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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 or 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,' SAPG," 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.® This body

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

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

1
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the mesh and then change to rectangular coordinates. If positions along

the (a, e, y) 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 I shows the different types of functions available in

INGRID. All 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 = Hct' S' y) Point Generation

2  Q = F(a, g, y) Coordinate Generation

3  P = Ra» B.Y) +P Warping Function

P - Position of point

Q  - Position of point (a, 6. y) 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 are 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



5

generate elements in a region and internally generates the other re

quired fifteen commands. Further reductions in input data are achieved

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 II 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

transformation. Although INGEN is designed to take advantage of body

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

result 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-oriented 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 lie 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 mesh is generated with less data than is required by UNISTRUC.

Program Features

INGRID was designed as a preprocessor for PAFEC, SAPS, and SAPS.

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

Subroutine Descriptions

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

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

2.3 SEQ2 Functions are read and executed. All vertices of
regions are calculated.

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

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

2.6 MESH Locations of nodes within a region are determined by
linear interpolation from the vertices.

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

2.8 PLOTMK The plotfile is created for a region.

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

3.1 SCALE The limits of the plot data are determined and
scaled to fit a Tektronix 4010 terminal.

3.2 PLOTS Initialize plotting (similar to CALCOMP subroutine
PLOTS).

3.3 PLOT Plot a vector (Similar to CALCOMP subroutine PLOT).

4.1 ELID Reformatting and boundary conditions are determined
for beam elements.

4.2 EL2D Reformatting and boundary conditions are determined
for plate elements.

4.3 EL3D Reformatting and boundary conditions are determined
for solid elements.
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TABLE III (continued)

Subroutine Descriptions

4.4 BOUTl

4.5 B0UT2

4.2.1 FLAT

4.2.2 NORM

4.2.3. ITST

4.3.1 VOLUME

If the rotational constraints lie along a coordinate
axis, then the appropriate global degrees of freedom
are constrained.

Boundary elements are output to constrain rotations
normal to plate elements.

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

The normal vector to a plate is determined.

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

The approximate volume of a solid element is cal
culated to determine if it is defined in a left-

handed coordinate system.



III. 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 minimum indices for a possible 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)/(JX - JM)

WK = (KX - K)/(KX - KM)

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

* (1.0 - WI) * WJ * WK + X(IM, JX, KM) * WI * (1.0 - WJ) * WK

+ X(IM, JM, KX) * WI * WJ * (1.0 - WK) + X(IX, JX, KM)

* (1.0 - WI) * (1.0 - WJ) * WK + X(IX, JM, KX) * (1.0 - WI) * WJ

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

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

Y(I, J, K) = Y(IM, JM, KM) * WI * WJ * WK + Y(IX, JM, KT^) * (1.0 - WI)

* WI * WK + Y(IM, JX, KM) * WI * (1.0 - WJ) * WK 4 Y(IM, JM, KX)

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

* WK + Y(IX, JM, 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, JM, KM) * WI * WJ * WK + Z(IX, JM, KM)

* (1.0 - WI) * WJ * WK + Z(IM, JX, KM) * WI * (1.0 - WJ) * WK

+ Z(IM, JM, KX) * WI * WJ * (1.0 - WK) + Z(IX, JX, KM)

* (1.0 - WI) * (1.0 - WJ) * WK + Z(IX, JM, KX) * (1.0 - WI)

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

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

18
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where

IM - minitnum i index of region I ~ i index of node

JM ~ minimum j index of region J ~ j index of node

KM ~ minimum k index of region K ~ k index of node

IX ~ maximum i index of region

JX - maximum j index of region

KX ~ maximum k index of region

The number of calculations are reduced by using:

FA = WI * WJ F4 = FA - F1

FB = WJ * WK F5 = WK - FC - F2

FC = WI * WK F6 = WJ - FB - F4

F1 = FA * WK F7 = WI - FA - F3

F2 = FB - F1 F8 = 1 + FA - WI - WJ - F5

F3 = FC - F1

X(I, J, K) = X(IM, JM, KM) * F1 + X(IX, JM, KM) * F2 + X(IM, JX, KM) * F3
+ X(IM, JM, KX) * F4 + X(IX, JX, KM) * F5 + X(IX, JM, KX) * F6
+ X(IM, JX, KX) * F7 + X(IX, JX, KX) * F8

Y(I, J, K) = Y{IM, JM, KM) * F1 + Y(IX, JM, KM) * F2 + Y(IM, JX, KM) * F3

+ Y(IM, JM, KX) * F4 + Y(IX, JX, KM) * F5 + Y(IX, JM, KX) * F6

+ Y(IM, JX, KX) * F7 + Y(IX, JX, KX) * F8

Z(I, J, K) = Z(IM, JM, KM) * F1 + Z(IX, JM, KM) * F2 + Z(IM, JX, KM) * F3
+ Z(IM, JM, KX) * F4 + Z(IX, JX, KM) * F5 + Z(IX, JM, KX) * F6

+ Z(IM, JX, KX) * F7 + Z(IX, JX, KX) * F8

Similar equations are used 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. Figure 6 shows

a typical curved boundary. Point 1 and point 2 are vertices of a

region and point 3 lies somewhere along the curve. Subroutine SE02

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'

X

X

X
OJ

'3T - 1 - 2T2'

Y = Yi Y2 Y3 • 4(T - T2)

.Zj Zi Z2 Z3 2T2 - 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;

2T2 + 1 - 3T

4(T - T2)

'XV'

YV =

Xi

Yi

X2

Y2

X3

Y3

1 - T

- 0

ZV Zi Z3

Xi

Yi

Zi

X2

Y2

Z2

X3

Y3

Z3

2T2 - T

f2(T2 - T)1

4(T2 - T)

2(T2 - T)

T
>

These equations are reduced as follows:

XV = (4X3 - 2X1 - 2X2)(T - T2)

YV = (4Y3 2Yi - 2Y2)(T - T2)

ZV = (4Z3 - 2Zi - 2Z2)(T - T2)

Ci(T - T2)

C2(T - T2)

C3{T - T2)

Ci = 4X3 - 2X1 - 2X2

C2 = 4Y3 - 2Yi - 2Y2

C3 = 4Z3 - 2Zi - 2Z2

Cj, C2, and C3 are stored for later use in subroutine MOVE.

For a circular boundary, the constants stored are the unit vector

normal to the line 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 angle e equals angle A, sin = a/2R = sinA. Since
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AREA = be sinA/2.0, b/2R = (2/ac)AREA or R = abc/(4.AREA). The area is

determined using Hero's formula

AREA = /s(s - a)(s - b)(s - c) 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/c2. From the law of cosines, b^ = - 2accosB

therefore

T = (ac)cosB/c2

=  (a^ + c^ - b2)/2c2

and

=  (X2 - Xi) * T+ Xi

X, = (Y2 - Yi) * T + Yi

Z, = (Z2 - Zi) * T + Zi

(X3- Xi,)i + (Y3 - Y^)j + (Z3 - Zjk

/(X3 - + (Y3"- YJ-^ + {Z3 -

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

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

to P. Using the parameter T, XS = C * (T - 0.5) and
2 2 2 2 2 2

Di = R - XM , D2 = R - XS

Therefore

YS = /R^ - XS^ - /R-i - 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 * WB
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Where F(T) is the displacement vector for either a circle or a

parabola, Wa and W3 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 lG(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 cOiTi-

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:

B = -X sinB + Y cosa

A = -X cosB sina - Y sinB sina + Z cosa

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 = (At - Aq) . (^) +

B = (Bi - Bo) • (^) + Cg

where

A-j, B-j = are the coordinates of a node to be plotted
A, B are the image of the scaled node
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Aq, Bq are the coordinates of the center of the sphere
containing the parts to be plotted

C/\> 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 nunber 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

is plotted in sequence using the following equation to determine the

coordinates of intermediate points along the curve;

A] =
B

Ai

Bi

A2

B2

A3

Ba

(s^ - s)/2

1  - s^

(s + s)/2

where

A, B is the intermediate node

Ai, Bi is the starting node

A2, B2 is the midside node

A3, Bs is the end node

S is a parameter which varies from -1.0 to 1.0.
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Subroutine FNl 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 lies 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 NODES^/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.

I ARRAY contains a list of node numbers which are ordered by the
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sections they occur in. All of the node numbers which occur in the

first division of the structure are located at the beginning of lARRAY

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 IjUi region requires comparisons to be

made on every node from location [(IPX(I -1)] to (IPI(I +2)-l) in

IARRAY.

Plate Flattening

For quadratic shell elements generated over a curved surface

the midside nodes lie out of the plane formed by the element vertices;

however, it is frequently necessary that all of the nodes lie 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 Vi and V2:

U12 = (Vi X V2)/ViV2

The distance from any midside node to the plane of the plate is:

D = 0 . O12

The final location of a midside node is:

X = X - D O12

Renumbering Solid Elements

Numbering solid elements properly is important since an improper

ly numbered element will result in a negative jacobian in a finite

element program. Improper numbering of elements can be detected by
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Ul2

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 = (Vi x V2) • V3

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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i

Vi

Figure 15. Calculating the Volume of a Solid Element



VII. CONCLUSION

INGRID has adequately 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 to 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 lie on the same edge have the same coordinates, then

39
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(a) (b)

L
(c) (d)

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. Illegal 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 notation.

