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ABSTRACT

This report presents a program named INGRID which aids in the
preparation of models for finite element programs. An expanded
I, J, K indexing scheme is provided to minimize input data. Algo-
rithms for duplicate node removal, structure plotting, and hidden

surface removal are presented to improve computational efficiency.
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I. INTRODUCTION

Automatic mesh generation is a useful tool for preparing finite
element models, and numerous computer programs are available which have
mesh generation capability.? An efficient index mesh generation tech-
nique was developed by Cook.? This author expanded Cook's index mesh
generation scheme and developed a more general index notation for de-
fining and manipulating three dimensional computer models o7 objects.
The expanded index scheme is implemented in a computer program desig-
nated INGRID.

The use of generalized index notation enables INGRID to perform
isoparametric mapping, drag mesh, replication, and warping of struc-
tures. Complex combinations of mapping, drag mesh, replication, and
warping occur naturally when using index notation and do not require
any special programming.

INGRID's features include:

« Seven functions which permit a wide variety of
mesh generation techniques.

« Interactive plotting.

. Calculation of desired boundary conditions for
combinations of plate, beam, and solid elements.

Generated output can be selected to be compatible
with SAP5,® SAP6,* PAFEC,® and MOVIE.BYU.®

Two dimensional index mesh generation was first implemented by
Becker and Brisbane.’ Three dimensional indexing is based on body-

oriented coordinate systems such as is shown in Figure 1.8 This body

can be defined in the (X,Y,Z) coordinate system; however, an easier

approach is to use the (a, 8, v) coordinate system to generate

1
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3

the mesh and then change to rectangular coordinates. If positions along
the (o, B, v) axes are assigned integer values, then the coordinate
transformation is a mapping from index space to the object. The struc-
ture can be manipulated in index space and then mapped into its final
form in cartesian coordinates. A detailed description of index notation
is in Appendix A.

Two computer programs which use index notation are INGEN? and
SLIC. * These programs provide several methods for manipulating meshes
in the index space, but these methods have limitations. Their ability
to transform from integer space to cartesian coordinates is minimal and,
as a consequence, much of the usefulness of the notation is lost. The
index space can be an obstacle when generating meshes since different
parts of a structure require different body oriented coordinate systems.

INGRID avoids these problems by modifying the integer space.
Structures are divided into parts which each have their own natural body-
oriented coordinates. The parts are individually generated in their own
integer space and mapped into their final location in the object space.
This not only allows parts to be generated in their own coordinate
system, but also allows parts to be generated completed independent of
each other.

Table [ shows the different types of functions available in
INGRID. A1}l mesh generation programs use the Type 1 functions. Type 1
functions include assigning coordinates to a node, generating nodes
along lines or arcs, and generating nodes in the interior of plane or
solid regions. The Type 2 function changes a single coordinate at a
given node point. This is used, for example, to place groups of nodes

along the same line or plane. Type 3 functions are used to warp planes



TABLE I
FUNCTIONS
Type Function Description
1 P =Flys 8> v) Point Generation
2 Q = Flas 85 V) Coordinate Generation
3 P=Fla,pg, v) +P Warping Function

P ~ Position of point

Q ~ Position of point (4, 8, v) along the X, W, or Z axis.

or solids to match boundaries. Cylindrical surfaces can be made by
using a single warping function.

The Type 2 and Type 3 functions are not unique to index mesh
generators; however, they aré natural to use with the body-oriented
coordinates and give index mesh generation a significant advantage over
other methods. INGEN provides only Type 1 functions, and thus much of
the advantage in using the index space is not utilized.

Another problem with index mesh generation schemes is the amount
of data necessary to describe regions in the index space. To generate
a cube using INGEN or SLIC requires 16 cards - eight cards to define the
eight vertices, six cards to define the six surfaces, one card to
generate the nodes, and one card to generate the elements. Input data

requirements are simplified in INGRID. The program reads a command to



generate elements in a region and internally generates the other re-

quired fifteen commands. Further reductions in input data are achijeved
by using index progressions which are defined on page 51 of Appen-

dix A. The index progression provides a simple method for defining
multiple regions in the index space. INGRID uses the expanded notation

to minimize the amount of input data necessary for complex structures.

Comparisons with Other Mesh Generation Schemes

A comparison of the input data requirements for the computer pro-
grams PAFEC, INGEN, and INGRID is given using the examples in Figure 2.
TABLE II shows the amount of data required by each of these programs
for the cases in Figure 2. PAFEC uses node numbering to label nodes
while INGEN and INGRID use indexing. PAFEC was chosen for the compar-
ison since PAFEC's mesh generation scheme is similar to many other
programs.

For Case 1, Table Il shows that INGRID substantially reduces the
amount of data required by INGEN to define the mesh. PAFEC requires
less data than INGRID; however, the indexing system has further advan-
tages over the node numbering system used in PAFEC. Boundary condi-
tions, material numbers, and other properties within a region can be
specified easily using indexing, whereas node numbering provides very
little control of mesh properties.

Many mesh generation problems have convenient body oriented
coordinate systems such as are used in Case 2 of Figure 2. The mesh in
Case 2 can be mapped onto an object by performing a simple coordinate
transformaticn. Although INGEN is designed to take advantage of bedy

oriented coordinate systems, Table II shows very little savings of
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input data for Case 2. The reductions in input data for PAFEC are the
resuit of curved edges in Case 1 becoming straight in Case 2. INGRID,
on the other hand, shows a 93% decrease in input data which is due
primarily to using body-oriented coordinates. Cases 3 and 4 demon-
strate that this advantage is not lost even if the body—orieﬁted coor-
dinates are not completely natural for the structure.

Many other generation techniques have been developed to solve
special problems in mesh generation. If the mesh has certain proper-
ties, the input data can be reduced significantly. Some of these tech-
niques which require special programming arise naturally when using
body-oriented coordinates and the modified index system. An example of
this is the drag mesh!? generation system used in the UNISTRUC program.

The basic assumption of the drag mesh is that for certain ob-
jects the cross sectional area remains the same along some curvilinear
axis such as the object in Figure 3. The cross section is first de-
fined and the object is "dragged" along a circular arc to produce the
mesh. This scheme simplifies mesh generation since the nodes which
must be input are the ones which 1ie on the original cross section.
Using the example in Figure 3, INGRID can generate the same mesh in the
same manner as UNISTRUC. First, a cylindrical coordinate system is
chosen for the body-oriented coordinate system. Functions are used
which assign constant (R, Z) values to arcs of the mesh. Finally, the

completed mesn is generated with less data than is required by UMISTRUC.

Program Features

INGRID was designed as a preprocessor for PAFEC, SAP5, and SAP6.

Data from INGRID can be formatted to be compatible with any of these



Figure 3. Example of a "Drag Mesh"
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three programs. Further processing is performed to insure that the
data are completely compatible with the program chosen. Solid

elements are placed in either a right- or left-handed coordinate system
depending on the program to be used. Midside nodes on 8-node plates
are also moved so that they lie in the plane of the plate.

To increase the usefulness of INGRID, a boundary condition gen-
erator is included which automatically generates any necessary bound-
ary conditions for any configuration of plates, beams, and solids.
Since PAFEC has its own boundary condition generation, they are not
generated for PAFEC. Boundary conditions can also be input to INGRID
and generated in the final output.

INGRID provides an efficient plotting package to verify the
accuracy of meshes. The plotting package takes advantage of informa-
tion created during mesh generation to minimize the number of lines
which are plotted. If each element is plotted individually as is done
in many mesh generators, then a line which is common to several el-
ements is plotted several times. INGRID tries to avoid plotting lines
several times by generating plot commands directly from input informa-
tion. INGRID also checks for consecutive plot vectors which lie in a
line. These are plotted as one pen command to increase plotting
speed. Curved lines are plotted for edges of quadratic elements.

A utility program, MOVE, reads special output data from INGRID
and processes the data to be compatible with the MOVIE.BYU® plotting
program  Since MOVIE.BYU is primarily used to plot only the visible
surface of a structure, MOVE attempts to remove any surfaces which can-

not be seen. The solid element data from INGRID is read and each solid
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element is divided into six faces, as required by MOVIE.BYU. If two
solid elements are adjacent, then they share one face in common which
is not visible. These faces are removed from the input to MOVIE.BYU
to minimize the amount of computer time required for plotting.
Although the index notation presented is not adequate for all
mesh generation problems, a large number of cases can be solved using
this notation. Further additions to the notation can be made to in-
crease the generality of the notation and reduce the amount of data

necessary for many problems.



II. PROGRAM ORGANIZATION

A partial outline of subroutines in INGRID is shown in Figure 4.
The program is divided into four segments. Subroutine INIT reads the
job control cards and initializes INGRID. Subroutine DLEE generates
nodes, elements, and a plot file. Interactive plotting is controlled
by subroutine INPLOT and the final data processing and formatting is
performed by subroutine OUTPUT.

Table III contains a brief description of the subroutines
listed in Figure 4. Descriptions of the algorithms used to perform

the various operations are also given.

12
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TABLE III

SUBROUTINE DESCRIPTIONS

Descriptions

Subroutine
.1 TRANS
.2 MAX
.3 SEQ2
.4 ELTHRE
.5 ELTWO
.6 MESH
.7 MOVE
.8 PLOTMK
.9 SEQ
.1 SCALE
.2 PLOTS
.3 PLOT
.1 EL1D
.2 EL2D
.3 EL3D

Mesh modules are transferred from the input data
file onto unit 11. Comments are removed and commands
to repeat the module are processed.

The dimensions of the system matrices are determined
for the mesh module on unit 11.

Functions are read and executed. Al1 vertices of
regions are calculated.

Nodes, elements, and a plot file are created for
solid elements.

Nodes, elements, and a plot file are created for
shell elements.

Locations of nodes within a region are determined by
Tinear interpolation from the vertices.

Vectors are added to nodes according to the arc
commands in the input file.

The plotfile is created for a region.

The mesh module's index progression is divided into
the regions defined.

The 1imits of the plot data are determined and
scaled to fit a Tektronix 4010 terminal.

Initialize plotting (similar to CALCOMP subroutine
PLOTS).

Plot a vector (Similar to CALCOMP subroutine PLOT).

Reformatting and boundary conditions are determined
for beam elements.

Reformatting and boundary conditions are determined
for plate elements.

Reformatting and boundary conditions are determined
for solid elements.




TABLE III (continued)

Subroutine Descriptions
4.4 BOUT1 If the rotational constraints lie along a coordinate
axis, then the appropriate global degrees of freedom
are constrained.
4.5 BOUTZ Boundary elements are output to constrain rotations
normal to plate elements.

4.2.1 FLAT Midside nodes of a plate element are moved parallel
to the elements' normal vector until they lie in the
plane of the element.

4,2.2 NORM The normal vector to a plate is determined.

4.2.3. 17ST For each node of a plate element, the normal vector
is compared to previously defined normal vectors of
adjacent plate elements.

4.3.1 VOLUME The approximate volume of a solid element is cal-

culated to determine if it is defined in a left-
handed coordinate system.




[TI. REGION GENERATION

Region generation is performed by subroutine SEQ and involves
the interpretation of an index progression. The first time SEQ is
called, it reads the index progression cards which are in the mesh
module on unit 11. Progressions are stored using three matrices which
are then optimized to decrease storage by subroutine DOUBLE. Sub-
routine DOUBLE also multiplies all indices by two when quadratic
elements are requested instead of linear elements. The first region
found is returned to the calling routine.

Subsequent calls to SEQ each return a design until all regions
are determined. Finally the program returns a flag which indicates
that no more data are available.

For each index progression, there can be defined a vertices
matrix such as is shown in Figure 5 where each vertice is the vertice
with the minimun indices for a possibie region. SEQ compares all
of the points in the vertices matrix for each of four possibilities.
The vertice could be the minimum point for a solid region, or a plane
of constant i, j, or k. Each time SEQ is called, a pointer is updated
which points to the next possible region. If the region tested for
does not exist at this vertice, the pointer is updated until either a

region is found or there is no more data.

16
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IV. NODE GENERATION

Node generation in INGRID is performed by subroutines MESH and
MOVE. The initial coordinates of nodes are determined by linear inter-
polation in subroutine MESH. Displacement vectors are added to nodal
points in subroutine MOVE to match curved boundaries.

Subroutine MESH calculates nodal point coordinates for each
region by interpolating between vertices of the region. The following

equations are used:

WI = (IX - I)/(IX - IM)
WJ = (JX - J)/(JIX - IM)
WK = (KX - K)/(KX - KM)

X(I, J, K) = X(IM, M, KM) * WI * WJ * WK + X (IX, JM, KM)
* (1,0 - WI) * WJ * WK + X(IM, IX, KM) * WI * (1.0 - WJ) * WK
+ X{(IM, M, KX) * WI * WJ * (1.0 - WK) + X(IX, JX, KM)
* (1.0 - WI) * (1.0 - WJ) * WK + X(IX, dM, KX) * (1.0 - WI) * WJ
* (1.0 - WK) + X(IM, JIX, KX) * WI * (1.0 - WJ) * (1.0 - WK)
+ X(IX, JIX, KX) * (1.0 - WI) * (1.0 - WJ) * (1.0 - WK)

Y(I, J, K) = Y(IM, JM, KM) * WI * WJ * WK + Y(IX, IM, KM) * (1.0 - WI)
* WI * WK + Y(IM, JX, KM) * WI * (1.0 - WJ) * WK + Y(IM, JM, KX)
* WD * WJ * (1.0 - WK) + Y(IX, JX, KM) * (1.0 - WI) * (1.0 - WJ)

* WK + Y(IX, IM, KX) * (1.0 - WI) * WJ * (1.0 - WK) + Y(IM, JX, KX)
* WI * (1.0 - WJ) * (1.0 - WK) + Y(IX, JX, KX) * (1.0 - WI)
* (1.0 - WJ) * (1.0 - WK)

Z(I, J, K) = Z(IM, M, KM) * WI * WJ * WK + Z(IX, JM, KM)

)
* (1.0 - WI) * WJ * WK + Z(IM, JX, KM) * WI * (1.0 - WJ) * WK
+ Z(IM, M, KX) * WD * WJ * (1.0 - WK) + Z(IX, JX, KM)
* (1.0 - WI) * (1.0 - W3) * WK + Z(IX, M, KX) * (1.0 - WI)
* WJ * (1.0 - WK) + Z(IM, JX, KX) * WI * (1.0 - WJ) * (1.0 - WK)
+ Z(IX, JIX, KX) * (1.0 - WI) * (1.0 - WJ) * (1.0 - WK)

18



IM ~ minimum i
JM ~ minimum j
KM ~ minimum k
IX ~ maximum i
JX ~ maximum j
KX ~ maximum k

index

index
index
index
index
index

of
of
of
of
of
of

region
region
region
region
region
region

I ~ i index of node
J ~ j index of node
K ~ k index of node

The number of calculations are reduced by using:

FA
FB
FC
F1
F2
F3

X(I, J, K) =
+ X(IM,
+ X(IM,

J, K) =
+ Y(IM,
+ Y(IM,

J, K) =
+ Z(IM,

Similar equations are used

Wl *
WJ *
WI *
FA *
FB -
FC -

X(IM, JM, KM) * F1 +
JM, KX) * F4 + X(IX,
JX, KX) * F7 + X(IX,

Y(IM, M, KM) * F1 +
M, KX) * F4 + Y(IX,
JX, KX) * F7 + Y(IX,

Z(IM, JM, KM) * F1 +
IM, KX) * F4 + Z(IX,
+ Z(IM, JX, KX) * F7 + Z(IX,

WJ
WK
WK
WK
F1
F1

F4
F5
F6
F7
F8

FA - F1
WK - FC - F2
WJ - FB - F4
WI - FA - F3

1+ FA-WI-WJ-F5

X(IX, IM, KM) * F2 + X(IM, JX, KM) * F3
JX, KM) * F5 + X(IX, JM, KX) * F6
JX, KX) * F8

Y(IX, JM, KM) * F2 + Y(IM, JX, KM) * F3
JX, KM) * F5 + Y(IX, JM, KX) * F6
JX, KX) * F8

Z(IX, IM, KM) * F2 + Z(IM, JX, KM) * F3
JX, KM) * F5 + Z{IX, M, KX) * F6
JX, KX) * F8

for node generation in plane regions.

Curved boundaries are matched by adding a displacement vector to

every node within a region which has a curved boundary.
a typical curved boundary.

region and point 3 iies somewhere along the curve.

Figure 6 shows

Point 1 and point 2 are vertices of a

Subroutine SEQ2

reads commands to form a circular arc through three points using either

a parabola or a circle.

Subroutines PARABO and CIRCLE reduce this

information to a set of constants which are stored until they are
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required in subroutine MOVE. These constants are used to determine the
displacement vectors.

The equation for a parabola through three points is:

X L Xy Xy Xj 37 -1 - 212
Z l , I, I 272 - T

where T varies from 0.0 at point 1 to 1.0 at point 2. The displacement
vector is equal to zero at points 1 and 2 so the equation of the line
through points 1 and 2 is subtracted from the parabola to give the

displacement vector:

xv] X1 Xy X 272 + 1 - 3T 1-T
Wio= oY Yy ¥y 4(T - 12) | - 0
va Z, 1, 1 272 - T T |
X, Xy Xs (2(12 - T)
= Yio Yoo Y3 4(T2 - T)
Z, I, Iy 2(12 - T)

These equations are reduced as follows:

XV = (8X3 - 2X; = 2X,)(T - T2) = Cy(T - T2)
YV = (4Y;  2Y; - 2Y,)(T - T2) = Cyo(T - T2)
IV = (84 - 22y - 2Z,)(T - T2) = C4(T - T2)

C; = 4X3 - 2X; - 2X,

C, = 4Yy - 2Y, - 2Y,

C3 = 475 - 27, - 22,

Cis €y, and C3 are stored for later use in subroutine MOVE.

For a circular boundary, the constants stored are the unit vector
normal to the 1ine through points 1 and 2, the radius of the arc, and
the distance from point 1 to point 2. These parameters are derived from

Figure 7. Since angie ¢ equals angle A, sin = a/2R = sinA. Since
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AREA = bc sinh/2.0, b/2R = (2/ac)AREA or R = abc/(4.AREA). The area is

determined using Hero's formula

AREA = V/s(s - a)(s - b)(s - ¢} where s = (a+b+c)/2.
The distance from point 1 to point 4 is
acosB = (ac)cosB/c
The ratio of the distance from 1 to 4 divided by the distance from
1 to 2 is (ac)cosB/c?. From the law of cosines, b2 = a2 + c2 - 2accosB
therefore

T = (ac)cosB/c?

and
Xo = (X2 - X)) * T+ X4
Xy = (Yo - Y1) * T+ Y,
Zu= (Zz-zl)* T+Zl

a (X3- Xy)i + (Y3 - Yu)i + (Z3 - Zy)k

-
V(X3 = Xy)% + (Y3 - Vy)2 + (Z3 - 14)°

The five constants, ;, R, and C are stored. Figure 8 shows how

A

the point P is moved to point P' on the arc. The vector ys {i is added

to P. Using the parameter T, XS =C * (T - 0.5) and

2 2 2 2 2 2
Dy =R - XM, D, =R -1XS

Therefore

YS = VRZ - XS% - /RZ - XM?

Each point throughout the regions adjacent to the arc is moved
by a displacement vector. For a solid region, the displacement vector
for a node depends on it's location in the regions as follows:

X(I, J, K) = X(I, J, K) + F(T) * Wa * W8
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Where F(T) is the displacement vector for either a circle or a
parabola, Wo and WR are scale factors determined by the distance along
the axes perpendicular to T from the boundary to the point of interest

as in Figure 9.
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V. STRUCTURE PLOTTING

Plotting is performed in two steps. First, a plot file is crea-
ted during mesh generation which has a series of pen commands. Each
command consists of three node numbers which represent the beginning,
the midpoint, and the endpoint of an arc. Second, these commands are

processed by subroutine INPLOT to produce the final plot.

Plot File Creation

The plot file is produced by subroutine PLOTMK. For every el-
ement that is generated, subrouting PLOTMK produces the pen commands
which plot the edges of the element. Plate elements each have four
edges and require four plot commands, and solid elements require twelve
plot commands. Since edges can be adjacent to more than one element,
the amount of plotting can be reduced by eliminating duplicate edges.

Figure 10(a) shows a region which has 16 elements and requires
40 plot commands. Since each plot command requires both a command to
position the pen at the beginning of a line, and a command to draw a
line, the plotting speed can be increased by using a special ordering
of plot commands. Figures 10(b) and 10(c) show a series of plot com-
mands which can be superimposed to give the plot in Figure 10(a). In
this case the number of times that the pen is repositioned is reduced
to ten while the ordering of the plot commands allows straight lines
to be detected.

Each plot command consists of three node numbers which define
beginning and end points of an element edge along with a midside node.
For linear elements that do not have midside nodes, the midside node

27
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number is zero. If the midside node does not exist, then a straight
line is drawn from the beginning to the end points. Otherwise, a

parabole is plotted through the three node points.

Node Projection

The screen coordinates of nodes are determined by mapping the
coordinates of an object on to a plane normal to the viewing direction.
These coordinates are then scaled so that the plot will fit properly
on a graphics terminal screen. The coordinate transformation used in
INGRID is shown in Figure 11. The equations for this transformation
are:

-X sinR + Y cosa
-X cosB sino - Y sinB sina + Z cosa

>» o
]

Each node point is transformed using these equations. During mesh
generation, the maximum and minimum coordinates for each part are stored
by subroutine MAXMIN. This data is used to determine the scale factors
for plotting. A list of parts is input by the user in subroutine PART.
From this list of parts the maximum and minimum coordinates of the
collection of parts are determined using the data created by MAXMIN.

The parts are then enclosed in a sphere from which the final scaling

equations are derived:

A=(A1—AO)°(%%)+CA
B = (B4 - B0) - (3p) * G

where

A;, Bj = are the coordinates of a node to be plotted
A, B are the image of the scaled node
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Ao, By are the coordinates of the center of the sphere
containing the parts to be plotted

Cps Cg are the coordinates of the center of the plotting
device in raster units

R is the radius of the sphere which contains the parts
to be plotted

Ru is the number of raster units that can be plotted
on the particular device.

Projections are performed by subroutine MAP and the final

scaling is performed in subroutine PLOT.

Plotting

Reading and processing of plot commands is performed by subrou-
tine INPLOT. When a command is read, it is first compared with the
parts list to determine if it should be plotted. Plot commands are
then checked to determine if they are lines or curves. If the midside
node number is zero then the command is a line. Subroutine FN2 deter-
mines if curves are approximately staight and changes the midside node
number to zero if the three nodes are colinear.

Curves are divided into eight line segments. Each line segment
js plotted in sequence using the following equation to determine the

coordinates of intermediate points along the curve:

(s? - s)/2
(A} = ‘ Al Az A3 1 - 32
[ 5 | B, B, B (s +s)/2)|
{ /

where

A, B is the intermediate node

Ay, B; is the starting node

A,, B, is the midside node

A;, B, is the end node

S is a parameter which varies from -1.0 to 1.0.
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Subroutine FN1 determines the locations of the intermediate nodes

while subroutine PLOT performs the final scaling and vector plotting.
Before a line is plotted, it is compared with the next plot

command to determine if the two lines are colinear. If they are co-

linear, the two commands are combined and the process is repeated.

Otherwise, the old command is plotted and the new command is stores.

The subroutines which perform the manipulation of line plotting commands

are described in Table IV.

TABLE IV
PLOTTING SUBROUTINES

Subroutine Description
PLTADD Adds a plot command to the plot buffer
PLTAD2 Combines two plot commands in the plot
buffer
PLTCHK Checks if the next plot command and the

command in the plot buffer are colinear

PLTDMP Dumps the plot buffer

After all plot commands are processed, the appropriate files are

initialized and the user is prompted for more commands.



VI. OUTPUT

The final processing of data is performed by subroutine OUTPUT.
This includes removal of duplicate nodes, determining the necessary
boundary conditions, flattening plates, and renumbering solid elements.

Following is a description of the algorithms used for these problems.

Duplicate Node Removal

Removal of duplicate nodes involves comparing coordinates of
each node with all other nodes to determine if any lie within a certain
distance of each other. If the nodes are within a tolerance value,
they are combined to form a single node. Since this process can be
expensive, a special algorithm is used to minimize the cost.

Using the structure in Figure 12 as an example, the number of
comparisons necessary to remove duplicate nodes is NODES?/2 where NODES
is the number of node points in the structure. If the structure has
2,000 nodes, then 2,000,000 comparisons must be performed. The number
of comparisons can be reduced by dividing the structure as shown in
Figure 12. A code which 1ies in the ith region needs to be compared
only to the nodes in the (i-1) region, the (i) region, and the (i+1)
region. If the nodes are distributed evenly throughout the structure
and there are 99 divisions, then the total number of comparisons is ap-
proximately NODES2/66. Again using a structure with 2,000 nodes, this
would only require 61,000 comparisons.

To efficiently implement this algorithm required the use of
additional arrays. Figure 13 shows a diagram of the required storage.
IARRAY contains a 1list of node numbers which are ordered by the

33
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sections they occur in. A1l of the node numbers which occur in the
first division of the structure are located at the beginning of IARRAY
followed by the other sections. In order to determine where a section
starts and stops, a second array, IPT, is also included which has
pointers to the beginning of each section. Thus, to find the nodes
adjacent to another node in the Ith region requires comparisons to be
made on every node from location [(IPT(I -1)] to (IPT(I +2)-1) in
IARRAY.

Plate Flattening

For quadratic shell elements generated over a curved surface
the midside nodes 1ie out of the plane formed by the element vertices;
however, it is frequently necessary that all of the nodes Tie in the
same plane. For a typical shell element such as in Figure 14 the mid-
side nodes are moved normal to the element until they lie in the plane
defined by nodes 1, 2, and 4. The unit normal is determined from the
cross produce of V; and V,:

G12 = (Vo x V) V1V,
The distance from any midside node to the plane of the plate is:
D=0 b
The final location of a midside node is:

X=X'D012

Renumbering Solid Elements

Numbering solid elements properly is important since an improper-
1y numbered element will result in a negative jacobian in a finite

element program. Improper numbering of elements can be detected by




Figure 14. Flattening of Plate Elements

calculating the volume of the element. If the volume is negative, then
the nodes are reordered to give a position volume. For the element in
Figure 15, the volume is approximately determined by the scalar triple
product of three vectors:

Volume = (V, x V,) « ¥,
For the SAP 5 program all elements must have a positive volume; how-
ever, SAP6 and PAFEC both require elements to have a negative volume
when using INGRID's numbering convention. Depending on the output type,

all elements are numbered to have either a positive or a negative

volume and then output in the specified format.
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Figure 15. Calculating the Volume of a Solid Element




VII. CONCLUSION

INGRID has adequate]y.demonstrated its ability to solve a wide
variety of mesh generation problems; however, there are still many
improvements which can be made in all aspects of the program. The
improvements can be made in the areas of data input, index notation,
mesh generation, functions, plotting, and post-processing of data.
These changes are directed towards increasing both the generality and
efficiency of the program in order to make it as widely applicable as
possible. Following is a description of many of the possible

improvements.

Index Notation

The index notation presented suffers from two limitations: trian-
gular and pentahedral elements cannot be defined using the notation, and
it is difficult to perform mesh grading. These problems can be overcome
by some minor modifications to the index notation.

Index notation is most convenient for definition of regions such
as shown in Figure 16(a). Figure 16(b) shows a region which would best
be modeled using triangles. If nodes A and B of Figure 16(a) are
assigned the same coordinates, the mesh becomes that of Figure 16(b)
which is not only characterized by poor aspect ratios, but also has
zero jacobians for elements adjacent to AB. Such conditions can be
recognized by INGRID and appropriate routines called tc produce trian-
gular meshes such as in Figures 16(c) and 16(d).

Thus, the further convention can be added that if two vertices

of a region which 1ie on the same edge have the same coordinates, then
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Figure 16. Triangular Element Generation
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INGRID can be programmed to automatically model the region with trian-
gular elements. Since assigning two vertices of a region the same coor-
dinate is illegal using the present notation, this change would make the
notation more general. The triangular region along with its edges and
vertices can still be referred to by the index notation which insures
the usefulness of this addition.

Similar conventions can be used for the representation of penta-
hedral wedge elements or pyramid elements. Il1legal regions, such as
occur if nodes A and D of Figure 16(a) were coincident, can also be
deleted. An example of this is in Figure 17. Region BCEF is illegal and
can be automatically deleted.

One of the most difficult problems in mesh generation is the prob-
lem of mesh grading. Imafuku, et al. suggest an algorithm for mesh
grading which can be useful in connection with the index notation.'! By
adding a function which changes the number of elements along the i, j,
or k direction, INGRID can recognize regions which require either mesh
refinement or mesh grading. The appropriate routines can be called to
perform the necessary mesh refinement or mesh grading. Again, it is use-
ful to notice that this in no way restricts the present notation and

only represents a generalization of the notatijon.

Functions

Much of the effectiveness of INGRID depends on choosing a com-
plete set of functions which are both general encugh to define all the
necessary information for a finite element model and simple enough to be
comprehended by the user. Further generalization of the functions in

INGRID can meet this goal. Although the functions now used are



Figure 17. Automatic Region Deletion
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completely separate, they have many features in common which can be
used to combine the functions into a very simple system. One possible
function which requires a special free format is of the form:
(index specification)/command = parameter, parameter,
. . /command = . .
examples:
(2, 3, 1, 4, 5, 2)/MATERIAL = STEEL
or (1, 0, 5)/X = 9.0/Y = 6.0

or (1, 3, 5, 7, 4, 6)/DELETE/CYLINDER = I/PRESSURE = 50.0
(put a circular hole in the structure and apply a 50 1b pressure)

As can be seen from the examples, the user only needs to have a knowl-
edge of index notation and a 1ist of keywords. The notation is both

concise and readable.

Plotting
A very helpful feature of INGRID is the ability to quickly plot

a grid for verification. When a user is viewing a complex grid at a
siow baud rate, much time is wasted. If iterations need to be performed
on the plot, then this situation becomes even worse.

For this reason, every effort has been made to decrease the num-
ber of vectors plotted; however, substantial improvements still can be
made to decrease the plotting costs even further. INGRID decreases the
plotting time for some problems by determining which vectors within a
region of the index space lie on a straight line. Straight lines fre-
quently cross several regions. By determinining which regions are adja-
cent, the plot file can be arranged to find straight lines which cross
several regions. This can provide savings of more than 50% for

plotting many meshes.
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Since the speed of pen plotters is generally a function of the
total distance travelled by the pen, substantial savings can be achijeved
by adjusting the sequence of pen commands. Figure 18(a) shows the nor-
mal sequence of pen commands. Moving the pen from the end of one line
to the beginning of the next requires almost as much time as drawing a
line; however, in Figure 18(b) a different sequence is presented which
can decrease the plotting time. This sequence can be programmed into
the plot file generator with no extra CPU time required while decreasing
the total plotting time from 30% to 45% for the average problem.

Other useful features which can be included are node and element
numbering and a hidden line algorithm for plotting curved surfaces. A
hidden surface algorithm can also be made extremely efficient by taking

advantage of adjacencies in the index space.

Data Base

A permanent data base is useful in many aspects of computer aided
design. Figure 19 shows a typical problem which might require several
design iterations and can take advantage of a data base. Since INGRID
is capable of producing complex primitives such as are required to model
the pipe joint accurately, the user should be able to store these in a
permanent data base which can be accessed with only the necessary
parameters. Modifications to INGRID which allow a permanent data base

can be made to increase the applications to computer aided design.



Figure 18. Plotting Sequences

Figure 19. Pipe Joint
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APPENDIX A
INDEX NOTATION

INGRID is based on the index space notation which is used in
INGEN. Since the index space notation is not completely adequate for
manipulating geometries, another notation, the "Index Progression," is
derived from the index space. Index progressions provide a concise and
simple method for describing complex structures, and are used to input
data to INGRID. Following is a detailed descriptién of the index space
notation and the index progression. This information provides the user

with the concepts necessary to use INGRID effectively.

Index Space

Node generation in INGEN is done by a mapping from Index space
onto the object of interest as is shown in Figure A.1. Each region of
the object is referenced by a set of six indices. (IMIN, JMIN, KMIN)
specify the minimum indices for a region in the index space and (IMAX,
JMAX, KMAX) specify the maximum indices. For a solid region, all eight
corner nodes must be defined by the combinations of minimum and maximun
indices. Table A.1 1ists the indices of the vertices in the example of
Figure A.1. We assume that any set of three indices, (I, J, L), defines
a point; and any set of six indices, (IMIN, JMIN, KMIN, IMAX, JMAX,
KMAX), defines a region in space.

If KMIN is set equal to KMAX, the resulting region is a plane of
constant K as shown in Figure A.2(a). Similarly, a plane of constant I

is defined when IMIN is set equal to IMAX and a plane of constant J for
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Figure A.1. Mapping from Index Space to Object Space
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JMIN equal to JMAX. A line in the index space is defined by holding two

indices constant while the third index varies as shown in Figure A.2(b).

TABLE A.1
INDICES ASSOCIATED WITH THE VERTICES OF A REGION

Node Indices Position

A (1, 1, 1) (IMIN, JMIN, KMIN)
B (5, 1, 1) (IMAX, JMIN, KMIN)
C (1, 1, 2) (IMIN, JIMIN, KMAX)
D (5, 1, 2) (IMAX, JMIN, KMAX)
E (1, 5, 1) (IMIN, JMAX, KMIN)
F (5, 5, 1) (IMAX, JMAX, KMIN)
G (1, 5, 2) (IMIN, JMAX, KMAX)
H (5, 5, 2) (IMAX, JMAX, KMAX)

An index space is defined as the set of all possible indices,
1<I<o, 1<d<w, 1<K<o. If an index is zero, then it varies over all
possible indices. Thus, the indices (3, 0, 2) defines a line which
extends across the index space, and (0, 0, 2) defines a plane which
divides the index space into two regions. (0, 0, 0) defines the entire

index space.

Index Progressions

Index progressions were developed to facilitate the defining of

multiple regions in index space. Rather than specifying the minimum and
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maximum indices for a region, one simply specifies the progression of
indices along the I, J, and K directions respectively. For example, the
region (2, 7, 6, 8, 9, 10) is represented as the progression {(2, 8);
(7, 9); (6, 10)}. If there is a region adjacent to (2, 7, 6, 8, 9, 10)
such as (2, 7, 2, 2, 7, 6) the two regions are defined together by a new
progression {(2, 8); (7, 9); (2, 6, 10)}. To define the four solid
regions shown in Figure A.3(a) requires the progression {(3, 5, 7); (2,
4, 6); (1, 4)}.

Index progressions for planes are defined in a similar manner.
The index which remains constant throughout a plane is indicated by a
negative sign so the plane (2, 5, 5, 2, 7, 8) is represented as {(-2);
(5, 7); (5, 8)}. A parallel plane such as (4, 5, 5, 4, 7, 8) can be
added to this progression by adding another i index to give {(-2, -4);
(5, 7); (5, 8)}. In Figure A.3(b) there are eight planes which can be
represented by the progression {(3, 5, 7); (2, 4, 6), (-1, -4)}. The
savings by this notation is apparent since specifying separately the
eight regions in Figure A.3(b) requires 48 numbers whereas the index
progression requires only 8 numbers,

Another addition to the index progression notation is the zero

index. The two solid regions shown in Figure A.4 could be represented
as an index progression except that they are not connected. In this
case a zero index is used along the i progression to indicate that the
structure is discontinuous. This gives the progression {(2, 4, 0, 6,
8); (3, 7); (4, 5)}. Plane regions can be separated by the zero index
in a manner similar to solid regions.

More complicated regions can now be represented by combining

index progressions. An example of this is in Figure A.5. The open box
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Figure A.3. Index Progressions for Planes and Solids
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Figure A.4. Separated Solid Regions
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Figure A.5. Open Box
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could be represented by two index progressions {(-2, -5); (1, 7);

(3, 5)} and {(2, 5); (1, 7); (-3, -5)}, but they can also be combined
to give {(-2, -5); (1, 7); (-3, -5)}. Figure A.6 shows several more
structures and their index progression representation.

INGRID uses the index progression notation to set up regions in
the index space which are to be mapped on to the object of interest.
This notation has the advantage that it requires very little input data
and with less than 20 indices can represent thousands of configurations
in index space. In practice, not all configurations in index space can
be defined by an index progression so a command is added to INGEN to
allow deletion of regions in the index space. The delete command along
with the index progression is enough to produce almost any conceivable
region in the index space and is used as the central part of INGEN's

mesh generation.



(b) Cube in a Box

(-2, 4, 6, -8); (-2, 4, 6, -8), (3, 5)}

(a) Tntersecting Plates

(2, -4, 6); (2, -4, 6); (-3, -7)}

(c) Examples of Q
Region Deletion O
{(-2, -6, -10)5 (3, 7);5 (-2, -4)} O

Regions:
Deleted Regions (d) Planes and Solids

” . 3,4,10, 7,4 P
(2,3, 2,6,7,2) and (6, 3 ) with Gaps

(2, 4,0,6,8): (2, 4,0, 6, 8); (-2, 4, 6, -8)}

Figure A.6. Examples of Index Progressions




APPENDIX B

DATA PREPARATION

This section describes the data required as input to INGRID. A1l
data is input using standard FORTRAN format specifications. The data
file consists of a title card, a series of control cards, and a series
of "mesh generation modules."

1. Title Card (20A4)

This card is required at the beginning of every data
file.

2. Control Cards (A4, 6X%)

The following control cards are allowed.

AXISymmetric MOVIE
BEAMs PAFEC
COORdinates PLOTs

C (Comment) SAPS
EXCHange SAP6

FAST TOLErance
LOOF

Keywords must be between four and ten characters except for

comments which only require a 'C' in column 1. Control cards are
optional and can be input in any order.
(a) AXIS (AL, 6X)
Qutput specifications are for axisymmetric elements.
(b) BEAM (A4, 6X)
This command is followed by a series of node cards
and a series of element generation cards.
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i, Node cards

columns 1 Constraint flag
EQ. ; (blank) node is free

EQ.F; node is constrained
2 - 5 Node number
6 - 15 X-coordinate
16 - 25 Y-coordinate

26 - 35 Z-coordinate

As many node cards are input as necessary.

A BLANK CARD TERMINATES NODAL POINT INPUT.

ii. Element Cards

columns 1 - 5 Beginning node number
6 - 10 Ending node number

11 - 15 Number of elements to be generated
(Nodes are also generated)

16 - 20 Material property number

21 - 25 Node which defines direction of'
the principal bending axes.

As many element cards are input as necessary.

THIS SECTION ENDS WITH A BLANK CARD.

(c) COOR

columns 11 - 15 numer of local coordinate systems to
be input.

This command generates local coordinate systems. Each
local coordinate system is defined by three nodes, as shown
in Figure B.1. The first point locates the origin of the
Tocal coordinate system, the second point lies along the
Tocal x-axis, and the third point 1lies anywhere on the

positive x-y plane.



60

For each local coordinate system, a set of three cards
must be input.

Card 1 (location of point 1) (A1, 4X, 3F10.0)

columns 1 Flag describing coordinate system
EQ. ; (blank) cartesian (X, Y, Z)
EQ.C; cylindrical coordinates (R, 0, Z)
EQ.S; spherical coordinates (R, 0, ¢)
6 - 15 Global X(R) coordinate of point 1
16 - 25 Global Y(@) coordinate of point 1
26 - 35 Global Z(®, ¢) coordinate of point 1

Local Axes

S X

Global Axes

Figure B.1. Coordinate Transformation

Card 2, 3 Similar to card 1 for points 2 and 3.

