = 3, KODE = U

$
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FLAT PLATE UNDER UNIFORM PRESSURE - CONTOUR PLOT

$UPTION
NNDEST
KPLUT =
$
FGRMAT
GRID
GRID
GRI{D
GRID
GRID
GRID
GRID
GR1D
GRILD
GRIiD
GRI1D
GRID
GKIv
GRID
GRID
GRID
GR1D
GRID
GRID
GR1ID
GRID
GKIU
GRID
GRIU
GrRID
ORID
GKR1iD
GRID
GRILD
GrlIvu
GRID
GRiv
GRI1DL
GRID
GKID
GKID
ENDGRID
FURMAT
CQUADIL
CQUADIL
CQUADL
CQUAVLL
CQUADL
CQUADL
CQUADI
CQUADL

= 30

3y

INPUT DATA FOR CONTOUR PLOT OF EXAMPLE PROBLEM

NELES
IUCASE

25

(6X.13,13X.2F8.l)

1o
20
30
40
50
oy
10
80
90
100
110
120
130

140

150
160
170
180
190
200
210
220
230
240
250
260
210
230
290
300
310
320
330
349
350
360

(6Xs1Zy14Xs4(1395X))

6
7
]
9
10
1o
17
ls

i

P b e e

V.0

C e 8 o o

CCOCCs CCOCOQe CCOCOQe OCCCC CCCOC‘/OC’CC‘OO

< C <

PN~ PNOR TSN~ OCENCHHECSHFNCE@O &N
(@]

C 6 o 6 8 8 C 8 o 8 o 8 Cie 8 o 8 8 O 06 6 86 0 O o 8 0 ¢

.
C

10
20
30
40
S5vU
70
80
9

_—_— e OOV ODOD OO

COCCOCCS & 6 8 6 8 & 5 ¢ 86 6 6 8 ¢ 8 0 0 ¢ 8 0 5 8 0 8 6 45 0 0 s 0

APPENDIX E

s s s OCOOOCCOCOCOCCOQOOCOCCOCOLOOCOOCOC

L]

30
40
50
60
ol
90U
§10]

cocoooCcooO0COoOOCoOoOCoDLOoOOOoCcC o CCOoc o C OO COoOOCOCOCOO
@ 5 8 & % e e 8 & & 6 & & & 0 5 6 6 6 s K 6 5 6 8 2 s s s 4 s s s b s

8C

9C
100
110
12C
14C
15G
L6C

70
80
SU
100
110
130
i40
150
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APPENDIX E — Concluded

CQUAUL L9 1 100 11¢Q
CQUADL1 20 1 110 120
CUUADL 26 i 130 140
cQuavLL 27 1 140 150
CQUADL 28 1 150 160
CQUADL 29 1 160 170
CQUADL 30 1 170 180
CQuADL 36 1 190 200
CQUADL 317 1 200 210
CQUADL 38 1 210 220
CQUADL 39 i 220 230
CQUADL 40 i 230 240
CQUADL 46 1 250 260
CQUADL 47 1 260 210
CQUAD1L 48 1 270 280
CQUADL 49 1 280 290G
CQuUADL 50 i 290 300
ENDGEUM
L — UISPLACEMENTS

FORMAT 4 (4(154EL15.6))

lo Q. 2V O

50 Q. 50 O.

90 Be321675E+C3 10D 8.351675E+03
130 Q. 140 B.351075E+(C3
170 Be39167I5E+C3 180 (VI
210 ie 324540E+uU4s 220 1.324540E+C4%
250 Ue 260 5.284250E+03
290 5.£34<50E+03 300 Oe
330 Je 340 O

" (BLANK CARD)
$PICT
PSCALE = 2.9y
NXLAB = 1y XLAB(Ll) = 5.0y NYLAB = 1,
$

1120

17¢ 160

180 170

200 190

210 200

22C 210

230 220

240 230

260 250

2176 260

280 270

290 280

300 290

320 310

330 320

340 330

35C 340

360 350

30 0.

7¢ 0.

110 5.284250E+03
150 1.324540E+04
190 0.

230 B8.351675E+03
270 8.351675E+03
310 O.

350 0.
YLABILL1) = 5.0

40

80
120
160
200
240
280
320
360

0.
5.284250E+03
0. _
1.324540E+04
83516756403
0.
8.3516756+03
0. .
o..