Functions

Much of the effectiveness of INGRID depends on choosing a com

plete set of functions which are both general enough 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
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(a)

(b)

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 lb pressure)

As can be seen from the examples, the user only needs to have a knowl

edge of index notation and a list 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

slow 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 achieved

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.
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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 description 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.l. 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.l lists the indices of the vertices in the example of

Figure A.l. 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

49
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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.l

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, JMIN, 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<°°, 1<K<~. 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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A
1,5,2

(1,1,2)
2(5

(5,5,2)

(a)

(3,5,2)

A

(3,1,2)

(b)

Figure A.2. Planes and Lines in Index Space
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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, 5) 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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(3,2,1)

(a) Index Space

(7,6.4)

(7,6,4)

(3.2,4)

(3.2,1)

(7.6,1)

(b) Object Space

Figure A.3. Index Progressions for Planes and Solids
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Figure A.4. Separated Solid Regions

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.
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(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
Region Deletion

((-2, -6, -10); (3, 7); (-2, -4)}

Deleted Regions:

(2, 3, 2, 6, 7, 2) and (6. 3, 4, 10, 7, 4)
(d) Planes and Solids

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 IN6RID. All

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) Am (A4, 6X)

Output specifications are for axisymmetric elements.

(b) BE^ (A4, 6X)

This command is followed by a series of node cards

and a series of element generation cards.

58
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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.l. The first point locates the origin of the

local coordinate system, the second point lies along the

local x-axis, and the third point lies anywhere on the

positive x-y plane.
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For each local coordinate system, a set of three cards

must be input.

Card 1 (location of point 1) (Al, 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(0) coordinate of point 1

26 - 35 Global Z(0, (j)) coordinate of point 1

A

X'

Local Axes

Global Axes

Figure B.l, Coordinate Transformation

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

^ FURTHER INPUT H REQUIRED FOR THIS SECTION.

(d) Comments (Al)

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) {A4, 8X, 311)

This command performs a permutation of the coordinate

axes and is performed before any other coordinate transforma

tions.

col umns description

13 Flag for changing the x coordinate

EO.l; 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) (A4)

Only data necessary for plotting is generated. No

output is generated.

(g) (A4)

Plate elements do not lie 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)

Output for the MOVIE.BYU program is generated. This

output must be further processed by the utility program,

MOVE.

(i) PAFEC (A4)

Output is generated which is compatible with the PAFEC

finite element computer program.
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(j) PLOT (A4)

This instructs INGRID to enter the interactive plotting

package.

(k) (A4)

Output is generated which is compatible with the SAPS

structural analysis computer program.

(1) (A4)

Output is generated which is compatible with the SAPS

structural analysis computer program.

(m) TOLE (A4, 6X, FIO.O)

col umns description

11 - 20 tolerance value for combining duplicate nodes

3. Mesh Generation Modules

Mesh generation modules instruct INGRID to perform the

actual mesh generation. Each mesh generation 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

ule. 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<6.

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 integer in the I-progression, the integer

in the J-progression and the 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, 13, 215) format and regions are input using

(2X, 612) format.

TABLE B.l

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.

SNODe 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) 8NQDE (A4)

Eight node plate elements are generated. All indices

are doubled to provide the extra indices necessary for the eight

node elements.

(b) 20N0DE (A4)

Twenty node solid elements are generated. All 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

EH. ; (blank) Conversion is performed

after generation is completed.

EQ.l; Conversion occurs before mesh gener

ation is performed.

The equations for this transformation are:

X = R cos 0

Y = R sin 0

(d) Mm (A4, 6X, 15)

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 local 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, 5X, FIO.O, 15)

columns description

11 - 20 Plate thickness (for SAP5)

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-prooression (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-progression (1615)

Similar to CARD 1.

CARD 3: K-progression (1615)

Similar 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)

col umns 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)

Similar to CARD 1 and 2.

Cards 1, 3, and 5 are always required.
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Optional Functions. All 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

c. I, J, K

d. A

e. B

f. D

g. M

(b) Point Function

col umns

point function

A coordinate is a function of

the I, J, or K index

arc card

boundary condition card

delete

midside node deletion

(2X, 13, 215, 15, 3F10.0)

descri ption

1  blank

3- 15 Indices of point

16 - 20 Flag for coordinates of point

EO. ; (blank) X, Y, and Z coordinates

are modified

EQ.l; 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 Z 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 (Al, IX, 13, 315, 6F10.0)

col umns 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-index

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.I; 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 on 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 placed 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.
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(d) Arc card (Al, IX, 612, 12, 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.l; A parabola through point PI (see Figure B.2)

EQ.2; A circular arc through point PI

EQ.3; A circular arc with center P2

Figure B.2. Curved Boundaries

columns description

21 - 30 X-coordinate of point PI or P2

31 - 40 Y-coordinate of point PI or P2

41 - 50 Z-coordinate of point PI 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.

Type 2: Cylindrical Regions

col umns 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.l; 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)

(IHAX, JHAX, KMAX)

C\ ^ 0

(IMIN, JHiri, 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 0 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 (Al, IX, 612, 612)

col umns description

3-14 Indices of the region

15 - 16 Flag for constraining X displacement

EQ.O; free

EQ.l; 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 (Al, IX, 612)

col umns descri ption

3-14 Indices of region to be deleted
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(g) Midside Node Elimination (Al, IX, 612, 312)

col umns description

3-14 Indices of region

15 - 16 Flag for deletion of midside nodes along

the I-direction

EQ.O; Midside nodes are retained

EQ.l; 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. The input data file is described in detail in

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

files which are listed in Table C.l.

TABLE C.l

DATA FILES USED BY INGRID

FORTRAN Unit Number Description

5 Termi nal

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 Output (Elements)

15 Output (Boundary Conditions)

20 Scratch (Plotting)

21 Output (jMOVIE.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 Output Modification Commands

CONTINUE FLAT

END LOOF

HELP MOVIE

INFORMATION NOMOVIE

PARTS NO OUTPUT

PLOT PAFEC

ROTATE SAPS

SCALE SAP6

Description of plottino 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 >." If 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 comnand 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 g 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 Output 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 SAPS, SAPS, or PAFEC is generated

MOVIE output is generated if requested.

PAFEC - output compatible with PAFEC is generated.

SAPS - Output compatible with SAPS is generated.

SAPS - Output compatible with SAPS 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.l. 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 moving the nodes of a unit square bar

to their proper locations. 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 lie 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.

78
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7/

(a) Plotting by INGRID

(b) Plotting by MOVIE.BYU

Figure D.l. Examples of Plotting by INGRID and MOVIE.BYU
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(a) Part 1 (b) Part 2

(c) Part 3 (d) Part 4

(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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D.3. Mirror Fixture
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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 still demonstrates how major changes to a model can be made

with little effort.
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1
//
//

1 //
//
//

—

(b)