NO FURTHER INPUT IS REQUIRED FOR THIS SECTION.

(d) Comments (A1)
Comments may be used to document the data file; however,
there are certain cases where they can not be used. They

can not be used after a BEAM or COOR and before the next
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command. There are no restrictions when comments are used

with mesh modules.

(e) EXCH (A4, 8X, 311)
This command performs a permutation of the coordinate

axes and is performed before any other coordinate transforma-

tions.
columns description
13 Flag for changing the x coordinate
EQ.1; This coordinate becomes the x coordinate
EQ.2; This coordinate becomes the y coordinate
EQ.3; This coordinate becomes the z coordinate
14 Flag for changing the y coordinate
15 Flag for changing the z coordinate
(f) FAST (A4)

Only data necessary for plotting is generated. No
output is generated.
(g) LOOF (A4)
Plate elements do not 1ie in a plane. If this command
is not used, midside nodes will be moved to the plane of the
plate or shell element.
(h) MOVIE (A4)
Qutput for the MOVIE.BYU program is generated. This
output must be further processed by the utility program,
MOVE.
(i) PAFEC (A4)

Qutput is generated which is compatible with the PAFEC

finite element computer program.
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(3) PLOT (A4)
This instructs INGRID to enter the interactive plotting

package.

(k) SAPS (A4)
Qutput is generated which is compatible with the SAP5

structural analysis computer program.

(1) SAP6 (A4)
Output is generated which is compatible with the SAP6

structural analysis computer program.

(m) TOLE (A4, 6X, F10.0)
columns description
11 - 20 tolerance value for combining duplicate nodes

Mesh Generation Modules

Mesh generation modules instruct INGRID to perform the

actual mesh generation. Each mesh aceneration module consists of

the following data:

"START" 3.
Module Control Cards 3.1
Index Progression 3.2
Function Cards 3.3
"END"

"START" signifies the beginning of a mesh generation mod-

ule and is required as the first card in each module. Module

control cards affect properties of the mesh defined in the mod-

Following is a list of the default properties for a mesh

generation module:
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4 node plate elements
8 node solid elements
cartesian coordinates
material property = 1
plate thickness = 0.0

The index progression is defined in appendix A. The dimensions
of the index space along with all plane and solid regions are

defined by the index progression. Function cards manipulate the
mesh defined by the index progression and a "END" signifies the

end of a module.

Following are some important definitions in addition to
those in Appendix A.

Index space. The set of all indices defined by an index
progression. For example, the progression {(2, 3, -5, 10) (4,
(4, 5), (2, 6)} defines the index space 2<I<10, 4<J<5, 2<K<b.

Reduced index space. The reduced index space references

positions in an index progression. The point I, J, K in the
reduced index space refers to the point in the index progression
defined by the Ith integer in the I-progression, the Jth integer
in the J-progression and the Kth integer in the K-progression.
For the progression {(2, 3, -5, 10), (4, 5), (2, 6)} the relation-
ship between the reduced index space and the index space is shown
in Table B.1.

Points and regions are defined in Appendix A. Unless other-
wise noted, all points and regions are defined in the reduced in-
dex space. Since the reduced index space is independent of the

actual values of the index progression, the mesh can be refined
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or contracted by only changing the index progression. Points are
always input with (2X, I3, 2I5) format and regions are input using

(2X, 612) format.

TABLE B.1

COMPARISON OF THE REDUCED INDEX SPACE AND THE INDEX SPACE FOR
THE INDEX PROGRESSION {(2, 3, -5, 10), (4, 5), (2, 6)}

Reduced Index Space Index Space
1, 1, 1 2, 4, 2
1, 1, 2 2, 4,6
1, 2, 1 2, 5, 2
2, 2, 2 3, 5, 6
3, 1, 2 5, 4, 6
4, 1, 1 10, 1, 1

Module Cards. The following module controls cards are

allowed.
8NODe REPEat
20N0de SPHErical
CYLIndrical THICkness
MATErial

Keywords must be between four and ten characters. All
control cards are optional and can be placed in any order after

START and before the index progression.
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(a) 8NODE (A4)

Eight node plate elements are generated. All indices
are doubled to provide the extra indices necessary for the eight
node elements.

(b) 20NODE (A2)

Twenty node solid elements are generated. A1l indices
are doubled.

(c) CYLI (A4, 6X, 15)

Nodes are converted from cylindrical to cartesian

coordinates.
columns description
15 Flag for specifying type of conversion

E0. ; (blank) Conversion is performed
after generation is completed.

EQ.1; Conversion occurs before mesh gener-
ation is performed.

The equations for this transformation are:

= R cos ©

= Rsin 0
(d) MATE (A4, 6X, I5)
columns description
11 - 15 Material property number

Material property numbers are output with the element

data in the specified format.
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(e) REPEAT (A4, 6X, 15)
columns description
11 - 15 Local coordinate system number

The REPEAT command makes copies of a mesh module using
different coordinate systems. If the Tocal coordinate
system number is zero, then the global axes are used.
Otherwise the number refers to the coordinate system defined
by the "COORDINATES" command. The first REPEAT command only
changes the default coordinate system to a local coordinate
system, thus it does not produce two copies of the module.
For every additional REPEAT command one more copy of the

module is generated.

(f) THIC (A4, 6X, F10.0, 15)
columns description

11 - 20 Plate thickness (for SAP5S)

21 - 25 Plate thickness number (for SAP6)

The thickness of plate elements within a module are
specified using this command and are output with the element
data for the specified format.

Index Progression. The mesh within each mesh generation

module is defined by an index progression which is described

in Appendix A.

CARD 1: I-procoression (1615)
columns description

1- 5 1st index of I-progression

6 - 10 2nd index of I-progression

As many as 16 indices may be placed on this card.
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CARD 2: J-proaression (1615)
Similar to CARD 1.

CARD 3: K-progression (1615)

Simitar to CARD 1.

Cards 1, 2, and 3 are required for every module. Only
the integers which are necessary for the progression should
be input and the remainder of the entries are blank.

Function Cards. For each module a function is required

to define the initial location of vertices. This function
assigns an X-coordinate to each integer of the I-progression,
a Y-coordinate to each integer of the J-progression, and a
Z-coordinate to each integer of the K-progression.

CARD 1: X-coordinates , (8F10.0)

columns description

1-10 X-coordinate associated with first I-index
11 - 20 X-coordinate associated with first I-index

Eight X-coordinates may be placed on this card.

CARD 2: X-coordinates (8F10.0)

Note: This card is used only if the I-progression has
more than 8 integers.

CARD 3 and 4: Y-coordinates (8F10.0)

Similar to CARD 1 and 2.
CARDS 5 and 6: Z-coordinates (8F10.0)

Simitar to CARD 1 and 2.

Cards 1, 3, and 5 are always required.



68

Optional Functions. A1l optional functions are input

after section 3.3.a and have the following form:

Keyword - index specification - parameters

INGRID has the following keywords for function cards:

keyword description
b. blank point function
c. I,d,K A coordinate is a function of
the I, J, or K index
d. A arc card |
e. B boundary condition card
f. D delete
g M midside node deletion
(b) Point Function (2x, 13, 215, 15, 3F10.0)
columns description
1 bTank
3-15 Indices of point
16 - 20 Flag for coordinates of point
EQ. ; (blank) X, Y, and Z coordinates
are modified
EQ.1; X coordinate is modified
EQ.2; Y coordinate is modified
E0.3; Z coordinate is modified
EQ.12; X and Y coordinates are modified
EQ.13; X and 7 coordinates are modified
EQ.23; Y and Z coordinates are modified
£E0.123; X, Y, and Z coordinates are modified
21 - 30 X-coordinate if required
31 - 40 Y-coordinate if required
41 - 50 Z-coordinate if required
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(c) Coordinate Modifying Function (A1, 1X, I3, 3I5, 6F10.0)

columns description

1 Flag specifies independent variable for the

function
EQ.I; Coordinates vary as a function of the
I-index
EQ.J; Coordinates vary as a function of the
J-1index
EQ.K; Coordinates vary as a function of the
K-index

3-15 Indices of point (The index of the independent
variable must be zero)

16 - 20 Flag specifies which coordinate is modified
EQ.1; X-coordinate is modified
EQ.2; Y-coordinate is modified
EQ.3; Z-coordinate is modified

21 - 30 New coordinate for first index

31 - 40 Coordinate for second index

Six coordinates may be placed cn this card.

CARD 2: New coordinates (8F10.0)

This card is required only if the independent variable
has more than six values in the index progression. Eight
coordinates may be p]ated on this card.

CARD 3: New coordinates (2F10.0)

This card is required only if the independent variable
has more than 14 values in the index progression. Two

coordinates may be placed on this card.



(d) Arc card (A1, 1X, 612, I2, 4X, 4F10.0)

Type 1: Curved Boundaries
columns description -
3-14 Indices of region (the region must be a line of
length 1 in the reduced index space)
15 - 16 Flag specifying type of curve

EQ.1; A parabola through point P1 (see Figure B.2)
£EQ.2; A circular arc through point Pl
EQ.3; A circular arc with center P2

’ R ln

Figure B.2. Curved Bouncaries

columns description

21 - 30 X-coordinate of point Pl or P2
31 - 40 Y-coordinate of point Pl or P2
41 - 50 Z-coordinate of point Pl or P2
51 - 60 Radius (optional)
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If the radius is input for a circular arc with center
P2, then nodes A and B are moved radially from P2 until they
are a distance equal to the radius from P2. An arc is
formed through the nodes at their final location.
Tvpe 2: Cylindrical Regions

columns description

3-14 Indices of region (see Figure B.3. The region
is a plane or a solid in the reduced index
space with a width and height of 1 and an
arbitrary length).

15 - 16 Flag specifying axis of rotation in the index
space.
EQ.1; I-axis is axis of rotation
EQ.2; J-axis is axis of rotation
EQ.3; K-axis is axis of rotation

51 - 60 Radius (optional)
(IMAX, JMAX, KMAX)
R
Ps
/
A B pd
R Pd
>
C 0

(IMIN, JMIN, KMIN)

Figure B.3. Cylindrical Region
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For any plane normal to the axis of rotation such as
ABCD in Figure B.3, a point 0 on the axis of rotation is
located in the center of the plane. If the radius of the
cylinder is input, then the points A, B, C, and D are moved
radially from O until they are a distance, R, from point 0.
Curved boundaries are then formed for the segments AB, BD,
AC, and CD using center 0. This is done for each plane

normal to the axis of rotation in the reduced index space.

(e) Boundary Condition Cards (A1, IX, 612, 612)
columns description
3-14 Indices of the region
15 - 16 Flag for constraining X displacement
EQ.0; free
EQ.1; fixed
17 - 18 Flag for constraining Y displacement
19 - 20 Flag for constraining Z displacement
21 - 22 Flag for constraining X rotation
23 - 24 Flag for constraining Y rotation
25 - 26 Flag for constraining Z rotation
(f) Region Deletion (A1, 1X, 6I2)
columns description

3-14 Indices of region to be deleted
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(g) Midside Node Elimination (A1, 1X, 612, 3I2)

columns description

3 -14 Indices of region

15 - 16 Flag for deletion of midside nodes along
the I-direction
£EQ.0; Midside nodes are retained
EQ.1; Midside nodes are deleted

17 - 18 Flag for deletion of midside nodes along
the J-direction

19 - 20 Flag for deletion of midside nodes along

the K-direction



APPENDIX C

EXECUTION

Input to INGRID consists of a disk data file and a series of

interactive commands.

Appendix B. INGRID also creates several scratch data files and output

The input data file is described in detail in

files which are Tisted in Table C.1.

TABLE C.1
DATA FILES USED BY INGRID

FORTRAN Unit Number Description

5 Terminal

6 Job Statistics

7 Scratch (Nodes)

8 Scratch (Plate Elements)
9 Scratch (Solid Elements)
10 Scratch (Beam Elements)
11 Output (Nodal Points)

12 Input Data File

13 Scratch

14 Qutput (Elements)

15 Qutput (Boundary Conditions)
20 Scratch (Plotting)
21 Output (MOVIE.BYU)

74
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When INGRID is executed it first reads the input data file and
generates the mesh. If the PLOTS command is in the input file, INGRID
will enter the interactive plotting package as soon as mesh generation
is completed. The plotting package accepts commands to produce plots
and commands to modify the output format. Following is a list of the

allowable commands.

Plotting Commands Qutput Modification Commands
CONTINUE FLAT
END LOOF
HELP MOVIE
INFORMATION NOMOVIE
PARTS NO OUTPUT
PLOT PAFEC
ROTATE SAPS
SCALE SAP6

Description of plottina commands

CONTINUE - Plotting is terminated and the final processing of the

model will begin.
END - Stop execution of INGRID.

HELP - Print out the available commands.

INFORMATION - Some job statistics are printed.

PARTS - This command is used to specify whether all or some of the
parts will be plotted. INGEN automatically assigns part numbers as
the model is being generated. The portion of the model which is
generated after the first 'BEAM' card or 'START' is assigned part

number 1. After this, new part numbers are assigned for each
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'START' that is encountered in the input data. When the 'PARTS'
command is entered, INGRID responds with "< # of PARTS >." 1If the
whole structure is to be plotted enter a 0. Otherwise enter the
number of parts which are to be plotted and then the part numbers
in free format.
PLOT - Plot the mesh. Two carriage returns are required.
ROTATE - This command is used to rotate the structure so that it
can be viewed from any direction as shown in Figure 11, page 30.
After typing this command INGRID requests the number of the ver-
tical axis, angle a, and angle B which are input in free format.
The scale command allows the user to input a scale factor to
expand or decrease the size of the plot on the screen. INGRID responds

with "< SCALE FACTOR? >." The new scale factor is then input in free

format.
scale factor effect
= 1.0 No effect (default value)
> 1.0 The mesh is expanded
< 1.0 The mesh is decreased

Description of Qutput Modification Commands

FLAT - Nodes for plate elements must all lie in the same plane.
INGRID attempts to put midside nodes in their proper position.

LOOF - Nodes for plate elements do not have to lie in the same

plane. This is the opposite of FLAT.

MOVIE - Output for the MOVIE.BYU program is generated.

NOMOVIE - Output for the MOVIE.BYU program is not generated.
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NOOUTPUT - No output for SAP5, SAP6, or PAFEC is generated
MOVIE output is generated if requested.
PAFEC - output compatible with PAFEC is generated.
SAPS5 - Qutput compatible with SAP5 is generated.

SAP6 - Qutput compatible with SAP6 is generated.

Utility Program MOVE

Program MOVE reads the output from unit 21 of INGRID AND con-
verts the data to a format compatible with MOVIE.BYU. The data files
required by this program are listed in Table C.2. Besides reformatting
data, MOVE also removes any faces which are adjacent to two solid
elements and could not possibly be seen by a hidden line algorithm.

This extra processing can save much computation when running MOVIE.BYU.

TABLE C.2
DATA FILES USED BY MOVE

FORTRAN Unit Number Description
6 INGRID output
MOVE input
10 MOVE output (MOVIE input)

21 MOVE input (INGRID output)




APPENDIX D

EXAMPLES

Demonstration Model

The demonstration model is shown in Figure D.1. It is chosen to
demonstrate most of the mesh generation and plotting capabilities of
INGRID. This model is generated from six separate mesh generation
modules as is shown in Figure D.2. These modules are copied together to
produce the final structure.

Part 1 is formed by generating a plane of solid elements and
performing a cylindrical coordinate transformation to make a cylinder.
In contrast to this is part 6 which is also a cylinder made of solid
elements, however it is formed by moviﬁg the nodes of a unit square bar
to their proper Tocations. Parts 2 and 3 demonstrate how complicated
intersections of plates can be made with minimal effort. Parts 5 and 6
are formed by a coordinate transformation similar to the one used for

part 1.

Mirror Fixture

Figure D.3 shows the mirror fixture. The key shaped regions are
the mirrors which Tie on a circular base. Each mirror is connected to
the base by three pin connections. This model is chosen to demonstrate
the ability of INGRID to make multiple copies of an object and to place

each one in a different coordinate system.
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(a) Plotting by INGRID

(b) Plotting by MOVIE.BYU

Figure D.1. Examples of Plotting by INGRID and MOVIE.BYU
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(e) Part 5 (f) Part 6

Figure D.2. Demonstration Model

The demonstration model is broken down to individual parts by
INGRID. For each part the corresponding index progression is listed
minus any deleted regions.
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Axisymmetric Model

The axisymmetric model is shown in Figure D.4 along with a
3-D body of revolution generated from the axisymmetric mode. Since
both plane regions and solid regions can be generated easily by an
index progression, sometimes conversions from an axisymmetric model
to a 3-D solid require only two indices of an index progression to be
changed. For this particular example, more changes are required; how-
ever, it stiil demonstrates how major changes to a model can be made

with 1ittle effort.
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APPENDIX E
SAMPLE DATA
ORAG MESH EXAMPLE -
CRAG MESh EXxaMpLE
PLQOTS
START
CyLl
1 3 7 9 11
1 18
1 2 5 7
¢,.2% Q.5 1.25 1.5
0.0 180.0
JeQ «25 0.5 .75
2 t 11422
C 1124642 %4
FMD
UMCRE MACHINE MODEL
DUMCRE MACHINE +gDEL
PLOTS
PAFEC
LCOF
Moyl
START
C PART L
MATER[AL 1
2UN0OOE
CYLINDRICA
2 3
2 10
2 3 5 6
1.2¢% 1.87¢%
0.0 260.0
ey 15 6.25 7.75
eND
START
C PART 2
VMATER AL 2
ANCDE
THICKNESS () ,2%
2 3 S
2 3 -4
-2 -2
3.0 ~1.32% -2.0625
0.0 Le326 2.,6875
1.5 .25
A 2112213 0.0 0.0
4 Lz 122112 0.0 0.0
A 2122223 G.d 0.9
A 1222223 0.0 0.0
2 111222
ZND
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1.875
1.875
1.875
14875



START

C PART3

ENCGOE

MATERT[AL

THICKNESS

2 4
2

AATERTAL

THICKNESS

cyel

=2

10
s

g -

Qe 45
0.0
'2.0
END
START
C PARTS
8MTOE
MATERT AL
THICKNESS
cyLl
1 -2
2 10
1 2
Je 5
3.0
10.9
2 0
FND
START
o PARTS
MATER] AL
20M00¢€
2
2
1

U
N e -
.

.
NOSC O NWwW

-

2
W28
-5 =6
4 -5

-6.9
1.326
7.125

NN

&4
OC G —

.3

-4

)
- (r
—C -

. 0
[ "N )

-4.48125 ~2.0625

2.6875 £,87%
11
2.7 2,7 4.7 5.75
1.0625 6.6875
1.5 6.25
é -7
1.5 6.25 7.75 10.0
2.7
1.25
2%.7
0.0 0.0 0.0 Q.45
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MIRRCR FIXTURE

MIRRCR FIXTURE

PAFEC
PLOTS
MOVI S
TCLER 04003
ccero 8
1
c 1.0 -50.0
c ) 0.6
<
c 1.9 ~45.3
c 1.0 45,0
c 1.0 0.3
¢ 1.0 $0.0
¢ 1.9 45.9
¢ 1.0 135.0
-4
¢ 10 90 .3
¢ 1.0 180,0
g
¢ 1.9 135.0
¢ 1.0 225.0
7
¢ 1ed 180.9
c 1.0 270.u
3
c 1.9 225.0
¢ 1.0 315.0
START
REPEAT 1
REPEAT 2
REPEAT 2
REOCAT 4
REPEAT 5
REPEAT 6
REPEAT 7
REPEAT 3
MATERTAL 1
CYLIN
2 7T 1o 11
2 4 5 8 1
2 3
5.0 17.0 25,0 28.12¢
£7.5 78,1 9¢ .3 101.9 112.5
0.0 640
R 131121001000
A 1314321433823
& 111132110000
END-
START
REPEAT 1
REPTAT 2
REPEAT 3
REPEAT 4
PEPEAT 5
REPEAT 6
REPEAT 7
REPEAT 2



MATERIAL 2
2 4 5 8 0
2 & 3 10
2 3
-5.3 -3.5 3.0
164,28 17.0 2%.0
6.5 9,4
1 4 1 ¥} “8e454
1 4 ot D} -8.5%
3 4 1 D] 0.0
3 & 2 J 0.3
5 4 1 v 8.54
S 4 2 ] 8.54%
1 E 1 9 -8.106
1 2 2 0 ~8.106
5 2 1 Q 8.106
5 3 2 3 3.136
L 2 1 0 -5,012
1 2 2 J -4.012
5 2 A Q 6.012
5 2 2 J £.012
3 311242100000
END-
AXISYMMETRIC MCDEL
AXISYMMETRIC MIRRIOR PRCALEM
PAFEC
AXISYYMETRIC
TCLER 0.01
PLCTS
START
8NCDE
2 6 7 8 9 10
2 & 7 9 10 11
-1
-4.,2872 =2.5%47 ~2.637
-.183 0.0
3.125 10.625 10.535
14.55%0 L4.750
3.5
0 121 2101
S 341571
[ 5 9 1 714 1
T 9 ¢ 11019 1
2 17188
C 81 119 8
J 4 0 V) 1 -2.480
-2,127 -2.127 -1.975
4 3 c M 1 -2.627
-2.3220 -2.320 -2.220
A 2212213 -2.547
A 32121313 c24947
J 3 v] G 1 -1.3
-J.755 -0, 7 -0.7
J 7 0 0 i -1.583
-0.528 -J.938 -1.22)
J ) Q 0 1 -2.2
-1.565 -1.565 -1,285%
J S 0 o) 1 -2.320
-1.975 -1,975 -1.630
A & 715713 ~2.395
A 5615713 -2.395
5 e 1 0] -1,285
7 9 1 b -1.333

3.5
21,188

26.66
26 .66
27.55
27.5¢
26.66
26466
25.0
25.0
2%.0
25.0

17.
17.3
17.0
17.0

1

2.480
-1.575
~2.637
-2.320
1J.935
19.635
=1.425
=0.7
-1.408
-1.020
-2.073
-1.288%
-2.320
-1.620
12.785
12.785
14.¢50
14,659

w
.
w

Vr OV PN DOC O 0O
S oapndsnnpsvpeeWM

4 e 6 8 ¢ o 5 ® 8 ¢ o

=2.4380
=2.637
J.0
C.0

~1.36
-1.550
-2.047
-2.320

Q.90
0.0

-2.480

-2.637

S.31

0.31
-1.197
-1.380
~L.960
-2.320

0.5
0.5
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~0.952
-1.135
-1.664

-1.G975



START
ENCDE
2 8 S 1)
2 3
-1
-5.322 =2.837 -2.,480 -2,220
11.535 11.6G3
Q.0
8 111121100000
END~-

3-0 8COY 2F REVOLUTICN

AXISYMMETRIC MIRROR 92PCBLEM

PAFEC
TCLER Qo1
ZXCH 312
PLCTS
START
YLl
2 & 7 3 e i0 il 12 22
2 é 7 El .0 Il 13 14 1¢
1 F3
=4.372 ~2.347 ~2.€37 -2.48
-.182 Sev
3.125 L0.625 10.635 11.535 11.875
14,550 1e.78%0
J.0 2€9.0
7010 21 3182
S 3 &1 572
T 6 91 T1y 2
L 9 ¢ 11019 2
C 7718382
C 311168 2
J 4 4] Q 1 ~2.489 -2.480
-2.127 -2.137 -1.975 -1.97¢%
J 3 Y] < 1 -2.637 -2.637
=2.32y ~2.320 ~2.320 -2.220
A 221322132 =2.947 16,925
222232232 -2.5617 13.635
a 3213313 -2.9417 10.93%
A 3223323 =2.947 13.925
J 3 0 0 1 -L.38 -1l.%2°
=se755 ~g.7 -0.7 -0.7
J 7 C 3] 4 ~1.683 -1.608
-0.538 -J.938 -1.030 -1.033
J 6 Q 0 3 =2.2 -2.072
~1,.,9¢% -1.545 ~1.285 -1,28¢%
J 5 J v i -2.3220 -2.3220
~1.975 =1.975 -l.0620 -1.630
A « 715712 ~2.363 12.7€6¢5
A 4 72%5 723 -2.365 12.785
A 54515713 ~2.363 12.78%5
A 5S625721 =2.39%% 12.785
) S 0 2 -1.2€5 14.650
7 9 0 12 -1.029 14.650
END=-
START
cyLt
2 8 9 19
2 E
1 21
-5.832 -2.637 -2.483 -2.320
11.635 10,800
1 e 240,
1 | VARV BN

m W
—
—
—

D=

=2.0

13.285

-1.112
-1.295
-1.316

-2.,220



PROGRAM LISTINGS

APPENDIX F

1. Fortran Listing of INGRID

[ggassdaqadadddadsddddddddddqaaanggsddqdqusdasdaaqagdaqqaddaddesdasddedaary sl
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[ CMAINQOC2
C PROGRAM [MGFID 3Y: DCUGLAS STILLMAN CMATNOOQC)
C CMAINOOCS
C INGRID IS A GENERAL PURPOSE FINITE ELEMENT MESH GENERATOR. FOR MORE CMAINCOCS
C  INFORMATICN CCNSULT THE USEFR'S GUIDE CR CONTACT: CMA INOQCS
C Je Eo. STCHNEKING CMAINCCCT
[ OEPAR TMENT NF EMGIMEERIAG SCIENCE AND MECHANICS CMAINOO(E
C UNIVERSITY CF TENNECSSFEE CMA [NOOCS
C KMOXVILLE, TENNESSEF 37916 CMAINCOLC
- TELEPHONE: 615-974, €184 CMAINOO 1Y
C CMAINOOLR2
ceeceececcccecercceccececcccececocccorcceeecccccecccccecoccceoccccccocccceemalIanes
C CMAINGO 14
C LIST CF CCMMON BLOCKS AND RCULTINES IN WHICH THEY ARE USEC CMAINCOLS
C CMAINOO 1S
C QCUND - &CS 3Cs2 DLEE CMAINCCLT
C CMAINOC IS
¢ DEL - DELETE DELET2 DLEE CMATINQCLS
C CMA INOOQ 20
C uuUMPAR-  ICNL 1oM2 1oa2 10N4 CMAINOOZI
C CMAINCQ22
C ouMpPaz2- [nPl 1apP2 ICF3 [CPa CMAINCQZ2
C C1AINOO24
C Junk - ELID EL2D EL2C EXCHNG INFO INIT QuTPUT CMA INCO2ZS
C PLOT MK CMAINOO 2GS
c CMAINGQ27
C JUNK2 - ELTHRE ELTWO INFC INIT INPLOT CMAINDD 28
c CMA [NCO29
C KNT3 = MAIN CLEE ELTRRE ELTwO INFC INIT INPLCT CrAINOG 20
C [P} L3ADS2 QUIPLT CMAINOO2Y
c CMATINCO22
C LOAD -~ OLEE LOADS LCACS2 CMAINQOCI3
C CMAINOO 34
RS ) - DLEE MIDSID MICSI2 CMA INQO3S
C CMAINOO 25
¢ PARTS - DLEE INFO INIT el MAXMIN CUTPUT SCALE CHMATINQQ2T?
c CMAINOO 28
L PARTS2- INPLCT PART SCaLE CMATINGOD139
c CMA INOO 4D
C PROP - DOUBLE ELTHRE ELTWC MA X SEQ2 TRANS CMAINCOAL
C CMAINCO42
C CTSARG-  CTRAN CTRANZ CMA INOQ43
c CMAINODSS
C RCPEAT~- CTFANZ DOLEE TR ANS CMa [NCC4S
c CMA INOO 46
C SCALES= MaAP PLOT SC2LE SCALE2 CHMAINDOQ4T
C CMA INQO 48
C SEQD! - FN3 FNS SEC2 CMAINQO4S
C CMAINQOSC
C  5YSAPY=- MAIM SEAM 8Cs3 3CUTl aouT2 ELLC EL2D CMAINCOEL
< EL3D FLAT FN 1 FN2 INPLOT ITST LDADS] CMA INOOS2
C MAP NOPM CUTPLT VOLUVME CHYaA INCCE3
C CMAINGOQESS
C VECFNC- CIFCLF  CLFE MOVE PARAZD CHAINGCOES
CCCCLoLLCCCCCCCCCCTCeCLCCCeceeCCerClCCCiCleCCCCCCcoelecciceciccrecicecciMalInNgess
C CMAINOOST?
C  MAIN PRLGRANM CMAINDOCSS]
C CMAINOOSS
C  SUSACUTINGS CALLED: CMATNCCEC



Y (YO

[aNa¥el [aNa¥a) [aNaNal

OO0

[aNaYal

c
C
C
C
c
c
C
c
c

MLIT INIT ICN2  ICP2  INPLCT

CCTMCN/SYSARY/D1(540064 ),
NCDES=18C02
LI¥=54004

CALL IWNITIALIZING RCUTINES

CALL INETUIOUT+IPLOT,TOLER,IMESH)

[F{ICUT.ECLIWRITE(6,30)
IS (IOUTLECC2IWRITE(6,40)
IF(IUUTFC3)WRITE(64+50)

CALL MESH GENERATION ROUTINES

CALL OLEE (D1,LIM,N,NCDES)

JUMP CUTPUT ELFFERS

Catl [CN2

taLL [arz
IFIIPLOTLEC.OIGO TO 10
REWIND 7

PEAIND 8

FEAIND 9

RE~IND 10

CALL PLCTTING RCUTINES

CALL INPLCT
1C CONTINUE
IFIICUT.FC.01G0 TO 20
TEWIND T
RESINO 8
ReEWIND 9
REwIND 10
PENIND 13

CALL RCUTINES TC COMPLETE PFCCESSING QF MESH

CALL CUTPUTIICUT,TGLER)
20 CCMTINUE

STCP
30 FOPRMAT{1ZH SAPS FCPMAT)
40 FOAMAT(12H SAP6 FCRMAT)
SC FCRMAT(13m PAFEC FCORMAT)

END

SUCRCUTINE BEAM

SUSRCOUTINE BEAM PERFCRMS NJICE AND ELEMENT GENERATICN OF B8EAMS

SJSPCUTINE EEAM [S CALLED BY IMIT

SUSRCUTINES CALLED: [ON1

CMAINOOEL
CMAINCOE2
CMAINGOE3
g aaddddqdddddddddod dodf dd dd df ol i A n A A d A At A S e A AR A AR A A A A A A AR A A A A AT R L L] T T

MAINCOG6S
MA INOOGS
MAINOOQG7
MAINQQE&SR
MA INCCES
MATNCOT7C
MA INOOTL
MA INCOT72
MA INOO 723
MATNOO 74
MAINCOTS
MAINOQTs
MA INCOT7
“A INQO 78
MAINOCT9
MAINCO €0
MAINOQEL
MA INCCE2
MATNOO82
MA INQQ S84
MAINQOOES
MAINOOES
MAINQQE?
MA INOOSB8
MA INOCas
MA INOOSC
MA INOOS)
MA INQO92
MAINQOS3
MAINCCS4
MAINOOSS
MAINQCSS
MAINCOCT
MA [NCOSS8
MA INCCSO
MAINOLCO
MATAROYCH
MAINOLC2
MATNOLCD
MAINOLICS
MAINOLCS
MAINCICE
MAINQLC?
“AINOLCSH
MAINCLCY
BEAMOQCL

gaegadedadedddddddddiddddd S dd Jd ddd ddd J ol A S A AR d A A A A A AR A RAA AR AR AAA ST L L ToL T

CBEAMOOC?
CBEAMCOCA
C3EAMCOCS
C3EANMCOCH
CBEANMOCCT
CBEANMOOCS
CREANCC(CS

[ auRddddadddgddd dddddd dddd df A o dlf f d A S A A A S A A XA A KA S A R AAA A AA A A AR AR AT T E LR Lo
COMMUN/SYSARY/X {10001, Y{10C0),21(100C)
COMMUN/KMT S/NCDE I BEAM , 1 TCy ITHRE,LDAS,LINES, MI &

BEAMCCIL
BEAMOO12



[aEaNel

C
C
c

DATA FIXC/LlHF/
BACKSPACE 12
PEAD(12417CIXByYD,2D
M=)

[MPUT NCDES

~
13

20

READC12¢ LICHFIXy INoXINDY o YUN} JZIN)
[F{IN.EQ.O0)GC TO 20
XC=x(N)+XD

YC=Y (N)+YD

IC=2{N)+2D
IFIFIXNELFIXC)IBC=0
IF(FIX.EC.FIXCIIBC=111111
CALL MAXMIN(XC,Y0,10}
CALL ICMI{(Xx0,v2,20,18C)
Nziv+l

GC TC 10

CONT INUE

GENEFRATE NEW NODES AND ELEMENTS

33

49
50

60

70

NEL=0

NaN=1

NCOE=N

N=N+|
READ(12y120,END=100) IS+ IFy INEL,NORMAL 4MAT,IBTYPE
IF{MAT.EC.O)}MAT=]

IF{IS.EQ.CIGC TO 100
IF{INELLEC.LIGD TO SO
YX={X(TF)=XUIS))/INEL
VYS{Y{IF)=-Y(IS))/ZINEL
VI=(ZUIF)=Z{IS)I/INEL
INELMLI=INEL=~]

0C 40 [=1, [NELML

X=X {[S)+lsvXxexD

Y=Y (IS)+I*vY+yD
IC=Z(1S)+1l8vZelD

NCOE=NCDE+1

[8C=0

CALL [CNLtXG,YC,2C,1BC)

CCNTINUE

CCNTINUE

TF{INELLGT .1)G0 TO 60

NELaNEL+L
WRITE(LQ)ISeIFyNORMAL,MA T, IBTYPE
CALL (OPLUIS,OsIF)

GC TO 90

CCNTINUE

[F{INEL.GT.2)G0 TO 70

NEL=NEL+]
AFITE(LO)YIS,NCDE,NORMAL ,¥AT, IBTYPE
CALL ICPLL{IS,CyNCDE)

NEL=MEL+1
WRITE(IOINCDE,IF,NORMAL,¥AT, IBTYPE
CALL ICPL{NOCE,O0,IF)

GG TQ 90

CONTINUE

NEL=NEL+1
WRITE(LO)ISo N NORMAL JMAT ,1ETYPE
CALL [ICPIUIS,Q,N)

BEAMOO 123
BEAMOO 14
BEAMOOLS
BEAMOO16
BEAMOO 17
BEAMCO18
BEAMOO19
BEAMQO20
BEANMCOZ1
BEAMOOZ2
BEAMQOZ2
BEAMOO 24
BEANMOOQ 2S5
3EAMOO26
BEAMOO 27
BEAMQO28
BEAMOO29
BEAMCO2C
BEAMCO 21
BEAMQO 22
BEAMOO23
BEAMOO 24
REANMQO2S
BEAMOOQ 26
SEANOO27
BEAMOQ 28
BEAMOO 79
AEANMCCAC
BEAMOQ4]
BEAMOG42
BEANMGO43
BEAMD0O 44
BEANDQ4S
BEAMQO 46
AEAMCCAT
BEAMOD 42
BEAMOQ 49
REANMGOSC
BEANDOS]
BEAMQOOSZ
BEANMCOS]
BEAMOOSS
BEAMOOSS
BEANQOSS
BEAMCOS7
BEANMOOSS
BEAMOOSS
BEAMQQEC
BEAMOOEL
BEAMCCE?
BEAMOCE2
BEAMQOE4
BEANOQES
BEAMCDSS
BEAMCCET
BEAMOO&S
BEAMQOES
BEAMCQT0
BEAMOOT!
BEAMCC 72
BEAYO0T?