APPENDIX F

LISTING OF CONTOUR PROGRAM OUTPUT FOR EXAMPLE PROBLEM

FLAT PLATE UNUDER UNIFORM PRESSURE — COUNTOUR PLOT

$OPT LUN
NNUEST = 36,
NELEST = 25, -
KGEUM = 1,
KDATA = |,
NVALUS = 0,
IRESEQ = 1,
KPLUT = '3,
INFOR = |, <
XSPACE = O.1E+02,
KSIGN = 1,
LDCASE = L,
$END
BLANK CUMMCN STGRAGE ZZZ REQUIKES AT LEAST 330 LOCATIGNS FOR THIS CASE

LRIU PUINT INFOKMATION

RESEQUENCED USER INPUT BOUNDARY

GR1D POUINT GRID POINT INPUT INPUT POINT

NUMBER NUMBER X Y INDICATOR
1 1o O. 0. ’ 1.0000E+00
2 20 2.0000E+00 0. 1.0000E+00
3 30 4.000CE+00Q O. 1. 0000€E+00Q
4 40 6.0000E+00 0. 1.0000E+00
5 50 8.00C0E+GCO O. 1.0000E+00
6 60 1.00C0E+CL O. 1.0000E+0QQ
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APPENDIX F — Continued

7 70 0. 2.0000E+00 1.0000E+00
8 80 2.00C0E+CU 2.0000E+00 0.
g 90 4.0000E+C0 2.0Q00E+00 0.
Lu 106G 6.0UCOE+CQ 2.0000E+00 0.
1L L10 8.0000E+00 2.0000E+00 O.
12 120 1.00CO0E+Cl 2.0000E+00 1.0000€E+00
13 130 O. 4 ,0000E+00 1.0000E+00
i4 Lau 2.000CE+00 4.0000E+00 0.
15 150 4.00CCE+00 4.0000E+00 0.
le 169 6.00CC0E+GO 4.0000E+00 O.
17 L7u 8.00CCE+CC 4 .0000E+00 0.
i8 180 1.0300€E+C1 4.0000E+00 1.0000E+00
Ly 190 Oe 6.0000E+00 1.0000E+00
20 200 2.0000E+00 6.0000E+00 0.
21 210 4.00C0E+CO 6.0000E+00 O.
2¢Z 220 6.00C0E+00 6.0000£+00 O
l 230 8.00C0E+CO 6.0000E+00 0.
24 240 1.0000€+CL 5.0000E+00 1.Q000E+00
5 250 0. 5.0000E+00 1. 0000E+00
26 260 2.00G0E+CO 8.0000E+00 Oe
21 270 4.0000E+CO 8.0000E400 0.
28 280 6.00C0E+GO 8.0000E+00 0.
29 290 3.0UCOE+00 8.0000E+00 0.
30 300 1.U0CCE+OL 8.0000E4#00 1.0000E+00
31 310 C. 1.0000E401 1.0000E+00
32 320 2.00C0E+CQC 1.0000E+01 L.0000E+00
33 330 4 .0000E+QU 1.0000E+01 1.0000E+00
34 340 6.00CCE+CO 1.0000E+01 1.0000E+00
35 350 8.00C0E+00 1.0000E+01 1.0000E+00
36 360 1.00C0E+C1 1.0000E+01 1.0000E+00
ELEMENT LINFURMATIUN — wWwiTH RESEQUENCED GRID POINTS
KESEQUENCED USER INPUT GRID POINTS
ELEMENT ELEMENT
NUMBER . NUMBER 1 2 3 4
i 6 1 2 8 7
2 7 2 3 9 8
3 ¥ 3 4 10 9
4 9 4 5 11 10
5 10 5 6 12 il
o 16 1 8 l4 13
7 L7 B 9 15 14
] 18 g 10 16 15
g 19 10 11 17 16
Lo 20 11 12 18 17
il 20 13 14 20 19
1e 27 14 i5 21 20
13 26 15 16 22 21
L4 29 Lo 17 23 22
15 30 17 18 24 23
la 36 19 20 26 25
17 37 20 21 27 26
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GATA TU BE PLOTIED

RESEWQUENCED GRID PUINT NUMBERS

il
lo
21
26
31
30

These items appear to the
right of the above items in

is8
19
20
21
22
23
24
V)

o.
U
5.c8425c+03
1.32454E+Ca
le32454E+04
5.28425E+03
0.
0.

the actual printout

$PICT
NPLGT
XORGN
YORGN
PSCALE
I5CAaLc
WMAGS

ICNTRS

U-Zt#\)l 2
3
‘\)-‘.t"ov.;’

10,

38
39
40
46
47
48
49
50

APPENDIX F — Continued

21
22
23
25
26
27
28
29

L - UISPLACEMENTS

12
17
22
21
32

14
19
24
29
34

22
23
24
26
21
28
29
30

AND DATA VALUWES

0.
Ce.
C.
8435167E+03
1.32454E+04
8.35167TE+03
C.

0.
8.351L67E+03
8.35167E+03
O.
0.
5.28425E+03
0.