Figure D.4. Axisymmetric Model



APPENDIX E

SAMPLE DATA

0R4G McSH tXA,«PLE

CRAG MESh example

PLOTS

START

CYLI

1 3  7 9

1 18
1 3  5 7

0.25 0.5

0.0 180.0

0.0 0.25
D  I 1 I A 2 2

C  1 I 2 A 2 4
PND

11

1.25 1.5 1.75

0.5 0.75

-iJMCRE MACHINE MGOEL

CUMORE MACHINE mqq£l
PLOTS

PAFEC
LCOF

T'VI E
START

c  part:
MATER I AL 1
20NOOE

CYLINOfiICA

2  3

2  10

2  3 5 6
1.25 1.97=
0.0 360.0

1.5 6.25 7.75
END

start

C  PART2

MATERIAL 2
5NC0E

thickness 0.25

2 3 -A

-2 -3

0.0 -1 .326 -2.0625
0 .0 1.326 2.6875
1.5 6.25

A  2 1 1  2 i. 1  3 0.0
A  1 2:  2 2:  3

0.0
A  2 I 2 2 2 2  3 u • 0
A  1 2 2 2 2 2  3 0.0
C  1 1 i 2 2 2

ENO

0.0 1.5 1.S75
0.0 1.5 1.875
0.0 6.25 1.375
0.0 6.25 1.375

84
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START

C  PART3

8.NC:3E

MATERIAL •>

THICKNESS .2 =

2  A -5 -6

-2 3 A  -5

-2 -3

-17.26 -6.9

0.0 1.326

0.625 7. 125

0  2 1 1 3 1 2

a  3 1 1 A 1 2  1 1 1

J  1 c 0  0

K  3 0 0  0

K  A 0 0  0

END

START

C  PARTA

SNQOE

material 3

THICKNESS 0 .5

CYLI

1  -2

2  10

-1 2 3  5

0. A5 1.25

0.0 3 60.0

-2.0 0.0

END

START

C  PART5

SMGOE

VATERIAL A

THICKNESS 0.3

CYLI

1  -2

2  10

1  2 -6

0 . A5 1.0

0 .0 360.0

10 .0 11.0

2  0 1  1

END

START

C  PAKT6

MATERIAL 1

2CNG0E

2  3

2  3

1  7 15

-1.0 1.0

A  1

ENO

-1.0

-2 .0

1  1 2

1.0

10.0

2 3 3

-A.A8125

2.6875

1  I

2.7

1.0625

1.5

-7

1.5

25.7

1.25

25.7

0.0

•2.0625

6.875

3.7

6 .6875

6.25

A.7 5.75

6.25 7.75 10.0

0.0 0.0 0.A5
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MIRRCR FIXTURE

PAFEC

PLOTS

MGVI E

TCLER

CCCPO 9

1

C 1.0

c 1 .u
2

C 1.0

C 1.0

C 1.0

C 1.0

c 1.0

c 1 .0
e

c 1.0

c 1.0
L

c 1.0

c 1.0
•J

c 1.0

c 1 .0

9

c 1.0

c 1 .0

START

REPEAT 1

REPEAT

REPEAT 3

HER£AT 4

REPEAT 5

REPEAT 6

REPEAT 7

REPEAT 9

S9ATER I AL 1

CYLIN

2  7 10

2  4 6

2  3

5 .0

67.5

0.0

9  1 3 1 1 7  1

9  1 3 14 3 2

3  1 1 1 1 3 2

ENO-

START

REPEAT 1

REPEAT 3

REPEAT 3

REPEAT 4

REPEAT 5

REPEAT 6

REPEAT 7

REPEAT a

0.003

•RO.O

0.0

-•^5.0

45.0

0.0

90.0

45.0

135.0

90.0

130.0

135.0

225.0

190.0

270.0

225.0

315.0

17

78

6

11

8

0

1

0

1

10

0 0

I 0 0 0

25.0

9C.0

0

0

0

28. 125

101.9 112.5
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3

= N0-

■PRIAL 2
7 4 6 3 10
2 4 a 10
2 3

-5.3 -3. 5 0.0 3.5 5.3
14 .23

6.5
17.0
9.4

25.0 27.185

1. 4 1 0 -8.54 26.66 6.5
1 4 2 0 -8.54 26 .66 9.4
3 4 1 0 0.0 27.55 6.5
3 4 2 0 0.0 27 .55 9.4
5 4 1 0 8. 54 26 .66 6.5
5 4 2 0 8.54 26.66 9.4
1 3 1 ) -3.106 25.0 6.5
1 3 2 0 -8.106 25.0 9.4
5 3 1 0 8.106 25.0 6.5
5 3 2 3.106 25.0 9.4
1 2 1 0 -6.012 17. c

V • .

1 2 2 0 -6.012 17.0 9.4
5 2 t 0 6.012 17.0 6.5
5 7 2 0 6.012 17.0 9,4

3  1 1  3 4 2  1 0 0 0 0 0

iXISYfMETSIC YCOEL

IXISYMMETRIC
OAEEC
AXISY•^^"FTRIC
TGL = n
PLOTS
STiRT
aNCQE

2  6 7
2  6

-I
-■V.dTZ

-.183
125

U.550
0 .3

- 7

3
- 7

110
0

.137
C

.3 20
2 2 1 3
3  2 1 3

3  0
-0.755
7  0
-0.938
6  0
-1.565
5  0
-1.975

1  5
1  5

9

3  4 7

A  5 6
6
7

END-

IRPOR PRCaLE.y

0.01

10
14

s
9

.94 7
0.0

.625

.750

1  310 1
1 5 7 1
X 71.i 1
11010 1
1 3 3 1

3  1
0
-2

-7

1  3
1  3

0

0

-0 ,
0

-1,
0
_ 1

1  3
1  3

1
1

1
.137

1
.32 0

1
-0. 7

f

.938
1

.565
1

.975

9

10
10
11

-2.637

10.935

-2.480
-1.975
-2.637
-2.320
-2.947
-2.947

-1 .3
-0.7

-1.983
-I.030

-2.2
-1.285
-2.320
-1.630

-2.395
-2.395
-1.235
-1.030

11
13

12
14

-2.48

11.535

-2 .480
-1.975
-2.637
-2.320
10.935
10.935
-1.425

-0.7
-1.608
-1.030
-2.073
-1.235
-2.320
- 1.630

12 .785
12.785

14.650
14.650

13 14
16 17

-2.32 -2.2 -2.0 -1.8

11.875 12.514 13.285 13.500

-2.480 -2.480 0.0 0.0

-2.637 -2.637 0.0 0,0

0.0
0.0

-1.368

0.31
0.31

-1.197 -1.112 -0.952

-1.550 -1.380 -1.295 -1.135

-2.047 -1.960 -1 .916 -1.664

-2.320 -2.320 -2.320 -1.975

0.0
0.0

0.5
0,5
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START

8NC0E

2  f
7  ;

-1

-5.932

11.535

0.0

1 1 1 18

ENC-

0

-2.637

1 1 .600

■2.A8n

2  1 1 0 0 0 0 0

-2.320

3-0 dCOY OF REVOLUTICN

AXI 3>MWe""?IC MIRROR
PAFcC
TCLER 0.01
EXCH 312
PLCTS

OPCBLEM

START
EYLI

7 ,4. 7  3 9  10 11 12
2 6 7  9 10 11 13 14
1 21
-4 .372 - 2 . 94 7 -2.637 -2 .48
- .183 W • V

9 . 125 10.625 10.935 11.535
l-- .550

0 .0
14.750

3 60. 0
1  1 2 1  310 2

0  3 4 1  5 7 2
0  6 9 I  713 2
0  9 5 IIOIO ->

0  7 7 1  8 3 2
0  8 1 110 6 2
J  4 0 0  1 -2.480 -2.480

-7 .137 -2.137 -1.975 -1.975
J  3 0 0  1 -2.637 -2.637

_ 2 .3 20 -2.320 -2.320 -2. 320
A  2 2 1  3 -» 1  3 -2.947 10.925
A  2 2 2 3 7 2  3 -2.947 10.935
4  3 2 I  3 3 1  3 -2.947 10.935
A  3 2 2 3 3 2  3 -2.947 10.935
J  8 0 0  1 -1.3 -I. 425

.755 -0. 7 -0. 7 -0.7
J  7 0 0  1 -1.983 - 1.603

-i) .938 -0 .938 -1.030 -1.030
J  6 0 0  1 -7.2 -2.073

- .56 = -1 .565 -1.285 - I.285
J  5* 0 0  1 -2.320 -2.320

-1 .975 -I .975 -1.620 - 1.630
A  7 1  5 7 1  3 -2.395 12.765
A  4 7 2 5 7 2  3 -2.395 12.785
A  5 6 1  5 7 1  3 -2.393 12.785
.4 5 6 2 5 7 2  "a -2.395 12 .785