90

100

110
120
120
169
150
1690
170

C
C
C
C
C
c
C

NCDEMl=NCLE-1

DT 80 I=N,NCCEMI1

NEL=NEL+1

IT=1+¢1
WRITE{10)I 11 4NCGRMAL yMAT,IETYPE
[SAvE=L

CALL ICPLUISAVE,Q,11)

CONT INUE

NEL=NEL+L
ARITE(LOINCDEIF,NORMAL ,+AT, [BTYPE
CALL IOPLIANCCE,Q,IF)
CCNTINUE

N=NODE +1

GO TO 30

CONTINUE

I2GEAM=NEL+]

NCOE=NODE+1

QETURN

FCRMAT(AL,14,3F10.0)
FLRMATLSIE)
FCRMAT([546(4X,1HO},3F10 .4)
FORMAT ([ 59 6(4Xy1HL) 43F1D.4)
FCRMAT(615)
FORMAT{35X,3E10.3)
FCRMAT{5X,3F1C.0)

END

SUBRCUTINE BCS(IB, IBC)

CALLED B8Y: SEQ2

DIMENSION IBt6),IB8CIL6)
CCMMON/BCUND/NBC, [BCAPL{10Cy 61,4 IBCS1100,6)
MBC=NBC+]

DO 10 I=1,6

[BCAPLINBC 41 )=I[B(1}

15CS(NBC, )= [BC( )

CCNTINUE

RETURN

END

SUBRCUTINE BCS2{I,J,KsN)

92

BEAMCC 74
BEAMOOTS
BEANOO 7?6
BEAMOOT7
BEAMCOTS
BEANMCO TS
BEAMCOAQ
BEAMOO ]
BEAMOQE2
BEAMQOQ22
BEANGCOES
BEAMQQES
BEAMOOES
BEAMQOET
BEAMQOSBR
BFAMOCES
BEAMOOSC
BEAMOOQS]
BEAMQOSG2
BEAN0O93
BEAMCCS4
BEAMOODSS
BEANCOSS
BEAMCO<Y
3EAMQOSE
BEANCCSS
BCS0Q001

qaadgadadadudqidddddddddddddddo {dd g A o df A A A A A A A A A A A A AR A AA A A AARA LB AO [P

CBCS0002

THIS SUBROUTINE STORES COMMANCS FUR RESTRAINING BOUNCARY COCNOITICNS CBCSG004

CBCSCOCS
CBCS000¢
CBCSC007

adaaaedaddadddqdiddddoddddSddddddndddddd o fd o dd A A A AR AR A A A AL AR A AT AR R L L LT

ACSCOQS
BCSCCLC
BCS0011
BCscol1z
BCscoLr?
BCSOOLl4
acsceles
8Cs0016
gCsool?
8Cs20001

qa%994dddadedddddddduiddddfd S d ddd dn A A A A A df df S A A A A A A L A A A A A A A} A A AR RPL L DoFS

o

C SUBROUTINE BCS2 RESTRAINS THE BCUNDARIES OF NGCES BEING CUTPUT
c

C CALLED BY: ELTHRE ELTWO
C

cscCsa2o0cC2
CBCS200¢C4
CRL S200CS
€BCS200Cs
CBCsS200C7

[Rgadddaadadddddqsdddddaddddddddddddddddndddddddddda i d A a A A A A A A A A AR A AR BT LA

DIMENSION Nt€)

CCMMON/BCUNC/NBC, 1BCAPL{10C,6), IBCS(100,6)
IF{NBCLEC. C) RETURN

00 20 L=1,NBC
TFIl«LTa1ECAPLIL 1) e0R.T «GT. IBCAPLIL,4))GC
IF{JLT.1BCAPLIL,2).0R.JGT.IBCAPLI(L,5))C0
IF(K LT IRCAPL{L+3).0RLK.GT.IBCAPL(L,6))GD
OC 1C M=1,6

TF(N({M)LEQLOIN(MI=TBCS (L 4M)

10 CCNTINUE

T0 20
0 2¢
TG 20

8Cs200C9
8CS2¢C01C
8CS20011
BCS20012
8Cs20013
BCS20014
BCS20015S
BCS20016
8Cs2ce17
BCS20018
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OO0

20 CCATINUE BC52C019
RETURN 8C$20020

END 8C520021
SUBROUTINE BCS311B,NODE, ICHD) BC5300C1
£CLCLCCCLeCleeeeleteltellel Lt etecCetClleeCeeCCiCCCLCClCCCCCCCEaES300C2
¢ CBCS300C2
C SUSRCUTINE ECS3 PACKS OR UNFACKS THE BCUNDARY CONDITION ARRAY CBL$300C4
c CBCS300C5
C CALLED BY: BCUTL  ELLD EL2C  OuTPUT CBCS300C6
¢ CBCS200C7
ddd i ddd A TN A A A At A ] A A A A LA (] d A LA AL LA A A A A S A AL A AR AL A A A S A AR A AL R E LIS
DIMENSION 1B{6) AC $300C9
CCMMON/SYSARY/X (30000, Y( EQCC )42 ( 80001 4N (8000} BC$3C0IC

1,188 ( 3000) ,IFLAG (2000) ,V {8C0C,3) 8C$30011
IFCICMDLEC.LIGO TO 20 8CS30012

¢ 8CS$300132
€ PACK ARRAY 8CS30014
c BCS30015
183(NCDE)=C 3¢ $30016

00 10 I=1,¢ 8CS30017

183 (NCDE)= 13B(NOCEI+ I8 ([ 1810 %(L~1) gcsacole

10 CCNTINUE 3C$20019
RETURN 8C 520020

29 CCNTINUE BCS300:1
8C$20022

UMPACK ARPAY 8C$3C02z3
8C$30024

NN=1B8 (NGO E) 3C 530025

N0 3C [=1,¢ BCS30026
IB(1)=MCD(NN,10) 8C530027
A=(NN-1B(111/10 8C $3002¢
NN=INT(A) BC 530029

30 CONTINUE 8C$30020
RETURM 8C 530011

END 8C5300122
SUBRCUTINE BCUTL {NODES ) 8UT1C0C]
CCCLCCCCLCCLCCCCCelCeLeeCccCCteCeCeCitClrlCeeCelllcCLCCLeCCCCCCCCCauT100C2
< CBUT10003
€ SUBRCUTINE BCLT1 CHECKS FOR PLATES WHICH HAVE ROTATICNS TO 8E CBUT1COCA
C RESTRAINED ALCNG A COURDINATE DIRECTICN. CBUTLO0CS
¢ CBUTLCOCE
C CALLED 8Y: CUTPUT csuT100CT
< C8UT100CS
€ CALLS SUBROUTINES: BCS3 CBUT100CS
¢ CBUT10010
Haaddddddddddddddddddddddde A 4o d A AL S A s f ot d S d A A S AL A A &- 18 SULE B
JIMENSICN IB16) 8UT10012
CCMMUN/SYSARY/X{B000) s Y{ 8000 142180001 4N {8000) BUT10012

1, 188080001 +I1FLAGI8000) 4V {800Cs3) BUT10014

3C 10 I=1,NOCES BUT10015
IF(IFLAG(1).EQ.0.0R.IFLAG{I),E2.21G0 TO 10 BUT1001¢

=1 BUT19017

CALL BCS3(1BIl,1) BUTICCLE
TFUABSIVII,1))eGT.0.99)1E(4) =3 3UT10019
IF(ABS(V(I+2)1.GT.0.99 }[E(S)=3 BUT1002¢C
TFLAGS(VII,31).GT,0.99)1E(€)=3 BUT100zZ1

11=1 BUT10022

CALL 23CS2{18,11,0) BUT10023

19 CONTIMUE BUT10024
FETUAN BUT10025

SND BUT1C02¢



SUBROUTINE BCUTZ2{NODES, ICLT)
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8uT200C1

e daeaaddadddddddedfddd o dd A A d dddd An A d A A A A v A KA S A A A A A A A A A A A AL A XA TS Lo Lo o)

SUBRCUTINE BCUT2 OUTPUTS BCULNCARY CCNOIT IONS AND BCUNDARY ELEMENTS

C

C

C

C CALLED 3Y: CuUTPUT
C

cee

CBUTZ200C3

C8UT200Cs
CBUT200CS

CBUT2COCE
cBuT200C7

geagdasaaaiadqdaddddddadddol g ddddddddddddd ddd o d o st e A A A A A A A A A A XA KA1 R EL [P LS

10

20 FCRMAT(L6H NUMBEFR OF NCDES,/,21H AFTER TOLERENCING = LIS,
1/531H NUMBER COF BOUNUARY ELEMENTS = ,I5)

30
40
9
60
70

SUBRCUTINE CIRCLE STORES CCMMANCS FOR MOVING NCDES TC FIT A CIRCLE

NEWNC=MICES+]

0N 10 I=1,N0CES
IF{IFLAG(I).EQ.0.OR.IFLAGII) .EQ.21G0 TQ 10

VXaX(I)+eViTs1}
VYsY([levil,2)
vZi=Z{Di+vil,2)

TFCABSIVII 11 ))eGT00a99.0F VI [12)5Te0e99.0RV(1,3).6T.0.99)
160 7C 10

{1=N(1])
[F{IQUTEQWLIWPITE(LLy30INEWND,,VXoVY,VL
IFLICUTLEQL2IWRITE(L1Ly SO INERND, VX, VY,V2
IFUICUT.EG.2)WRITE(1S,y 60 INEWAD
[FUIGUT4EQal JWRITE {14y 40111, NEWND
[F{ICUTLEQ.2IWRITE(L4,4TOI1,NEAND
NEL=NEL+1

NEWNDaNEWNC+L

CONT INUE

NEWND=NEWKC=1

WRITE(6y 20 INEWND ¢ NEL

RETURN

FCRMAT (5,30t 1 1 1 1 1
FOPMAT(215,2CX,5H 1)
FCRMAT(110,3F10.4)
FCRMAT(IS 10X 3HFIX,2X 42FNM)
FORMAT(215,18X,2KHNR)

END

CCMMCON/SYSARY/X(8J00),Y(€0CC),2(8000) 4N(8000)
1,IB3023000),IFLAGLB0O00) 4V {BCOC,)

1,3F1Q.4)

SUBRCUTINE CIRCLE(X1,Y1421,X2,Y3,23,X2,Y2,22,18)
qadeaaideaddidqdd dddqdddddo g ddd Jddofd o A A il d A A A A A S A AR N S A A A A A AR A A XA AR AT of RoLo k]

c
C
C CALLED BY: SEQ2
[+
C

BuT2CCCY
BuT20010
BuT2C011
BuTr20012
BUT20013
8UT20014
BUT20015
BUT2CQ1L6
BUT20017
8UT20018
BUT2001S
BUT20020
8UT20021
8uT20022
8yT2C023
BUT2C0Z4
8UT20025
BYT2CCZ6
BUT20027
ayrzaecee
BUT2C02¢
8uT2002C
8UT20021
BUT20222
BuT2CcC2?
8UT200 24
BUT20025
8UT20026
BUT20027
BuT2C028
cacLooct

CCRCLOOC?
CCRCLCOCY
CCRCLOOQS
CCRCLOQCS
ccrorcoc?

CCCLCCCCLCTLCLCreCcCCCCreCtCeCcCCeCeeeteCeCle el eCccCCCCCestCCCCCCROLOCEE

CCHMMCN/VECFNC/NFN, IFN(10C), 1 APLY (100, 6) ,COEF( 100, 5)

DIMENSION IB(6}

NENSNFN+ 1

IEN{NFN) =2

DO 10 I=1,6

LAPLY (NFN, [)=[B(])

CONTINUE

ASSQRT(({X3=X1)%2%2+(Y3-Y1 }$224(2Z3=21)%%2)
B=SQRTI(XI-X2)%824 (Y¥3=Y2 )%324(23=72)%%2)
C=SQRT((A2=X1)#%24(Y2-Y1)%32+(22~21)%3%2)
S={A+B+C)/2.0

AREA=SQRT( S*(S-A)*(S~B)}*(S~-C))
R=A%B2C/ (4 LO®AREA)

JC=(A®A+( %C-P2B)/(2,0%C*()

K4={X2-X1) *QC+X1

CRCLQOOCY
CRCLOO10
CRCLOOCI!
CRCLOC12
CRCLOO13
CRCLOO014
CRCLOO 1S
CRCLOO 16
CRCLOCL?
CRCLOO18
crCLcels
CRCLCO2C
CRCLOOZ1
CRCLCCZ2
CRCLO0Z3
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Y4z (Y2-Y1)2QCsY]l CRCLOO Z4
142(22-711%QC+21 CRCLOO 25

VX=X 3=X4 CRCLOOZS
VY=Y3-Ya CRCLO027
v1=13-14 CRCLCO28
AMNAMY2SCRT{ VXSVX+VYEVYS\Z2y ]) CRCLO029
VX=VX/ANCRMY CRCLOO20
VY=VY/ANCRMY CRCLOO?1
VZI=VZ/ANCRMY CRCLO022
CCEF(NFNyL )=vX CRCLOO23
COEFINFN 2 )mvY CRCLOO 24
CCCF(NFN,2 )=V CRCLCO2S
CCEF(NFN 4 )=R CRCLCO26
COEF(NFNy5S I=( CRCLOO2?
RETURN CRCLCO28

END CRCLCO29
SUERDUTINE CIRCL2(XP,YP, IP¢XCyYCy2CsXQyYQ,2Q, IB,RADTUS) CRCLO0C!
aaddndaadadegdgdddddditdddad il dd dd el dd i d A dd d A R d A S A A d A A AR A AL XA A A A 8- T WL ] ¥
C CCRCLOGO?
C SUBRCUTINE CIRCL2 DOETERMINES THE PQINT Z ON ARC PQ WHEN GIVEN THE CCRCLCOCA
C CENTER GF THE CIRCLE AT POIMT C. CCRCLOOOCS
C CCRCLCOCS
€ CALLED 8Y: SEQ2 CCrRCLCOCY
C CCRCLOOCA
C CALLS SUBROUTINES: PARABC CCRCLCOCS
c CCRCLOO1O
agedaadd g dddduddaddddddddd it d Al A S d A A S A S X A A A A AR A A AAA A A A A A A TS KA AR R B
D IMENSION 1318} CRCLOO12
IF{RACIUS.EQ.0.01G0 T3 1¢C CRCLCO12
XCP=XP=XC CRCLOQ 14
YCP=YP-Y(C CRCLCO15
ICP=2P=1C CRCLCO1LE
XCe=XQ=-XC CRCLOO1?
YCQ=YG-YC CRCLCO18
ICQ=2¢-1C CRCLOO1S
CP=SQRTIXCPEXCP+YCPeY(P+ 2CP2ICP) crCLO020
CC=SQRTIXCCH XCQeYCQeYCQ+iCQ*2C) CRCLCC21
XP=XCP*RADIUS/CP+XC CRCLOOZ2
YP=YCP*RAD [US/CP+YC CrCLo022
ZP=ICP*RAD [YS/CP+ZIC CRCLO0 24
XCaXCC*RACIUS/LQeXC CPCLO0O25
YC=YCQ*RACIUS/CQ+YC CRCLCC26
1G=ICQ*RADIUS/CQ+IC CRCLOC27

10 CCNTINUE CRCLOC28
XRzXP=XxC CRCLOO29
YP=YP~-YC CRCLCO2C
IR=ZP~2C CRCLCO21
R=SQRT(XR*XR+YR&YR+ZR® IR ) CRCLQOO22

XV=( XP+XC) /2~XC CRCLGO2]
YV={YP+YL) /2-YC CRCLOO 24
Iv=(2P+2C})/2-2C CRCLCO2S
YESQRTIXVEXV+YVEYVEIVELY ) CRCLOO S
rx22XVER/V+XC CRCLCO27
YZ=YVER/V+YC CRCLCO 28
L2=IVsR/V+1IC CRCLOO29

CALL PARABC(XPyYPyZP )X 2o YZy2Z2,XQ,YQy2Q,IB) CRCLCO4C
RETURN CRCLOO4!

END CRCLOQ42
SUERCUTINE CTRAN CTRNCOC!

[aasaddandaqidedaddsddodigsddgdid g dddddddddaddddodddddddoof g o o of of ol of of of o of of 03 - TN s Fob
C CCTRNCOC2




19
29

30

40
50

GO0 O

SUBROUTINE CTRAN SAVES THE COCRCINATE TRANSFORMATICNS
CALLED 8Y: INITY

CiLLS SUBROUTINES: CYLIND SPhER]

CCMMCN/QTSARG/TI(343,50) 9X(3+52) 4Y(3,450),2(3,50)
DATA NCYLZLRC/yNSPH/LIHS/
BACKSPACE 12

READ(12,40INC
[FINC.EQC.OIRETURN

30 20 J=1l.NC

0C 10 I=1,3
REANAL2,S5CIKT XU add oY UL 4d}, 211, 0)
[FIKTSEQ.NCYLICALL CYLINCUX(Tod) oY Isd)e2(1,ed))
IF{KT.EQeNSPHICALL SPHER HIX(14J) oY {I4Jd)y2(1ed))
CONTINUE

CONTINUE

0T 30 I=1,NC
X12xX(2y1)=x11,1)
YisY(2,1)=-Y(1,1)
I1=2{2,1)=-2t1y1)
X22X(340)=x(1,1)

Y=Y (3, 1)=-Y{1,I}
12=1{3,1)=-111,1)
SlaxlaXlev]l®VvleZ]le7]
S1=SQRT(S1)

AXayle22-7]18Y2
AYsZlexX2-X1%22
AlzX1eY2=-Y]1%X2
SATAXBAX+AYSAY+AZRAZ
S2=SQRT(S52)

X1l=X1/S1

Yl=Y1/S1

I1=21/51

AXzAX/S2

AY=AY/S2

Al=A2/52

X2=AY*21-AZ2%Y]
Y2aAZl=xl-AX®]]

L22AX*Y ~AY®X]

TI(lslei)=X1

THle240)=Y1

TI(1.3,1)=21

TI(2elsb)=X2

TI(242+1)3Y2

TI(2,3,1)=222

TI(3,1+0)=AX

TI(3,2,1)=AY

TI{3,3+1)=42

RETURN

FCRMAT(SX, I5)
FORMAT{ALl,4X,3F1040)

END

SUBRCUTINE CTRAN2(XO,YQ, iC}

SUSRLUTINE CTRAN2 PERFORMS CCCRCINATE TRANSFORMATICNS CN NCODE O

CALLFD 8Y: FELTFRE ELTWO

96

CCTRNOOCA
CCTRNCOCS
CCTRNOOCSE
CCTRNOOCT
CCTRNOOCS
CCTRNOOCY

gadaaaddaaaegdadqaadddqddddodddiddddod ddddddddddofdd dd d A df S A A A S A A A AR 4. o[+ A

CTRNOO 11
CTRNQO12
CTRNOO 12
CTRNOO4
CTRNCC1S
CTRNOO16
CTRNOQ1?
CTRNOO 12
CTRNOO19
CTRNOQ 20
CTRNOO21
CTRNCOZ2
CTRNOQ23
CTRNOO24
CTRNOQ25
CTRNOO26
CTRNQGC27?
CTRNOO28
CTRNQO2S
CTRNQO2C
CTRANOO21
CTRNCC 22
CTRNOQ22
CTRNQO 34
CTRNOO2S
CTRNOQ 26
CTRNOO27
CTRNOO 28
CTRNQO2S
CTRNCO 4O
CTRNCOSL
CTRNOO42
CTRNQOO4?
CTRNGO44
CTRNOQ4AS
CTRNGO4S
CTRNOC47
CTRNQO 48
CTRANCC4S
CTRNCOSO
CTRNQOS1
CTRNCOES2
CTRNOQS3
CTRNCCEa
CTRNOQES
CTRNODES
CTRNQOET
CcTRNCOSE
CTRNCOCL

Agavdddddadadda e ddddiddddddd dddddddd e ddfddd d i A d S dd o A A S A A A S A A SR L30T L oF3

CCTRNCCC?
CCTRNCCC4
CCTRNQOCS
CCTRNOOCS
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c CCTRNCOCT
(CLCCCCCLLLeirreeereelerereeeCeretCeetltClCCeteteCCeCCitlCes eCeCCCCeeTRNOOCE
JIMENSION XC{3) ¢ XX{3} CTRNOOGY
CCMMCN/QTSARG/T1(3434500 4X(3,50),Y(3,50),213,50) CTRNCOIC
CCMMON/REPEAT/NR (NRT(50) CTRNQOIL
KS=NRT (NR) CTRNQD12
[F(KS.EQ.0)RETURN CTRNOO13
XCl1)axo CTRNGO L4
xCl21=vC CTRNGO1S
xC13)=20 CTRNOO16

20 10 I=1,3 CTRNCO17?
XX(11=0.0 CTRNOO 18

oC 10 J=1,3 CTRNOG19

L XX{IY=XX{1)+TI0d,1,KS)*XC (L) CTRNOCZC
XCULY=XX (L 34X(14KS) CTRNOOZ1
XCI2)=XX(2)4Y(1,KS) CTRNCO22
XCL31=XX13)42(1,KS) CTRNOO22
XC=xC(1) CTRNOO24

Y0=XC (2] CTANGO2S
2C=xC{3) CTRNOO 26
RETURN CTRNCC27

£ND i CTRNOO 28
SUBROUTINE CYLIND(R, THETZ,2) CYLNOOC!
e gt 4l dol o ol o f o ] o f A A A A S A A S A A A A A A A A AL AR A T AT S TR T LT
c CCYLAOGQ?
€ SUBRCUTINE CYLIND PERFORMS CCCRLINATE TRANSFORMATICNS FRCN CCYLNCOC4
C CYLINDRICAL CCORDINATES TO CARTESIAN COOROINATES CCYLNGOCS
c CCYLNOOCS
C CALLEC BY: CTREN ELTHRE ELTWG  SEQ2 CCYLNGOCT
4 CCYLNCOCS
R e ool oo o F { o J A o A o S A A A A A A A A s A A A A A A A A AT TS ST S TR T
DATA ST/0.C/4CT/1.0/ CYLNOO 10
[FITHETALEC.TFETADIGO TO 10 cYLNOG L
ST=SINITHETA/S7.2958) CYLNOO L2
CT=CUSITHETA/57.2958) CYLNOO 13

10 IF(R.EQ.9D.ARC.THETALEC.TFETA0IGO TC 20 CYLNCO14
RST=R&ST CYLNOO 15
PCT=R%CT CYLNGO16

20 CONTINUE CYLAOC1?
X=RCT cYLNoots

YeRST CYLNOO19

R=X CYLNOO2C
THETA=Y CYLNCOZ1

RD=R CYLNOQ 22
THETAC=THETA CYLNOO22
RETURN CYLNGO24

END CYLNOO 25
SUSRCUTINE DELETE(I1B) DLTEOCC]
CCCCCCLLLLCllLerererellelllleCeCCCCCeCCleCeCCCClettCeCCCC CCCCCCLCCCCCCCCOL TENDCR
c COLTECOO?
C SUSRCUTINE DELETE STCRES COMMANCS FCR REGIONS WHICH ARE TQ BE COLTECOC4
C CELETED COLTEQOCS
< COLTECOCS
C CALLED 8Y: SEQ2 COLTEOOC?
c COLTEOOCE
e adsaddus ddud o d 4/ I o df A L A AL A A A A A T A A A A A AT A S AT A R T L T
CIMENSION [B(6) OLTECO10
COMMCN/DEL/NCEL y IDEL(1CD 46 ) DLTEQO11]
NDEL=NDEL+] DLTEQO12

50 10 I=1,¢ DLTECOL2

IBEL{NUEL, TN =IB(]) CLTEQC14



10 CCNTINUE
PETURN
END
SUBRCUTINE DELET2(IMedM, kM, 1XeJX,KX,10)

DLTEQQO15
OLTEQO 16
DLTEOOL7
oLT2C0CL

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCDL720002

SUBRCUTINE DELET2 DETERMINES IF A REGICN IS TQ B8€ CELETEC

c
c
9
C CALLEZ BY: ELTHRE ELTWO
Z
CCMMCON/DEL /NDEL,IDEL(100,4)
IF(NDEL.EC .0 JRETURN
OC 10 [=1,NDEL
[FUIMeLTSICEL(T41)oORaIXGTLIDEL(I,4))GO TO 10
LFOJMA LTS IBEL(142)a0ReJX «CTo IDEL(1,501G0 TQ 10O
[F{KMLTLIDEL(T+3).0R.KXeGTo IDEL(I,6))G0 TC 10
[C=1
RETURN
10 CONTINUE
RETURN
END
SUBQUUTINE CLEE (A KLIM, M,NL M}

CoLT200C2
COLT200C4
COLT200CS
coLracecs
COLT200C?

(oA degaaaddddddqaddd Jdd d e ddd dud o dd dd A o S ool d A AR A A AL A AR AR A AT A T A R S N L

pLT200C9
DLT2001C
DLT20011
oLT20012
nLT2CC1L?
DLT20014
0LT20015
DLT200Q16
DLT20017
oLracols
DLT20019
OLEEOOC1

(gL do o df d A S { Jd f i A A A A A A A KA A A A d A R A A A A A AR A A A A A A AT N T Lo B

SU3RCUTINE CLEE CONTRCLS THE WESH GENERATION ROUTINES
CALLED BY: WMAIN

CALLS SUBROUTINES: ELTHRE ELTWO MAX SENQ2 TRANS IEROQ

OO0 0n

CCMMCN/KNT S/ACOE, IBEAM , I TWC,y ITHRE, LOAC, L INES, MIN
CCMMCN/PARTS /NPARTSoXMAXF (40 +3) ,XMINP (40,3)
CCMMON/V ECFNC/NFN, IFNCIOC) 1 APLY (100, 6) +COEF( 100, 5)
COMMON/LCAD/NLGLCASE(L 00 ), XF{100),YF{100),ZF(100),INC(100,6)
CCMMCN/BCUND/NBC » IBCAPL( 10C, &), 18CS(1C0+6)
CCMMCN/MID/NMID,MIDA(L1 00,61, ¥10C (100, 3)
CCAMCN/DEL /NCEL » IDELI100,¢)
CCMMON/REPEAT/NR,ZNRT(50)
CCMMON/REG ION/TARRAY(2C0 16) 4 AREG
DIMENSION A(KLIM), N(NLIM)

10 CCONTINUE
REWIND 11

GET THE NEXT PART TO BE GENERATED

aon

CALL TRAMS(1END,MAXN)
IF{IENDLEC.1)GC TQ 40
NPARTS=NPART S+

MAXN IS THE NUMBER OF TIMES THE PART IS TO BE REPEATED

(2N el

0C 30 MR=1,MAXN

CALL ZERCUKULIM,NLIMyA,N)
IFINR.GEL2)IGC 7O 20
REWIND 11

NEN=C

NREG=0

NBC=0

NDEL=0

COLEEGOC3
COLEECCCS
COLEEOOCS
CDLEEOQOCS
COLEEQOCY
COLEEQOCS
CDOLEEQQCY

CCCCCCCCuCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOLEEOOIO

OLEECO!LL
DLEEQO12
DLEEQO13
DLEECO14
OLEEQQ1LS
DLEECQ1¢
DLEECO1IT
DLEECO 18
DLEEQQ19
DLEEQQ20
OLEECOZ1
DLEECO22
DLEECOQZ3
DLEEQQ24
OLEEQO25
DLEECCZé
OLEEOO27
DLEECQ28
OLEECO29
DLEEQO 20
DLEEQQ 2]
OLEEDO22
OLEECC22
OLEECQ34
DLEECO25
DLEECO36
OLEEQO37?
DLEECC 23
OLEEQC 29

98



99
MNM{D=0 DLEECO4C
NL=Q DLEEQO4L
C DLEEQO42
C SET uP ARRAY [NCICES DLEE0043
o DLEEQQ 44
CALL MaX(l,d,K) DLEEQOQ4S
Jlal*JaK+] DLEEOQ4s
J2=Jl+[*J2K DLEEQC47
J3=J2+xy2K OLEEQQ48
NODES= [#JsK OLEEQQ4S
REWIND 11 DLEECOSC
< DLEEQOS!
C READ IN THE PART AND GENERATE THE MESH DLEECOS2
C OLEEOQE3
CALL SEC2(1+deKsAlLl)A{J1),A042)) OLEEQQOSS
20 CCNTINUE DLEEQOES
CALL ELTWO (I sdoKesAlL)oALJL)9ALI2),N) DLEEQCOQSSE
CALL ELTHFPE(I4JsKoALL) yALJL1)4A(I2),N) DLEEQCS?
30 CONTINUE OLEECOSE
GC TC 19 DLEEQQSS
RETURN DLEEQOEQ
#0 CCNTINUE DLEEQQ6L
C DLEECOQé&2
C CUTPUT JGCB STATISTICS DLEEQOQE?
C OLEECCE4
NCOE=NODE-1 DLEEQOES
ITWO=ITWO=1 DLEEQQ ¢S
ITHRE= ITHRE=1 JLEECOE?
IBEAM=[BEAM=1 DLEEQO 68
WRITE(6450 )NCOE, ITWO,ITHRE ] BEAM OLEEQOSS
[FILCADLECLOIWRITE(13,601LCAC DLEEQC70
RETURN CLEEQQT71
SO FCRMAT(9K NOCES 2 415,/,16F 2-0 ELEMENTS = ,[5,/ DLEECO72
Lel6H 3-0 ELEMENTS = ,1S5,/,SH BEANMS = ,I5) OLEEQO73
60 FCRMAT(LS) DLEEQOT4
€ND DLEEOQQTS
SUBROUT INE OCUBLE([,J4sK) 08 LEJOOL
agaiadidddad e dd ddd ddddd A dddddd ddddd At d d A A A s A S A A R A AL A A A A A AR A A A A AR LWL P
[+ CDBLEQOQ3
C SUSRCUTINE CCUBLE MULTIPLIES ALL THE INDICES BY 2 WHEN 8-NODE PLATESCDSLECOCS
C GR 20-NGDE SCLIDS ARE TO BE GENERATED COBLEQOCS
C CDBLEQOCS
C CALLED BY: SEQ SEQ2 M AX CDBLEQCCT
C CDBLEOQOCSE
CCCCCCCCLCLCCrreeeleeetrllereereeeCetteeCCClCeeelllCCeCcCtCCCiCCCCCCCCLoBLECOCS
OIMENSION 1116),J(16),K(16]) OBLEQOQ 10
CUMMCN/PROP/MATyNOOT, [C2,1T, TH,N8yN20 DBLECO1!
IFACT=Q DBLEQO12
IF{NB .EQel OR.N20.EQ.1)IFACT=2 DBLECO13
IF{IFACT «EC.0)IFACT=] DBLEOC14
Iv=sIFACT»[ABS(I(]1))-1 DBLEOO 1S
JYSTFACT*1ABS(J(1))=1 OBLEQOLS
KV2IFACT*1ABSIK{1))~1 0BLEQO17
OC 10 M=1,16 CBLEQO18
TFIT(M)LGELL)I(M)=T (M) *] FACT=1V DCBLEOQO19
TF{J(M)oGE L NIIMI=I(M) #IFACT~JV CBLECO20
IFIK(MILGE &L IK(M)=K{M) $] FACT =KV DBLECOZ1
[FUIEM) aLE=DIT(MI=TIM)I® IFACT+IY DBLEQO 22
[FEJ(MIGLE =1 (MI=J{M) IFACT+IY CBLEGQ 22
IFIKIM) LE o= 1)K(M) =K{M)}® JFACT #KY DBLECOZ4

1C CCNTINUE DBLECO25



RETURN
END
SUBRCUTINE ELTHRE (MLyM2 4,03, X,Y,2,N)

100

DBLEOO 26
DBLEQO27
ELTHCOCL

(g deagdgduddeddgddddddddidad daddd sds Joddaddsastos fdod dofdd dqcs oo oo osteo 10§ Llodwr
o

[
C
C
C
c
C
C
C

C
[
C

[aKaN gl

[a¥akal

[aXakal

SUBRCUTINE EL THPE GENERATES SCLID ELEMENTS ANC NCDES

CALLEC 8Y: DOLEE

CALLS SU3RAQUTIMES: BCS2 CTRAN2 CYLIND DATA

ICN1 LCACS2 MAXMIN NMESH MIDSI2 MQVE

CCMMOCN/PRCP/ VBT NDOT o 1C2 21T, THyNS,N20
COMMCN/JUNK2 /NFAST

COMMCN/ REG ION/TARRAY {200 46 )9 NREG
CCMMUN/REPEAT/NR NRT (S0}

CIMENSIUN X(MLI,M2,M3)y Y(M]1aM2,M3), Z(MLyM2,M3),

DIMENSIQN [BCU6)
EGUIVALENCE( [THRE,NEL)

NCDE GENERATICN

DO 150 INDXx=1,NREG
[M=TARRAY{INCX,1])

JU=[ARRAY(INCX,2)

KM= [ARRAY(INCX43)

IX=1ARRAY{ INCXy%])

JX=1ARRAY( INOX,5)

KX=[ARRAY{ INCXs6)

[F{MAT.ECL.CIMATs]
[F(IMEQelXeCReUMeEQed Xe CR.KNLEQ.KXIGO TO 150
[DEL=0

CALL DELETZ2(IMyJM KMyI Xy JX oKXy IDEL)
IF{ICEL.ECL1)GO TO 150
IF(NR.GE.2)GC TQ 1O

GEMERATE NODES

CALL MESHUML ¢M24M3 ¢ XoY sZ oNs I Wy JIM KMo I Xy IXyKX)

MOVE NODES AS SPECIFIED IN #RC CARDS

10

CALL MOVE(MY 9M2,M34XeY o2 oNyIMe M KMyl XoJX o KX)
CCNT INUE

00 70 JaJM,JdXx

0O 60 I=IM,[X

DC SO KsKM,KX

IFIN(I+3+sK)NELOIGT TO 5¢C

IFINFAST.EC.1)GO TO 30

[ICNT=2)

CHECK FOR MIDSICE NCDAL POIMNT ELIMINATION

XMaFLCAT(MOD ((1-IM),2))
YM=FLOAT (MCD((J=uM),2) )
IM=FLCAT {MCD ((K=KM),2})}
IF(XM.NEoQO)ICNT=ICNT +1
IF{YMJNE.OO)ICNT=ICNT ¢
IF(ZMNELOLO)ICNT=ICNT #1

CELET2
FLCTMK

EXCHNG
SPHERI

N(ML,M2,M3)

CELTHCCC2
CELTHCCOC4
CELTHOOCS
CELTHCCCS
CELTFOOCY
CELTHCOCSE
CELTFOOCS
CELTHCO1LC

[ddaddddddddddgrdddatddd dogd g dddd qudduddadeddddddctdddddddddadndadasedaof Ry Jop o}
CCMMON/KNT S/NCDE I BEAM 4 [ TWCy ITHRE, LOAD  LINES, MIN

ELTHCO12
ELTHCO13
ELTHOQ 14
ELTHCC1S
ELTHOO 16
ELTHCO1?
ELTHOO13
ELTHOO1S
ELTHCQ2C
ELTHOOZL
ELTHOO0Z2
ELTHOC 23 |
ELTHOO24 |
ELTHCO2S
ELTHOO 2%
ELTHCCZ7
ELTHCO 28
ELTHCO29
ELTHCO3C
ELTHCO2)
FLTHOO22
ELTHOQ22
ELTHOO 24
ELTFQO25
ELTHOO 26
ELTHQC2?
EL THOO22
ELTHOO2S
ELTHCO4C
ELTHOO41
ELTHOO42
ELTHOQ43
ELTHCO44
ELTHOQ4S
ELTHOQ46
ELTHQCAT
ELTHQQ42
EL THCC4S
ELTHOOSO
ELTHOOS1
ELTHOCES2
ELTHOOS3
ELTHOOS¢
ELTHOOSS
ELTHOOCSE
ELTHOO=7?
ELTHOQS2
ELTHOOQES



aNaNaNal

[F{ICNT.GE «2 +ANDN20.EQ. 1)C0 TO SO
INT=]
IF(1eEQeIMaORLILEQ.IX) INT=C
TFIJeEQeIMeOR I LEQedX) INT=C
IF(KJEQeKMORK,EQeKX) INT=C
[i=1]
Jl=J
Kl=K
MFLAG=0
CALL MIDSTI2(ILoJ1 KL MFLAG (X MyYM,2M)
IF(MFLAG.EC.1)GQ TO 50
0C 20 L=1,¢
IBC(L}=0Q

2Q CCNTINUE
CALL BCS2(T14J414K1,1BC)
CALL LCADS2111,J1,K1,NCDE)

30 CCNTINUEL
X0aX{lsdeK)
YC=Y{1,J.K)
L0=Z(1,J,4K)
CALL EXCHNGIXC,YO,20)
IF{1C2.EQe1)CALL CYLIND( XQ,YC,20)
[IF{IC2.EC.2)CALL SPHER I( XC,YC,20)
CALL CTRAN2(XC,Y0,20})
CALL MAXMINIXQ,YQ,20)
NECQUT=Q
D0 40 NBI=1,¢

40 NBCOUT=NBCCUT+IBCINBI) #LCoO2(NE[~1)
CALL ICN1(Xx0,Y0,20,NBCOUT)
N({TyJdeK)=NCDE
NGDE=NCDE+1

50 CCNTINUE

60 CCNTINUE

70 CONTINUE

ELEMENT GENFRATICN
ROUTINE PLOTMK CUTPUTS PLOTTING VECTORS

CALL PLUTMK‘l"'JH'KHIXXoQXvKX'NZOQMl'HZtN3'N’

MIN=NODE
IFINFAST.EC.1)GO TO 150
IF (IX.NELIM) I Xa[X=-1
IF [JXJNEJJM) JX= X}
IF {KXuNE.KM} KXapX~]
NNODES=8

IFIN20Q.EQ.CIGC TO 110

OC 100 K=KMeKX,y2

0C S0 JadM,yJdX,e2

00 80 I=IM4IX,2

[2=1+2

J23J+2

K2=sK+2

ITEL=C

I1l=]

Ji=J

Kl=K

CALL DELET2(T1sJ14K1,12,3024K2,IDEL)

IFIIDEL.EC.1IGC TC 80

NNODES=20

WRITE (9) kNCDESvMAY'V([:J'K)'V(!*ZvJ'K)yN(IFZyJ*Z'K)yN([vJ*ZvK,'
1N(1'J'K*2)yN(‘*ZvJvK*Z)rF(I*ZpJ*ZvK’Z’yN(KvJ*ZvK*Z)1N'l’11Jv()v

101

ELTHCO&C
ELTHCOEL
ELTHCOE2
ELTHQOE2
EL THOO ¢4
ELTHOQES
ELTHOO &S
ELTHCOE?
ELTHCCER
EL THOO0 &9
ELTHOQ7C
ELTHOO71
ELTHOO 72
ELTHCO?2
ELTHOQ 74
ELTHQO?S
ELTHOO 76
ELTHOO7Y
ELTHCCTS8
ELTHOOTS
ELTHCCEC
ELTHOCE21
EL THQC 82
ELTHOOE2
ELTHOQES
ELTHCCES
ELTHOO 86
ELTHOCE?
ELTHOOESE
ELTHOCS2S
ELTHCOSC
ELTHCGCS1
ELTHCO92
ELTHCC92
ELTHCCS4
ELTHCCSS
ELTHCOSS
ELTHCCST
ELTHOCSE
ELTHCCSS
ELTHC1CO
ELTHOLCL
ELTHOLC2
ELTHOLC2
ELTHO104
ELTHOLCS
ELTHOLCS
FLTHCLC?
ELTHOLCS
ELTHOLCY
ELTHC110
ELTHOL 1L
ELTHCL12
ELTHOL13
ELTYHC114
ELTHC1 1S
ELTHOL 16
ELTHCL117
ELTEOl18
ELTHCL 1S
ELTHC12C



20
99
130

110

120
130
140
150
160

170
180
150
ccece
C
C su
C
¢ Ca
C
C Ca
c
C
C

ccce
C

C NO
c

102

INCT#2 9+ Lo K yNIT#19d42 K1 N{Tod#1 oK) N{I#L e K22, N{T42,441,K+2), ELTHCLIZ1
ANCIP Ly J#2 o Ke2) g NUT 9+l oK 42) ML e dgK#Ll) o NUT#20JoK+1) ¢NIT+2,9+2,K+ 1 }ELTHOL122

SoeN(TaJe24K+l) ELTHOLl23
NEL=NMEL+] ELTHOLl 24
CONT INUE ELTHO12S
CCNTINUE ELTHQLZE
CONTINUE ELTHO! 27
GC TC 15¢C ELTHCL1 28
CCNTINUE ELTHO12S
DC 140 K=KM, KX ELTHOL3C
NC 130 J=JMeJX ELTHC121
OC 120 I=1¥,1IX ELTHOL22
1221+]1 EL.THOL123
J2zJ+l ELTHO1 24
K2=K+]1 ELTHOL35
IDEL=sC EL THO] 3¢
Il=i ELTHO127
Jil=J ELTHGC128
Kl=K ELTHQ129
10UM=Q ELTHOL 40
CALL OELET2(I14JdlsKLo12942+K2,IDFL) ELTHCl41
IF(IUEL.EC.1)GO TO 120 ELTHOL142

WRITE(G)NNCOES e MAT yNUT o J oK ¢TIy NE Ly J oL oKel)yNIT#1,Jt LyK+1) NII+1,J,5LTHOLGI
LKL gNCTod oK) oNUT o Je Ly K) oML 019 J#L oK) oNUT@L oJ 9K}y IOUM, ICUM, IOUM, ELTHOL44

2L0UM, [CUM, JOUM, [OUM, IDUMICUN, IOUM, [DUM, IDUM ELTHCL4S
NEL=NELS] ELTHOL 46
CCNT INUE ELTHQL147
CCNTINUE ELTHOL 4S8
CCNTINUE ELTHOL149
CCNT INUE ELTHO1SC
CCNTINUE ELTHO1S1
RETURN ELTFOLS2
FORMAT(T1%5,3F10.49315) ELTHOL1%3
FORMAT (LIS 5% 155 /91615y 7441 5) ELTHO154
FORMAT (415 45X 4154/ 48154/ 45k ) ELTHCLESS
ENO ELTHDL1 56
SUBRUUTINE ELTWO (ML1,42,¥34X,YsZ 4N} ELTWCOC]
CCCCCCCCCCCCCCCLeCCCelrereeeeeceeceeteelCeeCctCCCCCCCLCCCCLCCLLCCELTHEDC2
CELTWOOC?3

BRCUTINE ELTWC GENERATES FLATE ELEMENTS CELTWCOC4
CEL TW0QCS

LLED B8Y: DLEE CELTwWCCCS
CSL TWO0C7?