28
29
30
32
33

34

i3
18
23
28
33

10
15
20

30
35

35
36

27
28
29
31
32
33
34
35
O
5.28425E+03
0.
O.
8.35167E+03
8435167TE+03
0.
0.
8.35167E+03
1.32454E+04
8.3516T€E+03
0. .
0.
O.
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XLHT

NXLAB

XLAB

NYLAB

YLADB

Kave

$END

MAXIMUM VALUE UF DATA

WMAG
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0.15E+00,
L,
O«5E+0ly 0.0y 0.0y 0.0y 0.0y 0.0,
N .
U.BE*blo JeOy UeCy 0.0y 0.0y .0.0,
O

= 14324540CCE+04

1.54979087E-03

LICNTR =

10

MINIMUM VALUE OF DATA = O.
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(a) Contour plot.

(¢) View from rear.

(b) View from side.

Figure 5.- Contour plot and oblique orthographic projections of vibration mode shpaes of aircraft in figure 1.
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(a) Deformed shape.

(/ﬁ |

NN \

(b) Displacements rebresented by vectors.

Figure 9.- Oblique orthographic projections of a'Simply supported,
square, flat plate under uniform pressure.
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DN

Figure 10.- Contour plot of a simply supported, square,
flat plate under uniform pressure.
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i(Xi.Yi,Zi) c j(Xj,yj,Zj)
A; = area of A\ jkp

A; = area of Akip

= area of Aijp

= area of Aijk

Figure 11.- Diagram showing subareas of a triangle required to
locate its incenter p by using area coordinates.

> >
=~
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-\ / DOCMNT contains
(Start program MAIN ) \ user documentation

—
Call INITAL to set default vaIue:>
< and read NAMELIST OPTION

(_Call GEOM1, GEOM2, or GEOM9.
to read geometry input data deck

< Read title card for run )

/ Set pointers to allocate
\ storage in blank COMMON

~ PNTOUT prints geometry data )

-

Call_ZEROD to initialize -
all displacements to zero

Call DATAL, DATA2, or DATA9 to>
read deck of data to be plotted

/" Read case identification
\ card if IDCASE # 0

/ PNTOUT prints data
, ) \ to be plotted
( Read NAMELIST PICT)

/ Call CCRT1 to change
\ values in NAMELIST PICT

Call DSCALE to determine
scale factor for displacements

Call BOUND to determine maximum
dimensions of model to be plotted

Call ROTAT to calculate }
\ coefficients of rotation matrix

Call PLOT which uses XYSCAL, XPLOD,
and GARROW to generate plots

Call NDLET to annotate
grid points on plot

KODE = 1 - { Call CCRT2 to change KODE )

K@

KODE =0

- - Call CCRT3 to put EOF
( call PSTOP ;o terminate plots )—————<0n plot vector file

{ End program MAIN )

Figure 12.- Flow chart for program which generates oblique-orthographic-projection plots.
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( Start program MAIN )

>

~/ DOCMNT contains >

\_user documentation

Call INITAL to set default value§> :

and read NAMELIST OPTION

—( Read title card for run )

Call GEOM1, GEOM2, or GEOM9 '
to read geometry input data deck

Call XYSCAL to .determine bounds
of datum surface and renumber
element grid points

/ Call ENCLOS which uses AROUND

\ to determine boundary points -

/Set pointers to allocate
- \_stdrage in-blank COMMON

Call ZEROW to-initialize all >
(data to be plotted to zero

Call DATAL, DATA2, or DATA9 . >
d

to read deck of data to be plotte

{L_KOD
KODE=2
KODE =3

—>

{
A

_/ Read case identification
N\_card if IDCASE # 0 .

( Read NAMELIST PICT)

- " /"PNTOUT prints data >

~ \_to_be plotted .

__/"Call CCRTL to change

to scale data to be plotted and, )

Call SCALEW which uses INTRVL
determine contour interval -/

Cali POINTS, WNODE, or WELMT,
and BOUND which use TRIN to -
- \generate contour plots

E=1 . B

-\ values in NAMELIST PICT, :

KODE = 0

{ End procﬁam MAIN )

j/fall CCRT2 to change KODE )

- Call PSTOP-to terminate plots _~( Call CCRT3 to put EOF
' : ] _ . ... \.on plot vector-file

Figure 13.-.Flow chart for-program which generates contour plots.

NASA-Langley, 1975

PNTOUT prints geometry data ) -
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