6 9 0  12 -1.285 14.650
7 9 0  12 -1.030 14.650

E.ND-
START
CYLI

2 8 9  10
2 3

1 21
-5 .832 -2.637 -2.480 -2.320
11 .535

0 .0
1 : .60 0

3 60.0
9  1 I 1  1 2 I  1 0 0 21  0 0

: 3

16
1^
17

-2.32

11.875

-2.480

-2.637

2.0
360.0

0.0
360.0

-1.363

-1.550

-2.047

-2.320

0.0
360 .0

0.0
360.0

-2.2

12.514

-2.480

-2.637

0.31
0.31
0.31
0.31

-1.197

-1.380

-1.960

-2.320

0.5
0.3
0.5
0.5

-2.0

13.285

-1.3

13.500

0.0

0.0

-1.112

-I.295

■1 .916

-2.320

0.0

0.0

-C.952

-1.135

-1.66A

-1.975

E'lO-



APPENDIX F

PROGRAM LISTINGS

1. Fortran Listing of INGRID

cc

c

c

cc

c

c

c

c

c

c

c

c

acu^ln -

DEL

JUi'lPAS-

3UMPA2-

JU'JK -

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMA INOODl

CMA IN00C2
PPPGRAM IMGPID 3y: DCUGLAS STILLMAN CMAIN00C3

CMAINOOOA

ING:^I0 is a general purpose finite element mesh generator, for more CMAIN00C5

INFORMATION CONSULT THE USEf'S GUIDE OR CONTACT: CMAIN00C6

J. E, STCNEKIMG CMAINCCC7

OEPAF.TMENT OF ENGINEERING SCIENCE AND MECHANICS CMAIN03C8

university of TENNESSEE CMAINOOCF

KMOXVILLE, TENNESSEE 37R16 CMAINOOIC

TELEPHONE: 61 5-97 A, f ISA CMAINOOIl

CMAIN0012

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMAIN0013
CMAINOOIA

LIST CF COMMON BLOCKS AND RCLTINES IN WHICH THEY ARE USED CMAINC0 15

CMAINOO 16

SCS QCS2 DLEE CMAINCCI7

CMAINOO 18

DELETE 0ELET2 DLEE CMAIN0C19

CMA I NOD 20

ICNl I0N2 I0N3 IQNA CMAIN0021

CMAINCa22

lOPl I0P2 I0F3 lOPA CMAIN0023
C.MA IN002A

ELIO EL2D EL2C EXCHNG INFO IMT OUTPUT CMAINC025

PLOTMK CMAINOO26

CAIN0027

INIT INPLQT CMAIN0023

CMAINOO29

ELTWO INFO INIT INPLOT CMAIN0030

CMAINOO31
CMAIN0032

CMAIN0033

CMAIN003A

CMAIN0035

CMAINOO36

lOPl MAXMIN OUTPUT SCALE CMAIN0037

CMAINOO 3 3

CMAIN0039

CMA I NOO AO

MAX SEQ2 TRANS CMAINOOAl

CMAINC0A2
CMA INOOA3

CMAINOOAA

CMAINC0A5

CMAIN00A6

SCALE2 CMAIN00A7
CMAINOOA3

CMAINOOA9

CMAI NOD EC

3CUTI 30UT2 EUC EL2D CMAIN0051

FN2 INPLQT ITST LOAOS3 CMAIN0052
VOLUME CMAINCC53

CMAINOO5A

PARAaO CAINCOES

c
r

JUNK2 - elthre ELTWO ISfC

C KNTS - MAIM OLEE ELTHRE
r

r

IGPl L0A0S2 OUTPUT

U

c
c

LOAD - DLEE LOADS LCADS2

c "13 DLEE MIOSIO MICSI2

c
r

r

PARTS - OLEE INFO IN IT

U

c
r

PAPTS2- INPLOT PART SCALE

L

c
c

PRGP - DOUBLE ELTHRE ELTWO

L

c CTSARG- CTRAN CTRAN2

c

c
r

RCPEAT- CTPAN2 OLEE TRANS

L

c SCALES- MAP PLOT SCALE

c

c
c

SECCl - FN3 FN5 SEC 2

L

c SYSAPY- MA IN REAM 0CS3

EL3D FLAT FN 1

c MAP NOPM CUTPLT

c

c VECrNC- CIRCLE OLEE MOVE

cccccccccccccccccccccccccccccccccc

C  MAIN PROGRAM

C  SuRRCUTINES CALLED:

CMAINOO5T

CMAINOO53

CMAIN0059

CMAIMCC6C

89
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?LCt !MT ICN2 ICP2 INPLGT QurPUT
C.MAIN0061
CMAINCOta

C.^AINOOAS
CCCClCCCCGCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCr.CCCCCCCCCCCCCCCCMA I NOOtA

CC'lACN/SVSAPy/Ol (5A00A I , N( 18002 )
MC0£5= 18002
L I •^=5AOOA

CALL i'MlTIALWUG ROUTINES

CALL INIK lOUT, IPLQT.TOLER.INESH)
IF( ICUT.OC.l )WRITP(6,30)

IF( lOUT.EC.2 )WRITE(6,A0)
IF( IuUT.FC.3)WRITE(6,50)

CALL MESh GENERATION ROUTINES

CALL OLEE (0 I ,L I "^iNtNODE S)

OU*<P OUTPUT ELFFERS

CALL ICN2

CALL I0P2
IF( iplqt.ec.oigo to 10

REUINO 7

REaK.O 8

F.EC'I NO 9

REwINO 10

CALL PLOTTING ROUTINES

CALL INPLCT

10 CONTINUE
IF( ICUT.FC.O IGO TO 20

A EM NO 7

REaINO 8

R t R I N J 9

REwINO 10

"EM.NCI 13

CALL ROUTINES TO COMPLETE PFGCESSING OF MESH

CALL OUTPUT! lOUT.TOLER)
20 CONTINUE

STOP

30 rCRMAT(I2H SAPS FORMAT)
AO FORMAT! I2H SAP6 FORMAT)

50 =C?MAT(13h PAFEC FORMAT)
END

SuCRCUTINE BEAM

MAIN0065

MAIN0066

MAIN0067
MA I N0068

MAIN0C69

MA INC0 70

MAIN0071

MA INC0 72
MAIN0073

MAIN007A

MAIN0075

MA IN0076

MAINC077

MAiNao7e

MAIN0C79

MAINOOSO

MAINOOei

MA INCCe2

MAIN00a3
MA IN008A

MA I NODE5

MA I NOOSE

MA IN00e7

MAIN0088

MAINOCaS

MA IN00 9C

MAIN0091

MAIN0092
MAIN0093

MAINCCFA

MAIN00S5

MAINOOSE

"A I NCOS7

MA I NCOS8

MAINCCS9

MA I NO ICQ

MAINOICI

MAIN01C2
MAIN01C3

MA I NO 1C A

MAIN01C5

MA INC1C6

MAIN01C7

MAIN01C8

MA I NCIC9

BEAMOOClBEAMOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCBEAMCOCZ
CBEAMOOO?

iuaREJTINE BEAM PERFORMS NOCE AND ELEMENT GENERATICN OF BEAMS

SJ5RCUTINE BEAM IS CALLED BY IM IT

C3EAMC0CA

C3EAMOOC5

C3EAMC0C4
C3EAM0CC7

CBEAMOOCa

CPPAHCCC^
CCCCCCCCCCCCCCrCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSEAMOO 10

CGMMCN/SYSARY/X!1000),Y( lOCO ),2! 1000) BE AMCC 1 1
CCmmcn/KM S/NCDE,I OEAM ,I T.C, ITHRE.LDAO.LINFS, MIN BEAM00 12

SUSROUTiNES CALLED: lONl ICFI MAXMIN
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NCDEM1«NCCE-1
DC 80 I«N,N0C6M1

^Ef.NEL + l

I 1 = 1fl

<iRITE( 10)1 ,I I,NQRM4L,MAT,IETYPE
iSAve=i

CALL ICPU ISAVEiO.II)
30 CDMTINUE

►;el=nel+i
aRITEI lOINCDE.IF.NORMALfPAl, ISTYPE
CALL lOPlINCCE.O,IF)

90 CCMINUE
^i = ^i!JOE+l
GO TO 30

100 CONTINUE
IdE4M=NEL+l
NCDS=N0DE+1
RETURN

110 FCRMATUI, IA,3F10.0)
120 FORM AT (6 15)
130 FCRMAT(I5,6UX,IHO),3F10 .8)
lAO FORMAT!I 5,61AX.lHl),3F10 .A)
150 FGOMATiaiS )
160 FGRMAT(35X,3E10.3)
ITO FOfiMAT(5X,3FlC.O)

END
SUBROUTINE SCSI IB, ISO

BEAMOOTA
BEAROOTS
BEAH0076
BEAR0077
BEARC073
BEAM007<;
BEAROOaO
BEAROOEl
BEAM0082
SEAROOB?
BEAROOEA
BEAROOeS
SEAR0086
BEAR00e7
BEAR0088
BFAROCaP
BEAR0090
BEAROORl
8EAROOR2
8EAR0093
8EARCC5A
BEAROOBS
BEAR00S6
BEARC0E7
BEAROORB
BEARCCRR
BCSOOO 1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCBCS0002
CBCS0003

THIS SUBROUTINE STORES CQMMANCS FOR RESTRAINING BOUNCARY CCNOITICNS C8CS0Q0A
CBCSC005

CALLED by: ££02 CBCS0006
cecsoooT

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSCS000 8
DI-ENSION iS(6),IflCI6) BCSOOOR
CCRMON/BCUNO/NBC, IBCAPLI 100,6), I6CS(100,6) BCSCCIC
NBC=NBC»1 BCSOOll
DO 10 1=1,6 BCSC0I2
I BCAPL INBC , I ) = I 8 ( I ) BCSCOl''
I BCSINBC, I )« IBCI I ) BCSOOIA

10 CONTINUE BCSCC15
''ETURN BCS0016

BCS0017
SUBROUTINE BCS2 I I , J, K, N) 6CS20001

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC3CS200 02

SUBROUTINE BCS2 RESTRAINS TEE BCUNDARIES OF NCCES BEING OUTPUT

CALLED BY: ELThRE ELTWO

CSC S200C3
CBCS200CA
CflCS200C5
C8C S200C6
CBCS200C7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSCS200C8
DIMENSION N(6)
CC«MCN/BCUND/N8C, IBCAPLI 100,6), IBCS(100,6)
IF(riBC.EC.O)RETURN
00 20 L=l,NBC
IFl I ,LT. lECAPLIL ,1 ) .OR. I .GT. I8CAPL (L, A) )G0 TO 20
IF(J.lT.IBCAPLIL,2).OR.J .GT. laCAPL(L,5) )C0 TO 20
IFIK.LT.leCAPLIL,3).OR.R .GT. IBCAPLlL,6))GO TO 20
DC IC M=I,6
IF(N( '').EO.O)N(M)=!ECS (L,R)

10 CONTINUE

BCS200C9
BCS2C01C
BCS20011
BCS20012
SCS20013
BC$2001A
BCS20015
BCS20016
BCS2C017
BCS200 18
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20 CCf.TlNUE BCS2C01S
^ETUPN BCS20020
ENO BCS20021
SUEPOUTINE aCSBl IB.NOOE, ICMO) BCS300C1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCaCS300C2
c  CBCS300C3
C  SU9BCUTINE ECS3 PACKS OR UNPACKS THE BCUNOARY CONDITION ARRAY CBCS300CA
C  CBCS300C5
C  CALLED by: BCUTl ELIO E12D OUTPUT CBCS300C6
C  CBCS300C7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCBCS300C8