LLS SUBROUT INES: 8CS2 CTRANZ CYLIND DATA CELET2 EXCHNG CELTWO00CS
ICN1 LCADSZ MAXMIN MESH MIDSI2 MCVE PLCTMK SPHER] CELTWCQCS
CELTWOO0 10
CCCCCCCCCCCCCCCLaeeeereceeeeecCeleeleCieCeeelietCCCCCCCLCCCCCCCCECCELTROOLL
COMMON/KNT S/NCDE 41 BEAM o1 T Ty ITHRE LOAD,LINES, MIN ELTW0O012
COMMCN/PROP/MAT,NDOT1C2,17, TH,N8,N20O ELTWQO12
COMMON/JUNK2 /NFAST ELTWCO14
CCMMON/REG ION/LARRAY(200,61, NREG ELTWO00 15
CCMMCN/REPEAT/NRZNRT(50) ELTWCC16
DIMENSICN X{MLeM2,M3)y Y(M1,M2,M3), Z(ML,M2,M3), N(M1,M2,M3) ELTw0017
DIMENSICN IBC(6) ELTW0018
ECUIVALENCE( ITWO,NEL) ELTwWCC1S
ELTW0020

CE GENERATICN ELTW0021
ELTW0022

00 220 INCX=]1,NREG ELTWCO23
[¥=]ARRAY(INDX,1) ELTWCO 24

JM=TARPAY(INCX,2) ELTWQ02S5



[aRaXel

Ao

[aXaNel

KMz [ARRAYLINCX,3)
IX=TARRAY{ INCXo4}
JX=TARRAY( INCX,5)
KX=]ARPAY( INCXy6)
IF(MAT.EC.Q)NMAT=]

ITF{IMoNE o I Xe AND o JMoNEs JX JAND JKMJNELKX)IGE TC 220

ICEL=0

CALL OELET20IMJMyKM, L Xy X oKXy IDEL)

IF{ICEL.EQ.1)GC TQ 220
[FINR.GE.ZIGC TO 1O

SENERATE NOCES

CALL MESHUMLM2yM3 9 X9V oZ JNeI¥oJM KMol XyJXyKK)

MOVE NODES AS SPECIFIED IN ARC CARDS

CALL MCVE{ML M2 yM3oXsY o Z gNoIM)JM KMy IXydXyKX)

10 CONT INUE
NC 7C J=dM,Jdx
0C 60 I=IM,IX
20 50 K=aKM, XX
IFINIT+dsK}NELQIGD TO 5C
IF(NFAST .EC.1)GO TO 30
[CNT=0

CHECK FCR MIDSICE NODAL PCIAT ELIMINATION

XM=FLCAT(MCD({I=IM),2})
YM=FLCAT (MCD ((J=-JM),42))
IM=FLCAT (MCO((K=KM1,2) )
IFIXMNEOO}ICNT=ICNT ¢l
IF(YM.NE.QO) ICNT= [CNT #!
IF{IM.NELOLONICNT=ICNT )
IF(ICNTJGE «2.ANDNB.EQL1)GC T 50
OC 20 L=146
{BCI{L)=0

20 CONT INUE
11={
Jlad
KlaK
MFLAG=0

CALL MIDSI2{I1eJ1 oKL )MFLAG XM, YM,ZM)

[F(MFLAG.EC.1)G0 TO SO
CALL B8CS2(11,d1,K1,IBC)
CALL LOADS2(I14J1+K1,NODE)
INT=Q

30 CONTINUE
X0zXU1ed4X)
YO=Y{[4J oK)
IC=2{1,J,K}
CALL EXCHNGI{XxQ,Y0,20)
[FUIC2.EC. LI CALL CYLINC(XC,YC,2C}
IFIIC2.EC.2)CALL SPHERI{2C,YC,20)
CALL CTRAN2(XC,Y9,20)
CALL MAXMIN{XC,YD,20)
NBCOUT=0
DC 40 N3I=],é

40 NSCOUT=NECCUT+IBCINBI) #1(o9(Na[-1)
CALL ICN1(XC,Y0,2C,NBCCUT)
N{lyJsK}=ACDE
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ELTWO0026
ELTw0027
ELTwC028
ELTW00:Z9
ELTWCO2¢C
ELTw0021
ELTw0022
ELTWOC23
ELTwW00 24
ELTWCO025
EL TW0O0 26
ELTW0027
EL TW0028
ELTW0O029
ELTW0040
ELTwW0041
ELTWCO42
ELTW0043
ELTW0O0 44
ELTWCC4S
ELTW0046
ELTwCC4?
ELTWOC48
ELTW0049
ELTWOO SO
ELTWOOSL
ELTwWCQOS2
ELTW00S2
ELTWCO%4
ELTWO00SS
ELTWCOS56
ELTWCOE?
ELTW0058
ELTWCCES
ELTHWOOEC
ELTwWOCEL
ELTWQOCE2
ELTwWCO0E3
ELTwWCCES
ELTW0065
ELTWCO¢S
ELTW0O0S7
ELTW0068
ELTWCCES
ELTWCO7C
ELTWCC71
ELTW0072
ELTWCO072
ELTW0O074
ELTwW00 15
ELTWCO 76
ELTW0077
ELTwCQ72
ELTWOO?S
ELTwCOEC
ELTWCO®]
ELTw0082
ELTwCOE3
ELTw00E4
ELTWCCES
ELTwCO8s



NCOE=NQDE+1
U CCNTINUE
G CONTINUE
C CCONTINUE

90

FLEMENT GENERATICN
RCUTINE PLOTMK CUTPUTS PLOTTING VECTORS

[aFaNalal

CALL PLOTMKUTIMGIM KMo Xy X KX N8B yML M2, M3 ,N)
VIN=NOCE

[FINFASTJEC.L1)GO TO 22¢

NNCDES=4

IF(N8 .EQ.l INNCDES=8

IF{XK¥,LT.KX)GC TO 80

K=INCEX IS COCNSTANT

[a¥aNa)

12=2
220
K2=0
1322
J3=2
K320
1420
J4=2
K420
IF [NNGOES .EC.4) €C 1C 100
15=1
J520
K520
1522
Jo=|
Késn
1721
J7=2
K7=0
18=0
Jas=l
Ka=Q
GC To 110
30 IF {JM.LT.dX} G0 1C 9c¢
o
C J-INDEX IS COASTANT
c

12=0
J2=0
K2=2
1322
J3=0
K3=2
la4=2
Jé4=Q
K4=Q
IF (NNODES.EC.4) ¢C TC 100
I15=0
J5=Q
KS=1
les]
Jo=0
Koa2
1722

ELTWCCE?
ELTx00¢28
ELTw0089
ELTWCOSO
ELTwWCOS1
ELThCCS2
ELTW009?2
ELTWCCSS
ELTWCCSS
ELTWCOSS
ELTwWCOSY
ELTWCOSS
ELTWCCCES
ELTwWOLCC
ELTwOLlCl
ELTwOLC2
ELTWOl03
FLTwClC4
ELTwWOLICS
ELTWO1CS
ELTWOLICT
ELTWOL1C8
ELTWCLICS
ELTWO110
ELTWCLIL
ELTWQL12
ELTWO113
ELTWCl 14
ELTwWC1158
ELTwOl16
ELTWC1 17
ELTwOL18
ELTRC1 19
ELTwWO12C
ELTwWClZ1
ELTWO122
ELTwO123
ELTWC1 24
ELTNOL1ZS
ELTWCl26
ELTWCLl 27
ELTWOL28
ELTWC1 25
ELTwWO120
ELTWC121
ELTWO122
ELThO123
ELTwC] 24
ELTwWO12S
ELTwWCL 26
ELTwG1 27
€L TwOl 128
ELTWCL 29
ELTWO140
ELTwCO141
ELTWO142
ELThOLl43
ELTW01 44
ELTw0l4a5
ELTwWO1 46
ELThO147




c
C
o

[aRal

0

J7=0
K7=1
[e=1
J8=0
K8=0
GC TC 1llo
CCONTINUE

[=INDEX IS CCNSTANT

100

110

1220

J2=2

K220

1320

J3=2

K3=2

[4=C

J4=0

Ka=2

IF (NNCDES.EC.4) €Q TC 100
[5=0

JS=]

KS=0

1630

J6a2

Kbx]l

[7=0

J73l

K7=2

[1a=0

J8=0

K3=l

GC TO 110

CCNTINUE

12=12/2

J2242/2

K2=K2/2

13=13/2

J3=J3/2

K3=2K3/2

fT4al4/2

JezJa/?2

Ke=K4 /2

CONT INUE

IF (IXeNEJIM) IX= }X=1
IF (JXoNEodM) JX=IX=]
IF {KXNEJKM) KX3)X=]
IF (NNGDES.EC.2) ¢C TC 150

D0 140 K=KM,KXy2
DO 130 J=J4¥,JX,2
20 120 I=IMyIX42
IDEL=0

IC=1+13

JO3J+J43

KC=K+K3

11=s1

Jl=J

Ki=K

CALL UELET2(114J1,4K1,100<CsKC,IDEL)

ELThCl 48
EL TWO1 49
EL THO1 50
ELTWOl €1
ELTWOLS52
ELTWOL123
ELTWOL54
ELTwO155
ELTWC1S6
ELTHWO1 57
ELTWC158
ELTWO1¢%9
ELTwWO16C
ELTWO1¢1
ELTWOL €2
ELTWCl €3
ELTWOl€4
ELTWOLES
ELTWO1l¢6
ELTWO167
ELTWCleB
ELTWO169
ELTwC12C
ELTWO1 T
ELTwOL 72
ELTwC173
ELTWO174
ELTWOL17S
ELTWO176
ELTwO177
ELTWO178
ELTWO17S
ELTwO18C
ELTWOl281
ELTwO182
ELTW0183
ELThO124
FLTWO1ES
ELTwO186
ELThOL187
ELTwWOl 88
ELTWOL1 89
BLTWC1SC
ELTWOLS!
ELTwWO152
ELTWO192
ELTWOLlS4
ELTWO1SS
ELTWO1S6
ELTWC1¢7
ELTwWO158
ELTWOL SS9
ELTW02CO
ELTWO2C1
ELTwC2C2
ELTw02C3
ELTwC2C4
ELTW02CS
ELTW02C6
ELTwC2CT
ELTW02C3

105



C
[%
c

129
130
14Q

150

CH

160

170

IF(IDELLEQ.1IGD TO 120

ARITE (8) M IToJyK) NULT#LZ9d#J2,KeK2) JNIT+13,J8J3y K#KI)GNII+]14,J¢
LJ4 s K4Ka) yMAT o IT oy THoN(L# 1S9 JeJSoK#K5) JNIT416,J+J6K+KE) JNITI+IT,5+

2JT X eKTY GN(I+130J4J84KeKE)
NELaNEL+]

CONTINUE

CCNTINUE

CONT INVUE

50 TC 22¢

CCNTINVE

{DUM=Q

DO 210 K=KMyKX

CC 200 J=Jdb,JX

2C 190 [=[M,IX

[DEL=Q

[C=1+(3

JC=Jy+J3

KCsK+K3

1i=1

Jl=J

KlaK

CALL ODELET2(I1,J1eK1sICyCsKCyIDEL)
[F{ICEL.EQ.L)GO TO 193
IFINDOT.EQ.OIGL TO L8O

ECK FCR 18C DEGREE ANGLE EETWEEN EDGES

NC1=N{1,JeK)

NDZ2aN{I*12,)d442,X+K2)
NO3IsN{I+I34J4J3,Ke#K3)

NDGaN{1¢14 ,J404,KeKb)
X01axX{{#12,J4J2,KeK2)=X( 14JyK)

XD23X {113,083 KeK3J=X(1412,J¢12,KK2)
XD32X( 1414 gde¢Jo KoK}~ XI 413 ,J+33,K+K3)
XCax=X{ToJde K)=X{I+149JeJs X 4K4)

YOLaY {1012 4dJ24KeK2)=Y{ 19JyK)
YO2=YULo13,J403,KeK3)=Y(14]2,J0J2,K*K2)
YO3aY{ (414 ,4J¢J0 , KeKA)I~Y{ 1413 ,J¢J3,KeK3)
YOOuY{[pJoKI=Y(1¢[byd+Jb K+K4)

L0121+ 124J4J2KeK2)=2{14JyK)
2022014134403 ,KeK3)=Z1 10]12,0¢42,K+K2)
L0332 (414 ,) 409 K+KH)=2( 1413 ,J¢J3,K K 3)
L0432 {1y JoKI=2114144J¢ J4 (K 4K 4)
V1=SQRTIXD 1*XCl+YD1*YD1+2C1%7D1)
V2=SCRT{XC2® ¥C2+YD28YD2+ 1024 202)
V3=SCRT(XCI*XC3+YD3I*YDI+IC2%7D03)
Ve=SCRTIXD4* XD4+Y04*YD4+ L4 104)
ACI={XDL#XC2+YD1*YD2+ID1%ZC21/(V1i*V2)
AD2= { XD2*XC3+YD2*YD3+202%2C31/{V2¢V3)
AD3= ( XD3*XCo+YD3I*YD4+2 DI 42T 1/1V3sYa)
AD4={ XCo*XCL4YD42YD1¢2D44201 )1/ VaxV])
IFIABS{ACI1aGTe0e94«0RJAESIAL3)aGT40494)G0 TO 16C
IF({ABS{AC2)eCTe0.94,0RLAES(ALL)GTLQ.941G0 10 L1TC
G0 TC 180

CCNTINUE

ARITE{BINDLsAND2 s ND4+IDUM (MAT ,IT, TH, IDUM, IDUN, JDUM, [CUM

NEL=NEL+1

WRITE(BYIMDZ yNO3¢ND4y IDUM ¢MAT , [T, TH, IDUM, IDUM, IDUM,ICUM

NEL=aNEL+L
GC TO 190
CONTINUE
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ELTWC2C9
ELTWO210
ELTWC211
ELTwW0212
ELTw0213
ELTwWC214
ELTW0215
ELThO21¢
ELTW0217
ELTW0218
ELTWC219
ELTW0220
ELTwC221
ELTwW0222
ELTw0223
ELTW0224
ELTW022S
FLTWC22¢
ELTW0227
ELTwC228
ELTW0229
ELTW022¢0
ELTHC221
ELTW0222
FLTW0233
ELTWC224
ELTW023S
ELTRC2136
ELTW0227
ELTwQ22¢
ELTNO223S
ELTW024C
ELTWC241
ELTW0242
ELTW0243
ELTWC244
ELTW0245
ELTWC246
ELTW0247
ELThC248
ELTw0249
ELTNC25C
ELTWO2E1
ELTW02S2
EL TwR02¢%3
ELThO25¢
ELTW02¢S
ELTh0256
ELTWC2E7
ELTWO258
ELTw025S
ELTW02¢C
ELTW0261
ELTWC2¢62
ELThQ2¢63
ELTWC264

. ELTW026S

ELTWC26¢
ELTWC2¢7
ELTW02¢&8
ELTWC2¢S




138G

138
200
<10
220
230

240
25C
264

WRITE({BINGLoND2sND3y [DUM ¢MAT (1T, TH,[DUM, [DUM, IDUV,]DUN

NEL=NEL+]

WRITE(BINDIJND4GyNDLoIDUM ,MAT (IT,TH,IDUM,I1DUN, IDUNM,IDUN

NEL=NEL+1
SC TC 19¢C
CONT INUVE

WRITE (3) Nl{TgJdgK)oNIT#TZ,00 2sK4K2YeN(T +139J4J2K4KI) G NII4]4,J ¢

1J4yK+K4) ¢MAT 4 IT, TH, IDUM, ICL¥,10UM, IDUM
NEL=NEL YL

CONT INUE

CCNT INUE

CCNTINUE

CCNT INUE

CCNTINUE

RETURN

FORMAT (715+3F10444315)
FORMATISIS 95X ¢15,5XeFl0a4é441%)
FORMAT(41541CXyI5y5%X¢F10.4)
END

SUGROUTINE ELLIDUIOUT,NELZ)
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ELT®0270
ELTw0271
ELTW0272
ELTWC273
ELTWC2174
ELT%0275
ELTRC276
ELTW0277
ELTWC278
ELTw0279
ELTW0290
ELTwWO2¢€1
ELTw0O282
ELTwC282
ELTwW02E4
ELTW02ES
ELTWO2E6
ELTWQ2€E7
ELTWC2E8
EL1C00C1
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[«
C
C
C
C
c
C

SUSRCUT INE EL 10 CONVERTS BEAM ELEMENTS TU THEIR PRCPER FCRMAT

CALLED BY: CUTPUT

CA

LLS SUBROUTINES: BCS3

CEL1C00C3
CEL1CO0C4
CEL1DCOCS
CEL1CO0CS
CEL1CCOCT
CEL 1C00C8
CEL1COQCY

AL AA AL AL A A A s L A A A A S A A A A AL A A A A A A AT AL A (L A S SAXR A o A A A A A S I To [ BT

10

20
30

40
50

60

70

as

DIMENSION IB(6),I82),10(2)
CCMMCN/SYSARY/X(8000), Y{EQCO }42(8000),N{8000)
1.1BB(8C00),[FLAGLB000) ,V (8COC,3)

COMMON/JUNK/LCOF  [TAXTo MOVIEs IEL, IE2)1E3WNPLOT,TITLE(20),10UT2

NEL2=1

NEL=1

IFIIOVUTLEQL3IWRITE(L14,50)
READ(10,END=4Q)1,.ID
IF{I(1).EQ.QIGC TO 10

IFCIDIL) JNELCHIDUL)=N(ID L))

CC 30 J=1,2

10draN{I Y]}

CALL BCS3(1B.I{3).1)

00 20 K=&, 6

I1B(K)=MAXQU{IBIK) 2]

CCNT INUE

CALL BCS3(!8,1{41,0)

CONT INUE
IF(IOUTSEQL)IWRITE(L49TOINEL I, 1D
[FIMOVIE.EQaLIWRITEC(14,TCINEL,]
IF{IOUT.EC.2)wRITE(14,80 INELZ, I, ID
[F{IOUTSECLIIWRITE(14960INEL2,ID(2)1
NEL2=NEL2+1

NEL=NEL®L

G0 TC 10

CCNTINUE

RETURN

FORMAT {8HELEMENT S,/ ,39HNLMEER ELEMENT.TYPE PROPERTIES
1 TGPCLCGY)

FORMAT (15, 7H 34000 ,315)
FORMATI{615)
FORMAT(15y4Xs1H24315,25%,215)

EL100011
EL ICCC12
EL1COO13
EL1CCOle
EL1CCO1S
EL1CO016
EL1DCO17
EL1CCO 12
EL1icCClS
EL 10002C
EL1CCO21
EL1D002Z2
EL1D0023
EL 100024
EL 100025
EL 1D0C026
EL 180027
EL1CO0028
EL1DCC2S
EL1000720
EL1DCOZ:1
EL 100022
EL1C00223
EL1DQ024
ELLCO02S
EL1DCO26
EL1C0027
ELLCOQ 28
EL1C002S
€L 1C004Q
EL1000¢1
EL100042



END
SUSRCUTINE EL2C( IQUT,NELZ)
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EL 100043
EL2D0001

ctccececceeccccccccecceccecccccecceccocceoccoeccecececeeceececcececceccecccccceceL 2neec?

[
c
C
C
C
C
C
C

29
30

SUSRCUTINE EL2D CONVERTS PLATE ELEMENTS TO THEIR PRCPER FCRMAT
CALLED B8Y: CUTPUT

CALLS SUBROUTINES: BCS3 FLAT

CIMENSION [B(6),1(8)

CCMMCON/SYSARY/X{8000),Y(€Q0C0),2{B8000) N{800Q)
1,138(8000),IFLAG(8000) ,v(8C0C,3)
COMMCN/JUNK/LCOF » TAXTo MOVIE, IEL, IE2, [E3.NPLOT,TITLE(2C),LOUT2

NEL=1

[FINEL24LE «1 JAND . [QUT.EQ I IWRITE(14+50)
READ(+EMD=4CI (I (J) 9=l o 4) yMAT [Ty THo (1 (J),J25,8)

IF{MAT EC. CIMAT=]
[FITEQ.O)ITaL
[F{THAEQe0.C) TH=1,0
[F{I(11.EQ.OGD TO 10
IF(LCCF.NELLICALL FLATIL)
CALL NORM{ D)
DC 30 UJ=l,8
IF{I(J).ECL,0IGO TO 30
1{3)1aN(1td))
CALL BCS3(IBeE(JI41)
DC 20 K=4,6
IB(K)=aMAXO(IB(K),2)
CONT INUE
CALL BCS2(18,1(4),0)
CONTINUE

IF{IQUTEQuLIWRITE (L4 TOINEL o1 (J)9JI®1,4) o MAT ,TH
[FIMOVIEEQe LIWRITE(2L »TCINEL, (T (I yumL,4)

IF{NEL2.EC.OINEL2=]

IFIIOUTSECL2IWRITE(14 80 INEL2, 14 MAT,I T

IFILCOF.ECO)VIELTYP=4421C
IF(I(8) . FQO)IELTYP=4420C
IF(114)oEQ.C)IELTYP=4410C
IF(LCCFL.EC.L)IELTYP=4321C
IFITAXILEQ.L)IELTYP=3661(

IF{IOUTEQ 3 IWRITE(LG9y 60 INELZyIELTYPIT oI (1)o1(2)4104),113),1(5),

11(8) 1(6) UL T)
NEL2=NEL 2¢1
NELaNEL+1
GC TC 10

40 CONTINUVE

50 FORMAT (BHELEMENTSy/,39HNLMEER ELEMENT.TYPE PROPERTIES

RETURN

I TOPCLCGY!

60 FCRMATUIS, IX4I5+1X,915)

70 FCRMAT(S15,5X¢1545XsF10.4,415)

80 FCRMAT(ISs4X,1H6,1015}

ENOD
SUBRCUTINE EL3D(ICUT,NELZ)

CEL 2000C3
CEL20COCS
CEL2DOOCS
CEL20C0C6
CEL20CCC7
CEL2C00cC8
CEL2000CS

(e ddidadeddddaddddddudddddddddsdddddoaddddddd o ddd dod f o d dd o A Aol elof o of i Qr30] T BT

EL2D0011
EL2DCO12
EL2C0012
EL2CCOL4
EL2C0015
EL20CO16
EL200017
EL200018
ELZ0CC1S
EL 200020
EL20C021
EL 200022
EL200023
EL2DCO24
EL2EC025
EL2DCO026
EL 200027
EL2DCO28
EL 200029
EL 2000320
EL2CC021
EL 200022
EL 200022
EL2C00 24
EL 2000125
EL 200026
EL2C0Q27
EL2ccczs
EL20002S
EL2DCC4C
EL2C0041
EL2C0042
EL2D0C043
EL20C044
EL 200045
EL2D0046
EL200047
EL 200048
EL20C04S
EL 2DCC%0
EL2C00%1
EL 200052
EL 2C00¢£2
EL2000%54
EL3D0GC1

cceeceeccceecccccecceecceeececcccccceceeccececcccccccccceccecceccceccceccccecceLspooce

C
C SUBRGUTINE EL3D CONVERTS SOLIC ELEMENTS YO THEIR PPCPER FCRMAT

C

C CALLED 8Y: CLTPUT

CEL3D0CC2
CEL3CO0C4
CEL3DCO(CS
CEL3DCOCé
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C CEL3000CY
C CALLS SUBRCUTINES: BCS3 VCLUME CEL3DJOCS
C CEL3000C9
aeegaddaaadgaddddaddddodd A d {dd o { ALl A A A A A A A A A AR A AL R A A AR o A A A AAA AR T LT B Lo
DIMENSION IB(6),1(20) EL30001!1
CUMMCN/SYSARY/X{B8000), Y{ €000 )+ 2(8000) 4N (8000) EL300C12
1,138(8C0C),IFLAG(8000) 4v (800C,3) €L3CCO12
COMMCN/ JUNK/LCOF 5 IAXTo MOVIE, IEL, IE2,IE3,NPLOT,TITLE(20),I0UT2 EL3C0014

NEL=} EL30CO1E
IF(NEL2.LE.Q0.AND.IQUT.EQ I IKRITE(14,50) EL30001%

10 READ(9,ENCs4GINNODES, IMAT, ] EL3DCC17?
CALL VCLUME(TI,IQuUT) EL3D00 18
IFII{1).EC.0)G0 TO 10 EL3DO0CLS
NNCDES=0 EL3D00 20

0C 30 Jsl,20 EL3C0021
IFIT1({J1.EC.0)GD TQ 30 EL3D0Qz2

NNCDE SaNNQCES+! EL300022

CALL B8CS3(I8.10J1,1) EL3D00Z4

DG 2C K=4,& EL300025
I8(K)=MAXO{1B(K),1) EL300026

20 CCNTINUE EL300C2?
CALL 3Cs3(1B,1(J),0) EL3C0028
TEdI=N(Eta ) EL3DCC29

30 CCNTINUE EL 20002C
LF{ICUTLEC 1 JWRITE(144 7O INEL JNNODE S, IMAT, | EL300021
IF(MOVIELEC. LIWRITE(2L y7CINEL,NNCDES, IMAT, ! EL 300032
IFINEL2,EC.OINEL 22 EL3C0033
IFITOUTSEC2IWRITE (140 BOINELZ, (11J)4d=1,8),IMAT,(1(J),J=9,20) EL3DGCC 24
1ELTYP=3T711Q EL 300025
[FINNCDES<EQ.8) IELTYP=3710¢C EL3CCO 26
IF{ICUT.EQ 3 IWRITE( 149 60 INEL2, TELTYP, IMAT, 1{1},102),1(40,1(3),1(5)EL3C0027

LoltS o LB o207 o (9ol U2 I010) i {12} 0 0LTI,1018),1020),1019), €L30c028
2101300311604 1(14),1(15) EL3D0029
NEL2=NEL 2+ 1 EL3C0940Q
NEL=NEL+] £L 20004

GC TC 10 EL 300042

40 CCONTINUE EL3D0043
RETURN €L 3D004&4

50 FORMAT(SHELEMENTS,/s39HNLMEER ELEMENT.TYPE PROPERTIES EL 300045

1 TCPOLCGY) EL3DC046

6C FORMAT(ISs1XoI5¢1X90Se/ 41+%,1215) EL3C0047

70 FCRMAT(21I5+5X+15¢/41615:/9415) EL3CCO4e

30 FORMAT(15,3X42H10,915,/,1215}) EL 300049
END EL3CC0E0
SUBRCUTINE EXCHNGIX,Y,2) EXCHCCCL

age e dddddddd ddrdduddd o ddd dadd S {fd A f A A A R A S A A A S A T A AR A A A A A AR A XA A TR [P
C CEXCKHCOC3
C SUBRGUTINE EXCHAG PERFORMS ¢ PERMUTATICN OF THE COCRCINATE AXES CEXCHOOC4
C CEXCFOOCS
C CALLEC 3Y: ELTHRE ELTWO CEXCHCOCS
[+ CEXCrOOC?
[Ragadddddaadiddaddddddddd oS do dfdd (S A A S A s A AL A A A A AR A A A AR A AR RS A DL
DIMENSION XT(3) EXCHQOCY
CCMMCN/JUNK/LCOF » IAXIS 4MCVIE,IEL1,1E2, IE3,NPLOT,TITLE(20}, ICUT2 EXCFNO10
XT{1EL)=X EXCHOO11
XT({IE2)=Y EXCHOO12
XT(IE3)=Z EXCHCCL2
X=XT(1) EXCHOOQ 14
Y=xT{2) EXCHCO1S
1=XxT{3) EXCHOO 16
RETURN EXCHQO17



END
SUBROUTINE FLAT(I)
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EXCHOO18
FLATOOC!

ofof Yot oy of o of of of of of of o of o of o of o of o of o o} o o oY of of o f o f oY Y o o of o of o of o o o o o oo o o o o o o of of o o o o Y Y ol o o o o o8 P o] o] o

CALLED BY: EL20

OO0

OIMENSION 1(8)
CCMMON/SYSARY/X[8000), Y( £Q00),2(8000) ,N(8000)
1,18B(80C0),IFLAG (8000) 4,V (B00C,3)
C
C FIND NCRMAL DIRECTION
¢
Xvi=x{[la))=x(I(1
YViav({(4e))=Y(i(]
vi=Z1Tta) )=201(1
XV2sX{I{2) )=x(Il1
YV2aYLI(2))=Y(I{!
ve=Z ({21 )=2(111)
VXaYV1I*ZV2-YV2%IV]
VYsXV2322IV]=XV1i*IV2
VZaxvlsyvz=xv2eyv]
DaSQRT(VXFYX+VYSVY4VIEVT)
Uxayx/0
JY=VY/D
Ul=vl/0

MCVE MICSIDE NOCES

(¥ aNel

IF(I(5).EC0)GQ TQ 1O
VXaX{I(5))=X{1(1))
VYaY(1{5))=Y(I(1)}
VI=Z(U5) =24
COTavX®U X+ VYSLY+VIRUZ
XEIUS))=XU ILE1)=D0T8uUX
YIE(S)lav( 11S))1=-00TsyyY
Z(I(S5) )20 1L 5))1=-00TeU2
10 IF(I{6).EC.0)G0 TO 20
VXsXI1{6))=X(11{1))
VYsY(1(6))=Y{I{1))
VI=ZLI(6)1-2(1(1))
DOTaVX*UX+ VYSUYSVI®YZ
X116 )=Xx11(6))=-DOTsyX
YOI(&))sY(1{6))=-DOToUY
(166N )= 116)1-00T8UZ
20 1F(1{71.EQ.Q0)GO TO 30
VX=XUE(T))=X(1(1))
VY=Y{L(73}=Y{I{1))
VZsZLL(T))=2L1(1))
DOT=vXsUX+ VYUY +VI*UZ
XCTU?) s x{ [(T7))=DOT*UX
YOI{TY) =Y [{7))=-00T8UY
IARSRARERARIRSREIv ] & VP
30 [FLI{8).EQ.OIGO TO 40
vXaX{1(8)}=-x{I{1))
VYsY{I{8))=Y(I(1))
vI=201{8))=2¢I{1))
POT=VX*UXS VY SLY+VI*UZ

CFLATQOC?2

SUBRCUTINE FLAT MOVES THE MICSICE NODES CF A PLATE IN THE DIRECTION CFLATCOC4
NORMAL TC THE PLATE UNTIL Tr€ PLATE LIES IN A PLANE

CFLATCOCS
CFLATO00CS
CFLATOOC?
CFLATOOCS

CCCCCLLCCLCCeCCCCCCCCCCeCiCCCCCCcCccCrCcCrereereeceeelCCeCcllCeLCCoCCCCFLATCOCS

FLATQO1C
FLATOO1!L
FLATCQ12
FLATOOL13
FLAT0O14
FLAT001S
FLATCO16
FLAT0017
FLATCOl®
FLATQOO19
FLATQOO 2C
FLATCOZ1
FLAT0022
FLATCO22
FLATQ024
FLATO025
FLATO0O026
FLATO0Z7
FLATOOZR
FLATQO29
FLATOQ2¢C
FLATCO21
FLATCO?2
FLATCG22
FLATCO24
FLATQO3S
FLATCQ36
FLAT0027?
FLATCC28
FLATO0029
FLATQO4C
FLATCO41
FLATQO42
FLATCC42
FLATO0044
FLAY004S
FLAT0046
FLATQQ47
FLATO0048
FLAT0049
FLATCOSC
FLAT00E1
FLATQOE?2
FLATQO0ES3
FLATCOSS
FLATCOES
FLATOQ0S6
FLATCOSY?
FLATOQSE
FLAT0QSS
FLATOQ¢C
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X(1(8))=xX(1{8))=-DQTeux FLATCO&1
YUI(8))=Y(F{8))=D0Tsyy FLATQ0E2
ZUI18))=2¢1(8))=-DOTxy2 FLAT0O0¢3
20 CUONTINUE FLATCO¢4
RETURN FLAT00&S
END FLAT0066
SUBRGUTINE FAL(NLyN2,N3, $,x4,YA) FN10QO1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN10002
C CFEN1CCO2
C SUBRCUTINE FN1 PERFORMS A QUACRATIC INTERPOLATION EETWEEN 3 NODES CFN1000 4
C USING THE PARAMETER S CFN10C0S
C CFN1oCQe
C CALLEC BY: IANPLCT CFN1COQ?
C CFN1CCOe
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCECCCCCCCCCFN10009
CCMMON/SYSARY/A{36000) 48 (16000) FN10OOL1Q
Sl=(S#95=5) /2.0 FN10011
§2=1=-5*%§ FN10012
S3=(5&5+8) /2.0 FN1CC12
XAZA(NL)*S1+A(N2)®S2¢4 (N3)#S2 FN1QO14
YA=BINL)®S1+B{N2)*S2+8 (NZ})#S3 FNLCCLlS
RETURN FN10OCL &
END FN10G17
SUBROUTINE FN2INL1,N2,N3) FN20CO1L
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN20002
C CFN2C002
C SUBROUTINE FN2 CETERMINES IF 2 ANOOES LIE ALONG A STRAIGHT LINE CFN20004
C CFN20005
C CALLED BY: [INPLCT CFN2C006
C CFN20007
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFNZCCOE
COMMON/SYSARY/AL36000) 4,8 13£0C0) FN20COS
[F{N2 .EQ.0)RETURN FN2COLQ
PA=A{N2)~-A(N1) FN20011
PB=B(N2)-B(N1) FN20012
QA=A (NI)-A(N]) FN2CC12
R8=BIN3)I-B(N]) FN20O1 4
CM=QA*CA+Qa®(CB FN2CCLE
Pr=PASPASPREPR FN2CO16
TaPusCM FN2COL1 7
[F(T.LE.CsCOC2IGO TO 1O FN2cCQle
Dl=aPA®QA+PBe(H FN2001S
00T=01%01/7T FN2CQ2C
IF{D0T«6T.0.5995)IN2=0 FN20021
RETURN FN20022
10 N2=0 FN2CC23
RETURN FN20024
END FM2€C2S
SUBRCUTINE FN3 FM30001
CCCCCCCCCCCCCCCC(CCCCCCCCCCCCC(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN?COO2
C CFN30Ce2
C SUBROUTINE FN3 CCNVERTS FRCM GLCBAL INDEX SPACE TQ LCCAL INBEX SPACECFN30C04
C CFN3cecs
C CALLED BY: SEQ2 CFMN3000€
C CFN3CCC?
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN30008
COMMON/SECCT/IBLOY,1(16) ,Jt1&),K 15} FN30CQ9
18(1)=1(1B(1)) FN3COLC
18€(2)=J( 1B (2} EN3CO11]
IS3)=K{ (B (3)) FN3CCLl2

18(4)=21(IB(4)) Fr3ccl2
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[B(51=J(IB(5)) FN3CCL4
IB(A)=KLIB(6)) FN3CCLE
RETURN FN3CO1 €

FMn FN30017
SUBRCLTINE FR4IX4Y4Z,XNMAYXMIN,XDIF ,NCIR,NPCS ) FN40QO 1
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccsw«ccoz
C CFN40002
¢ SUBRCUTINE FN4 CETERMINES THE RELATIVE PCSITION GF NCDE X,Yy2 CEN4CCO4
C IN THE STRUCTLRE ALONG THE CIRECTION IN NOIR. CFN4COQS
c CFN4CCOE
C CALLED BY: QUTPUT CFN4CCCT
c CFN4COCE
e e e e oo o (o o o o o T A A A A A A T AT e T L P T I
DIMENSION XMAX(3),XMIN(3},%DIF(3) FN4COLC
IF(NMCIRLNELLIGO TO 10 FN4COL 1
PCS=(X=XMIN(L)I/XDIF(1) FN4CCL2

6C TC 30 FN400Y 2

10 IF(NCIRLNE.2)GC TO 20 : EN4CCL4
P0S={Y=XMIN{2)} /XDIF(2) FN4COLE

GG TC 30 FN4OOL &

20 POS* (Z-XMIN(3))/XDIF(3) FN4CCL?

3C CONTINUE FNGOO1E
NPCS=IFIX(FOS )+ FN4CCLS
RETURN FN4CO2C

ENC FN40021
SUBRCUTINE INFO INFCOOC]
cccc::ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccxmscoocz
¢ CINFCCOC3
C SUBRCUTINE INFO PRINTS CUT USEFUL INFORMATICN CINFCOOC4
c CINFCCOCS
C CALLED BY: IAPLCT CINFCCOCE
c , CINFCOOC?
R o d e o e e o o T4 o T A A A A A A e T A T e T L LI
CCMMON/KNT S/ACDE + 1BEAM o [ ThCy ITHRE, LOAD, LINES, MIN INFCOOCS
COMMON/ JUNK/LCOF o TAX Lo MIVIE IELs IE2, [E3.NPLCT , TITLE (2C),10UT2 INFCCCIC
CCMMON/JUNK2 /NFAST INFCECTL
CCMMON/PARTS /NPARTSs XMAXF(40 314 XMINP 140,13} INFCOO12
WRITE(S, ICITITLE INFOCC2
WRITE{S,20 INPARTS INFCCO14
WRITE(5,30 INCCE, [BEAMy ITHC, ] THRE INFCCL1E
RETURN INFCCO 16
10 FCRMAT {20A4) INFCCC 17
20 FORMAT(L4H ¥ CF PARTS = ,[2) INFFEO 18

30 FORMAT(14H # CF NODES = ,I1€,/414H # OF BEAMS = ,3,/, INFCCN19
L15H ¥ CF PLATES = ,14,/,15F & OF SCLIOS = ,14) INFCCOZC

END INFCOOZ1
SUBROUTINE INIT(IOUT,IPLCT,TCLER, [MESH) INTTCCCT
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccIurrcccz
c CINITCOC?
C SUBRCUTINE INIT REACS IN THE INITIAL CONTROL CARDS CINITCOCA
c cINITCOCS
C CALLED BY: MAIN CINITCCCE
¢ CINITOOCT
e e S el o o o { o o o o o A S A T T AT T ST T T T T T L R Y I
DIMENSICN CARDU20) ,CHAR{12) INITCCCS
CCMMCN/KNT S/NGDE, [BEAM ¢ [ ThC, ITHRE ,LOAD, LINES, MIN INITCO1D
COMMON/JUNK/ LCCF o TAX1o MOVIE, 1EL, LE2, [E3 MPLOT, TITLE(2C), [OUT 2 INTTCC11
CCMMON/JUNKZ INFAST INITO012
CCMMON/PARTS /NPART S, XMAXF{40 430 XMINP (40, 3) INITOO L3

DATA CHAR/4HSAPS5,4HSAP G, 4-PAFE,4HCNOR ,4HBEAM, 4HPLCT , 4P TOLE, INITOC14

LAHAX 15,4 HLCOF ) 4HMOVI 44 FEDCE, 4HFA ST/,CMT/LHC/ INITCC1S



[aXaXnl

[aNeXal aOn [aNaNa) [aNaXal

[aNaXal

MPARTS=0
NODE=)
MPLCT=0
I6EAM=]
[El=1
[E2=2
[£3=1
[ TwQsl
ITHRE=1
IMESH=]
[CUT=(
MINaQ
NFAST=(Q
IPLOT=0
TCLER=0,0
MCOVIE=Q
LCCF=0Q
[AXI=Q

READ(12,16Q)TITLE
ARITE(Gs16CITITLE

10 CCNTINUE

KEAD COMMAND CARQS

READ(12+ 16CoENC=201CARD( 1)

GO TC 30
20 CCNTINUE

IMESH=Q

RETURN
30 CCNTINUE

COMMAND = *SAPS?

IF(CARD{1l) .NELCHAR(1})GO

1QuT=1
GC TO 10

CCMMAND = 'SAPH!

40 IF(CARD{1).NE.CHAR(2)I1GC

10UT=2
GQ TC 10

CCMMAND = *PAFEC?

50 IF(CARD(1) NE.CHAR(3))GO

ICuT=3
GOo TO 10

COMMAND = *COCRCINATES?

60 IF{CARD(1).NE.CHAR14})GO

CALL CTRAN
GC TC 10

COMMAND = tBEAMS!

70 IF(CARDI{1).NELHAR(S)IGO

NPARTS=NPARTS+1
CALL BEAM
GC T7C 1IC

TC

1C

1C

1C

TC

40

€0

70

€0

INITOO 16
INITOO17
INITOO 18
INITOO19
INITCO2C
INITOCZL
INITO022
INITOO23
INITO024
INITCC2S
INITQO026
INIT0027
INITCO28
INITO029
IN1TCO2¢Q
INITOO21
INITOCZ22
IN1T0023
INITQ024
INITOO2S
INIT0026
INITCC27
INITOO28
INIT0O029
INITQ04C
INITOO4L
INITQC42
INITCO043
INITOQ 44
INITQ04S
INITO0046
INITOCAT
INITCO48
INITCQ49
INITOOSO
INITOOSL
INITCOS2
INITOOS3
INITQOS4
INITOOES
INITOOS6
INITCCET
INITOOSS
INITCCSS
INITCOEO
INITOOEL
INITCCE2
INITCOE2
INITCCES
INITQQ¢S
INITCOE6
INITCO67
INITOOGE
INITCO£S
INITCOT70
INITCOT1
INITCO?2
INIT0073
INITCCT4
INITCO7?S
INITCC ¢



e N aNel OO0

[aXaXn) [ ¥ s Nl [alaNal [a¥eXal

[aNaNa)

[aXaXs]

COMMAND = *PLCTS?

80 IF(CARD(1).NE.CHAR{6)1GD TC SO
[PLOTs)
NPLCTa]
GC TC 10

COMMAND = SYCLERANCE®

G0 IF(CARDU1) JNELLHARITIIGE TC 100
3ACKSPACE 12
READ(124L1TC)TCLER
GC 10 10

COMMAND = YAX[SYMMETRIC®

100 IF{CAROU1) ,NEL.CHAR(B)})GO TC 110
[AX1=]
GG TC 10

COMMAND = *LOCF?

110 ITF(CARD{1).NE.CHAR(9))GC TC 120
LLOF=1
GC TG 10

CCMMAND = *MCVIES®

120 IF(CARDI1}.NELCHARII0)IGC 10 130
MCVIEs=]
GG TO 10

COMMAND = *FXCHANGE®

130 IF(CARD(1) NELCHAR(11))GC 1O 140
BACKSPACE 12
READ(12,18C) IEL,[E2,IE3
GC TC 10

CCMMAND = 'FAST?

140 IF(CARD(1).NE.CHAR({12)1GC TO 150
NFASTa]
GC 1O 10

150 CCNTINUE
BACKSPACE 12

CHECK FCR CCMMEAMTS

READ(12,19CICARDI(L)
TFICARD(1) .ECL.CMTIGD TG 10
BACKSPACE 12
[CuTZ2=10UT
RETURN
160 FCRMAT{2CA4)
173 FCRMAT({LIOX,F10.0)
180 FCRMAT(12X,311)
192 FGRMAT(AL)
END
SUBFCUTINE IAPLOT

114

INITOQO77
INITCOT7E
INITQO7S
INITOOS&C
INITCOEL
INITCOB2
IMTTOCE2
INITOQE4
INITCOES
INITCOES
INITOCETY
INITCCES®
INITCCES
INITOOSC
INITCOSE
INITCOS92
INITQCS2
INITOCY94
INITCCCS
INITOOSS
INITOCS?
INITQOSE
INITCOSY
INITOL1CQ
INITOL1C1
INITCLC2
INITOIC3
INITOLCA
INITO1CS
INITOLCS
INITOLCY
INITOLlCE
INITOLCY
INITOLl1C
INITOL11
INTTCL12
INITOL12
INITO114
INITOL1S
INITO1 16
INITC117
INITO118
INITQ11S
INITQ120
INITC12}
INfTC122
INITO122
IN1TOL24
INITQ125
INITOL26
INITC127
INITO1228
INITGLZS
INITCl2¢C
INITOL121
INITC122
INITOL22
INITCL 26
INITO12S
INITCL2¢
INPLCOCL



115

qagaqqddaadddddsddqddoidd it {d {4 dd o d d A A A A A d A A A F A A A A S A A AR AR A LA S Ao LTI KL oF)

SUBRCUT INE INPLCT CCNTROL S THE MESH PLOTTING

CALLED €Y: MAIN

PLOT PLOTS SCALE SCALE2

C
C
C
C
C
c
C  CALLS SUBRCUTINES: FN2 INFC 10p3 1CPe MAP PARY
[+
c
C CALLS TCS ROUTINES: ERASE TSEMND HOME BELL

C

C

CINPLOOC3
CINPLOOCA
CINPLCCCS
CINPLOOCE
CiINPLOOCT
CINPLOOCSE
CINPLCOCS
CINPLGOLO
CINPLOOIY
CINPLCOL2

qadddaadddddddddqdddddddd S dd (i dddodddd ddddd dd d i f A S A { A A A A A AR A AR LT IR R

CCMMCON/SYSARY/A(346000) ,8(2€0C0)
CGMMCN/JUNK/LCOF 4 [AXT, MOVIE, 1E1,4 [E2,1E3,NPLCT,TITLE(20),10UT2
CCMMCN/JUNK2 /NFAST
CCMMCN/KNTS/NNCOES IBEAM s TTWC s ITHRE ,LCAD,LINES,MIN
COMMON/PARTS2/PRTLST(40)

DIMENSION IBUF(10),IBC(6),CHARILO},CHARZ(S)

DATA CHAR/4HCONT 44HEND +4HSTCP,4HVIEW ,4HPLOT, 4HRCTA ,4HSCAL,
1 aHPART 14 FHELP4HINFO/

DATA CHARZ/AHMAXISe4HLOCF y4FSAPS 4HSAP G, 4HPAFE (4 HMCV [ g 4HFL AT,
1 4HNOMO/

DATA PRTLST/4Q*1.0/

REWIND 20

LAXIS=]

ANGA=C.0

ANGB=C.0

CALL FLOTS(5,5,5])

WRITE(5,28C)

CALL MAP (NACCES IAXISe ANCA,ANGS)

PRGCESS INTERACTIVE PLOTT ING CCMMANCS

[gNaXa)

10 CONTINUE
WRITE(5+34C)
READ(5,330)CPD

COMMAND = *CCATINUE®

[2Xalel

[F{CMD.NE.CHAR{1})GO TO z0
IF{INFAST.ECQe1)STOP
RETURN

CO4AMAND = P ENC®

[a ¥z Xal

20 IF(CMO.NE.CHAR(2))GD TO 3¢
sToP

COMMAND = 'STCP!

[a X2 X %)

30 IF(CMO.NE.CH2R(3))}GD TO 4¢C
STOP .

CCMMAND = *VIEW'

[a¥aXal

40 [F{CMOLNE.CHAR(4)IGO TO ¢cC
CALL ICP4
CALL ERASE
CALL TSEND
GC TO 210

INPLOO 14
INPLCC 1%
INPLOO16
INPLOCLT
INPLOO 18
INPLCC1S
INPLOO 20
INPLOOZ1
INPLOOZZ
INPLCO23
INPLQCZ4
INPLCO2S
INPLCOZE
INPLCO27?
INPLOO28
INPLCC29
INPLOO2C
INPLCOZ1
INPLOO 22
INPLCCZ22
INPLOO 24
INPLOO2S
INPLCC 36
INPLOG3?
INPLCC 28
INPLCO3S
INPLOOGO
INPLCCOL
INPLOOG2
INPLCC43
INPLCO44
INPLCOGS
INPLOO4S
INPLOQ 4T
INPLOO4S
INPLCO49
INPLCOSC
INPLCOSL
INPLOOS2
INPLCOE3
INPLCOS4
[NPLQCES
INPLOOSE
INPLCOS?
INPLCOEE
INPLOOSS
INPLCOEC
INPLOOEL
INPLOQG2



[aXaXa) [aNa¥al (2K aXn] [eXaXgl

X ala)

cz*

AMAND = 'PLCT?®

S0 IF(CMC.NE.CHAR{S)IGO TO

CALL [C0P4
CALL ERASE
CALL TSEND
GC TQ 210

CCHMMAND = 'RCTATE?

40 IF(CMD.NE.CHAR{6)IGO TO

caoi

GC TG 200

AMAND = *SCALE'

73 IFICHMD.NELCHARITIIGO TC

CALL SCALE2
GO TC 10

COMMAND = *PARTS?

80 I[F(CMB.NE.CHAR(8)IGD TQ

CALL PART
GG TG 10

COUMMAND = *HELP®

90 IFICMO.NELCHARIF)IGO TO

WRITE{(5,290}
GC TC 10

CCHMAND = ' INFORMAT[ON®

1¢0

112

133

149

150

150

170

180

IF(CMD.NE.CHAR({10}))GD
CALL INFC

GC 70 10
IFICMD.NE.CHAR2(1)IGO
[AX]=}

GC TC 10
IF{CMONE.CHARZ2{2))1GO
LCOF =}l

GC TC 10
IF(CMD.NE.CHAR2(3))GD
1CUT2=1

GG T0 10
{F(CMD.NE.CHAR214)1GO
1CUT2=2

GG T0 10
IF{CMOMNELCHAR2(51)GO
ICUT2=3

GC TC 10
[FICMD.NE.CHAR2{6))GO
MCVIE=L

GG 'T0 10
IF(CMD.NELCHAR2(T)IGC
LCCF=Q

GC TO 19
IF(CMD.NELCHAR2(8) GO
MCOVIE=Q

GC TO 1¢

CCNTINUE

T0

Ta

TC

10

T3

TQ

L]

10

10

&0

10

£C

sQ

10¢

140

150

160

170

180

150
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INPLOOE3
INPLOOES
INPLCOES
INPLCOGS
INPLCCET
INPLOOES
INPLOQES
INPLCOTC
INPLOOTI
INPLCCOT2
INPLCOT3
INPLOO T4
INPLCOTS
INPLOOT6
INPLOOT7?
INPLOQ 78
INPLOOTS
INPLCOEC
INPLOOR!
INPLCCE2
INPLOORD
INPLCCES
INPLOCES
INPLCOES
INPLOOE?
INPLCOES
INPLCCES
INPLOOSC
INPLCOSL
INPLCOS2
INPLCOS3
IMPLCCSS
INPLOOSS
INPLCCSE
INPLOCST
INPLQOC<R
INPLQOSS
INPLOLCC
INPLOLC1
INPLOLICZ
INPLCLC3
INPLOLICS
INPLOLCS
INPLOLCE
INPLOLCT
INPLCLCE
INPLOLCS
[MpPLCL 1O
INPLOLLL
INPLOL 12
INPLC112
INPLOL 14
INPLOLILS
INPLOL 16
INPLOL1T
INPLOL13
INPLOL 1S
INPLCLZC
INPLOLZL
INPLOL12Z2
INPLCL1Z2



C
4
C

GG TC 10

RRITE{S,31C)
READ(S,* )} [AXTISsANGA,ANGB

CALL MAP(NAOCESs IAXISs ANCA9ANG3)
GC TO 10

210 CONTINUE

)
o
o

PLOT THE MESH

CALL SCALE(IAXIS,ANGA,ANCGB)
READ(5,3201)CNMC
NLAST=0
IEMPTY=0
00 26C NA=1,LINES
CALL ICP3IUINL4N2yN3, IPART)
IF(PRTLST(IPART).EQ.Q.0)CC TC 260
IFIN2.EQ.0)GC TO 230
CALL FN2{M1oM2,N3)
[FIN2.EQ.0)GC YO 230
IF{IEMPTYLEG.LICALL PLTDNMPINLAST)
{FMPTY=Q
[PEN=3
31=B{N1)
Al=A(N1)
IFINL NENLASTICALL PLOT (B1,A1,IPEN)
NLASTaN]
1PEN=2
SINC=0.25
DC 229 1=1,8
S=[»SINC~1 .0
CALL FNLIINL1oN2,N3sSeXA,Y4)
CALL PLOT(YA,XAy IPEN)
220 CONTINUE
GC TGO 260
230 CONT[NUE
[F{IEMPTY,EQ.1)IGC TO 240
CALL PLTADCINL,N3)
[EMPTY=]
GC TO 260
240 CALL PLTCHKINL (N3 ,NCHK)
IFINCHX.EQL.O)GO TO 250
CALL PLTOMPLNLAST)
CALL PLTADC{NL,N3)
GC TO 260
250 CALL PLTADQ{AL1,N3}
260 CONTINUE
IF(IEMPTY.EQ.1ICALL PLTNPPINLAST)
270 CALL TSEND
CALL HQOME
CALL BELL
CALL TSENMD
REWING 20
GC TC 10
280 FURMAT(27TH < INGRID PLOTITING PACKAGE )
290 FCRMAT(38H < INGRID HAS THE FOLLCWING COMMANDS: >,/,

140H < CONTY INUE,END,HEL P, INFG PARTPLOT»RCTATE ,SCALE ,STCP,YIEW D)

300 FCRMAT{35X43€10.3)

310 FORMAT(45H INPUT VERTICAL AXIS, ANGLE A, AND ANGLE B
1 >>,8)

220 FCRMAT(315)

330 FCRUAT{A4)

INPLOL 24
INPLCLZES
INPLOL 26
INPLCLZ?
INPLO128
INPLO129
INPLOL3C
INPLOL21
INPLCL122
INPLOL 23
INPLCL 24
INPLC1 25
INPLC126
INPLC127
INPLOL2E
INPLC129
INPLO14C
INPLCL 4L
INPLOL 42
INPLOL A3
INPLOL 44
INPLC145
INPLCL 46
INPLOL 4T
INPLOL 48
INPLOL4S
INPLGL SO
INPLCLCL
INPLOLE2
INPLOLE3
INPLOLE4G
INPLOLSS
INPLCLCSE
INPLOLS?
[nNPLOLESS
INPLOLES
INPLCLEC
INPLC1EL
INPLOLE2
INPLOLEZ
INPLCLlE4
INPLCLES
INPLC1EE
INPLO167
INPLC168
INPLO1£S
INPLCLTC
INPLOL1T1
INPLOQLT2
INPLC172
INPLOLT74
INPLOLGS
INPLOLYE
INPLOLT
INPLO 17
INPLCL IS
INPLCLEC
INPLC1B1
INPLOL 82
INPLOL183
INPLOLES
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340 FCRMATI3H >>,$) INPLOLES
END INPLOL 86
SUBRCUTINE PLTADCINL,N2) PLTDOOC]
CCHMUN/PLTBUF/MA4NB PLTCCOC2
NA=N] PLTCCCC3
NE=N2 PLTCOOC4
RETURN PLTCOOCS
EMD PLTCOOCE
SUBRGUTINE PLTAD2INgN2) PLTCOOC!
CCMMON/PLTRUF/NA,NB PLTRECC2
NB=M2 PLTEQ0O03
RETURN PLTDOOCS
END PLTDOOCS
SUBRCUTINE PLTCHKINL N2, MCHK ) PLTCOOC!
CCHAMCN/PLTBUF/NA N8 PLTCCCC2
NCHK=1 PLTCOO0C?
LF({NL .NELNBIRETURN PLTCOOCS
NTI=AA PLTCCOCS
NT22NB PLTCOOCS
NT3=N2 PLTCCCCT
CALL FMN2INT1 NT2,NT3) PLTCOOCS
NCHK=NT2 PLTCQOCY
RETURN PLTCOO10
END PLTCO0LL
SUBRCUTINE PLTOMP{NLAST) PLTDCOCL
CCHMCN/PLTEBUF/NA ,NB PLTCOOC2
CCMMON/SYSARY/A{36000) ,8 (2€0C0) PLTCOOC?
[FINLASTLEQ.NAIGO TO 10 PLTCOOCS
BA=8(NA) PLTCCOCS
AAzA(NA) PLTDCOCS
[PEN=3 PLTDOOC?
CALL PLOT(BA.AA, IPEN) PLTDCCC(®
1C aB=A(NB) PLTDOCCS
33=8(NB) PLTCOO10
1PEN=2 PLTDOO11
CALL PLOT( 8,48, IPEN) PLTCOO12
RETURN PLTDOC12
END PLTO0O 14
SUBRCUTINE ICN1(X,Y,Z,18¢C) IONl1COoCl
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCICNlOOCZ
C CION1COC3
C  SU3RCUTINE ICML PUTS A NOCE INTC THE OUTPUT BUFFER CION1COC4
C CICN100CS
C CALLED BY: PEAM ELTHRE ELTwWN cIonicoce
C CION1OCC?
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCXCN[OO(8
COMMCN/DUMPAR/ XX{100) y¥YY(1CC),22(100),1DUM,IBL10C) ION1COCS
DATA 1/0/ ION10010
{=]4] 1ON1CCL1L
XX{I)=x ION10C12
YY([}=Y ION1CO13
L1 )=7 ION1CO14
I8(1)=]B8C ICN100 15
IF(1.LT.100)RETURN ION1CO1¢
C ION10017
C BUFFER IS FULL, ODUMP AND RETLRA IcNLCO18
c ION1CO19
WRITELTYXX,YY,22,18 I0N1002¢C
=0 ION1GCZ1
RETURN ION1002Z2
END ICN1CO23
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SUBRCUTIME ICN2 [oN200C!
ddaaddaadadidd it ddd 4o {4 (A d A dd A A A A R A S A LA A A A A AR A A A AL A KA AR RAR AR | P L Lo RoE S
c CION2COC?
C  SUBRCUTINE ION2 DUMPS THE MCLAL JUTPUT RUFFER CION200C4
c CI0oN2C0OCS
C CALLED BY: MAIN CION2CCCE
C CION2COCT?
ceeeecccccececceccececcceecceececccecececceeccecececceececccccececeeceeccccececcccionzcace

CLMMCN/DUMPAR/XX1100),YY(1C0),22(100),I0UM, [81100) [ON200C9

ARITELT)IXX 2YY, 22,18 igN2C01C

RETURN IoN2C01!t

END 10N2C0 12

SUSRCUTINE ICN3(X,Vv,Z,1BC) I0N300C1
(g agddndanddadddddddddd e ddd {4 dddd ddd A fd e d A A A A A A A A A S AA A A LA A S DI EL L TP
[+ cIgN3cec?
C SUBRCUTINE ICN3 GETS A NODE FPCM THE INPUT BUFFER CICN20004
C CION300CS
C CALLED 8Y: [IANPLCT OCUTPUT CION300Cé
C CION3CO0C?
(g e qvgaddddadaddddddaddd s f {d g ddd dddd o f A A A Y A S A A A d A A A A S R A A AR XA S AR L ELA T €

CUMMCN/DUMPAR/ XX(100) sYY(10C),221200),1,1B(100} ION300C9

DATA 1/0/ 10N20010

[=]+] ICN30011

Xaxx(l} ICN30012

YsYY(I) ICNZ0012

I=27(1) [CN3J01e

I8C=1B(1) ION3CCIS

[F(T1.LT.1QCIRETURN ICN30016
C ICN3CC1?
C B3UFFER IS EMPTY, REFRESH BLFFER ION3CO1¢€
C ION30019

1END=Q 10N2Co2C

READU7) XXy YY 22,418 ION2002Z1

=0 10N3209022

RETURN [0N20022

END ICN30024

SUBROUTIME ICNé& ION4CCCL
daadagdadddddddddddeddddod de g dddf ddddddd d d S A A S A A S A A A A A S KA A A R A A A A A AR L L] NP
c CICN4COC2
C SUBRCUTINE ICAe INITIALIZES THE NODAL INPUT BUFFER CION4QQOC4
o CION40CCS
C CALLED BY: [IANPLCT OQUTPUT CICN&4COCe
C CIgNaCOCT
(i addaddaasdeddqagddddoddddddd dddddddddddddddddd i dddd ot d A4 d ad o Ao Sod of o Fs LT Yo R &

OMMCN/DUMPAR/XX{100),YY{100),22(100),1,18(100) ION40QCS
=9 ION4COIC

REWIND 7 ION40O11L

READ(T)XXyY¥Y 422418 10N4CO12

RETURN ION4CO13

END ION&CO 14

SUBRCUTINE ICPL{I,J4eK) 1gp100cCl!
s ddddanaddeddfdddidddddddddd dqdd dqndddd A A A A S AR A S A A A A A A L A A st of o B {5 LR R oL X o)
C ciopPicocs
C SUBRCUTINE ICPL PUTS A LINE INTC THE LINE BUFFER cIicePl00C4a
C cIoprooCs
C CALLED BY: BEAM PLOTMK clopl1CCCe
C . clger1caoc?
A aadndddadddddddddadddddddddfdddddddd ddddddddddddd A dddddd o dd Lo A A o o of (o] DAL T &

CCMMCN/OLMPAR/ (10100} 4J3010C),KX(100),NDUM,IP(1CC) 10P1C0C9

CC¥MCN/KNTS/NODE ¢ [BEAM » I ThCy ITHRE,LGAD, LINE M IN 10P10010

CCMMCM/PARTS/NPART Sy XMAXF (4C 92) 3 XMINP (40, 1) [grP1coll




CATA N/O/,LINE/Q/ 10P10012
[FI{lalTeMINGANC I LT M INANDLK LT MINIRETURN 10P1CO13

H=N+1 0P 10014
LINE=L INE+) 10P10015
ITIN)=! I0P1CO1lE
JJINI=J 1CPLICO17
KX(N}=K [oP1co18
IPIN)=NPARTS 10P10019
IFIN.LT.100) RETURN toptcoac

C 10P100z1
C BUFFER IS FULL, DUMP BUFFEEF 1opP10022
< 1gp1co23
ARITE(20) 1L 0ddoKK, [P ICP10024

N=) IcP1C025
RETURN 10P1002¢

£ND 1oplcc27
SU3RCUTINE ICP2 1gp2c¢oct
ceeceeeeccceeeecccoceccccccccocceecceccccccecccceecceceecececcecececcecccciaro0c2
C cigp2cocC3
C SUBRCUTINE ICP2 CUMPS THE LINES QUTPUT BUFFER CICP200C4
C CIQP2C0OCS
C CALLED 8Y: MAIN . CIoP200Cs
C clopr200cC?
ceeLcceeccceccccececccccccccecocccccecccececcccccccccceecceececcecccececccIor2o0ce
COMMON/DUMPAZ/TI(L100)» JULL1CC)KK(100) N»IP(100) [apP2cqcCs
WRITE(20) L LedJdeKKyIP IopP2001cC
RETURN 10P20011

END cpP2C012
SUBROUTINE ICP3(1,J4Ky1PART} 1aP300C!

[gddt g dld gL A d o s dofolsfatod el of f dod of f ol f st of of T of of o o o of of of of o o o o of o oo o of o f o of o of o o o o o o o QoL Lo N o]
cropacocC:

C SUBROUTINE [0P3 GETS A LINE FROM THE INPUT BUFFER clor3coca
C CIOP3ICOCS
C CALLED BY: INPLOT cloP300Ce
C CIoP2Q0C7
ceegeecccccccccceccccecccceccocecccccccccececccccecceeccccccceeccececccccccicrsooce
CCMMCN/DULMPAZ/ 1141000 ,J4(10C),KKI100)4NoIP{100) 10P3C0CY

DATA N/O/ joracelc

MaN+1 1grP30011
I=11(N) 1o0P3c012

JaJJd (M) 10P20013

K=KK {N]} I0P30014
IPART= [P (N) I0P30015
IFINLT.10C)RETURN 10P20014

C 10P3CC17
C BUFFER IS EMPTY, REFRESH BLFFER [cpP30018
C 10P30019
READ(20) I14JJdsKK,IP 10P30020Q

N=3 10P300¢z1
RETURN 10P30022

END 10P30023
SUBRCUTIAE ICP4 [0P4COC!
ccegecceecccecccceocccceeecceccccoccocceccceccccecccccoecccceecceeceeccccccIorP«00c?
C c1oP400cC2
C SUBRCUTINE 1CP4 INITIALIZES THE LINES INPUT BUFFER CICP4C3C4
C CloP400QCS
C CALLED BY: 1INPLCT cIoP4cCCCe
C ClopP400C?
[l dddadddsagagdaddqdddddudagdddgdddddddddddddddddedadqdasdddaddndsddedeoss fal il 1g:
COMMCN/DUMPA2/1T (100}, JJ(LICC ) KKILOO0),N,IP (100} ICP4cCOCS

N=Q 10pP40010
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REWIND 2C 10P4001L1
READ(20) 1] 1JdJoaKKeIP 10P40012
RETURN 10P400 12

END I0P40014
SUBROUTINE [TST{M,XCy¥Cy IC) [TSTOQC!
aagdddgdsgagaadgddddd gl ddJdd dfdddd A fd S Al A XA A S At o A of of Ao of S S o of o oA o o8 § B £o1o T o3
C CITSTONC3
C SUBRCUTIMNE ITST TEST FOR 2 FLATES WITH THE SAME NCRMAL VECTOR. IF CITSTOOC4
C THEY HAVE DIFFERENT NCRMALS THEN THE RQTATIONAL DEGREES CF FREEDCM CITSTQOCS
C ARE RELEASED. CITSTCCCE
C CITST00C?
C CALLED BY: NCRM cITsTo0Ce
C CITSTOO0CS
[dadauadadddddedaddiadedddeddJdddfdddddddtf dd ffd A i A A S A A A of Sl A A A A Ao o § SR s [ B
DIMENSICN M{8) ITSTCOLL
CCHMCN/SYSARY/X{8000), Y{ £000),2(8000) ,N(8000) ITST0012
1,188{8000),IFLAG(B000) ,V (8C00+3) ITS70013

NG 30 MI=],8 1TST0014
[F(M(MI)EC.CIGO TO 30 I7S70015
[FUIFLAGIM(MI)]}.EQ.0)GO 1C 1C 1TST0Q16
IF(IFLAGIMIMI)).EG.L)G0 IC 2¢C ITSTOQ17

30 TO 30 1TSTO018

10 CCNTINUE {TST001S
IFLAGIMIMI)I=] ITsST10020
ViM(MI)s1)=xC I[T570021
VIMIMI e 2)2YC 17510022
ViM(MI)}y3)=ZC 1TsST0023

GC TO 30 ITST0024

20 CLHTINUE 1TST0Q2S
XCIFF=ABS{XC~-V{M{MI],1)}) 1TSTCO2¢
YCIFF=ABSUYC=VIMINTI},2)) 1TST0027
ZOIFFsABST 2C=VIMIMTI],3)) [TST10028
IF(XDIFF ol Te a2 ANDLYDIFFolTae2.ANDL2DIFF.LT L, 2)GC TQ 30 1ITSTC02S
IFLAGIM(MIN =2 ITST0030

30 CCONTINUE ITSTCC21
RETURN 1TS10022

END [TST002?
SUBRCUTINE LCADS(IBILC FX,FY,FZ) LADSO0OC!L
cceececeececccecccocecccccrocccccecccecccccceeccceccecececeececeeccecceceeccecccLansooc
C CLADSQOC3
C SUBRCUTINE LOADS STORES THE LCAC COMMANDS CLADSO0C4
C CLADSQO0QS
C CALLED BY: SEQ2 CLADSOQOCS
C . CLADSQOCY
cceeoecccccecceoccccccccceceecceccecccececececccceccecceeeecceecceccecceccecceLanseoce
CIMENSION IB(6) LADS0O0C9
CCMMCN/LCAC/NL,LCASE(L 001, XF(100),YFIL00)},2F( 100),INC(100,+6) LADSCC1C
NL=NL#1 LADSOD11
XF(NL)=FX LADSQO12
YF(NL)sFY LADS0013
ZFINL)=FZ LADSOOle
LCASE{NL)=LC LADSCC1S

DO 10 I=1y¢ LADSCO16
INOINL, I }=B(]) LADSGO17?

1C CCNTINUE LADSCO13
RETURN LADSOO1S

END LADSCO2ZC
SUBRQUTINE LCADS2{1sJsKyh} LDS20001
[qqangddadagassgdqqadaddddedddddaqdigdedddgddddddesgdddddddgdadoddadsagadii-Fil o
9 cLps2cac?

C Su3ROUTINE LCADSZ APPLIES THE LDADS TO NODE PCINTS CLDS200Cs
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C CLDS20GCS
C CALLEC 8Y: ELTHRE ELTW] CLDS2¢c0Cs
o cLosacac?
ceceecceerccecceecceccccccccccccecccecceccceeccececeeeccecceCeccececcecceeLns200¢s
CO4MON/LCAC/ M. LCASE(LOO 14 XF (100, YF{100),ZFL100),IND(100,6) LDSs2CC(S
COMMON/KNT S/NGDE o I BEAM oL Ty ITHRE,LCAD/LINESe NIN LDs20401C

IFINL JEQ.OIRETURN LDs20011

CC 10 L=leAL LDs2CQ12
[FOLeLToINOUL 1) «ORILGTLINCIL,4))GC TO 1O LDS20012

PFUJ LT INC{L+2) eOReJoGT JINCIL,5))1G0 TQ 1O LDS20014

TFUK LT INCILe3) JCReKGGTLINDKL,6))GD TC 1O LDS20015
FX=XF(L) L0s2001¢
FY=YF(L) LDS20017
FI=IF{L) LDsS20018
WRITE(L392CINSLCASEIL) yFX4FY,F2 LDS20QC1s
LCAD=L0AD+] L0s20020

10 CCNMT INUE LDs200z1
PETURN LDs20022

20 FORMAT(21543F10.4) L0S20023

END L052C024
SUBAGUTINE LCADS3 L0sS300C1
qadadadddaoigdgaidedddddddddq{gdfddd g dd W dddd e dd A ddd d A S f A o A A S S A oA f Mo L% T [+ ]
[« CLOS30003

C SUBKCUTINE LOADS3 PUTS LOAL CARDS IN THE PROPER FCRMAT AND PRINTS (CLDS300C4

C THEM, CLDS300CS
C CLDS3200¢Ce

C CALLED 8Y: CuTPUT CLDS300C7
C CLDS300Ce

ceeeececcecceeccccccceccececcecccereccceccececccececceeccceceeceeecececccccLoss3oocy

COMMCON/SYSARY/X(8000), Y{ EQCO),2(8000) yN(3000) LOS3001¢C

1+ IEB(B000}), IFLAG{8000) 4V {ECCC ) L0S30011

REXIND 13 LDs3co12

0C 4C I=1,23 L0S20012

10 RCAD(13,50,END=30)INCDE JLCoFX 4FY,FZ LDS3C014

IF(LC.NELLIGC TO 20 LDS30015
NCCE3N(NCCE) LDS30016

WRITE(1446CINCOELCoFXoFY,4F2 LDS30017

20 CONTINUE t0s30018

GC TQ 10 LDS30C19

30 CCNTINUE LD0Ss300z20
REwWINC 13 L0s3go21

40 CCNTINUE LBS3002z2

RETURN 10530023

50 FCRMAT(215,3F10.0) LDS3C024

6C FORMAT(215,3F10.0) LDS30025

END LDS3Cc2¢
SUBKQUTINE MAP(NNCOES, JAX1S, ANGA ,ANGSB) MAPCCO )
qaqedddddadgadaqaaaidadddddddgddqddoddddddddddulddoidddddddaddddddodddddddd ol L]
CMAPQOO2

C SUBRCUT[NE MAP PROJECTS A NCDE CNTO A 2-D SURFACE FCR PLCTTING CMAPOOQD4
C CMAPCOOQS
C CALLED BY: [IAPLCT CMAPCCOE
C CMAPQCO7
[gaedddddaddaddqadddiddddddadddddddddddddddddddd i ad ddf Aot S S of A S o of ol of of of o of R o1 XT. WL Lo Lo 3
COMMGON/SYSARY/A(36000) 3(3€60C0) MAPQOCS
CLMMCN/SCALES/FACTOR,ATR AN 4BTRAN,F2 MAPCCLC
C MAPOCL1
C INITIALIZE THE NCOAL INPJUT EUFFER MAPGQQLZ
C MAPQOLZ
CALL ICN4 MAPCC14

SA=SIN(ANGL/57.2958) MAPCCLE
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SB=SIN(ANGB/S7.2958) MAPOO1¢
CA=CCS(ANGA/57.2958) MAPCC17?
CB=CUS{ANGB/57.2958) MAPCOLl8
C2SA=CB*SA MAPCO1S
S3SA=SB®SA MAPCO2C

C MAPQQ21
C  INPUT THE MCDES MAPCC22
c MAPQO023
2C 50 I=1,NNCCES MAPCO24

CALL (ON3(2x,Y,2,18C) MAPQQ2¢

c MAPCO26
C CHECK VERTICAL AxIS MAPCC27
C MAPQO28
IFIIAXISLEC.L)GD TO 10 MAPQGC2¢S
IF{IAXIS.EC.2)G0 TQ 20 MAPCC3C
IFIIAXIS.EQe2)G0 TC 30 MAPQC3 1]

10 BUI)==2%584X2CA MAPQO032
All)==78CBSA=-X®3B8SA+Y®(A MAPOC3?

GC YO 40 MAPCC34

20 3{])==X8S8+Y2CA MAPQOO3S
A([)==XoCESA-Y*5BSA+ZBCA MAPCO36

GL TO 40 MAPQC37

30 3(1)==Y*SR+Z*CA MAPGO38
A{l)==Y®CBSA=2%5B5A+X®(CA MAPCC3S

40 CONTIMNUE MAPQQ4C

50 CCNTINUE MAPCC41]
RETURN MAPQQ42

END MAPQQSL3
SUBRCUTINE MAX{IM,JM,KNM) MA X000 1
ccceeeecccceceeccecececcoccceecececececcccoecececececccecececcecececcecceccccctcecmaxcoo
[ CMA XCQ02
C  SJU3RCUTINE MAX CETERMINES TFE MAXIMUM INDICES USED FCR A PART CMAXCO00 4
[ CMA X0005
C CALLED 8Y: OLEE CMAXCCO¢
C CMAX0007
MadsdadaqadsdguigddudddddadddddddddddddddSddd A e At o of f oA ol of ool of of of ol of of of 1. B Tl of ot
DIMENSION 10(16),40816),kCL1¢€) MA XC00S
CGMMUN/PROP/ MAToNDOTy IC24 1T+ THiN8yN20 MAXOC1C
PEAD(11420)S5,410,J0,K0 MAXOCL1

IM=20 MA XCG12

dM=0 MAXQOOL2

KM=0 MAX0014

CALL COUBLE(IC»JO,KO) MAXCCLS

DC 10 I=l,16 MAXCClé
[M=AMAXO(IM, JABS(ICLI))) MAXCOL17
JH=AMAXQ (UM, 1ABS{I0(1Y ) MA XCO1l €

KM= AMAXO (KM, TABS{KCt1) }} MAXCOL1S

10 CCNTINUE MA XCC2C
RETURN MAXQQ21

20 FURMAT(ALy /¢ 26154/41615,7,1615) MAXCD22
END MA X00213
SUBRCUTINE MAXMIN{X1,X2,22) MXMANCOC1
[adgagaddusdagdddddgsdddddcdddddiddqddddddddddddd i dddd sfdq s dd A d A st olu > S LT1 X
c CMXMNQQC3
C  SUBRCUTINE MAXMIN DETERMINES THE MAXIMUM AND MINIMUM COCRDINATES CMXMNCCC4
C FCR EACH PART OF THE STRUCTLRE. CMXMAQCCS
c CMXMNCCCE
C CALLED By: PEAM ELTHRE ELTWO CMXMAQQCT
C CMXMNOOCS
[HaARsAdddqd i g dddddddddddd A dd qd ddd dd A S d A dd s d o Al d A o o A o d oL ot A o o} T7 T o o

DIMENSIGN Xx(3) MXMAOOQ 10
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CCMMCN/PAR TS/NPARTS ¢ XMAXF (40 ,3), XMINP (40, 3) MXMNCC11

DATA XMAXP /12C%~999.0/ ¢ XPINP/120%99%, 0/ MXMNOOQ 12
X{Ll)=x] MXMNQO12
x{2)=x2 MXMNQO 14
X{31=x3 MXMNCO LS

0C 10 [=1,3 MXMNCC16
XMAXPINPARTS o I 1 sAMAXL( XMAXFINPARTS I) ,X (1)) MXMNQO 17
PRAX{I) LT oXMINPINPART Sy 1) IXMINP(NPARTS, [)=X( ) MXMACC18

10 CCONTINUE MXMNGO 16
RETURN MXMNOO2C

END MXMNOQ ¢ 1
SUBRCUTINE MESHIML ;M2 M3 X ¥ g2y NoIMydM KMyl Xe JXsKX) MESHOOCIL
adaaadddasdddu i dodd gt d A {ddJ dd o d A A H A AR A A A A v A A AR R A A AR A A A AR A AR AA AL L T T L o
C CMESFO0C?
C SUBRQUTINE MESH USES LINEAR INTERPOLATION TO DETERMINE TME LOCATICN CMESHCOC4
C OF A REGICN. THE REGIONS 8 VERTICES MUST HAVE ALREACY BEEN INPUT CMESHOOCS
C B8y SUBZRCUTINE SEQ2. CMESFQQCH
C CMESFQOCT
C CALLED BY: ELTHRE ELTWQ CMESFQOCS
[+ CMESHCCCS
(g daadddqddddddddddddddf A dd S A d o A df AL A A A A A A A A A RS ARA A AR A AR AARA AR AR AL LT LB L]
DIMENSICN X(MLyM2,M3), YUPL M2, M3) g Z{ML,M2,M2) JN{ML,M2,N3) MESHOC1]
X1=X[JMyIM,KNM) MESKCO12

A23X({ I1X9JM,KM) MESHKGO13

A3aX L IMyJdX gK M) ME SHCO 14

XazX{ [MgJdM,KX) MESHROO1S

XS=X{ IX9JdX 9sKM) MESHCC 16
Xo=X[[XeJM KX} MESHOO17
XTaX{IMyJX KX} ME SHOQ 18

X83X( I X9 dX oKX) MESHOOLS

YI=Y({ IMy JM,KNM) MESFOO2ZC
Y2=Y(IX9dMyKN) MESHCOZ1

Y32Y [ [MyJX KM) MESHGQO022

YazY ([My M ,KX) ME SHQQZ2
YSaY(IXyJX KM} MESHCG24

YoaY{ IXyJdM,KX) MESHQO02S
YT3Y(IMedX K X) ME SHCQ 26

YBaY{ IXeJX KX} MESNHOO27
Z1=Z([MyJMKP) MESHCO28
I2=Z(1XyJd¥,KPF) MESHQ02S

13272 (1M X 4KNM) ME SKQ02(C

LaaZ [ MyJM, KX) MESHCO21

I53Z (1K JX 4K M) MESKHC022

2637 (IXyJIMeKX]} MESECC23
ITaZ1IMyJX KX} MESHO0 24

2822 { IXeJX sKX) MESHCO2S
[XIM2] X=IM ME SHCO2¢

JXIME X - IM ME SKC0137

KXKM= K X=ikM ME SHCO 28

DO 60 I=IM,IX MESKOOQ 29
Al=l.0 MESHCO04C
TFLOIXIMINESOIWISFLOATLIX-T )/ (IXIM) MESKOO041

00 50 J=JM,Jx MESKQQ42
Wl=l.0 YE SH0043
IFT{JIXIM)GNELOIWJ=FLDA T yX=J )/ (JIXIM) MES KOO 44
FA=wl*uwJ ME SHC(C 45

00 4C K=KM,KX : MESHOO46
IFIN(L)J9KDAELOIGT TD 4C MESHOQ47
TFU{leEQelIMaCReICEQaIX) e ANCu(JoEQa M, CROJLECLIX) MESHCO4R .