OINENSIQM Ifl(6l BCS300CR
CC,MMCN/SYSARY/X(3000I, Y( BOCO ),Z1 80001 tN ( 80001 BCS3C0 IC

1 , IRB( 8000) ,IFLAG IBOOOl ,V I8C0C,3I 9CS300U
IF( IC^O.EC .1 IGO TO 20 BCS30012

C  3CS300I3
C  PACK ARRAY BCS300IA

C  BCS300 15
I63(MC0E)*C 3CS300 16
CO 10 1*1,4 BCS30017

I Bai NCOEl* IBB(N0CE)+I8 1 t 1»10 »•( 1-1 1 6CS3C018
10 CONTINUE SCS300 19

RETURN SCS30020

20 CONTINUE BCSOOOJl

0  eCS30022
0  UNPACK ARRAY 3CS3C023

0  3CS3002*
NN=IBBINGCE) 3CS30025

00 30 1=1,6 BCS30026

IB! I 1»MC0( NN , 101 BCS30027

A=(NN-ISII 11 /10 90330028
NN=INT(AI 9CS3C029

30 CONTINUE 3CS30030

RETURN BCS30031

end SCS300 32

SUBROUTINE BCUTl(NODES) 8UT100C1

CCCCCC0CC0CCCCCCC0CCCCCCCC0CCCCCCCCCCCCCCCCC0CCCCCCCCCCCCCCCCCCCCCC0CCCC9UT1OOC2
0  CBUT10003

0  SUBROUTINE BCLTl CHECKS FOR PLATES WHICH HAVE ROTATIONS TO BE OSUTICOCA

0  restrained along a COUROINATE direction. CBUTIOOCS

0  CBUT1C0C6

0  CALLED 8Y: OUTPUT C8UT100C7

c  oauTiooc?
0  CALLS SUBROUTINES: 8CS3 CBUTIOOCS

0  C9UT10010

0CLCC0CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC0CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC3UT10C II
OIHENSION 18(6) BUT10012

OCHMQN/SVSARY/X(8000), YI 8000 ),2 I 8000 ) ,N ( 8000) 8UT10013
1,I8B(8000) , I FLAG(8 000) ,V(8000.3) BUT 100 1A
00 10 1=1,NODES BUT10015

IF ( IFLAG( I ). EQ.O.OR. IFLAGI I) .E3.2)GG TO 10 9UT10016

11=1 BUT10017
CALL aCS3( IB , II, 1 ) BUTICO 18

IF(AB31V(I,l)).GT.O.SS)ie(A)=3 BUT 100 IS
IF(A8S(V(I,2)).GT.0.99)IE(5)=3 BUT 100 20

IF(ABS(V(I,3)).GT.0.SS)IE(6)«3 BUT 100 2 1

11=1 euT10022

CALL BCS3( 18 , II ,0) BUT10023
10 CONTINUE BUT 1002A

FFTURN euT10025

END BUT10026
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SU8R0UTINE BCUT2(NODES,ICLT) 8UT200CI
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC8UT200C2
-  C8UT200C3
C  SOBRCUIINE BCUr2 OUTPUTS BCLNCARY CCNOITIONS AND BOUNDARY ELEMENTS C8UT200CA

CALLED by: output
CBUT200C5

C8UT2C0C6

C8UT200C7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCBUT200Ca
cc>imgn/sysary/x(eoool ,y( edcc i.ziaoooi .Niaoooi
1, IB3(3000),I flag(a0001 fV(8C0C,3)
NEUNC=N0CES+1
DP 10 1=1,NODES

IF( IFLAGI1). EQ.O .OR.IFLAGI n .£Q.2)G0 TO 10
vx=x(n + v( I,n

VY=Y[ IlfVI 1,2)

V2 = Z( I)*V( 1,3)

I F(ABS( V(I ,n ).GT.0.99.QF,V( 1,2 ) .GT.0.99.0R.V ( I ,3 ).GT.0.99)
IGO TO 10

tl=N( I )

IF( (OUT.EC .1 IWP.ITEI U, 30 INEV, NO , VX, VY, V2
IF! I CUT. EC.2 IWRITFd I, 50 INEWND , VX, VY , VZ
IF! I CUT. EC.2) WRITE I 15,60 INEWNO

IE! ICUT.EC.l IWRITE (19, AO )I1, NEWND
IF! I CUT. EC.2)WRI T£119, 70)11,NEWND

NEL=r:EL+l

NEWN0=NEWNC+1

10 CONTINUE

NCViND=)iEWNC-l

WRITE(6,20INEWNO,NEL
RETURN

20 FORMAT! 16H NUMBER OF NODES,/,21H AFTER TOLERENCING » ,15,
l/,31h NUMBER OF BOUNDARY ELEMENTS » ,15)

30 FCRMAT!I5,30F 1 1 1 1 1 1,3F10.9)
90 FCRMAT!2I5,2CX,5H 1 )

50 FCRMAT!I10,3F10.9)
60 FCRMAT!I5,10X,3HFIX,2X,2FNM)
70 FCRMAT!2I5,iax,2HNR)

END

SUBROUTINE C IKCLE!X1,YI,Z1,X3,Y3,Z3,X2,Y2,Z2,I3)

8UT2CCC9

BUT20010

BUT2C0U

BUT20012

RUT20013
auT200 19

BUT 200 15

8UT2C016
BUT200 17

BUT20018

BUT200I9

BUT20020

BUT20021

BUT20022
BUT2C023

SUT20029

BUT20025
BUT2C025

BUT20027

BUT2C02B

BUT20029

BUT2003C

BUT20021
BUT20032

8UT2CC33

8UT200 39

8UT20035

BUT20036

8UT20037

BUT2C03a

CRCLOOCI

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCRCL00C2
CCRCLOOC3

CCRCL00C9

CCRCL0005

CCRCL00C6

^  CCf^C LC0C7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCRCLOOCe

CCMMCN/V ECFNC/NFN,IFN! IOC),IAPLY!100,6),COEF! 100,5) CRCL00C9

SUBROUTINE CIRCLE STORES COMMANDS FOR MOVING NCOES TC FIT A CIRCLE

called by: SE02

DIMENSION IB!6)

NFN=NFN»1
IFN!NFN)»2

on 10 1=1,6

lAPLYINFN, I)«IS!I)
10 CCNTINUE

A = SCRT!!X3-X1)««2+!Y3-Y1 )» = 2+ ! Z3-Z 1) w*? )
B = SQRT!! X3-X21 = »2«-!Y3-Y2 )»*2 ♦! Z3-Z2)»*2 )
C=SQRT!(XZ-X 1)»*29!Y2-Y1 )»«2t!Z2-Z1)*»2)
S = !A9B9C)/2.0

AREA=S8RT! $»!S-A)»!S-B)* !S-C ))
R = A*B»C/ !9 .0»AREA)

0C=!A*A9CFC-B«B)/!2.C*C»C)
X9=(X2-X1) »0C*X1

CRCLOOlO

CRCLOO II
CRCLCC12

CRCL0013

CRCL0019

CRCLOO 15

CRCL00I6

CRCL0017

CRCLOO 18

CRCLC019

CRCL002C

CRCL0021

CRCLC022

CRCL0023
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MY2-Y11«(3C*Y1

'I22-Z1J»QC<-ZlI'"

VXiX3-X4

VY=Y3-Y^

VZ=Z3-Z'V

ANnp YV'SOR T( VX»VX<-VY»VY*\Z»V2)
VX = VX/ANCRf<V

VY = VY/ANCPPV

V2 = VZ/ANCRI«V

CCEF(NFN,l)=VX

CC3EF(NFM,2 )-VY

cccfinfn,; i»v2

CCEF(>JFN,'.)«B

CQEFINFNfS )»C
RETUR.N

E'lD

SUtRQUTlNE CIRCL2(XP,YP, 2P , X C, YC , ZC, XQ, YQ , ZQ, IB,RADIUS)

CRCI.00 2A

CRCL00 2S

CRCLOOZB

CRCL0027

CRCLC028

CRCL0029

CRCL0030

CRCL003I

CRCL0O32

CRCL0033

CRCL003A

CRCLCOBS

CRCL0036

CRCL0037

CRCL0038
CRCL0039

CRCLOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCRCL00C2

S'JPPCUTINE CIRCL2 DETERMINES TFE PCINT
CENTER OF THE CIRCLE AT POIAT C.