1 AND (Ko EQaKM.CRLKLEQG.KX)ICO TO 40 ME SHCC4S

WK=1,0 ME SHOO £C



IFCIRKXKM Yo RE SO WK=FLOAT( KX~K )/ (KXKM}) MESKCOS1
FianJewK ME SHOO &2

FC=d [*nK MESI00E3
Fl=FA®uK MESHCOS4
FosFB=F1 MESHOOSS
FIsFC-Fl MESKHCOSE
F4aFA-F]l MESHOOST
FS2Fl+uk=FE~-FC MESKCOS58

Fé&aF 1l oWl ~F A=FR ME SHCO%S
F7sFl+wl=FA=FC ME SHO0E&C
FRARFA=w]=h J¢|=F5 MESHOCEL
IFIUIXIM)IEQLCIGC TO 10 MESKCO62
IF{LJIXJIM)LEQLCIGT TO 20 MESFQO0é&3
IF{IKXKMIL EQCIGO TO 30 ME SHQQOE4

X1y JpK)SX1OF 14X 23F2+X3SFI+X4EF 44 XSHF S XOSF 6+ XT*F T+ XBSF8 MESHO0ES
Y{IyJoK)SYISF LY 2SF24YISFIIYLOFLIYSEFSHYEBFL+YTSFT+YBIFQ MESHCCEE

(Il e doK)ZZL ISFLeL2¢F24L38F 4] 4%FL+]54F5+76%F 6¢ ZTHF T+ 1 8%F8 ME SHOQ&7?

GC TO 40 ME SHCOE®

13 CUNTINUE ME SFQOES
X{lodsKieY 1FL4X48F4+X3IREI4XTRFT MESHCOTC
Y(1odsK)aYI®FleYo4sFbheY3®FIaYT2ET MESHCCT1
Z{1vJoKIBZ1SFLoL4%F4+l 388347 18FT7 MESECCT72

GC TC 40 ME SHOO T2

20 CCNTINUE ME SHOO 74
X{1sJrK)BX1SFLOX28F24XE8F6+X 48F4 MESHGCATS
YIToJoK)mYLoFloY28F2¢Y58F LY 4PF4 MESHOO 76

Ly JoK )= LOFL4L2%F 24268 F6+14%F4 MESHCO7?

GC TC 40 MESHCO78

30 CONTINUE MESHOOT9
X{1pJoK)mX1®F1+X2®F24X5«FS4X3%F3 MESHCCEC
Y{IsJdsK)xY1®F14Y2$F 24V S*FS4Y 2%F ] MESHOOEY

LI e eRISIISFLIeZ2¢F24L53F54229F ] MESHCO 82

4C CCUNTINUE ME SHOQ 82

50 COMTINUE ME SHO0 84

60 CCMTINUE MESHCOES
RETURN ME SHCCEE

£ND MESHOOE?
SUBRCUTINE MICSID(IB,sIXe IYa12) “psSDoacl
cceeeeeeeececcccceccecececccecceccccceccececceceececceecccceccccceeccccccccccccecMosocace
c CMDSD00C3
C  SUBFNUTINE MICSID STORES CCMMANCS FCR ELIMINATION CF MIDSIDE NODES CMDSDCOC4
C cMDSD0CCS
¢ CALLED B8Y: SEQ2 cMDsocace
[+ cMpscooc?
ceeeeeecececeeccececcceeeeccceccecccecceecececcecceeccececececccccececcccecccccccceMpscoocs
DIMEMSION IB(6) MDSDCOCY
COMMCN/MIO/NMID,MIDAIL1GCD &), MIDCI100,3) MDSDCOIC
NMICaNMIDe] MDSDCO11

DC 10 I=1,6 MDSDCO12
MIDA(NMID, [)=IB(I]) MOS0C001L2

10 CONTINUE MDSDGO 14
MIDCI{NMIC, 1}=IX MpsSCRQO15
MIDCINMID,2) 3y MDSDCC 16
MIOCINMID, 2)=]12 MDSDOG 17
RETUKN MDSDCC 18

ZND MDSOCA 1S
SUSRCUTINE MIDST2{14JsKy¥FLAG,X0,Y0,ZC) MDS200C1
ceceeegeecceeeceecccceccecececcecceecececceeccececeecccccecceocceccccccccceccemnszoaca
C €MDS200C2

€ SUIRCUTINE MICSI2 DETERMINES IF A MIDSINE NNDE IS YO 3€ CELETED CMDS2CCC4
C CHMDS200CS
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C
9

CALLEC 8y: ELTHRE ELTWO

CMDS2C0C6
CMDSs200C7

Saaadaaadaeaigaqdddddsdddddddddd g didddddddddddddddddded d d dod s f A f AR A A AL HORP LTI

10

CCMMON/MIO/NF IDyMIDA(10046), PIDC(100,3)
IF{NMID.ES.OIRETURN

00 1C L=1,AMID
IF{I.LT.MIDAL{Ls1) ORI &GYaMICAIL,4))GC TO 10
TFEJeLToMICAIL)2)eCReJGILMILAIL,5))GC TO 10
IFIKaLTOMICAILI3).CR.KGT4MICALL,6)IGD TC 1O
IELMICCIL L) eEQel eANDG XO «NELCLOIMFLAG=]
[F(MIDCILy2) eEQeleANDs YC cNEeCed) MFLAGSL
TF{MIDC{Ly2) oEQel sANDS 20 NELC.OIMFLAG=]
CCNTINUE

RETURN

END

SUBROUTINE MCVE(M1,M24M3 94X Y 2o NUMyT1 »dl oK1l s12,J2,K2)

MDS2CCCS
MDS20010
MDS20011
MDS20012
MDs2CQ13
MDS2C0 14
MDS20015
MDS20016
MDS20Q017
Mpsacotg
MDS2CO0 1S
MDS2C02C
MQVECOC!L

[qqddaadasudddgaadasssaddddddddddddddddddddaddd e s ddof o dof £ o of of f A L A of o f of of, 18 1] Lo oF o5

TOVOO OO0

laXaXal

SUBKCUTINE MCVE ADDS A VECY(R.TC NOCE POINTS ACCORDING TG THE ARC

CATA.

CALLEC BY: ELTFRE ELTWO

CMOVEOQC3
CMOVEQOC4
CMOVECOQ(S
CMOVEOQOCS
CMOVEQQCT
CMOVEQOCS

[qaddaadqddddadgdddidddddddddddd g dqd dod oot dddddfddd A s A od ol d dof A S F of ody1s V] LT T o1

1

JIMENSION X(NLyM24M3) o Y{PL,M2,M3)42{M1,M2,M3),1B1(6)

s NUM(ML,42,03)

CCMMON/VECFNC/NFN, IFNL10C) 1 APLY (100,6) ,COEF(100,5)

IFIMFNL.EC. C)RETURN ’

0C 80 Is1,AFA

DC 10 KX=},¢

IBIK)I=1APLY( I,K)

CCNTINUE
IF(IBL1)eMEa11.ANDIB( 1) NE.12)G0O TO 80
EF(18(4) MNELI1.ANDIB(4) NELI2IGC TO 80
IFCIB(2) «MNEaJ1.ANDIB( 2) «NE.J2)GC TO 80
[F{I8(5) NEeJLLAND.IB(S) NELJ2)GC TO 80
IFUIB(3) JNECKLLANDLIB(3) JNELX2)GC TO 80
[F{IBL6) NELK1.ANDLIB{6) NE.K2)GO TO 80
[FIIB(4) NELIBIL))J=L

IF(IB{S) NELIBL2))J=2
TF{IB{6)NELIBL3))JI=3

[2r1=12-11

J2J1=42~41

K2Kl=K2-K]

D2 7C L=I1,12

DC 60 M=J1,J2

0G 50 N=K1l,K2

IF(NUMIL,M,N)NELGIGD TO SC

OETERMINE SCALE FACTGRS

[FJ.EQe 1) T=FLCAT(L-11) /(121 1)
IF{JEQ.2) T=FLOAT {M=~JL1 )/ (JEJ 1)

[FIJLEQe3) T=FLOATIN-KL)/ (K2K1)
[F{TeEQ404C4CRWTLEQalaD)ICC TC 50

Al=1.0

wd=1.0

wK=1.0

[E{{I2IL ) NELOIWI=1,0-ABS(FLCATIL=-IBI1))/(1211))
[FI{J221)aNELCIWI=1o0-ABS{FLCAT(M=18(2))/(J241))
TFUIRN2KL ) o NE oI WK= 1 0=A8 S(FLCATIN=IB{3)) /(K2 1})

MOVEQO10
MOVECO11l
MOVEQQ12
MOVEQO 13
MOVECQ1l4
MOVEQO 1S5
MOVEQO16
MOVEOO 17
MOVEOQO18
MOVECO1S
MOVEOOQ 20
MOVEQQ21
MOVEQQ22
MOVEQO23
MOVECQ24
MOVEQOD2S
MOVEQOZ6
MOVEQO027
MOVECO028
MOVEQD2S
MOVEOQQ3C
MOVECO21
MOVEQCO22
MOVECC23
MOVEQO 24
MOVECOQ3S
MOVEOQ 26
MOVEC327
MOVECQ2E
MOVEQOO29
MOVECQ40
MOVEQQ4l
MOVECO42
MOVEQQ42
MOVEQQC4s
MOVECC4S
MOVEQQ 4¢
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[F{JaEC1)I=1,0
[F{J.EQe2)nd=1,0
IF{J4EC3)NK=1,0
IF(WIl.EQe0.0)G0 TO 710
IF{WJEQ.C.0)G0 TO 60
[F(4K.EQ.0.01G0 TQ SO
IFITLEQ.TDIGC TO 40
IFIIFNTI).EQ.L1)GO TO 20
IFLIFNGT).EQ.2YG0 T0 30
20 CCNTINUE

VECTORS DEFINE 4 PARABOLA

la¥elal

T2sT~T*T
XV=CLEF(I,1)9T72
YV=CCEF(1,2) %72
ZV=CCEF( I, 21072
GC TQ 40

3G CONTINUE

VECTCRS OEFINE A CIRCULAR AFC

[aNa¥al

R=COEF(144)
K23k *R
xM4=CCEF(1,5)/2.0
XS=CCEFL1,5)2(T-0.5)
YSaSCRT{=XS*XS+R2)=SQRT( ~XMexM4R 2}
XVaCCCFlls1)8YS
YV3CCEF({1,2)2YS
LV=CCEFULI,y200YS
GG TC 49

40 CCNTINUE

ADD VECTORS TC NODES

e NaNal

FiWw[®a)owK
XP=XVyRF
YPaYVSF
PaZveF
X{LoMyN}sX{L M,N)+XP
Y{LoMyNIsY (L M,N)sYP
Z{LeMsN =2 {L 4MyN}+ 2P
T0=T
50 CCNTIMUE
60 CONTINUE
70 CONTINUE
TU=0.0
80 CCHNTINUE
FETURN
tND
SUBROUTINE NCRM(M)

MOVECC4T
MOVEQQ 48
MDVECQ4S
MOVEQQEC
MOVECOS!
MOVECCE2
MOVEQQS?
MOVECQOS4
MOQVEQQCSS
MOVEQO 56
MOVECCET
MOVEQOSE
MOVEQOSS
MOVEQOEQ
MOVEQQ&L
MOVEQOE2
MOVEQOE3
MOVEQOE4
MOVEQOQE€S
MOVEQOQ €€
MOVEQCET
MOVEQOQ &8
MOVEQOES
MOVEQOTC
MOVECQO 71
MOVEQQ72
MOVEQQ13
MOVECO 14
MOVECO 75
MOVECO 78
MOVEQD 77
MCVECQ78
MOVECQ7S
MoveECCEQ
MOVECCEL
MOVEQQ 82
MOVECCE?2
MOVEQOEa
MOVEQQES
MOVEGCES
MOVEQCET
MOVECCE®
MOVEQQES
MOVECOSQO
MOVEQOS1
MOVEQOS?Z
MOVECCS2]
MOVEQQSS
MOVECQSE
MOVEQQOS6
NORMOOCIL

CCCLLCCeLeeeeerreceercloceeeCecceeCeteiecelcteceCeeeCCCeeeCCCllCCCCCONORMNNC2

SUBRCUTINE NCFM CETERMINES THE NORMAL VECTCOR TC A SURFACE

C

c

o

C

C CALLED BY: Er2c

C

C CALLS SUHBROUTINES: [ITSY
C
C

CNORMOOC3
CNORMCCC4
CNORMOOCS
CNORMOOCE
CNORMCOC?
CNORNMOO (3
CNORMCCCS

[daddaddddagddgdgdaddddddsqddd s daddddddddidddddegdddasddddddd dddddad oo 1L 1L B o

CCHAMCMN/SYSARY/X(3000),Y( ECCO1,218000),N(8000}

NCR™0Q11
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1,183(800C),IFLAG(B000) ,V(8COC,3)

OIMENSIUN M{B)

I1=M(1)

12=M1(2}

[3=M(3)

AC={Y (I3 =Y O LI ®(Z0T2)=~20 11 )= (Y (L2)=Y (L)) *(2C 1) =2(11))
YOUXEI2)=X0ILI )t Z I3 0=20 1 M) =X (E3) =X (1) )®(Z(12)=-2(11))
ZE={XUI3)I=X{ I ) * Y CI2)= YOI =X (T2 =X (LL) )™ (Y (2)=Y (1))}

DaSQRT (XCE*XCHYCEYC+ICs2C )
IF(DaLT40e.COCCL)RETURN
XC=XC/D
YC=YC/D
IC=1C/0D
IF(XC.EQ.0.0)G0 TO 10
IF{XC.GT.0.0)G0 TQ 30
XCz=XxC
YCz-YC
ZC==-1C
GO TC 130

10 [F(YC.EQ.0.0)G0 TC 20
[F(YC.GT.C.0ICO TC 30
YC==YC
IC==2C
60 TC 30

20 IC=ABS(ZC)

30 CCONTINUE
CALL ITSTUMyXC,yYC,2C)
RETURN
END
SUBRGUTINE CUTPUT(IQUT ,T(LER?

NCRMOO 12
NOR’NMOO 13
NORMQO 14
NORMOO1S
NCRMOO 16
NORMQO17
NORMGO 18
NCRMOQ 19
NGRNMOO2C
NORMQOZ1
NORMOO 22
NORMCC22
NORMOOQ 24
NORMCO25
NORMQQ26
NGRMOO 27
NORMQCZE
NORMOQ 29
NORMQO 30
NORMCOZ21
NORMCO22
NORNMCE 223
NORMOO 24
NORMQOQ 25
NORMOO 2¢
NORMQQ 27
NORNMCC28
NORMOO 29
NORMQO4C
oTPYOAC]

Rasaa g g ¢ Al ol o o o o of d A A o { A LA A A S A A A A A A LA A A A A AL S A A AL A Ao} SR TP
C

THE PROPER CQUTPUT FCRMATS,
CALLED B8Y: MaIN

C
c
C
C
C
C CALLS SUBPRCUT INES: 8(CS3 BCUTL] BcuT?2 ELID EL20
c FAe ICN3 10N
C
C
DIYENSION IB(&),1B2(6) ,TEA(S) ) XMAXLD) ¢XMINE3) ,OLF(3),
LIF{1C0),1F2(100),18D(6)
COMMCN/SYSARY/X{8000), Yl 8GC0O),2(8000) N{8OOO)
1,I82(8000),IFLAG(8000) v (BCOC,3}
COMMCN/KNTS/MCOECT o1BEAN , ITwCy ITHRE ,LCAD, LINES,MIN

SUBROUTINES CLTPUT COMPLETES FRCCESSING THE MESH ANC CETERMINES

EL3D

CCMMON/JUNK/LCOF » 1AXT MOVIE, IEL, 1E2,1E3,NPLOT,TITLE(20),1CUT2

CCMMEN/PARTS /NPARTS o XMAXF{40,3), XMINP (40,3)

DATA ISD/2HOX,2HOY 2HDZy ihPX y2HRY 42HR 2/ o YES/LHY / y NBLANK/2K 7

bg 20 I=1,¢80c0
N(I)=C
[88(1)=a0
2C 10 J=1,3

10 vII,J)=0.0

20 CONTINUE
30 30 I=1,10C
IF(1)=0
IF2(1)1=0

30 CCNTINVE
ICUT=[{CuUT2
CIFvaXx=0.0

COTPTCOC2
COTPTCOCHY
COTPTOOCS
COTPTCOCS
CoTPYCOCT
CCTPTOOCA
coTPTOOCS
CorPTOCIC
CCTPTOO1L

adaaddddaigadddadddddddddd g ddd g ddo d A A A A A A d A A A A AR AR A A A A A A A A AR A3 R 1 RO

QTPTO012
OTPTCC14
CTPTC0O15
oYPTOQQl6
OTPTOO17
aTPTOO1LE
OTPTCCLS
gTPT0020
CTPT00Z1L
CTPTQ0Z2
0TPY0023
avPTICCZ24
CTPYOO2S
OTPY0026
CTPYO027
CTPTCO28
GTPTCO29
oTPTCO2C
CTYPTCOZ=1
oTPTCO22
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[aXaN el

L)

690

73

39

90

100

30 4C I=1,2

XMAX{])==569 .0

XMIN([)=999.0

NG 50 [=1,APARTS

00 50 J=l,2
XMAX(JI=AMAXL(XMAX(J) e XMAXPL I,4))
XMINCJI=AMINIOXMINGS) o XMINA( 1,40
CCONTINUE

0C 40 I=1,3
DIF(I)=XMAX{T)=XMENI])
DIFMAX=AMAXLIDIFMAX,DIF( 1))

00 70 I=]1,3

DIF(I)=0IF([1/100.0
[FIOIFMAXLEQ.OIF(L[)INDIR=]

CALL ICN4

JC 80 I=1,MNOCECT

CALL ICN3(XM,YM, IM,18BM)

X{l[y=xwm

YU{I)=YM

Zt=2m

[BB(1)=1BEM®]

CALL FNO(XMyYMoIMyXMAX 4 X¥IN,CIF,NDIR,NPCS)
IF2INPCS)= IF2(NPCS)+1

CCNT INUE

nr 3¢ I[=2,100
IF2(I)=1F2(1)+IF2(1-1)
[F{L)=[F2(1=11}+}

0C 107 I=1,NCOECT

XM=X(])

yvMsY ([}

IM=2L1)

CALL FNO (XM YMy IM, XMAX ¢ XPMIN, CIF, NDIR4NPCOS)
IFLAG(IFINPOS) 1=
IFINPCS)=[F{NPOS )+

CONTINUE

TCLERENCE NCODES

110

N{l)=1]

CCNTINUE

MCDE=2

N0 150 MAX=2,NODECT
N{vAX)=NCDE

Ml=MAX

CALL BCS3(1IB,M1,1)

XM= X{MAX)

YM=Y(MAX)

IM=T (MAX)

CALL FN& (XMgYMyIMy XMAX o XPIN, CIF,NOIR,NPCS)
IBEG=1

IEND=NCDECT
IFINPCS.GT .21 IBEG=IF2(NP(S-2)+1
IF(NPOSLT .9SIIEND=IF2(NFCE+ 1)
DC 139 (I=IBEG,IEND
I=[FLAGIIT)

IF{TI.GE.MAX)CC TO 130
XCIF=ABS(X{])=-xM}

IF(XCIF.GE STCLER}GO T 112¢C
YOIF=AES (Y (I)=YM)
TF(YCIF.GE.TCLERIGO T3 120
IOTF=A83(Z({1)=IM)

129

oTPvCO22
QTPTO024
oTPTCC2S
CTPTCO26
oTPTCO27
aTPTICO28
OTPT0029
OTPTCO4C
0TPTQO4!L
OTPTCC42
OTPTO042
QTPT0044
CTPTCC4S
0TPT0Q46
OTPTC047
OTPT0048
QTPT0Q49
CTPTCOCO
CTPTCOS1
QTPTCO0ES2
QrPTQO0%?
OTPTO0S4
OTPTQOSS
QTPTOOSE
OTPTCCET
oTPTCOSR
nTPICOSS
OTPTO0CO
CTPTCOEL
OTPT00€2
QTPTCOE?
QTPTOCES
QTPTQ0ES
OTPTCCO86
OTPTO0&7?
CTPTOOE8
CTPTCCES
QTPTCOTC
oTPTCOTL
oTPTCO072
QTPT0073
OTPTCO T4
QTPTQO0TS
OTPTCQTE
eTPYOO77
oTPYCO7E
CTPTCCTS
oTPTO00RC
OTPTOCEL
QTPTYCCE2
cTPT0082
QTPYICCE4
CTPTQ0ES
CTPTCCES
CTPTCOET
oTPTCCOES
OTPTCCES
oTPTCOSC
CTPTCCSI
CTPTCOSG2
cTPTICCS2



OO oo

[a¥akal

120

120
140

150

160

170

IF(ZDIF.GE.TCLERIGO TO t:3C
NIMAXY=N(])
NODE=NCOE-1
CALL 8CS3118241+1)
DO 120 Jd=1,6
182(J)1=MAXC(IB2(J)«IBL )}
CCNT INUE
CALL 8CS3(182,1,0)
SQ TC 140
CCNTINUE
CCNTINUE
NCDE=NODE+1
CONTINUE
NDELaMAX-NCCE
HRITE(Ss 24CINDEL, TOLER
READ(S,2501CM0
IF{CMDJNELYESIGD TQ 16C
WRITE(S5,26C)
READ(S &) TCLER
GG 10 11C
CONTINUE
DG 170 I=1,8CC0
[FLAG(I)=0

PRGCESS ELEMENT DATA

CHECK BOUNDARY CONDITIONS FCR PLATES

i8¢0

CUTPUT NCOES ANC BOUNDARY CCANCITIONS

193

IFIIBEAMJNELO)CALL ELLOL JCLT ZNEL2)
IF(ITWOWNELOICALL EL2D([CLT,AEL2)
IFUITHREMNELCICALL ELIOC ICLT ,NEL2)

ILASTaMAX~1

CALL BCUTL(ILAST)
CCNT INUE
1LAST=0

IFLICUT.EQ.3IWRITE(LL, 28C)
IF{IOUT.EQ.3WRITE(15,290)

MAXL=MAX=-]

DG 230 I=l,MaX1
IFINIIILLELILASTIGO TO 220
ILAST=ILAST+1

1=l

CALL 2CS2{IB,I1,1L)

NCGNST=0

NZERO=(

18G=0

DC 1%C J=1,6

IF(IB{J) cECLCINZERO=NZERC+1
[BA{J)=NBLANK
IF(IB(J)<ECa2)1B(J1=0
[F(IB8(J}.ECa3}IBIU}=]
TRF{IDIJY SECLLINCONST2ANCOAST]
CWTINUE

[FIIQUT.NEL2)GO TO 200
IF(IB(1).EQa1)IBALL)=1BD (1)
IF(1R(2).EC.1)IBA(2)21BD(2)
TFLIB(3).EC.1}1BA(3)=18D(3)

CTPT00S4
OTPTCCSS
OTPTCOSE
OTPT00S?
DTPYCCSE
QTPYICCS9
oTPTCLCC
QrPYOLC]
oTPTOLC2
OTPTIC1C3
CTPTO104
OTPTO1CS
OTPYOL1CE
oTPTOL1CY
oTPTCLlCE
OTPYOL1CS
orPT0L 10
0OTPTOL111
oTPTCLl12
QTPTOL13
OTPTOLl 14
OTPTOL15
QTPTC116
oTPTOLLT
oTPT0118
oTPTICLIS
0TPTO120
oTPTO121
0TPT0122
orePTO123
OTPTIC1Z4
orpPTO12S
CTPTYOL 26
oTPYOL27
oTPTO128
oTPTO0129
oTPTC120
OTPTC1:Z1
orpPTCL22
oTPTOL123
oTPT0124
arpPTOL13S
CTPTC125
OoTPTOL127
oTPT0l28
oTPTIC12S
CTPTC1 40
GTPTOLl 41
QTPTOL42
CTPTQ143
OTPTCLlas
ST PTCL145
CTPTCl4¢
OTPTO147
QYPTCL48
CTPTOL14S
gTPTOLEC
OTPTICLEL
aTPYCLE2
CTPTC1E3
CTPTCLE4
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IF(IB(4).EC.1)IBA(4)=IBD(4) oTPTOLSS
[FIIB(5)EC.1)IBA(S)=1BD(S) QTPTOLSS
[F{IB(6).ECL.1)IBA(G)=IBD(6) CTPTO1S7

200 IF(ICUTLNEL3)G0 TO 220 OTPYCLER
00 210 J=l1,6 CTPTO1%9
[FIIAXTLEC +1 «ANDWJ.EQ.H)CC TC 210 OTPTOLEC
TFUI8(J)NELCIIBQ=10%1BQ+y CTPTCLEL

210 CONT INVE aTPT01 €2
220 CCONTINUE OTPTOLE2
TFOTOUT.ECCLIWRITE(LL,34C) TLAST, 1B+ X{ 1) ,Y{I},211) OTPTO144
TFIMCVIE.EC. LIWRITE(21 93200 ILAST X (T),¥Y (L) 201} OTPTC1ES
[F(ICUT.EQe2)WRITE(LL, 32C)ILAST , XUI)yY(T1),oZ(I) QTPYO01L€6
[TF{ICUTCEC3 IWRITE(LL, 32CHILAST o X( 1) Y(I)o2(1) OTPTOL167
[F(XGUT.EQ.Z.AND.NZERO.LY.é.ANO.hCUNST.GT.O)HRITE(15v330)lLAST.lBAUTPYOléE
[FUICUTeEQa3.AND IBQNELCIWRITE(15,300) [LAST, IBC CTPTCLES
TF(ICUTEQe2AMDNIERDSECEIWRITE(15+310) ILAST QTPTICLIC

230 CGONTINUE oTPTOL71

C oTPYICLT2
C CUTPUT BCUNDARY ELEMENTS CTPT0172
C OTPTOL 74
IF{LOCF.NELL)CALL BOUT2( ILEST,IOUT) QTPTICLIS
1ZERC=0 OTPTOL176
IF(LOOFLEQ .l INRITE(6,350 JILAST, [ ZERD oTPTCLT?

[ CTPYO178
Z QUTPUT LCAD CaATA 0TPTQ179
C QTPTOLEC
CALL LCADS3 arerclréel

sTCP oTPTOL182

240 FORMATI(3H < »15436H NODES WERE DELETED BY TCLERENCING >,7, oTPTO182
114 < TOLER = (F9.4,40H WCULD YOU LIKE TO TRY ANCTHER VALUE? > CTPT3184

2,8) OTPTOLES

250 FORMAT (A L) 0TPT01¢86
260 FCRMAT(30K < INPUT NEW VZLLE FOR TOLER D>,$) oTPICLEY
270 FCRMAT(5X4&15,3F10.01} aTPTOLE8
280 FORMAT{SENCDESs/ s LTHNIDE LAUMEER X ¥ Z) QTPTOL8S
290 FORMAT(IORRESTRAINTS,/,2lFNCOE.NUMBER GIRECTION) QTPTO1SC
300 FORMAT(1S,2X,16) aTPTC01SL
310 FORMAT{IS,10X,7THFIX NM) QTPYOLS2
320 FORMAT(110,3F10.4) QTPTC192
330 FCRMAT(IS5,10X¢5HFIX ,642) QTP TC1S4
34C FCRMAT(715,3F10.4) OTPTO1SS
350 FCRMAT(1&H NUMBER OF N1DESe/,21H AFTER TOLERENCING = ,15, OTPTCLSE
1/,31H NUMBER CF BOUNDARY ELEMENTS = ,IS) oreTOLCST

END QTPTCLS8
SUBRCUTINE PARABO(XL Y1921 9X2eY2422,X34Y3,23,1(8) PRBCOOCI
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEPRSSOO%&
o PREECCC?2
C SUBRCUTINE PARABC STCRES CLMMANDS FOR MOVING NCDES TC FIT A PARABCLACPRECOOCS
c CPRBCOOCS
C CALLED BY: CIRCL2 S$SEQ2 CPRBCOOCE
C cpPrRE8COOQ?
e aderdadadddedddddddoddd oo §d I o Jd A A A S AL o KA A AT A A AL AR A A A A AAARA ALY L T
DIMENSIONM 1B(6) PRBCOOCS
CMMON/VECFNC/NFNy IFNU10C) o L APLY (100, 6),COEF( 100, 5) pRBCOOIC
NEN=NFMN$ L PRBCOO1L
IFNINFN) =1 PRBCOO12

0C 10 I=1,6 PRBCCC12

TAPLY (NFN, I)=1BL]) PR8CCO 14

10 CONTINUE PRBCOO1S
CIOEF(NFM 41 )= 42X 2=2%X]=2% )2 PRBLGO 16

CTEF(NFN,2)=43%Y2-2%Y]1-22Y3 PRRCCC1?

131
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CCEFINFNy3 Jm4222-2271-2%72
RETURN

ENG

SUBRLUTINE PART

132

PRBCCO18
PRBCCO1S
PRBCCOZO
PARTOQC!

aaaeasadadgddqddddddd=A g dddddddddd o d o ] f df ] A A S S A KA S A A A A A A A A L] B LT T

SUBRCUT INE PART CETERMINES whICH PARTS OF THE STRUCTLRE ARE TC BE
PLOTTED.

CALLEC B8Y: IANPLCT

CPARTQOC?
CPARTQOCS
CPARTCOCS
CPARTCOCS
CPARTOOCY
CPARTOO(CH

[agddadnddaddadddddidddoaddd gt o dfddddddddf dd d A Jd o R A AN A A A A A S A A A A AT B LT

OIMENSION IPTS5(40)
CCMMCN/PARTSZ2/PRTLST(40)
00 10 I=1,40
PRTLST(I)=1.¢C

10 CCONTINUE

INPUT NUMBER CF PARTS TO BE PLCTTED

WRITE(S5,40)
QEAD(S,*INPTS
IFINPTS.ECLOIRETURN

[NPUT PARTS

WRITE(5,50)
READUS *)L IPTS{1),I=1,NP1S)
DC 20 I=1,40
PRTLST(I)=0.C
20 CONTIANUE
00 30 I=1,ANPTS
PRILST(IPTS{INI=L,O
3C CCNTINUE
RETURN
4Q FCAMAT{34H < NUMBER OF P(RTS TO BE PLCTTED >, $)
50 FORMATI15H < LIST PARTS 3,%)
END
SUBRCUTINE PLCTIX,Y,IPEN)

SUBRPCUT INE PLCT IS SIMILAR 1C THE CALCOMP ROUTINE PLLT. A VECTOR IS§
ORAWN TG POINT X,¥ WITH [PEM=3 FOR PEN UP AND IPEN=2 FOR PEN DOWN.
CALLED B8Y: IANPLCT

CALLS TCS RCUTINES: DRWABS MCvaBS

PARTOQ IC
PARTOC11
PARTOO12
PARTQO12
PARTQQ L4
PARTCO1S
PARTCO1E
PARTOOQ17
PARTQO18
PARTCO19
PART0020
PARTCOZ!
PARTQOZ2
PART0023
PARTC024
PARTO025
PARTCCZ6
PARTCO27
PARTCO28
PARTOQ 29
PARTCO2C
PARTCO 2]
PART0OO022
PARPTCG22
PARTO024
PARTCO2S
PLCOTOOCQL
CPLOTOOC2
CPLQOTCOC2
CPLCTOCCA
CPLOTCOCS
CPLCTOOCE
CPLCTCCCT
CPLOTOOC8
CPLOTOOCS
cPLOTCOLC

dadddadadagadasgdddvgaddaddgdddddd g ddidfdddddddddddddd A dd ddd s d S A A L s A A TWs R (] B Y

COMMOCN/SCALES/FACTORCATRZN +BTRAN,F2

X0=( X-BTRAN)/FACTOR®F2+512.0
YC2{Y=-ATRAN)/FACTOR®F2 384 .0

IX={FIX(XC}

[ys[FIX({YC)

IFUIPENSECL,2)CALL DRWABS (IX, 1Y)

IFLIPENGECL3ICALL MOVA3S(IX, 1Y)

RETURN

END

SUSRCUTINE PLOTMK( [MyJMy KMy IXpJX oKX NDyML,M2, M3, N)

PLOTCC12
PLCTCO13
PLCTCC 14
PLCTOO1S
PLOTOO0 16
PLCTCCLY?
PLOTCO1E
PLOTCCIS
PLLCTO020
PLTNMOQC]

qaedadaaangadaddddgddadddddedd ddddddddddddaddddndd ddddddadddd A d At deded o of 10 £ TN o

C

CPLTMCOC3




SUBRCUTINE PLCTMK QUTPUTS THE L INES IN A REGICN WHICF ARE TO BE

PLOTTED.

CALLEC 8Y: ELTHRE ELTWO

CALLS SUBPCUTINES: [QPL

INCRaNC+])

IF(IM.EQ.IX)IGC TQ SO

[Fs1X-1
OC 40 K=KM.XKXsINCR
00 30 J=JMyJXx,INCR
00 20 I=IM,[F,INCR
NL=N(T,d oK)
N2=0
MN3aN{ [+l sdeK)
IFIND.EQ.0)GC TO 10
M2=N3
N3=N(1+42,d4K)
10 CALL ICP1INL4N2+NI)
20 CUNTINUE
30 CCNTINUE
40 CCNTINUE
50 COCNTINUE

IFtJM.EQ.JX)GC TO 100

JF=JX~-1
00 90 K=KMKX,INCR
JC 80 [=IM,IX,INCR
DO TC J=uMyJF,INCR
N1=N{ 149K
N2=)
N3=N{ [ J+1l4K)
IFIND.EQ.CIGC TO 60
M2EM3
N3aN(],J+2,K)

60 CALL TGPLIN1,N2,N3)

70 CONTINUE

80 CCNTINUE

S0 CCNTINUE

100 CONTINUE
IFIKM,ECQ.KX) FETUPN
KF=zKX=1
NC 140 I=TwMeIX, INCR
VO 130 J=JMyJXyINCR
DO 120 X=KM,KF, INCR
N1aN(T4Jd,K)
N220
N3aN( [ JsK¢l)

IF(NC.EQ.0)GC TO 110

N2=N3
133Nl Led K e2)
113 CALL IGPL(NLsN24N3}
120 CONTINUE
130 CCNLTINLE
140 CCONTINUE
PETUYRN
°NO

133

CPLTNM0OCS
CPLTMOOCS
CPLTMCCCE
CPLTMCOCT?
CPLTMCC(AR
CPLTMCCCS
CPLT™M0Q 10

cccecseecccccceceeccccceccecccceccccccecccceecececeecccccceccccccceccccccccrPLTveet
OIMENSICN NIML,M2,M3)
COMMCON/ JUMK/LCOF , TAX Ty MOVIE, IEL, IE2. TE3,NPLOT, TITLE(2CY, I0UT2
IFINPLCT LEC. CIRETURN

PLTMOOI12
PLTMCC12
PLTMCO14
PLTMOOLS
PLTMOO16
PLTMOOL7?
PLTMCC1E
PLTM0019
PLTMO02C
PLTNMGQOQZI
PLTNQO22
PLT¥C022
PLTM0Q 24
PLTMCC2S
PLTMOQ 28
PLTMOC27
PLTNCCZE
PLTMOOQ2S
PLTMCO2C
PLTMQO21
PLTN™CO32
PLTMCQC22
PLTNMCC24
PLTMOC2E
PLTNCC2G
PLTMCCAT
PLTMCO 22
PLTMQC2S
PLTMGOAC
PLTMQ0O41
PLTM0042
PLTMOG42
PLTM0O044
PLTNCO4E
PLTMO00 46
PLTMCQ4T
PLTMCQ4E
PLTMO049
PLTMCOSC
PLTMGCEL
PLTMO0C2
PLTMCCE3
PLTMOQS4
PLTMCCES
PLTNOQSS
PLTMCOS?
pPLTNMOCSE
PLTMOOES
PLTNCOEQ
PLTM00&1
PLTMCOE2
PLTMOOE?
PLTN¥QOE4



SUBROUTINE PLOTSINA,NB,NC)

134

PLTSOO0C!
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SUSKCUTINE PLCTS INITIALIZES TCS PLCTTIMG POUTINES

c

C

c

C  CALLED 3Y: INPLOT

C

C CALLS TCS RCUTINES: INITT 1SENC
c
C

CPLTSOOC3
CPLTSO0OCa
CPLTSGOCS
CPLTSCOCE
CPLTSCCCT
CPLTSO0CS
CPLTSOGCY

[qaandadddadandddqaaidddddddd 2 JdJ(Iddddddd o ddd df A f s A A A4 A A A A d A AR A XA AAR IR BT LB RS

CALL INITT(3C)

CALL TSEMD

KETUPRN

END

SUSBRCUTINE SCALE(IAXIS,AMCA,ANGB)

o
[
c
C
C CALLED 8Y: INFLCT
C
C
COMMCN/SCALES/FACTQRyATRAN 4B TRANF2
CCMMCN/PARTS/NPARTS g XMAXF (40 43)  XMINP (40,3)
CCHMMGN/PARTS2/PRTLSTI40)
DIMENSION VECE3) vXMAX{3) 4XMIN(3)
UATA F2/1.C/
SLM1=0 .0
DO 10 I=1,1
XMAX([)==9%9.0
X4IN{1)=€9G,C
1C CCMNTINUE

CETERMINES THE LIMITS CF THE FARTS TO BE PLOTTED

[2XaKal

Le 20 I=1,2
DG 20 J=l,NPARTS
IF(PRTLSTIJ) EQ.0.01G0 TC 20
XMAX(T)=AMAXL(XMAX(T), XMAXFUS,1))
XAIN(LI=AMINT(XMIN(T Yy XM INP(J,1 D)
20 CCMTINUE
0C 30 I=1,3
VEC{I}sxmax{1)=-XMIN{I)
SUY=SUMeVECI T)*VECIT)
33 CCNTINUE
FACTCR=SCRT{SUM) /850,0
KM= { xMAX(1)#XMIN(1))/2,.0
YMa(XMAX(2)+XMINL2))/2.0
IM=( XMAX(3)+XMIN(3)) /2.0

JETERMINE THE SIZE CF THE PLCT (N THE TERMINAL

[aXaXal

SA=SIN{AMNGA/57.26958)
S8=2SINIANGE/S57.2958)
CA=CCS(ANGA/57.2958)
CB3=CCS(ANGE/5T7.2558)
C23A=CB*SA

S8SA=5B®SA
[FOTARISLEQ.1IGO TQ 40
TF{I AX1S.EC.2)50 T 59
[F{IAXIS.EQC.3)GC TC 60

SUBRCUTIME SCALE DETERMINES THE SCALE FACTCRS FOR A FLCT

PLTSCO11
PLTSOO1L2
PLTSCO1?2
PLTSCC14
SCLECOC!

Fadadadddnddqadagdssdddddididdddddddddd dd dd o d o d dd A A A A A A A A A At of f AL A A R SR A W0 L L]

CSCLEQQCI
CSCLECOC4
CSCLECQ(S
CSCLECOCE
CSCLEQOC?

[ daadd A A ddadndd ddd] dfol { A o dd Ad A A A A o H A AR A A A AR A A A A A A A A A AT AR L S

SCLECCCY
SCLECOIC
SCLEOOI1L
SCLEQO12
SCLEOO12
SCLEQO 14
SCLECCI1S
SCLEOC 1S
SCLECC17
SCLEOO 18
SCLEOOQ!LS
SCLEQO2C
SCLECOZ!
SCLECCzZ2
SCLEQO23
SCLEQQz4
SCLEQO2S
SCLECO26
SCLEQQZ?
SCLEQO28
SCLECQzZS
SCLECC3C
SCLECC:1L
SCLECO22
SCLECC 22
SCLECO24
SCLECO?2S
SCLECO2¢
SCLECO27
SCLEOQ 38
SCLE0O 29
SCLEQO 40
SCLECOQ4!
SCLEQO42
SCLEQD42
SCLEQQ44
SCLECO4S
SCLECCGé
SCLEDQ47




40

S0

60

BTRANT-ZM% SB4XMECA
ATRANZ=ZM*CBSA-XM*SBSA+Y MeCA
sC 1C 70

STRANZ=AMESB+YMRCA
ATRANZ=XVM®(BSA=-YM®SBSA+ZM9CA
GC TC 70

BTRANZ-YMESB+ZMeCA
ATRANa=YMe(BSA-ZUsSBSA+X FSCA

> CONTINUE

RETURN
END
SUBRCUTINE SCALE2

SCLECC48
SCLEOOQ4S
SCLECOSC
SCLECQC]
SCLECQS2
SCLECOE3
SCLEQOZ4
SCLECCSS
SCLEQOSE
SCLEQOE?
SCLEQOE=S8
SCL200C)

g dddddidqdadgdgdqadidddaadgdgddddddudddadddddddddgdd o oo ododof of o of of f of of of of of 8- G W3 ofo] o3

[aNalaNzXn

SUPRCUTINE SCALEZ ALLOWS THE LSER TC INPUT A SCALE FACTCR

CALLED BY: INPLCT

cscL2coc3
€scL2a0ca
€scL200ces
€sCL200cCe
cscL200C7

cceeeeoceecceoccceecceecececcececceecceccececcceeecceccccceeceecccccceceescL2ooce

13

10

20
30

49

DIMENSICN 1PTS(20)
CCMMON/SCALES/FACTOR,ATRANJBTRANF2
ARITELS,10)

READ(S,®)F2

PETURN

FCRMAT{LT7H < SCALE FACTOF >, %)

END

SUBRCUTINE SECINI,NJINK)

OIMENSIOM T1102043) oM(3), IMXLE)},NIT16) ,NI(L6))NKILE)
CCMMUN/REG JON/TARRAY (200,46 ), NREG
EQUIVALENCE (IMXUL )9 0M )y {IMXA2) 9 M) o IMXU3) KM, LIMXL4)41X),
LOTMXLSedX e (IMXL6),KX)

DG 10 Ixj,16

IICL,1)=nD(1)

10T 2)=Nd (1)

IIt1s30aNKLT)

00 20 [=1,3

DO 20 Js=l,20

IFUTI0ds 1) NELOIMI L )=y

CCNTINUE

on 3¢ I=1,3
IFLIT(MEL) I oGT 0 IMIL =N L]) -1

0C 130 I=l,M(])

D0 120 J=1,M12)

DG 110 K=1,M(3)

IM3IT(I,1)

JMsIT(Js2)

KNM3l1({Ky3)

IX=11([+1,1}

JX=l{{J+l,2)

KX=[[{K+1,3)

[FUIMEQaD JOPJMLEQaD.OR KN, EQL0)GO TO 110
IFUIMALEaQeCRIMLELQaORKM.LELOIGO TC 50
IF{IX oLE«O OReJIXeLEeDOeORKX.LE.CIGO TO 110
NREG=NREG+ ]

0C 40 L=1,8

TARRAY(NRFEG, L)=IMX{L)

GO TC 110

CONT INUE

IF{IM,GE.0IGC TQO 70

[F{JX «EQe0CRKXL,EQa0VGQ TC 70
NMAESSNREG+1L

scLacecs
sCL20010
sgLacont
sCL2od12
sCLaccls
SCL2CO14
SCL2001S
SEGCO01
SEQCO02
SEQCCO3
SEQCCC4
SEQQQ0S
SEQCCCE
SEQCOC?
SELQ00CE
SEQCCOS
SEQCOLC
SEQCCL1
SEQCOL2
SEQCC1?
SEQO014
SEQQO1LS
SEQCOlE
SEQCCL7
SEQCCLE
SECOC1S
SECQCC2C
SEQCO21
SEQC022
SEQQ022
SEQCC24
seQcec2s
SEQCO2¢
SEQQC27
SECCO28
SEQCCO2S
SEQCC3C
SEQCO21
SEQCC2:Z
SEQCC32
SEQ0Q34
SEGCO3¢E




70

30

30

120

113
12¢
130

DC 5C L=1,¢
TARRAY(NPEG,L)=T1ABS(IMX(1))
TARRAYINREGy4)==[M
IF{JI™,GEL0IGC TO 90
IF(IXaEQ.0.0R.KXEQ.QIGO TC SO
NFEG=NREG#+!]

"0 8C L=1,¢

LARRAY (NREGsL)=1ABSIIMX{L]))
TARRAY(NREG,S)a=JM
IF{XM.GE.0GC TO 110
[F{IX.EQ.0.CRLUXLEQ.OIGE TC 110
MREGaNREG* ]

0C 1CO L=1,&
TARRAY(NREC,L)=1ABS{IMX{L))
[ARRAY(NFEGy 6)a=KM

CONT [NUE

CONTINUE

CONT INUE

RETURN

END

SUBRCUTINE SEQ2(IDIMyJCIM,KDIM, XX, YY, 22)

136

SEQCC36
SEQCC3?
SEQO018
SEQCCAS
SEQCC4C
SEQO04 1
SEQC042
SEQQC4 2
SEQCC44
SEQCO4cC
SEQCC4¢
SEQCCae?
SECCC4 e
SEQCC4S
SECO0SC
SEQCCS1
SEQO0S2
SECO00S2
SEQ00S4
SELCYSS
SEQ2COC!
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c

C
C
C
<
C
%
<
o
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SUERCUTINE SEQ2 CETERMINES CCCRCINATES IN THE INDEX SPACE AND
PROCESSES THE FUNCTIONS WHICH MCDIFY THE MESH.

CALLED BY: DLEE

CALLS SUBRCUTINES: 8CS CIRCLE CIRCL2 CYLIND CCUBLE LGCADS

MIDSID PARABC SPHER!

CSEQ200¢C3
CSEQ2C0C4
CSeEQ2Ca(Cs
CSeQacecce
CSECQ230¢C7
CSEQ200¢(8
CSER2COCS
CSEC2001C
CSEQ2CC11

g ddaiddddd dddddda £l S of d f d S A A d S ] A A A A A A e A A A A A A A A A A A A AR AA LS L E L] R

10

20

30

OIMENSTION X(16),Y(161,2( 16)
UIMENSICN CCU16) 4IRX(16) 4IRY(L8),IRZ(16)
DIMENSION I1(16)4JJ(16),KK(1€),1BCL6)
DIMENSION XX {IDIMoJOEMKCIM) ,YY{IDIM, JOIM,KDIM),ZZLICIM,
1J0IMykDIM)

COMMON/SEQLL/IBIE) o ILL6) 4JU2E) K {16
CCOVMON/PFGP/MAT yNOCT,IC24IT,TH,N8,N20O
DATA CHAPE/LFE/yNCHARL/1F /¢NCHARA/1HA/ ;NCHAR B/ 1HB/ ,NCHARL

L/1HL/ ¢NCHARE/IHF/ ¢ NCHARM 711V / ,NCHARD/ LHD/ yNCHAR I/ LHI/

2 NCHARJ/LIHY/ (NCHARK/ LHK/ JNCH2RQ/ 1HQ/ ¢ NCHARR/LHR /
READ(11,61C,END=600)S
Nisl6
NJ=16
NK=16
NELOCK=N[%MJ #NK
PEADULL,62C) LI(M) M=}, NT)
READ(L11,62C)(J(MI M=l ,NJ)}
READ(L1,62C) (X({M)yMalyNK)
1F=}

JF=}

KF=]

IFCI(ND) NE.Q)GO TO 30
NiaNT-1

GC TC 20
{FLJINJYLNELO)GO TO 40
NJ=aNJ=-1

GC TC 30

TFIK{NK) «NE4C)GO TC SO
NKENK=1

SEC20012
SEQ2C0 14
SEQ2001°¢
SEQ20016
SEC2C017
SEC2C018
SEC20C19
SEQ2C02¢C
SEQ2C0z1
SEQ20022
SEQ20023
SEQ20024
SEQ2CC2S5
SEG20026
SEQ20027
SEQ20028
SEQC2002S
SEQ2c01C
SEQ20021
SEN2C032
SEQ2C023
SEC200%4
SEQ2C025
SEQ2002¢
SEQ2C027
SEQ2002¢8
SEQ20013s
SEQ2C04C
SEQ20041



59

C

C

C
60
70
a0
390

c

SET UP COQRCIMNATES

GC TO 40

CCNTINUE

CALL CGUBLEIlI,JsK)
CALL SEQIIJd+X)

READ(114€3C)I(X(M)yMmlyNI)
FEAD(L11,63C)(Y(M),MalyNJ)
READ(11,63C)(Z(M),M=1,NK)
DC 6C M=1,16
[FCIEMY LT ONIIM)a=]N)
IF{J(MIalT 0 IJ(MI==J (M)
[FIKIM) LT o0IK{M)a=K(M)
CCMT INUE

D0 9C Ml=1,NI{

0C 80 M2=1,NJ

IC 70 M3=] 4NK
IF(I(ML).EQ.CIGO TO 90
IFLJ(M2) .EC.C)IGQ TO 80
IF(K{M3)EC.CIGO TC 70
XX{I(ML) o J{M2) 4K {M3))aX(ML]}
YY(LAML) oJ(M2),K{M3)InY (2]}
TIUIIML) ¢J(M2)4K(M3})=Z( 03}
CCNT INUE

CCNTINUE

CCONT IMUE

C READ FUNCTICN C2RDS
C

1C0 READ(11,64CIISEQ 1Ce1J0+KLeIT(CO(M) M=1,6)

C
C

-
r—
<«

127

1390

IF(ISEC.EC.NCRARA)GDO TO 21C
IFIISEC.EC.NCHARB)IGO TO <0C
IF({ISEC.EQ.NCHARLIGD TO ¢zC
IF{ISEC.EC.NCHARDIGD TO 44C
IF{ISEQ. EQ.NCHARMIGO TG <e€Q
IF{ISEC.EU.NCHAREIGC TC ¢€C
IF([SEQ.ECNCHARQ)GD TO &8¢
IF(ISEQ.EQ.NCHARRIGO TQ ¢SC
[F{ISEC.NENCHARLIGO TO 20C

MOVE POINT I0,JC.KC

Mx=Q

4Y=0

MZ=20
IF(IT.EQe22)MX=2]
IF{IT.EQ.13)MY=]
IFUITEQal2)MIs)
IF(IT.NELLIGC TO 110
MY=s]

nr=]

[F{IT.NEL2)GC TO 120
¥X=i

HZ2a)

[F(IT.NE,3)GC TO 130
Y=l

Hy=1

CONTINUE

r2s=1¢

ICF=1C

OF UNDEFCRMEL REGION
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SEQ20042
SEQ20043
SEQ20044
SEQ20045
SEQ20046
SEQ2CC47
SEQ20048
SEGQ2CQ4S
SEQ2COEC
SEQ200¢1
SEQ2CCE2
SEQ2C0¢%?
SEC2CCE4
SEQ2CCES
SEQ2GC0¢%6
SEQ2CCE7?
SEC20058
SEQ2C0ES
SEQ200¢€0
SEQ2CCEL
SEQZ20CE€2
SEQ200¢3
SEQ2CC¢ta
SEQ200¢5
SEQ200¢6
SEC200¢&7
SECQ200¢€8
SEQ2CCES
SEQ2007C
SEQ2CQ71
SEQ2CC72
SEQ2C073
SEQ2C0 174
SEC2CO7S
SEQ2CCT6
SEQ20077
SEQ200 78
SEQ2CCTS
SEQ2coec
SEQ2CQEL
SEQ20082
SEQ2CCe2
SEQ200¢84
SEQ2CQES
SEQ2C0ES
SEQ200€7
SEQ2CCER
SEC20089
SEQ2CQsC
SEQ2CCSI
SEQ20052
SEQ2C0S3
SEQ2C0S4
SEQZ2COSS
SEQ2C0S6
SEQ2C0¢<7
SEQ2C0¢<8
SEQ2CCSS
SEQ2cC1CC
SEQ201CY
SEQ201C2



c
o
C

140

160

170
130
190

200

CHAMGE A PRCGRESSION FOR CEFTAIN VALUES OF lerUR K

JGS=JC

JCF=JgC

KCS=KC

KCF=KG

IF(IC.NE.O}GC TC 140

[0s=1

ICF=N]

IF{JCNELCIGC TQ 150

JCS=1

JCF=NJ

IF(KC.NELOJIGL TO 160

KCS=1

KCF=NK

CCNT INUE

0C 190 IR=[0S,IOF

DC 180 JR=JCS,JOF

DC 170 KR=K(S,KOF

I3=2{(IR)

JC=J(JR)

KOaK{XR)
[FIMXEQa0IXX(10,4C,K3)=CC(1)
[F(MY.EQ.0)YY(10,30,K0)=CCt2)
[F(ML.EQe0)ZZLI0+J04KOI=C(C(3)
CCNTINUE

CONT INUE

CONTINUE

GO TO 100

CCNT INUE

ISEGT=ISEC

[F{IT.EQ.1 }ISEQT=NCHARI
IFUITEG.2 )T SEQT=NCHARY

[F{ITEQ.3 JISEQT=NCHARK
IF{ISEQ.EQNCHARIINCaNT]

IFIISEQe EQ.NCHARJINC=NY

IF{ISEQ.EQ JNCHARK)INC=NK

IF({NC.OT .6 JREADILL,630)((0(ME),M527,14)
IF(NC.GT<14)PEAD(11,630) (CCUMS) ,N5=15,16)
DC 210 Ml=1, 16

IRX{M1)=Q

IRY(M1)=C

[RZ{M1)=0

CONTINUE

IFUIC.EQ.~1IREAD(11,620) IR X
[FIJCeEQa~1)READIL11,620) IRY
[FIKCL.EQ.~L)READ(11,620) IRZ
IF(I0.CT.0)1RX(1)=]0
[FIJO.GTL.ONIRY{1)=y0
IF(XC.GTL0)IRZ(1)2KO

00 3C0O IR=1,16

2C 230 JR=1, 16

OC 280 KR=1,16

[FIIRX{IR} JEC4O.AND.IR.NELL1)CO TO 300
LFITRY ({JR) LECLO0.ANDLJR.NEL LI CEC TO 290
[F(IRZ{KR) dEQe0. AND.KRNEL 1} GO TO 280
IC={aXx({IR)

JC=1FY{JR)

KG=IKZ(KR)

OC 270 Ml=1,MI

SEQ201C3
SEQ201C4
SEQaC1Cs
SEQ201C6
SEQ201C7
SEQ201(8
SEQ201C9
SEQ2011¢
SEQ2Cl11l
SEQ2C112
SEQC20113
SEQ2C114
SEC20115
SEQ2Cl 16
SEQ2C117
SEQZOtL1le
SEQ20119
SEC20120
SEQ2Cl2l
SEQ20122
SEQ20123
SEQ20124
SEQ2C12%
SEQ2C126
SEQ20127
SEQ2Cl28
SEC20129
SEQ2012¢
SEQ20121
SEQ201122
SEQ201213
SEQ201134
SEQ2C1 1S
SEQ20126
SEQ2C1 27
SEQ20128
SEQ20129
SEQ2C14C
SEQ20141
SEQ20142
SEC20143
SEQ2C144
SEC20145
SEQ20146
SEQ20147
SEQ2C148
SEQ2C14S
SEQ201¢0
SEQ201°%1t
SEQ201¢2
SEQ201¢3
SEQ2C1ES4
SEQ20155
SEQ2CL ¢
SEQ20187
SEC2CLESE
SEQ201¢%5
SEQ2016¢C
SEQ2CLEl
SECQ201¢2
SEQ2ClE2




(s a¥al

259
2&d
217G
280
290
3G9

00 260 M2=1,NJ
CC 259 M3s1,MK
IF(I(M1) ,EQaCalR,JIM2} 4EC.CuCR.KIMII.EQ.Q)GO TO 250
IF{ISEQ.EQ .NCFAR] I Mo=M L
[F{ISEQ.EC JNCRAR JI Mb=M2
IF{ISEN EQ «NCHARK) MbaM3
[FUISEQ4ECQ NCHARTLANDL 1{F4).EQ.0)G0 TO 250
[FIISEQ.EG.NCHARJLANDL J( P41, E2.01GO TC 250
IF{ISEQ.EQ .NCFARK<AND.K( ¥4 },EQ.0)G0 TO 250
IF{IC.EQ.0)GC TO 220
LIM)=1¢1C)
IFLJC.EQ.0)GC TC 230
JJ(M2)=3(4C)
IF{KCaFus0)GC TO 240
KK1M3)3KIK(C)
[FCIC.EQ.CITT(ML )= (ML)
[F{JC.EQ.0)JIIM2)=3g(M2)
IF(KO.EQ.C IKK (M3 )aK(M3)
[F(ISESTSECJNCHARDIXXI TT UML) 4JJ(M2),KKIM3))=CO(M4)
IF{ISEQTECLNCHARJIYY( TT (M) ,JS(M2) 4KKI{MI) ) =CT(M4)
IFLISECTGEQaACHARKIZZIIIT (M) 4JJ(M2),KK(M3I})=CO(MG)
CCNT INUE
CNTINUE
CONTINUE
CCNT INUE
CCONTINUE
CCNT INUE
GC TO 100

READ IN A ARC DEFINITION CARC

21

329

SACKSPACE 11
READ(11,660)18,1A,X2,Y2,122,RECIUS
NCCOUNT=D
IF{TIB(1)MNEsIE(4)INCOUNT=NCOLNT+1
[FLIB12) JNELIBIS)INCOUNT =ACCULNT + L
[FUIB(3)JNEW IBLSO)INCOUNTANCCINT+ Y
[F{NCCUNT.CT.LIGO TO 330

CALL FN3

IF{IALEQ.0)BC TO 320

x3=X2

Y3=y2

13322

1C=1A

X1=Xx(18(1),18(2),18(3))
rl=YY(IB(1),18(2),18(3))
Z1=2Z1(81(1 ), 18027, 18(3))
X4=XX{13(4)e[B(S),IB(56))
Y4=YY([8(4), [B{5]),[8(6))
14=27(181(4),18(5),1Bt5))

CONT INUE

IF{ICEQa1)CALL PARABO(X1,Y14219X34¥3,23,X%,Y4,24,18)
TFUICLETGC2)CALL CIRCLEIXIgYL 92l 9X34Y39239Xb,Y4,24,18)
PF{IC.EQ.3ICALL CIRCL2(X19YL o219 X3,Y30Z3¢X4¢Y4y2441B8,RADIUS)

IF{TALEQ.CIGC TO 100

XXUIB(1),1E02),(BI3) )2 X1
YYOra(1),18l21,1843311sv}
TZUIB0) ,1802),1BU3))=21
XX{12(4)+1B{5})s1B(0))=Xs
YY(IB(4),12(%),18(5))=Y4
IL{IE(4) s 1E(5),1B(6))=24

139

SEQ201¢4
SEQ2CLES
SEQ2C1 €6
SEQ201¢7
SEQ201¢8
SEQ2C1¢9
SEQ2C17C
SEC2CL7!
SEQ20C172
SEQ20173
SENQ201 74
SEQ2C17¢
SEQ2C1 76
SEQ2C177
SEQ2C178
SEQ2C17§
SEQ201EC
SEC20181
SEQ20182
SEQ2Cc183
SEQ2C1¢€4
SEQ2018S
SEQ201¢86
SEQ201¢87
SEQ201¢&8
SEQ2C189
SEQ20190
SEQ2C1SL
SEQ2019%2
SEQ20C163
SEQ20154
SEQ201S¢
SEQ2CL¢e
SEQ20157
SEQ2CLS?®
SEQ2019S
SEQ202CO
SEQ2C2¢(!
SEQ202¢2
SEQ2C2(3
SEQ2C2C4
SEQ202C5
SEQ202Cé
SEG202C7
SeEQao2¢e
SEQ202C9
SEQ2C21¢
SEQ2C211
SEQ20212
SEQ20213
SEC20214
SEQ2C21¢
SEQ20216
SEQ2C217
SEQ20218
SEC20219
SEQ2C2zC
SEQ2022!
SEQ2C2:Z2
SEQ20223
SEQ2C224



o
o
C

33¢

INOICES CEFIME A REGION

340

GC TC 100
CCNT INUE

[S1=18(1)
1s2=18(2)
153=181(3)
1S4=13{4)
{$5=18(5)
1S6=13(6)
A%1=1(IB(1))
M82=JtI3@2n
ME3=K([B(3 )
MBa=[(181{4))
MBS=J(1B(5))
MBe=K(IB(6))
CALL FN3

[FITALEG.L)GC TO 340
[FIIA.EQ.21GC TQ 360
IFI1ALEQG.3)GC TO 330

CCNTINUE
OC 350 [BA=[S1,I54
[E8=((1BA)

PY=zQ.25¢{XX{18B,MB2,MB3) +xx{ IBB,MBS,MB3)+xX{1B8,MB2,NB6)

LeXxx(128,MBS,MB6))

PY=0,25%(YY(18B,yMB2,MB3) 4YY( IBB, MBS MB3}+YY(IBB,MB2,MB6)

L+YY{138,M8¢,V/86))

PI20.25%(2Z( 1EBsMB2yMB3) 422( IBB,MBS,MB3)+22{1B8,M82,M86)

L+22(188,MBS,¥86})
XI=xXX([BB,¥BZ,MB3)
Yl=yvy(188,~32,M81)
21=22{18B8,¥B2,M83)
X2=xX{1B33,M485,483)
Y2=YY(IBB,M8E,MB3)
22=72(18E8,785,M83)
X32XX(13B,NMB2,MBS)
Y3=yY(]BR,MB2,MB6)
13=22Z{[BB,MR2,486)
X4=XX({ IBByMB5,MB6)
YoaYY{IBB, MBS ,MB6)
14=22(1BE,MBS,MB6)
[a(11=188
IB{2)=MB2
{B{3)=MB3
[glta)=188
[a{S5)=MBS
[B{6)=MB3

CALL CIRCL2(XLoYL1oZ1yPXyFYP2,X2,Y2,22,1B4RADIUS)
XX{13(1)s1BL2),41B(3))=X1
YY(IB(L1),I8(2),1B(3}i=Yl
ZZUIB(1)Y.0202),1813))=21
XX{1B(4) IB(S)e1BI6))=X2
YY{IE(A)IBIS),18(6))xY2
LZ118L4) 1B(5)y1B(6))222

[B(11=188
IE(2)=MBS
I6(3)=v36

CALL CIRCL2UX2,Y20Z2/PXoFYPLyXb,Y0,24,1B,RA01US)
AXTIECLY S 18020, 18(3))=X4
YY(ISOL),1802),128(3))=Y4

SEQ2022¢
SEQ20226
SEQ20227
$EQ2022¢
SEQa2c22s
sgEQa2c2:2¢
SEQ20221
SEQ2C222
SEC20223
SEQ2C224
SEQ2C212¢
SEQ202136
SEQ202137
SEC202128
SEQ2C23s
SEQ20240
SEQ20241
SEQ20242
SEQ20241
SEQ2C244
SEQ20245
SEQ20246
SEQ20247
SEQ20248
SEQ20249
SEQ202¢%0
SEQ2C2¢%1
SEQ202%2
SEQ2C252
SEQ2C2¢4
SEQ20255
SEQ2C2%6
SEQ202¢7
SEQ202¢8
SEQ202°¢S
SFQ2C2¢C
SEQ202¢1
SEQ202¢2
SEQ2C2¢2
SEQ202¢4
SEQ2C2¢¢
SEQ202¢6
SEQ202¢7
SEQ2C2ee
SEQ2C26S
SEQ2C21¢
SEQ20271
SEQ20272
SEQ202732
SEC20274
SEQ2C27S
SEQ20276
SEQ202717
SEQ20278
SEQ20279
SEQ20280
SEQ20281
SEQ2C2¢€2
SEQ202¢2
SEQ202¢€4
SEQ202¢¢




ZZ(IB(1)y1B(2)yIB(3))=24

{lal)=1B8

[B(5)aMB2

[Bto)=MBE

CALL CXRCLZ(!G-YQ-Z‘:vaFY'PZ'X3'V3vZ3|lByRADlUS)
XX(1B({4) o I1B(S5),[8(6))=X3

TYYUIBUA) 4 IB(S),(BI6Y)IaY]

360

L1(13(4),1B{S5),1B(6))223

Isll)=188

[B{2)sMB2

[B(31=2M83

CALL CIRCL2(X3,Y3,23,PX, FY4PZsX19Y142Z1,1B,RADIUS]
CONTINUE

GC TO 100

CCAT INUE

OC 370 1BA=1S52,155

1eB=J([34)
PX’O.ZS‘(XX(PBIleByMB3,*XX(FB4'lBBvMB])*XX(MBl.[EBvHE6)
L+XX(M34, IBB,MB6))
pY’Q-Z5‘(YV(V€loXBEvMS3)'VY(NB4-(551M3310YY(HBIv1337M36)
L+YY(MB4y IBB,MBG))
PZ=0.25‘(ZZ(?EI'lBBrMB3l'ZZ(”54'153.“53)’21("3[,1831"56)
L+2Z1MB4,[BB,NMRG))

Xl=XX{MB1l, [RB,MB3)

Yl=yYy(MB81,18€,M83)

I12ZZ(MB1,IiBEB,MB3)

X23xX(MB4, IBE,M33)

Y2=YY(MB4&4, [88,483)

12=12(MB4, IBE,M83)

X2=XX(MBl,IBE,M86)

Y2zYY(MB1, IBE,MB6)

12=72{M81,1BB,MB6)

K4=XX(MB&, [BBMB6)

Y4=YY{(MB4, [BEB,4B6}

La=77(MBG, [BR,M86)

[5(1)=MB]

[B{2)=18%

{B(3)aMmMB3

[EB{4)=MuBs

18(5)=1B8

18(61sMmB2

CALL CIRPCL2(X1oYLoZloPXyFY4P2,X2,Y2,2241B,RADIUS)
AXCIBLL),IB12),IB(3) )= X1

YYCIBOL) o 1BL2),1B(3) )=y}

ZIUIBCLY 1BL2),1BL3))a21

XX(IB{&)yIE{5),1D16))a X2

YYUIBL4) o IB{S),IB(6))2Y2

ZIZUIE(S)s1R(5),IB(6))=Z2

1B(11=MBa

13t(21=1B88

[B(3)aMBs

CALL CIRCLZ(xZoYZvZZQPXvFYQPZ.XQvY#kavIB;RAD[US)
XXEUB1) o IE(2)5IB{3) )= x0s

YYCIB(L1)»1812)41B(3))=Ye

ZZIIB(L1) 4 1802),13(3))=24

I8(s)=MB1
[c(5)=188
[P{6)=MBE

CALL CIRCL2{XAyY44264PX,FY,PZ,X3 1¥Y3+23,184RADIUS)
XYULIE(4) s 1E(S)elE{6))=x2
YY[IB(4)1B(5),18(6))=Y3

141

SEQ2C2¢€é
SEQ20287
SEQ202¢88
SEQ2C2¢89
SEQ202s¢
SEQ2C291
SEQ202S2
SEQ20253
SEQ20254
SEQ2025¢
SEQ202¢6
SEQ2C2s7
SEQ20258
SEQ20259
SEQ203CC
SEQ203C1
SEQ203cC2
SEQ203¢C3
SEQ203C4
SEQ2C2c*E
SEQ203C6
SEQ203C7
SEQ203¢Ce
SEQ203(C9
SEQ2C21C
SEQ20311
SEQ2C212
SEQ20313
SEQ203 14
SEQ20315
SEQ2031e
SEQ2€¢317
SEQ20318
SEQ20319
SEQ2C32¢
SEQ20321
SEC2C22Z2
SEQ20323
SEQ20224
SEQ2C325
SEQ2C32¢
SEQ2C32?
SEQ2032¢
SEQ20229
SEQ2032¢0
SEQ2C31}
SEQ203132
SEQ20323
SEQ2C324
SEQ2032¢
SEQ201212¢
SEQ20337
SEQ2032¢8
SEQ2C32¢
SEQ2C34C
SEQ2C341
SEQ2C342
SEQ20343
SEQ2C344
SEQ20345
SEQ2C346




ZZUIBL4A),IB(S),1BlO6)I=2]

[28{1)amMBl

[8t2)=(88

13(3)=MB3

CALL CIRCL2(X3,Y3,23,PX,FY,P2yX1,Y1,21,18,RADIUS)
CCNTINUE

5C TC 10C

CONTINUE

NC 390 [PA=1S53,1S56

[83=x(1BA}

PX20,258(XX(VMB1,MB2,IBB) 4XX{¥B4,MB2, IBB)+XX(MBL,MB5,188)

LeXX(MB4, MBS, [BB))

PY=0.,25%{YY(MB1,)MB2,1BB) +YY(MB4,MB2,1BB)+YY(MB],ME5,188)

LeYY{MB4,MES, [BR) )}

PI=0,25¢(ZZ(FBL,MB2,1B8) 4221 MB4,MB2,1BB)+ZZIMBL,MES5,IRR)

1+2Z(NB4,MBS, IBB))
X1zXX{MB1,MB2,1B8)
YlayYY{(MBl,MB2,(88)
I1=2Z(MB1,M82,188)
X2=XX{MB&ayNBZ,[88)
Y2=YY(MB4,NB2,188)
12=12{MB4,MB2,188)
X3=XX{MBl,MBS5,188)
Y2=YY(MBl,MB85,188)
I3=27(MB1,M8%,158)
Xe=XX{MB4yMR5,(88)
Y4=zYY(MBG4,MBS,IB8)
24=712(MB4yMBS,188)
[B(1)amMB1

[B(21aMB2

[3(3)=188

Ibl4)=MB4

18(51=¥82

[Bf{& )= [BR

CALL CIRCL2UXLsY1 221 4PXyFY4P2,X2,¥2,22,18B,RADIUS)
XX{IBOLY»1BU2),I8(3))nx]
YYUIo(1l)s1B(2),18(3))xY]
LZOIB(L),18(2),18(3))=21
XX(I8L4)yIB(S5),[B(6))mX2
YY{IR(4),TBUS),I8(6)12Y2
ZZlI1ule)IB(S),1BL6))=22
18(1)1sMBa

18(2)=M8S

[8(3)=[B8

CALL CIRCL2UX24Y2,224PXpFY4P2yXb4Y4,24,18,RADIUS)
AXU1B(1),18€2),1B(3))axs
YYUIB(l),1B(2),1B(3)IimYs
ZZ0T80L,18(2),18(3))=24
[2{s)=M81

IB(5)aMBS

[B{6)=188

CALL CIRCLZ2UX4y Y428 PXoFY4PZ,X34Y3,23,18,RADIUS)
XX(18(4),12(S}),1B{6))=X3
YYUIB(A) 4 IB(S),1B(6))=Y]
ZI(1B{4),18(5),[B(6))a2)
18(11aN81

18(21=MB2

18(3)a188

CALL CIRCL2UX34Y3,7Z3,PXeFYPZyX1,Y1,21,18,RADIUS)
CONTINUE

GC TG 1ce

SEC20347
SEQ2C34¢
SEQ20349
SEQ203°%0
SEQ203¢1
SEC203¢2
SEQ2C3¢53
SEQ2013¢%4
SEQ203¢S
SEQ203356
SEC2C357
SEQ2C3S¢e
SEQ2C35s
SEQ203¢C
SEQ203¢1
SEQ2C3¢€2
SEQ203¢3
SEQ203¢4
SEQ203¢sS
SEQ20366
SEQ2C267
SEQ203¢&8
SEQ20345
SEQ2037¢C
SEQ20371
SEQ20372
SEQ20372
SEQ2C314
SEQ2C37s
SEQ20376
SEQ2C377
SEQ203178
SEQ2C37s
SEQ2038¢C
SeQac3el
SEQ20382
SEQ20382
SEQG2C384
SEQ20385
SEQ203¢€6
SEQ203€7
SEQ203¢8
SEQ20389
SEQ2C39C
SEQ20C391
SEQ20362
SEQ2C357?
SEQ2C3S4
SEQ2C35%5
SEQ2039&
SEQ203¢7
SEQ20398
SEQ2C3SS
SEQ204(C0
SEQ2C04 (1
SEQ204C2
SEQ204C3
SEQ204C4
SEQ204CS
SEQ204(¢
SEQ204C7?




laNaNal

[aNaNe)

[aXaXal

[aNelal

o0

40V

CCNTINUE

BOUNCARY CCNDITICN CARD

410

420

BACKSPACE 11
READ(L11+67CHIBCIBC,IG
IF{1G.EG.1)GC TO 4l0
CALL FN3

CONTINUE

CALL BCS(IB.IEC)

GC TC 100

CONTINUE

L3AD CARD

440

450

460

3ACKSPACE 11
QEAD(11468C)IBoIGeLLFXyFY F2
IF{IG.EQ.1)GC TO 430

CALL FN3

CCHTINVE

CALL LCADS(IE.LCsFXyFY,F2)
3C TC 1400

CCNTINUE

BACKSPACE 11
READ{11969C) 1B, (G
IFIIG.EQ.1)GC TO 450

CALL FN3

CUNTINUE

CALL DELETE(IB)

GO TC 10C

CONT INUE

MIDSIDE MUDE CELETION CARD

472

489

BACKSPACE 11
PEADILL,TOC)IBIXs1Ys1241G
IFIIG.EQ.LIGC TO 470

CALL FN3

CCONTINUE

CALL MIDSICUIBsIXsIY,I2)
GG TC 100

CCNTINUE

EQUIVALENT MCCES

IACKSPACE 11
READ(11969C)ILsdl KL l29024K2
f1=1(11)

12=1{12)

J1=J(J1)

J2=3142)

Kl=K(K1)

K2=K{K2)

XX(ILsJdl oK1)=XX{12,42,K2)
YYCTLedl o KLI=YY(12,9d2,K2)
ZZUI19d1,K1)=22(12,429K2)
SC T7C 10¢

490 CUNTINUE

SES 1SN JCMMANT

143

SEQ204(8
SEQ204CS
SEQ2C41C
SEQ2C411
SEQ20412
SEQ2C413
SEQ20414
SEQ2C415
SEQ20416
SEQ20417
SEQ2C418
SEQ20419
SEQ2042C
SEQ204cl
SEQ20422
SEQ2C423
SEQ20424
SEQ2C425
SEQ20426
SEQ20427
SEQ20428
SEQ20428
SEQ204120
SEQ20421
SEQ2C422
SEQ2C423
SEQ204 24
SEQ204125
SEQ20426
SEQ2C437
SEQ20428
SEQ2C42S
SEQ20440
SEQ2C44l
SEQ2C442
SEQ20443
SEQ2C444
SEQ20445
SEQ204 46
SEQ20447
SEQ20448
SEQ204 45
SEQ20450
SEQ2C4S]
SEQ20452
SEQ204%3
SEC204%4
SEQ20455
SEQ2C4%6
SEQ204%57
SEQ20458
SEQ2C45S
SEC2046C
SEQ2C4€!
SEQ2C4ce2
SEQ204¢€3
SEQ204¢4
SEQ204¢€5
SEQ2C4E6
SEQ20467
SEQ2C4ace



[aXaNal

[aEeNe]

513
520

BACKSPACE 11
HEAD(L11965C)I19d1sKL9T2,u29K2
[3=1(11}

la=I(12)

J3=40J1)

Ja=J1J2)

X3sK (K1}

X4zK{K2)

NC=Q
IFIT1.NE.T2INCaNCe]
IFIJ1.NEWJ2INC=NCH]
[FIKL.NEK2INCaNC+L
[FINC.EQ.3)GC TO S20
IF(NC.EQ.2)GC TO 510

LINE

Iwal2=11

PLENFLN)Y

KaaK2=K]l

M= weJWIKL=1
[F{IWNE O )} W=l
IF(JHaNE O} Jual
IF{XWNE QO JKhn]
X33XX(13,d3,K3)
Y3sYY([3,J3,K3)
I3=27{13+J43,K3)
XazXX([hodbyKa)

YozYY( lhodby Ka)
1437214 eJ 4y Kb}
VX=X4=-X3

VY=Y4-=Y3

VI=14~13

AMDL =144 04 4K 4~]3~)3=K]
CC 500 Ml=z]l,M
IXzIl+inweM]
JY¥zlledaxM]
KX=K1+KWeM]

Ix=1(1X)

JX=J{JXx)

KX=K (KX}
AMDEIX+JX+KX=]3=J3=-K]
FACAMD/AMD]

XXX X oK X)2X3+FALBVY
YY(IXgJdX K X)aY3+FACHYY
ZZUIX X yKX) 223 +FACHY L
CCNT IMUE

GC TC 100

CCNTIMUE

CCNTINUE

PLANE AND VCLUME GENERATICN

PXx=1.C

PY=1,0

PZ=l.0

Hl=la=13~1
My=J4=-J3-~-1
MK2C4=K3~1
IF(MI.LT.CIPX=0.0
[F{MJaLTCIPY=0L0

144

SEQ20469
SEQ2047C
SEC20471
SEC20472
SEQ2C472
SEQ20474
SEQ2C4 75
SEQ2C4T6
SEQ20477
SEC2C4 78
SEQ2047S
SEQ2C4EC
SEQ20481
SEQ20482
SEQ20483
SEC204 84
SEQ2C4€5
SEC204 86
SEQ204¢€7
SEQ204 €8
SEQ20489
SEQ2045C
SEQ20491
SEC2C492
SEQ20453
SEQ2C4 54
SEQ2C4SS
SEQ20456
SEQ20457
SEQ20458
SEQ20499
SEQ205CC
SEQ205C1
SEQ205C2
SEQ2C5C?
SEC205C4
SEQ205CS
SEQ205C6
SEQ2C5C7
SEG205C8
SEQ205CS
SEQ2C51C
SEC20511
SEQ2C512
SEQ20513
SEQ2CS5 14
SEC20515
SEQ20516
SEQ20517
SEC20518
SEQ2C51S
SEG2052C
SEQ2C541
SEC2CS22
SEC20523
SEQ2C524
SEQ20525
SEQ2CS5 26
SEQ20527
SEc2052¢8
SEQ2C529



145
IF(MK4LT 0)PZ20,0 SEQ2053¢
IF{MI LTl M=) SEQ2C¢S5:1
TF(MJOLT o1 My SEQ205132
IFIMK LT L )MK=) SEQ20523
00 550 Mimi,M] SEQ205124
NC 540 M2= |, My SEQ2¢S2S
00 530 M3=], MK SEQ205136
Ix=41+]1 SEQ205127
JX=M2+ 4] SEQ20528
KX=M3+K 1 SEQ20S 29
IF(12.ECIL1)IX=]] SEQ20S4C
IF{J2.EQad11Jx=yl SEQ20541
IF(K24EQ oK1 IKX2K] SEQ20542
IXaptrxy SEQ2CS43
JX=J(JX) SEQ20544
KX=K (KX) SEQ2CS4=
XX(XX,JX.KX)!(PY'XX(IX.JE.KX)*PZ‘XX(IX.JX'KBl#PX*XX(lG-JXvKX)* SEQ20546
lPX*XX((3-nyKX)fPZ'XX(Ix0J’1K4'¢PY‘XX(IXIJ4'KX’)/é.o SEQ205417
VY(IX.JX'KX)S(PY*YY(IX.JZ.NX)’PZ‘YY(!XvJXoKB)OPX'YY(l“'JXoKX)0 SEQ2CS48
1?X‘YY(IB!J’»K¥)'PZ‘YV(XXuJ)vK4)0PY‘VV(IX!J#!KX))/&.Q SEQ20545
ZZ(!X-JX.K))’(PY‘ZZ((X-JZ;KX)*PZ‘ZZ(XXoJX,KB)*PX‘ZZ(I‘-JX-KX)* SEQ2C5%¢C
lPX‘ZZ(IB.JX.KX)*PZ‘lZ(lX|J).K4)‘9Y*ZZ(IX'J4'KX))/6.0 SEQ20551
530 CONTINUE SEQ205¢2
540 CCNTINUE SEQ205%2
553 CONTINUE SEQ20554
GO T0 locC SEQ205%¢%
560 CONTINUE SEQ20556
IF(IC2.LE. 2} RETURN SEQ2¢€557
c SEQ205%8
C PERFORM A CCCROINATE TRANSFCRMATION SEQ2C558
C SEQ205¢0
00 590 M1=1,N{ SEQ205¢€1L
D0 580 M2=1,AJ SEQ205¢&2
00 S7Q M3=1,AK SEQ205¢2
IF{T(ML) eEC40LO0RJ(M2) sECLCLCR.KIM3),EQ.0)GO T0 570 SEQ2C5¢E4
IF(IC2.8Q.3)CALL CYLIND()X(I(Ml)oJlMZl'K(HJIPyVY(I(Ml).J(HZ),K(HB)SEQZCSéS
1) 5 2Z(T(ML1) ,d(M2),K(M3))) SEQ2C546
IF{IC2.EQ.4) CALL SPHER!()X(I(MI)oJ(NZ)oK(MB))pYY(I(Ml)nJlFZ)-K(H3)SEQZOS&7
L)oZZOTUMLY 4 (N2),K(M3))) SEQ2cs¢es
570 CCNTINUE SEQ2CS56S
£80 CCNTINUE SEQ20570
530 CCNTINUE SEQ20571
600 RETURN SEQ20572
€10 FORMAT (AL, 4X,10X,15) SEQ2CS5 172
€20 FCRMATI(} &1 %) SEQ20574
£30 FCRMAT(8F1C.C) SEQ20575
€40 FCRMAT(ALly 14 4315,46F10.0) SEQ2C576
€50 FCRMAT(1Xy 81 ,43X4154F1Cad,y15) SEQ2C577
660 FCRMAT(2X) 71244X+4F10.0) SEQ2CS 78
€73 FORMAT(2X,1312) SEC20579
680 FCRMAT(2X,612411,1543F10.C) SEQ205EC
€3C FCRMATI(2X, 712} SEQ20581
700 FCRMAT(2X,1012) SEQ20582
END SEQ2C5¢83
SUBRCUTINE SPHERI(R,THETA,PHI) SPHROOCL
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSPHRCOCZ
C CSPHROCC
C  SJ3RCUTINE SPFERI CCNVERTS FRCM SPHERICAL CCCPOINATES TC CSPHROQC4
C CYLIMNIRICAL CCORDINATES. CSPHROOCS
C CSPHRCOCE
C CALLED BYy: CTR2N ELTHRF ELTHO SE2 CSPHRCCCT
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¢ . CSPHROOCS
CCCLCTCLilillaeeeeeleeeeeleCelcCeCCCCtCeeCCltteClteeCtCCCCCCLCCCLCCCCCESPHRECCS
DATA 3T/C.C/,CT/1.0/ SPHROC 10
PSP=R*SIN{PHI/S5T.2958) SPHRCO11
IF(THETA.EC, THETADIGO TG 10 SPHROC12
CT=CCS(THETA/S57.2958) SPHROQ 13
ST=SIN(THETA/57.2958) SPHRCO 14
10 CONTINGE SPHROO 15
X=RSP&CT SPHROO 16
YarSP*ST SPHROQ 17
£22%CCSIPHI/5T.2958) SPHRCO18
A=X SPHRGO 19
THET A=Y SPHRCO20
ERTEY] SPHRCOZ1
THETAC=THETA SPHROO Z2
RETURN SPHRCCZ22
£ND SPHROO 24
SUBRCUTINE TRANS(IEND,MAXN] TRNS0001
CCCCLLTCLLCLeeeeCletelCCCsCleCCCCCCCeCctCtCeCCetCCCCCCCCCCCCCCCCCECCCETRNSCEC2
CTRNSGOC?
C SUBRCUTINE TRANS TRANSFERS [ATA FRCM UNIT 12 TG UNIT ll. CONTRCL  CTRNSOCC4
C CARDS ARE PRCCESSED AND JELETED . CTRNSQOCS
¢ CTRNSCOC6
C CALLED BY: DLEE CTRNSCOCT
c CTRNSCOCS
CCCCCLLCCCLeeeeeleeCeeelel e CCCLCCCCCCCCCChCLlCtCCCtCCCCCLCCCCCCCCCCCTRNSCALS
DIMENSION C(21),CHAR(LQ) TRNSCO 10
CCMMCN/ REPEAT/NR yNRT(50) TRNSOG11L
COMMEN/PROP/NAT,100T ,[C2 (1T, TH,NA, N2J TRNSCO12
OATA CHAR/ GFSTAR  4HEND=y ¢+ENC ,4HB8NOD ,4H20NOy 4HCYLI y 4HSPHE, TRNSCIO1]
L4HMATE 44 FTHIC y4HREPE/, CCMT/ IHC/ TRNSCC 14
4AT3] TRNS0015
100T=0 TRNSCO16
1C2=0 TRNS0017
[Ta1 TANSCO1S
Ng=0 TANSOO1S
N2vs TRNSCOZC
AaxN=] TRNSCC21
1EMD=0 TRNSC022
NR=D TRNSCO023
NRT{L11=0 TANSCO24
¢ TRNSCC 25
C CHECK FCR CCMTRCL CARDS TRNSCC2¢
C TRNSCD 27
10 CCNTINUE TONSCC 28
READ(12,13C,END=120G)D(1) TRNSGO29
¢ TANSGO 20
C CUMMAND = 'START! TRNS0021
< TRNS0022
{FIDIL).NELCFARIL}IGO TO 2C TRNSCC23
WRITE(11,140) TRNSG024
30 TO0 10 TANSO0125
o TRNSCO 2¢
€ CIMAAND = VENL-! TANSCO27
< TANSCO 28
20 TFID(1).NELCFAR(2))GO TC 3C TRNS001S
ARITE(11,150) TRNS004C
TETURN TRNS0041
¢ TRNS0042
C CIWVAND = 'EML 0 TRNSCO432
¢ TANS0044%
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30 [F(D(L).MELCHAR(3))GO
#RITE(11l,150)
RETURN

COMMAND = *gMCDE?