Z ON ARC PQ ViHEN GIVEN THE

CALLED SY; SEQ2

CALLS SUBROUTINES: PARA8C

CCRCL0003
CCRCLCOCA

CCRCL0005

CCRCLC0C6
CCRCL00C7

CCRCL00C8

CCRCLC0C9

CCRCLOOlO

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCRCLCOU
DIMENSION 13(6) CRCL0012
IFIRACIUS.EQ.O.O IGQ TO IC CRCL0013
XCP»XP-XC CRCLOOIA
YCP-YP-YC CRCLC0 15
ICP'ZP-IC CRCLC016
XC;=XD-XC CRCLOOIT
YCC=YC-YC CRCLC0 18
ZCO=ZC-ZC CRCL0019
CP»SORT( XCP»XCP*YCP»YCP+2CP»ZCP) CPCL0020
CL«SQKT( XCC»>CC!*YCa»YCO+2CC*ZC3) CRCLCC21
XPxXCP»RADIUS/CP + XC CRCL0022
YP=YCP*RAO lUS/CP+YC CPCL0023
2P«ZCP*RA0lUS/CP+ZC CRCL002A
XC»XCO»RACIUS/CQ»XC CRCL0025
YC=YCC»RACIUS/Ca+YC CRCLCC26
ZC«ZCa*RAOtUS/CQ+ZC CRCL0027

10 CONTINUE CRCL0028
XRsXP-XC CRCL0029
YP=YP-YC CRCLC03C
ZR»ZP-ZC CRCL0031
R = SaRT (XR»XR«-YR»YR+ZR»ZR 1 CRCL0032
XV= ( XP + XC)/2-XC CRCLCCS
YV=( YP + YCI/2-YC CRCLOQ-'A
ZV=(ZP+2C)/2-ZC CRCLC035
V=SQRT(XV«XV+VV»YV+ZV»ZV) CRCL003S
XZ=XV«P/V+XC CRCL0037
YZ«YV«R/V+YC CRCLC039
ZZ = ZV»R/V+ZC CRCL00'"9
CALL PARAeC(XP,YP,ZP,XZfYZfZZ.Xa.YQ.Za,IB) CRCLCQAC
RETURN CRCLOOAl
end CRCL00A2
SUERCUTINE CTRAN CTRNCOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCr.CCCCCCCCCCCCCCCCCCCCCTPN00C2
E  CCTRNC0C3
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C  SJ8RCUTINE CTRAN SAVES THE CCCRCINATE TRANSFORHATlCNS

CALLEJ by: INI T

CCTRNOOCA
CCTRN00C5

CCTRA00C6

CCTRN00C7

CCTRN00C8

CCTRNOOO
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTRNOOIC

CALLS SUBROUTINES: CYLINO SPHERI

CCVMCN/QTSARG/TI(3,3,50I ,X(3.50) ,Y(3,501 ,Z13,50)
DATA NCYL/lhC/,NSPH/IHS/

BACKSPACE 12
kEAO( 12,A0)NC

IFINC .EC.O IRETURN

00 20 J«1,NC

DC 10 I»l,3

READ( 12,5C IKT.XII, J) ,r (I ,J), 21 I , Jl
IFIKT.EQ.NCYDCALL CYL INC( X( I.J ) ,Y( I, JI ,2( I,J ) )

SPHER 1IX( I,J| ,Y( I. JI ,21 I.J I 1IFIKT.EO.NSPFICALL
10

20

CONTINUE

CCNTINUE

DC 30 I«1,NC

X1«X12, I)-X( I,I)

> i»Y( 2. I )-Y( 1,11

21«2(2,I)-2( l.II

X2»X(3,I1-X( i.n
Y2'y(3,n-Y( 1,11

22 = 2(3,11-21 1,11
S1«X1»X1 + Y 1»Y1»-21»21

S1«SL'RT( SI 1

AX-Y1*22-21*Y2

AY=21»X2-X1»22
A2«X1»Y2-Y1»X2

S2=AX*AX*AY«AY*AZ«A2

S2=S0RT(S2 I

X1«X1/S1

Yl-Yl/Sl

21=21/51

AX = AX/S2

AY=AY/S2

A2-A2/S2
X2=AY»21-A2»Y1

Y2=AZ=X1-AX»21
22 = AX»Y1-AY*X1

T I( 1, 1, I 1=X1

TI (I ,2,1 )»Y1

IK 1.3,1 1=21

TI(2,1,I)«X2
TI(2,2,I )«Y2

TI(2,3,I1«22
TI(3,1,I1=AX

TI(3,2,I) = AY

TI (3 ,3,1 ) = A2
return

FORMAT (5X, 15 I

FCRMAT(A1,AX,3F10.Q)

END

SUBROUTINE CTRAN2(XO,Y0,iC1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTRN00C2
C  CCTRNOOC?
C  SUBROUTINE CTRAN2 PERFORMS CCCRCINATE TRANSFORMAT[CNS CN NODE 0 CCTRNCCCA

CCTRNOOC5
C  CALLFD by: FLTFRE ELTWO CCTRN0CC6

30

AO

50

CTRNOO II

CTRN0012

CTRNOO13
CTRNOOlA

CTRNOO15

CTRN0016
CTRN0017

CTRN0018

CTRNOO19

CTRNOOEC

CTRN0021

CTRN0022
CTRN0023

CTRN002A

CTRN0025

CTRN0026
CTRN0C27

CTRN0028
CTRN0029

CTRNOO 30

CTRN0031

CTRN0Q32

CTRN0033

CTRN002A

CTRN0035

CTRN0036

CTRN0037

CTRN0038

CTRN0039

CTRNOOAO

CTRNOOAl

CTRN00A2

CTRN00A3

CTRNOOAA

CTRN00A5

CTRNOOA6
CTRN0CA7

CTRN00A8

CTRNCCA9

CTRNC05D

CTRNOOSl
CTRN00;2

CTRN0053

CTRNCCfA

CTRN00:5

CTPN0056

CTRNOOfT

CTRNC058

CTRNCOCl
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CCtCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCTRNOOCB
;(C13),XX(3I CTRNDOrd

CCMMC,N/QTS«RC/TIt3,3,50),X(3,501,Y(3,50),Z13,50) CTRNCOIC
CC-mon/repeaT/NR,NRT(501 CTRNnn ,
KS-NRT(NP)

IFKS EU.O.RETURN

XC 1 =Jc CTRNOOU
00 10 I»lt3 CTRN0016
XX( ).0 0 CTRN0017
nc lb J^? 3 CTRN0018JL IJ J l»3 TTDfU^OlG

13 xxm = xx(n + Ti(j,i,KS)»xc(j) CTRNonjr
XCHl = XX(ntX(l,KS) rrPNOO-?
XC(2)=XX(2) + Y(1,KS)
XC,3,.XX,3,>Z,l.KS,

Yr.XC 2 CTRN002^
zLxC 3 CTRN0025
FETUpi
-j^.Q CTRNCC27
Subroutine cylino(r,thet/,'2) cylnqqc?

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC:CCCCYLNC0C2
SUBROUTINE CYLINO PERFORMS CCCRCINATE TRANSFORMATIONS FROM CCYLNCOCA
cylindrical coordinates to CARTFSIAN COORDINATES CCYLNOOC''

called 8Y; CTRAN ELTHRE ELTWG SEQ2 CC^LNOCCT

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCYLNOCCRDATA ST/0. 0/,CT/1. 0/ rviKfinin
IFITHETA.EC.TFETADIGO to 10 TYrNnnii
ST.SIN(ThETA/57.2<)58) TYi Nnn 3
CT=.COS(TF£TA/57.2958) TYiNnnix

10 IFIR.EO.PD.AKC.THETA.EC.TFETAOIGO TO 20 CYLNCOIA

PCT'=R*a CYLN00 15
C^LNO°ol?

Y.RRT CYLNOOIB
:  CYLN0019

CYLN002C

RD^R CYLNC021
THETAC=TNETA "lNOo"
iir" CVLN002;
SUBROUTINE DELETE! IB) OLTEOCCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCDLTE00C2
C  SUBRCUTINE DELETE STORES COFMANCS FOR REGIONS WHICH ARE TO BE C0LT=00CA
I  ''ELETED CDLTE0005
C  CALLPl rtY• CDLTEC0C6I  t-ALLE;3 6y. SEQ2 C0LTE00C7
CCCCC>,CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCDLTE00C"3DIMENSION IB(6) OLTEOOlO

CCMMCN/OEL/NCEL, IDEL(IC0,4) dNfoO 11
N0£L=N0£LM OLTEOO 2
= " OLTEOO 3
IDSLINJEL.Il.IBin DLTEOO ;
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PETURN^^ DLTE0015
0LTEO0 16

0LTE00 17
SUSRCUTINE OELETZIIM.JH.Cf,IX,JX,KX,ID> 0LT2C0CI

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOtr20002
C  SUERCUTINE DEI.ET2 OETERMINEJ IF A REGION IS 70 3E CELETEC CDLT200CA
^  CDLT200C5C  CALLEO by: ELTHRE ELTWO C0LT2CCC6

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOLT200C8
CC.RMCN/OEU/NCELtlOELdOO ,4) DLT20CC9
IKNOEL.EC.O IRETURN niTRnnin
DC 10 l«l,NOEL DLT200U
IF( IM.LT. lOELI If 1) .OR. IX .CT. lOELI I .AHGO TO 10 0LT20O12
1 FtJM.LT.IDEL(1,2)-OR.JX.CT. lOELI 1.51IGO TO 10 0LT2C01'
IF1KM.LT.IDELII,3).0R.KX.GT. IDELIIfA) )G0 TO 10 DLT200IA

R = njRN OLT20015
10 "ntimue o^;^^oo}7

0LT2C0 18

OLT20019SUB'^UUTINE CL£E (A t KLI ^« NL IM ) OLEFOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOLEEOOC2
CDLEE00C3

c  SUBROUTINE CLEE CONTROLS THE "ESH GENERATION ROUTINES CDLEECCCA

^  C0LEE00C5C  CALLEO by: main 0DLEE00C6

C  CALLS SUBROUTINES: ELTHRE ELTWO MAX SEQ2 TRANS ZERO
C0LEE00C7

C0LEE00C8
C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCOUEEOO 10
COMMON/KNTS/NCOEflBEAMflTWC, ITHR E, LOAC, L INES, MI N OL = EOOU
CCMMCN/PAPTS/NPARTSfXMAXFtAO ,3) ,XMINP 140,3) 0LEE0012
CCMMCN/V ECFNC/NFN,IFNI IOC),IAPLY(100,6),COEF( 100,5) DLEEOO13
C0«M0N/LCA0/NL,LCAS£(100 ),XFtlOO),YF( 100),ZFI 100) ,INO( 100,6) 0LEE0014
CGMMON/aOUND/N0C,IBCAPL( IOC, t), ISC St 1 00,6) 0LEE0015
COMMCN/MIO/NMID,MIOAtlOO,6),f<IOO(100, 3) DLEEC016
COMMCN/OEL/NCEL, lOELI 100 ,4 ) OLEEOO 17
COMMON/REPEAT/NR,NRTI50) DLEECO IB
CCMMCN/REG ION/IARRAYt2CO |6),NREG OLEEOO 19
dimension A(KLIM), N(NLIM) 0LEEQ020

10 continue 0LEEC021
REWIND 11 0LEE0022

^  0LEEC023C  GET THE NEXT PART TO BE GENERATED DLEE002A

^  . 0LEE0025CALL TRANSI1ENO,MAXN) OLEECC26
IFI lEND.EC.DGO TO 40 DLEE0027
NPARTS«NPAPTS+l OLEECOZe

^  0LEEC029C  MAXN IS THE NUMBER OF TIMES THE PART IS TO BE REPEATED OLEE0030
,  DLEE0031

00 30 NR«lfMAXN 0t.6E0O32
CALL Z ERC ( KL If*»NL I H»A ( N) OLE'^CC'
IF(NR«G5*2)GC 70 20 0L6EC034
REWIND 11 OLE EGO 3 5

0LEE0036
0LEEOO37

DLEECC3R
N0£L = 0 DLEE0039
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RETURN

ENO

SueRCUTINE FLTHRE (Ml,M2

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C

iUiRCUTINE ELIHP6 GENERATES

CALLEC by: OLEE

calls SUBRQUTIMES:
ICNl LCACS2

BCS2
■HAXMI N

08LE0026
0BLE0027

,R3,*.Y,Z,N) ELTHCOCl
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCELTH00C2

CELTH00C3
SCLIO ELEMENTS AND NCOES CELTHCOCA

CELTH00C5
CELTHCCCB
CELTE00C7

CTRAN2 CYLINO OATA CELET2 EXCHNG CELTHC0C8
RESE MIDSI2 MOVE PLCTMK SPHERI CELTH0QC9

c CELTHCOIC
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc CCCCCCELTHCCU

CCMMCN/KNTS/NODE11 SEAM,ITWC, ITHR£,LOAD,LINES.MIN ELTHC0I2
CCMMCN/PFCP/MAT,NOPT,tC2 ,1T,TH,N8,N20 ELTHC0I3
CCHMCN/JUNX2/NFAST ELTHOOlA
Cr"MCN/ REG ION/ I ARRAY (2 00 #6 ), NREG ELTHCC15
CCVMCN/REPEAT/NR.NRTtSOl ELTHOO 16
OIMENSIUN XtMl,M2.M31, Y(M1,M2.M3I, 2(M1,m2,M3I, N(M1,M2.M3I ELTW0017
DIMENSION IBC16I ELTHOO 13
EQUIVALENCE! ITHRE.NEL) ELTHOOn

c ELTHC02C
c NODE GENERATION ELTHOO21
c ELTH0022

DO 150 INCX-l.NREG ELTH0023
IM-IAPRAYI INCX, I) ELTH002A
JM«IARRAYIINCX,2) EL THC025
XM«IA8RAY( INCX,3I ELTH0024
IX^IARRAVIINCX.AI ELTHCC27
JXxIARRAYIIN0X,5) ELTHC028
XX=IARRAY( INCX,6) ELTHC029
IF(MAT.EC.CIMAT«l ELTHC030
IF! IM.EO.IX.CR.JM.EQ.JX.CR.KM.EQ.KXIGQ TO ISO ELTH0031
IOEL-0 FLTH0032
CALL DeLET2IIM.JM.KM.IX,JX,KX,IDEL1 ELTH0033
IF( ICEL.EC.l IGO TO 150 ELTH003A
IF(NR.GE.2>GC to 10 ELTH0035

c ELTH0036
c GENERATE NODES ELTH0C37

c ELTH0038
CALL MESHIMl,M2,M3,X,V,2,N,IM,JM,KM, I X, JX.KX) ELTHQOSR

c ELTHOOAC
c MOVE NODES AS SPECIFIED IN ARC CARDS ELTHOOA I
c ELTH00A2

CALL MOVE I Ml,M2,M3iX,Y,2,N,IMtJM.KM, IX.JX.KX) ELTH00A3
10 CONTINUE ELTHCOAA

DO 70 J-JM.JX ELTH00A5
DO 60 I«IM,IX ELTH00A6

DO 50 K»KM,K* ELTH0CA7
IF(N( I,J,K).NE.O)GO TO 5£ ELTH00A8
IFINFAST.EC.11G0 TO 30 elthccas
ICNT«0 ELTHOOSO

c ELTH0051
c CHECK FOR MIDSIDE NODAL POINT ELIMINATION ELTH0052
c ELTHOOf3

XM»FLCAT(MQDI(I-IM),2) ) ELTH005A
YMxFLOAT (MOD KJ-JiM 1,21 ) ELTH0055
ZMxFLCAT(MCO I (K-KMl,21 1 ELTH0056
IF(XM.NE.0.0)ICNT=ICNT+L ELTHOO'7
IF (YM.NE .0 .0 1 ICNTx ICNT*1 ELTHOOSS
IF(ZM.NE.0.0 1ICNT«ICNT»1 ELTH0059
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2N(H-2,J+l,K),N(H-l,J+2,KltN(I.J + l,Kl,Ml«-ltJtK + 2),N(l»Z,J + l,K + 2), ELTHCi;!
3N( !♦ I, J*2, K*2) ,N( I , J<-1 ,K «2I .M I , J.K + l ) .N( 1+2, J,K+1) ,N( I+2,J+2,K*1 )ELTH0I22

ELTH0123
ELTH012A

eLTH0125

ELTH0126

ELTH0127

ELTH0123

ELTH0129

ELTHQ130

ELTHC131

ELTH0132

ELTH0133

ELTH013*

ELTPOl 35

ELTH0136
EUrH0t37

ELTH013e

E1.TH0129

EL IPO I 40
ELTH0141

ELTP0142
WRITE(9)NMC0EStMAT,N(I .J tK ♦! ), ( I, J ,K* I), N( I ♦ 1, J+I ,K+1J ,NI I ♦ U J , EL TPOl 4 3

lK + l),iN(I,J,IO,N(ItJ*l.K),N(I*l,j4-l,K),N«I + l,J,K), IDUKt IDUPi lOUM, EL T HO 144
2 IDUM. I CUP. IDUPf IOUP,IOUPf ICUPt lOUP. IDUM, IDUM ELIHC145

4,NlI.J«-2fK»l 1

•JEL»PEL*1
30 CCNTI.N'JE

00 CCfiTINUE

100 CONTINUE

GC TC 15C

110 CCIITINUE

DC 140 I4«K>,KX
DC 130 J'JPtJX

DC 120 I«IP,IX
I2»I <-1

J2»J+1

.'<2=< + l

IDEL-0

11=1

J1«J

K1«K

IOUM-0

CALL 0ELET2( Il.Jl.Kl ,I2,»2,K2,IDFL I
IF( IJEL.EC .1IGO TO 120

NEL«NEL41

120 CONTINUE

130 CONTINUE

140 CONTINUE

150 CONTINUE

160 CONTINUE

RETURN

170 F0RMAT(7IS ,3F10.4,3I5I

180 F0RMAT(4I5,5X,15,/,16I5, y,4I 5)
190 FOPMAT(415,5X,I5,/,8I5,/,5P )

END

SUBRUUTINE ELTWO (Mlti2.P3,X ,Y,2,NI

ELTH0146

ELTP0147

ELTP0148

ELTH014'3

elthoi;c

ELTH0151
ELTPOl52

ELTPOl 5 3
ELTP0154

ELTHC155

ELTH0156

ELTPOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCELTWC0C2

SUORCUTINE ELTWC GENERATES FLAT E ELEMENTS

CALLED by: OLEE

CALLS SUBROUTINES:

lONl L0A0S2
BCS2

MAXMIN

CTRAN2

PFSP

CYLINO

MI0SI2

DATA

MOVE

CELET2

PLCTHK

EXCHNG

SPHERI

CELTH00C3

CELTV*C0C4

CELTK00C5

CELTPCCCi
CELTROOCT

CELTViOOCB

CELTWCOCN

CELTWOO 10
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCELTWOOll

COMHCN/KNTS/AODE,IBEAM,I TWO, ITHRE ,LOAOt LI NESt PIN
COMMON/PROP/PAT,NOOT,IC2 flTt TH,N8,N20
COHHON/JUNK2/NFAST

CCHMQN/REG lON/lARRAY!200.61,AREG
CCMPCN/BEPEAT/NR,NRT(501
DIMENSION X(Ml,M2fM3l. Y(Pl,P2,M3)t 2IM1,M2,M3>, MMl,M2,M31
DIMENSION IBC(61