40 IF(D(L1).MNELCHAR(4})GO
RT-ERS
N2J=]
GG TQ 10

COMMAND = *20NOCE!

50 IF(DIL).NELCFARIS)IGD
N20=1
NE=)
GQ TO 10

COMMAND = 'CYLINDRICAL?

60 IF(O(LIMELLHAR(S))IGO
{C2=1
BACKSPACE 12
READ(12,16C) 1D
IF(ID.EQa1)1C223
GC T0 10

COMMAND = SPRERICAL?

70 [FID(L).NELLFAR(T7))IGO
1C2=2
BACKSPACE 12
PEAD(12416C) 10
IF{I0EQ.1)0C2=4
GC TG 1o

CCMMAND "MATERI ALY

A0 IF(D(1).NELCFAR(B))IGO
BACKSPACE 12
READ(12y16C)MAT
GC TC 10

CUAMAND = *THICKNESS!

90 IFIC{l).MEL.CFARL9))IGO
3ACKSPACE 12
READ(12,18CITH,IT
GGU TC 10

CCMMAND = *REPEAT!

10C

10

TC

TC

TQ

70

40

7¢

8c

sC

1¢0

LCT IF(DIL).MELCRAR(10))IGO TC 1IC

NR=NR+]

BACKSPACE 12

READ{ 12y 16CINRT(NR)
MAXN=NR

GG TC 10

CHECK FUR CCMMEMTS
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TRNSQ04S
TRNS0046
TRNSGG47
TRNSOQ 48
TRNS0049
TRNSCOSC
TRNSOOQS1
TRNS00S2
TRNSQO<3
TRNSOOS4
TRNSCCSS
TRNSO0SE
TRNSGOS7
TRNSQO<8
TRNSGOS9
TRNSCOEC
TRNSCOé1
TRNSC0&2
TRNSQO¢3
TRNSOOES
TRNSQOES
TRNS00¢4
TRNSCQ&7
TRNS0063
TRNSOOES
TRNSCO70
TRNSOOTL
TRNSCG 72
TRNSCQ72
TRNSOO 74
TRNSCO7S
TRNSCO?6
TRNSCCT?
TRNSCO78
TRNSCCIS
TRNSQO 20
TRNSQCE]
TRNSQQ 82
TRNSQ0E3
TRNSCCE4
TRNSOCES
TRNSQOEs
TRNSQCE7?
TRNSQQRS8
TRNSCCES
TRNSQOSO
TRNSCG91
TRNSQOS2
TRNSQ093
TRNSCC<S4
TRNSQ0SS
TRNSCCS6
TRNSQCS7T
TRNSGOS8
TRNSCCS9
TRNSO1CC
TRNSO1C1
TRNSQ1C2
TRNSC1C)
TRNSOL1C4
TRNSCLCS
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110 BACKSPACE 12 TRNSO1Cé
FEADI12,17C)C TRNSQLC7?
IF(D(11.EQLCOMNTIGO TO IC TRNSCl(®
WRITE(11,1701)0 TRNSO1C9
GO TC 10 TRNSO11C

120 CONTINUE TRNSO111!
1END=] TRNSO112
PETURN TRNSO113

130 FCRMAT{A4) TRNSOLl 14

140 FCRMAT(*S') TRNSC115

150 FCRMATI('E?) TRNSO116

160 FCRMAT(10X,15) TRNSC117

170 FORMAT(ALl,43,19A4) TRNSCLl18

180 FCRMAT(10X+F10.0,15) TRNSOL19
END ' TRNSCLl2C
SUBRCLUTINE VCLUMEL f,I0UT) VLMEOOC1

adsad e qddddddqddaddddoddd 4 ] (A d A i A A A A A ek A A A A AR A AL AR AR AR A AR, K LT Lo L okd
C CVLMEQOC3
C SUBPCUTINE VGLUME CHECKS FOF ELEMENTS WHICH HAVE A NEGATIVE VCLUME CVLMEQOC4
C CVLMEQOCS
C CALLEC BY: EL3C CVLMEQOCS
C CVLMECOCT?
Saaaaadaa vl ddddvddddddddd dd {4 (ddd o d A A A A S d S A A A H A A A AR A A A A R AR AR AR N L LT T
TIMEASION 11(201,J(20) VLMECCCS
COMMCN/SYSARY/X(80Q0), Yl £000),+2(3000) 4N(8000) VLMEQO1O
1+128(8000), IFLAG(8000) ,v(8COC,3} VLMEGQO1L
XViax{I12))=x(1(1)) VLMEQQ12
YVLI=Y{I(2))=Y(I(1}) VLMECO13
IVI=Z(1(2))=211{1}} VLMECC 14
XV2zXUI(&))=Xt1(1)} VLMEDO 1S
Yv2=Y(I{4))=Y([({1)) VLMECO 16
Iv2=Z(Iiat)=2(11(11} VLMECQO17
AV3=XUI(S))=x{I(1})) VLMECO18
YV3=Y([(SH)=-Y(L(L)) VLMECG 19
V3I=ZLI(S))=2LIt 1)) VUMEQO 20
VOLMaXV1IBY V2#IVI+YVI®ZVIIXVIHIVISXV2SYVI=XVIRYV2ETY I~ VLMECOZL
LYV3aZy2*yV]=2V3isxy2syy] VLMEQQ22
IF{ISUTLEQ.3 }VOLM=~VOL M VLMEGQ23
IF{ICUTLEQ.2)VOLMa=VOL Y VLMECOZ4
[F{VCOLY.LT.0.0)RETURN VLMEQD 25

C VLMEQQ 25
C VCLUME IS NEGATIVE, RENUMBER AND RETURN VLMEQQZ7
C VLMECQZ8
CO 10 K=1,20 VLNEQQZ9

10 Jtk)=1(K) VLMEQO030
1{11=415) VLMEQQ21
1t2)=416) VLMEQQ22
I1(3)=41(7) VLMECQ22
1(4)=313) VLMEQO24
[{5)=4(1} VLMEQQO2S
1t6)=312) VLMEQOQ2&
H71=41(3) VLMEQO27
1(3)=4l4) VULMECC28
[(391=31013) VLMECO29
[{10)=d(14} VLMECGQ4C
I(LLY=3(15) VLMECQ 41
I(i21=3(16) VLMEQQ42
1(13)=4(9) VLMEQO043
[{ta)=d(10) VLMECO44
eisy=J011) VLMEQQ4S
1016)=J012) VLMEQQO 46
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RETURN VLMECQ4?

END VLMEOO 48
SUBRCUTINE ZERO(KLIMyNLIN,C1,N) ZERCCOC!
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCZERCOCC2
c CIZERCOOC3
C SUBPOUTINE IFRO SETS THE SYSTEM MATRIX TC ZERC. CZERCOOCH
C CIERGOOCS
C CALLFO oY: COLEE CZERCCGCE
C CIERCOOCT
CCCCCCCCCCCCCCCCCC(CCCCCCCCCCCCC(CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCZERCOOCE
JIMENSICN CL (KLIM) JN(NLIM) LERCCOCS

CC 10 Isl,NLINM LERCOO10
MN{T)=9 ZERCCC1L

13 CCNTINUE IERC0O12
RETURN LERCCO113

EMD ZERCCO14
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2. Fortran Listing of Program MOVE

c MAINQGOC1

< PICGRAM MCVE RFFCRMATS NATA FCR MOVIE.3YU AND REMOVES HIDDEN ¥A INOOC2

C SURFACES. MA INOOO?

c MA INOOC4

CCYVCN/ARF AY/IAR(12000 44 ), IF (12000) MAINOOCS

FE3D(5,1C0INZC,N3D,N13,NCDE,NBND MA INOOC6

=0 MAINCCCT
IF{N1D.EC.C)GO TC 20 MAINOOCSE '

d MAINGCCS

T PRUCESS BEAM ELEMENTS MAIN0DOLC

¢ MAINOO11

N 10 [=1,M1C MA INOO12

READ(21,11G) 11,12 MAINOO13

N MAINOO14

[ARIN, 1)=1] MAINOO1S

[AR(N,2)=12 MATINOO16

[AR{N,3} =0 MA INOO1T

1AR(t,4)=0 MAINOOLS

12 CONTINUE MA INCO1S

20 IF(N2D.EG.0)GC TO 40 “A [NOO 20

c MA INOO21

C  PRICESS PLATE ELEMENTS MA INQO 22

c MA [NOO 23

D0 30 Isl,AN2C MA INCO 24

READ(21)11,12,13,14 MA [NOO 25

MEN+ 1 MAINQQ25

IAR(N,1)=l1 MA IN0Q27

TAR(N,2)=12 MA IN0OO28

1AR{N,3)=13 MA [NCC29

TAR{ Ny &) =14 MA INOO 20

33 CCHT [NUE MA [NOO 21

40 [FIN3D.EG.CIGA TO 50 MAINOO 22

C MATNOO 33

C FPRICESS SOLID ELEMENTS MA INCO 4

c MAINOO 1S

NMINENS] MAINCO 26

CALL 3OLID(NA3D,N3D,NMIN) MA INDQ27

50 CCNTINUE MA [ NOOQ 18

NELSNLN+F2O+AN3D MA INCC3S

FMAX=N1D+N 20 +N3ID MA I NOQ 40

MODES=NOCE-NEND MATNGO41

MPARTS=] MA INOO 42

d MA INOQ 43

C wRlITE CONTRCL IMFORMATION MA[NOQ44

¢ MA INCO 45

WPITE(10,140 INPARTS NODES,ANEL MA INQQ46

WRITE(10,140)NPARTS,NEL MA INOO 47

N=O MA [NOO 48

60 CCNTINUE MA INOO 4S9

c MA INOOSC

C PRNCESS NCDE POINT DATA MAINCOE]

‘ MAINOO €2

READ(21,EMC=80)X1,Y1,21 MAINOO®3

NaN+ ] MA INQOS4

IF(N.GT.NCCESIGO TO 80 MA INOOS5

REAJ(21,END=T0)X2,Y2,22 MAINCOSH

RSN MAINQOGS?

7O ARITE(10,160)X1,Y1,21,X2,Y2, 22 MAINCOSE

3076 89 MAINOOS9

C MA INCO&O
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CUTPUT THE ELEMEANTS

OC 280 N=1,AMAX
[FUIFUI)GES.1)GD T 89
AcITFILIO21 200 TARITWJ) ydxles)
30 CTNTINUE
#) CCNTINUE
PR AN
152 chWAr(///.lbx.IS./116X.IS./.QX.I5;//-21X.IS'
Ja3lX, 151
LIL FORMAT(SX,21%)
123 FOR“AT({5Xx,41[5)
130 FTRYATI(4]5)
142 FCRMAT(YIS)
15) FCRMAT(I10,3F10.0)
150 FCRMATI6F12.5)
END
SUBRCOUTEINE SCLININNMAX ¢N3D,NNMIN)

—

SUBRCUTINE SCLIC PROCESSES SCLIOD INFORMATION AND REMCVES HIDDEN
SURFACES WHICH OCCUR WHEN TwQ SCLID ELEMENTS ARE ADJACENT.

JIMENSION [M(8)
CGMMON [{12000+4), [F{120C0)

151

MAINOOEL
MAINOQE2
MA INOOE3
MA INOOE4
MAINQOES
MA INQO 66
MA INOOG7
MA INOQ 68
MAINCOS&S
MAINOOTOQ
MA INOO 71
MATNQO72
MA INQO 73
MAINQO 74
MATINOO?5
MA INCO 76
MAINOO 77
stLIpoocCt
SL 100002
sL1D00C3
sLipooce
SLIDoOCS
SLIDCQQs
SLID0OCT

EQUIVALENCE (IMOL) o110 o CIMU20402) LIM(3),03), (IM(4),04),(IMUS),15)SL1D00CS

Lo lIMO6) 160y (IMUT)4IT) o ( IM(8),18)
N3J=N3IDEE
N=tMIN
ROLERE
12 CUNTINUE

I[NPUT ELZIMENTS

[F{N.GELN3DIGC TO 80
READ (21 +ENCEBOINDEL, IM

NPEL CONTAINS INFCRMATION FCR DELETING ELEMENT SURFACES

CALL CIVIDE(AMCEL,I0L+[02,5C3,104,1D5, (D6}
IF(IN6.EQCe11GO TC 20
I{%Ne1)=11
TNy 2)=12
1(4y3)=13
[(Nead=(a
=N+ |
20 IF(IUS.EC.L)IGC TO 30
TN 1) =TS
[(Ny2)=16
1(8,3)=17
[{Ny4)=18
IYENT Y
30 IF(IN1LEQ.11G0 TO 40
Ity L)=11
Lin,2)=12
I(ny3)=16
TS ES S
PN+ ]
+0 IF(I{D2.EQ.11G0 TG 50
[(%,1)=14
{22213
1 {%3)=17

sLIcoocCs
sLIDCO1LC
SLID0O1t
SLIDOO12
SL 100012
SLIDOO14
SLIDGQ1S
SLIDOO 16
sticoolr?
sL 100018
SLIDoO19
sLiocozc
SL100021
sLIbCo22
SL100023
SL10002¢4
SLIDCC25
SLID002¢
SLInco27
SLID0028
SLID0029
SLID00 3¢
SLI1C003)
sLIDec22
SL1D0023
SLID0O2s
SLIDCO3S
SLIDOQ3s
sLIDCcc2?
sLID0038
SLIDOO3s
SL IC0040
SL 120041
sLIDCC42
SLID004)
SLIDCQ44
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ELSMENTS FACES ARE GIVEN A LNIQUE NUMBERING ORDER.

390

1o0

1190

120

130

140

[(Ny2)=1E

N=N+]

IF(TV4.EQ.LIGC TO 60
Iine L)=12

[iNs2)=I3

[Ny 3)=17

[{4y2)=16

LT

[F(I03.6Q.1)G0 TQO 70
[(My1)=11

[(Ne2)=]6

[(vy3)s18

T{N,40)=15

e+l

CCHNTIMUE

NuaND+6

ca TC 10

CONTINUE

NMAX=N=1

00 140 N=NMIA,NMAX
I1s1(N,1)

[2=1(N,2}

13=1(N,3)

14=1(N.%)
MIN=MINO(TI L, 12013414}
IF(14.EQ.MINIGD TO 90
IF(I3.EQ.MINIGO TC 100
IF(I2.EQ.MINIGC TO 110
IF(I1.EQ.MINIGO TO 129
CCNTINUE

Jl=I&

J2=I1

J3=1(2

Ja=13

GC 10 130

CONT INUE

J1=13

J2=14

J3=11

Ja=]2

GC TC 130

CliTINUE

Jl=12

J2=13

Ji=1a

Ja=11

GC TG 130

CCNT INUE

Jl=11

J2=12

J3=13

Ja=l4

CCHT [NUE

ey b)=41

[N 2)=d2

[(N,2)=33

[(vy4)=406

CCuT INUE
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SLIC0Q4S
SLIDOO4E
SL1D0047
SL 100048
SLIDQC4S
SLID00SO
SLIDOOC1
st 1000¢2
SLI100053
SLIDO0S4
SLIDOOSS
SLIDCOSE
SL 100057
sL 100058
sLID0GSS
SLID00&C
SLIDQOé&L
SLID00&2
SLID0063
SLID0OE«
SLIDO0ES
SL1D0Qs6
SLIC00&7
sL1D0Qe8
SL1D006S
SLIDOOT0
stInce7l
SLIB00T2
SLIDCO 13
SLIDCO74
SL10007S
SLIDGO74
SLIC0077
sL100078
SLID0Q079
sL10co08¢
stipocel
sLipoog2
SLIDCCE2
SLIDOOE4
SLIDOQES
SLIDCCE6
sL 100087
st IDcCes
SL 100089
SLID0QS0
sLIDooSl
SL100092
SLICCCS3
SL 1000S4
SLIDCOSS
SLIDCOSS
SLIDCOS?
SLIDCCse
SLICCOSS
sLI001CO
sLI0C1Cl
sLIbo1Cc2
st1oclc3
sLICCLCA
SLIDOL1CS
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DO

AEMCUVE DUPLICATE SURFACES

O 100 N=NMIA,NMAX
TFOIF{N)GECLLIGD TO 150
[1=1(N,1)
12=1(N.3)
Nhstel
20 1% M=NNy AMAX
IF(TL.NELI(M,L)1G2 TO 1SC
TFII3.NELT(M,31)GQ TO 1SC
IF{N)=]
IF{v)=1
GO 7T lecC
150 CONTINUE
153 CCONTINUE
NNMAX =0
REAIND 9

CCUMT THE NUMBER CF VISIBLE SURFACES

DG 170 N=) ,NMAX
IFLIFIN}EC.LIGO TO 170
NAMAXENNMAXS )

170 CCNTINUE

CUTPUT JOB STATISTICS

WRITE(S5,20C) NMAX ,NNMAX
CETUSN
13 FCAMAT(110,815)
1G22 FORMAT{415)
20U FCAMAT(* NUMBER OF ELEMEMTS WAS: *,15,/,' AFTER PROCESSING
L: *415)
END
SURRCUTIME DIVIDE(NDEL o1 €415414913,12,11)

SU3PCUTINE OIVIDE UNPACKS AM ARRAY

JI#ENSICN T(6)

[{=I1

[r2y=12

[t3)=13

I{e)=]4

[(S1=15

[te)=16

n"D10 J=l,6

I(J)=NDEL/ (1Ces(6=~J)}
17 NDEL=NMCEL-I(J)*{10**(56~J))

Il=101)

{2=1(2)

{3=1(1)

[a=1(4%)

[5=1(%)

1ée=1(56)

FETURN

€40

SL1DO1Ce
sL1oo1c?
SLIDO1CS
SLIDO1CY
sLIoglic
SLIDO11l
SLIDO112
sLIpoL13
SLIDOL14
SLIDQL1S
SLIDOL16
SLIDOL1L7?
sL10011¢8
sLIpor1l9
sLIpot2¢
SLIDO121
sL100122
SLI00123
SLIDOL124
SLIDC125
SL1C0126
sLIDCc127
SLICo128
SLIDO129
sLIDoL120
stido12y
SLIC01122
SLIDC123
SLIDOL 24
SLIDOL3S
SLIDOL126
SLI00127
sLIDO128
SLIDOL 29
SL IDO140
DVOEOOCL
DVDECOC2
DVDEOOO?
DVDEQDC4
DVDEOQOCS
DVDECOCS
DVDECCC?
OVDEOOCS
CVDEQQCY
DVDEQQ 10
DVDEQO11
DVDECC12
DVDEDO13
OVDEQO 14
DVDEQO 1S
OVDEQO1s
DVDECO1L7?
DVDEOQ 18
DVDECCL9
OVDEQO20
OVCEOO21
DVDEQO 22




3.

Fortran Listing of Free Format Routines

SO

(SN STR

(RN

[ En¥a]

OO

[aNa kel

[aNgRel

O

FOJTINDS FOR STMULATING FREE FCR4AT 1/0 FOR INGRID
SUCRGUTINE GET
SUTACUTIEINE GET PRCCESS THE AEXT COMMAND

CCHMMUN/REG ICN/TARRAY(10046)s NREG
GIMENSION CHAR(4CO)
MNREG=Q

[END=0
SET THE COMMAND

00 20 I=1,5
1F=1=%80
1S=IF=-79
FEAD (6450 {CHAR(J) ,J=1S, IF)
DG 10 J=[S,IF
TFICHAR(J) LNEL*3')GC TO 10
1END=J
GC TC 30
1) CONTINUE
2% CONTINUE
30 CONTINUE
[FITENDLEQLL JRETURN
[=1

PRICESS THE COMMAND STRING

40 CONTINUE
[F{leEQeIEND)RETURN

PROCESS INDEX INFORMATION
[F{CHAR(T) cEQ4* {*)CALL INCEX(CHAR,!)
PRUCESS COMMANDS

[FICHAR(I) «EQ.*/*)CALL L IST{CHAR,I)
I=1+1
52 TS 40
50 FGRMAT (8QAL)
53 FORMAT(LY,AL)
END
SUBRCUTINE INOEX{CHKAR, 1)

SUSFCUTINE INCEX DETERMINES WHICH REGIONS ARE MEEDED

OI4ENSION CHAR(400)
CCHMON/REG ION/TARRAY (100 ¢6 )4 NREG
K=1
NREG=NREG+1
J=NREG
13 €T INUE
[=0+]
IFICHARIT) «EQ.t ) "IRETURN
IF(CHAR( I} JNEL'{*IGO TO 20

INFCRMATION IS AN INDEX PRICRESSION
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GET0001
GETO002
GFT0003
GETO004
GETO0005
GETQCO&
GETO0007
GET0008
GE T0009
GETOO10
GETCOL1
GETO012
GETOO12
GETOO014
GETO015
GETO0016
GETO0017
GETOO18
GETOOLS
GETO0020
GET0021
GET0022
GET0022
GET0024
GETOQ025S
GETCO26
GETGO027
GET0028
GET0029
GETO0030
GETCO31
GET0032
GETQ032
GET0034
GET0Q03S
GET0013¢
GET0037
GET0038
GETO0039
GET0040
GETCO041
GET0042
GET0043
GET0044
GETO0045
INDX00C1
INOX00C2
INDOX0002
IND X00C4
INDXQ005
INDXCOC6
INDXOCCT
INDX00C8
INDXQ0C9
INDXQO1L10
INDXCO1L
INDXOO 12
INDX0013
INOXQO14
INDX001S




oo

SUURCUTINE NUMBER DETERMINES WHAT NUMBER A CHARACTER STRING

NRLG=NREG-]

CALL PRCGSN{CHAR, 1)

~ETUARN

IF(CHAR(I)Y.EQ.' *)GD TO 10
LFICHARIT) LEQC.',*)IGO TC 10
CALL NUMBER(CrHAR, [, X1}
[ARQAY(J4K)=IFIX(X)

K=<+}

52 TC 10

ENU

SUBRCUTINE NUMBER(CHAR 4 [ 4X)

WEPHESENTS

Bl]

43

50

60U

UIMENSION CHAR{4Q0)
X=0.C

[EXP=0

#1=10.0

SX=1.0

£=0.,0

22=1.0

$E€=1.0

CCMT INUE

C=CHARI(I!)

[FICLEQs"' ')GO TO 60
[F(C.EQe*»')GO TO 60
IF{C.EQ.'1*)CO TO 60
IFIC.EQ.*/'3G0 TO 60
[FIC.EQ.';')G0 TO &0
IFIC.NEL"=*)GO TO 20
[FITEXPLEQLO)SX2=~1,0
[F(IEXP.EQs1)SE=~1.0
GO TQ 50
[F{C.NE.*.*)GO TO 30
@1=1.0

FZ=0.1

Gu TG S0
IF{C.NEL'E*)G0 TO 40
21=10.0

22=1.)

[ExP=]

GG Tu S50

CCHTINUE

CALL DIGIT(C ,NUM)
IF{IEXPLEQ 0 IX=X*R1+R2 ENLM
IF(IEXP.EQLLl JESE®*RL4R2ENLM
[FIP2.LT.0.51R22R2/10.0
CCHTINUE

I=1+1

GC TC 10

CCNT INUE

F=SE*E

£=10,0%%E

X=XeE®SX

[=1-1

RETU?N

END

SUSFCUTIME DIGIT{CHAR, NUNM)

INDXQO 16
INODX0O L7
INDXQO18
INDX0O 19
INDXQO2C
INDX0O 21
INDX0O 22
IND X0023
INDX00 24
INOX0025
INDX00 26
NMBROOO1
NMBROGC2
NMBR00O03
NMBROOC4
NMBROOCS
NMBROO 06
NMBROQC?Y
NMBROOCS
NMBROOQCS
NMBROO 10
NMBROO11
NMBROO12
NMBROO113
NMBROO 14
NMBROO 15
NMBROO16
NMBROO17
NMBROO114
NMBRCO19
NMBROO 20
NMBROO 21
NMBROG 22
NMBROQ 23
NMBROO 24
NMB8ROO2S
NMBRQOO26
NMBROO27
NMBRO028
NMBRCQ 29
NMBROO 20
NMBROC21
NMBRCO22
NMBR0OQ 33
NMRROG 24
NMBROO 2S5
NMBROO0 36
NMB8ROO27
NMBRO0 38
NMBRC029
NMBRQO0 4O
NMBRQO 4L
NMBRQO42
NMBROO43
NMBROO44
NMBROO 45
NMBRCC 46
NMBRO0OGT
NMARR0048
0G1T00Ct
0GIT00Q2




[N

OO

CONYFRT L CHARACTER TC a4 DICIT

DIUENSIGE CU10)

JATA D/1FC,IFLsIH2 o LH3 4 L+4 \1H5, LHE ,LHT, LHB, LH9/
£0 10 J=1, 10

1FICHARLEG.D(J)IGE TO 20

CLNTINUE

RN

o8 TyaN

EN

SUBRCUTINE PPCGSM(CHAR,L)

INPYT AM INCEX PROGRESS [ON

19

40

53

Co

JIMENSION CHAR(400),11(2C,2)
ti=l

30 10 X=1,3

oC LC J=1,20
IT{JiKind

J=s1

CONTINUE

I=]+]

C=CHAR(I)
[F{NJEQa3.AND.C.EQL "I IGL TC 42
IF(C.NE.")*)GC TO 30
J=1

NEN+]

G2 TC 20

IFIC.EQ.* *)GC TC 20
IF(CLEQ."»*)IG0 TG 20
[FIC.FQa*{")CC TO 20
CALL NUMEER(CHAR,I X}
LIGJaNI=FIX(X)

JsJ+]

3¢ TG 20

CONTINUE

CALL SEQ(ID)

PETURN

FORMAT{20] 4)

€MD

SU3RLUTINE SEQIIT)

NVERT AN IMCEX PROGRESSIOMN TC ITS INDIVIOUAL REGICNS

UIMENSION T142043),M(3), IMX(8)
COMMON/REGION/TARRAY {100 46 ) 4 NREG
EQUIVALENCE (IMXT1)o D)y (IMX(2) 4 JM) 3 {IMX(3) JKM) (L IMX{4) 41X},
LUTUMXUS) 9 dX) e (IMX(6)4KX)

DG 1C I=1,3

2C 10 J=1,20
[F{TTEJy 1) oNELDIM(T) =Y

CCHT INUE

20 20 (=1,3
[FLTL0AET) 51 )aGTL0IM(T)=NM(]) =)
T 120 I[=1,M(1)

JC 110 J=1,M(2)

JC 130 K=1,M(3)

[M=l1{1,1)

JM=l1(4,2)

AM=lT (K, 3]

IX=T1(I+1,1)

DG1700C3
DGITOOC4
DGIY0oOCS
DG1T00C6
DGITo0C?
DGIToOCE
DG IT00C9
NDGITO010
0GITOO!1
0GITOO012
PRGSOOCL
PRGS0002
PRGS00C3
PRGS0O0C&
PG S0005
PRGS00CS
PRGS00C7
PRGS00CSE
PRGS00CY9
PRGS0010
PRGS001!1
PRGS0Q12
PRGSCO13
PRGS0014
PRGS001S
PRGSCO1S
PRGSO017
PRGSQOLE
PRGSOO19
PRGS0020
PRGS0021
PRGS0022
PRGS0023
PRGS0024
PRGS0025
PRGS0026
PRGS00 27
PRGS0028
PRGSN029
PRGS0020
SEQO0O1
SEQ0002
SEQCQ0?
SEQO004
SEQCO0S
SEQ0006
SEQQ00Q7
SeQccce
SEQOCCS
SEQO001 9
SEQQ011
SEQOO0L2
SEQCC12
SEQO014
SEQO015
SEQCOL6
SEQO017
SEQCCLE
SEQOO01S
SFEQCO2¢C
SEQ0021
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O MO

(N el

OO

JX=11(J+1, 20
MX=11(xel,3)

[F{IM.EJ 0 a0RJMLEQ.0.OR KM EQ.01G0 TO LOO

CHECK SLR SCLID REGIONS

IF{I“,LE.OORSIMLEL O OR KM, LELQIGD TC 40
[FIIXeLEeQ sORWWIXLEAQ.ORKX,LELQIGT TO 100

NRCG=IREG+L
20 30 L=1,6

35 TARRAY (NREGy L)=IMX (L)
30 7O 100

+3 CCONTINUE

CHECK FGR PLANAR REGIGNS

IF{{M.GE.0)GC TO 60

IFIIX aEQal ORKXLEQ.O)GD TC 60

MREG=NREG+ L
DC 50 L=1,6

53 TARRAY(NREG.L)=1ABSI{IMXIL))
[ARRAY (NREG,4)==1M4

60 IF(JM.GE.OIGC TO 80

[FIIXeEQeOORKXLEQ.Q}GO TC 80

NREG=NREG+1
JC 7C L=1l,6

TJ LARRAY(NREG,L)=[ABSIIMX(L})
LARRAY {NREGy S5)=z=Jd™

35 IF{KM.GE.OIGC TO 100

IFLIXeEQ.0.CRWJIX.EQ.01GO TC 109

MREG=NREG+1
30 90 L=1.6
) TARRAY(NREGy L)=1ABS{IMX(L))
TARRAY(NFEGy h)2=KM
100 CCHTINUE
115 COUNTINUE
125 CTONTINUE
RETURN
eND
SUBRCQUTINE LISTICHAR,IL)

SUIRCUTINE LIST PROCESS COMMAND LISTS

OIYENSION CHAR{400)

COMMCN/FUNCTN/ICMDULO) oNFT(1C), PARAM{ 100) 4NPARAM{ 10) +NCMD

NPTUL) =1
NCMD=NCMO+1

[FINCUYD.GTol INPT{NCMD} aNFT (NCMD~1) +NPARAM(NCMO-1}

CALL wORCUCHAR, T ,NW)
ICMD(NCMD)=NK

10 CCNTINUE
I=i+1
C=CHAR(I)
[F{C.20.* *)GO TG 10O
I[F{C.EQ."+')GC TO 1O
IF{C.52.'=")GC TN 10
IF{C.EQ.'/*)GO TO 20
IF{C.52.'; %160 TQ 20
CALL NUMBER(CHAR, I ,X)
JEMPT{NCMC )+ NPARAM(NCULC)
DARAM{J) =X
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SEQOC22
SEQOC23
SEQO024
SEQQ02S
SEQCO2¢&
SEQC027
SEQC02¢
SEQC029
SEQQ03C
SEQO031
SEQQC32
SEQ0033
SEQQ034
SEQOO03S
SEQQO36
SEQ0037
SEQUO38
SEQO039
SEQQO4C
SEQQQ4l
SEQQC042
SEQ0043
SFQOC44
SEQO045
SEQQ046
SEQCC47T
SEQQO042
SEQQCC4S
SEQCOSC
SEQQ0S51
SEQQ052
SEQO0S3
SEQCOS 4
SEQO055
SEQ0D056
SEQO0S7
SEQQO0S8
SEQCCS5S
SEQOO6C
LISToOCY
L15700C2
LISTO00C3
LISTCOCS
LIsT00CS
LISTQOCSE
LISTOOC?
LI1sT00C8
LISTOCCS
LISTO010
LISTQO11L
LIsT0012
LISTOO13
LISTOO014
LISTOO1S
LISTCO1S
LIsT0017?
LISTOO018
LISTCO19
tisTo020
LIsST0C21
LISTC022




13
29
R
u
¢ su

VPALAMINCMD ) =NPARAMINCMD J41
SCOTC 10

CLNT INUE

T=1-1

~ETURN

END

SUZRCUTINE WCRD(CHAR, [ N¥)

ITCUTINE WGRD DETERMINES wHAT WORD A CHARACTER STRING REPRESENTS

CIMENSICN CHAR(400)
Maz0

NCNT=Q

CONTINUE

I=1¢1

C=CHARC(])

I[FIC.EQe* *IGC TO 20
IFIC.EQ."»")GC TO 20
IF(C.EQ.'=*)GC YO 20
IFIC.EQ.*: )G TO 20
IFIC.EQ.'(")IGGC TN 20
[F({C.EQe'/')GO TO 20
NCNTaENCNT +1
[FINCNT.GT«4)GO TO 10
CALL ALPHA(C 4NUM)
NW=NW* 100+ ANUM

30 TC 10

CONT INUE

I=1-1

JETURN

D

SUBRUUTINE ALPHA(CHAR, NUM)

ARCUTINE ALPHA CONVERTS A CHARACTER TO EQUIVALENT AUMBER

DI"FNSION DU27)

VJA"A D/IAO'IBO"CI'QOI'OEI'IFI'OG.'!HO'III"J!'IK"DLU'
lvf"'!Nl'iot'lpl'lql'lal'isl’ITI,IUO'OVO’lwl'lxl'lvl'lll'l.',
NUM=Q

00 10 I=1,27

[FICHARLNE LD(D)ICO TO 1O

WUMEIelo

5C YO 20

CCNTMNUE

CALL ODIGIT(CHAR ,NUM)

CONT INUE

RETURN

END

LISTCO23]
LISTCO24
LI570025
LIST0026
LIsT0027
LISTCO028
WORL00G1
WORCQ0C2
WORD0OC3
WORDO0 04
WORLOQCS
WORD00CH
WORDOOC7
WORDOOCSH
WORDOOCY
WORDOGIC
WQRCOO11
WNRDOO12
WORDOO13
WORC0014
WORDCO1S
WORLDOO 16
WORD0017
wWQRD0O0 18
WORDCO19
WORD002C
WORCOO 21
WORDOO 22
WORD0O0O 23
WORDCQ24
WORDCO2S
ALPHOOC!
AL PHOOC2
ALPHCOC]
AL PHOOCA
ALP™0OCS
ALPHOOCS
ALPHOOC?
AL PHCOCS
ALPHOOC9
ALPHOOLC
ALPHOOI11
ALPHQO12
ALPHOO!2
ALPHOO 14
ALPHCOLS
ALPHOO 16
ALPHOOL?
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