ECUIVALENCE! ITWQ.NEL)

NODE GENERATION

DC 220 INCX-l.NREG

IM=IARRAYIINDX,1)

JM«IABPAYI INCXtZ I

ELTW0012
ELTPOOn
ELTWC014

ELTWOO 15

ELTWCO 16

ELTPOO 17

ELTP0018

ELTPOOIS

ELTP0020

ELTP002I

ELTW0022

ELTWC023
ELTPC024

ELTP0025



103

<V=rARRAY(INCX,3)
IX=IARRAY( INCX.-H

JX=IARRAYtINCX,5)

.<X«IARPAY( INCX,6)

IF(MAT.EC.0)R4T»1

!'=( IM.ME.IX.ANO.JM.NE. JX.ANO.KM.NE.KX)GO TC 220
ICEL'O

CALL OELETEIIM.JM.KM.I X,.X,K>,IOEL)
IF( ICEL.EC .1 )GC! TO 220
IF1NR.GE.2)GC TO 10

GENERATE NOCES

CALL MESHi ,M2,H3tX.Y,Z ,N.I X, JX.KX)

MOVE NODES AS SPECIFIED IN /RC CARDS

CALL MOVE I N1 ,N2,N3,X,Y,Z ,N,IF,JM,KM,IX,JX,KXI
10 CONTINUE

DC TC J«JM,JX
00 60 I«IN,IX

DO 50 K«KN,KX
IFINI I ,J,KJ.NE.0)G0 to 5C

IFINFAST.EC.DGO to 30
ICNT=0

CHECX FOR MIOSICE NODAL PCIM ELIMINATION

XM=FLCAT(MC0tII-IM),21)

YM.FLCAT(MCD((J-JM),2) )
ZM»FLGAT(MC0(IK-KMI,2) I
IFIXM.NE.0,0)ICNT«ICNr*l

IF(YM.NE.O.O) ICNr»ICNT*l
IF(Z«.nE.0.01ICNT«ICNT*1
IFIICNT.GE .2.AN0.N8.E3.I IGC TO 50
DC 20 L»l.6

IBCILl»0
20 CONTINUE

1 I'l

J 1 = J

K1«K

MFLAG-0

CALL MI0SI2( Il.JltXliMFLAG.XF,YM,ZM)
IFIMFLAG.EC.DGO TO 50
CALL 8CS2( II IBC )

CALL LQAOSZt II.JUKI,NODI)
INT«0

30 CONTINUE
xa<X( I .J ,K I
Y0"YU,J,KJ

ZO'ZI UJ.K)
CALL EXCHNCIXO.YQ.ZOI
IFIIC2.EC.11 CALL CYLINOIXC.YC.ZCl
IFIIC2.£C.2)CALL SPHERIIXC .YC.ZOI
CALL CTRAN2(XC,Y0,ZD)

call VAXMIMXC.YO,ZOI
NeC0UT=0

00 AO N31»ut
AO NBCOUT«NeCCUT + IBCIN011 ♦IC»«( Nfll-U

CALL ICNlIXC.YO,ZO.NSCCUTI
NlI.J,KJ«NCDE

ELTVI0026
EL TWOOZT
ELTV.C028
ELTWOOEO
ELTW003C
ELTW0031
ELTV.0032
ELTHOC33
ELTW00 3A
ELTt.C035
EL TW0036
FL Tk0037
ELTk0039
ELTI,0039
ELTWOOAO
ELTWOOAl
FLTWC0X2
ELTW00<3
ELTWOOAA
ELTkCCAS
ELTR0QA6
ELTWCCAT
ELTW0CA8
ELTkOOAO
ELTViOOEO
ELTkOOSl
ELT1.0052
ELTVI00;3
ELTWOO'A
ELTW00;5
ELTkC056
ELTWOO'T
ELTW0058
ELTW0C;5
ELTR006C
ELTWOCE1
ELTW0062
ELTW00e3
ELTkCOEA
ELTW0065
ELTkC066
ELTkOOET
ELTk0068
ELTHCC65
ELTkOOTC
ELTWCC71
ELTW0072
ELT1.C073
ELTH007A
ELTkOOTS
ELTkC076
ELTk0077
ELTkC07e
ELTk007g
ELTkCOEC
ELTkCOEl
ELTk0082
ELTkC083
ELTkOOeA
ELTkCCES
ELTkCOes
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■-iCOE'NQOE+l
50 CONTINUE
to CCNTINUE
70 CCMINUE

FLEVENT GENEP4TICN
ROUTINE PLQTMK OUTPUTS PLOTTING VECTOPS

CALL PLCTPKlIP,JN,KM,I X,»X,K*,N8,MltN2fM3iNI
"I N»NOCE

IF(NFAST.EC.1)G0 TO 22 0
Nf,CD£S=4
IF(NS .EQ.l )NNC0ES«8
IF(KP.LT.NXIGC to 80

N-INDEX IS CONSTANT

I2«2
J2«0
K2 = 0
I 3*2
J3«2
K3«0
14-0
J4-2
K4»C

IF INNOOES .EC.4)
15-1

CO TC 100

30

J5-0
K5-0
18-2
J6-1
K£«n

17-1
J7-2
K7-0
18-0
J3-1
KP-0
GO TO llO
IF (JM.LT.JXI 00 TC 9C

J-INDEX IS CONSTANT

12-0
J2-0
X2-2
I 3-2
J3-0
K3-2
14-2
J4-0
K4-0
IF (NN0DES.EC.4)
15-0
J5-0
X5-1
It-1
J6-0

K6-2
17-2

CC TC 100

ELTV.GCE7
ELTWOOS8
ELTNOOaq
ELTWCOSO
ELTliOOSl
ELTViCC52
ELTW0093
ELT1.CC54
ELTWC0<5
ELTV,C056
ELTNCCFT
ELTNCOES
ELTWCCF';
ELTNOICC
ELTWOICl
ELTV.01C2
ELTVi0I03
FLTWClC4
EL TliOlCS
ELTW0IC6
ELTW0IC7
ELTt,01C8
ELTWC1C9
ELTViOl 10
ELTNCl 11
el TWOl 12
ELTNOI 13
ELTWCl 14
ELTNOl 15
EL TV,01 15
ELTWOl 1,7
EL TNOI 13
ELTWCl 1<3
ELTW0120
ELTWC121
ELTW0122
ELTW0123
ELTWOl 24
ELTW0125
ELTWC126
ELTW0127
ELTW0128
ELTWC125
ELTW0130
ELTWC131
ELTH0132
ELTWOl 33
eLTWC134
ELTW0135
ELTWC136
ELTW0137
ELTW0138
ELTWCl 39
£LTW014a
ELTWC141
ELTWOI'2
ELTW0143
ELTW0144
ELTW0145
ELTW0146
ELTW0147
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J7«0 ELT).C1A8

ELTHOIA?
ie»i ELTWOISO
J8»0 ELTV>0151
XpsO ELTW0152
GC TG 110 ELTV.0i:3

90 CONTINUE' ELTN015A
c ELT>,0155
c l-INDEX IS CCNSTANT ELTWOlSft
c EUTW0157

I2«0 ELTWC158
J2»2 ELTW0135
K2»0 ELT)«016C
I3«0 ELTWOltl
J3»2 El.TVi0l«2
K3»2 ELTWClt3
I4«C ELTWOU A
Ji»«0 ELTI^OltS
K'.-Z ELTWOltft
IF (NNODES.EC.'>) CO TC too ELT),0167
I 5-0 ELTWC168
J5«l ELTWOIE?
K5»0 ELTWCl 7C
I6»0 ELTWOITI
J6»2 ELTliOl72
K6«l ELTWC173
I 7»0 ELTW017A
J7»l ELTCOnS
K7»2 ELTW0176
I8«0 ELTVi0177
J8«0 ELTW0178
K8»l ELTW017"3

GC TO no FLTV.018C
100 CONTINUE ELTN0181

12=12/2 ELTViOie2
J2»J2/2 ELTHOl 83

K2=K2/2 ELThOlSA
13=13/2 FLTH01S5

03=0 3/2 ELT),0186

K3*K3/2 EL 71.0187
I4»K/2 ELTWOiea

0^«0'>/2 ELTWOl 8<5
K^«K^/2 ELTHCIIC

110 CONTINUE ELTW0191
IF (IX.NE.IMI IX- IX-1 ELTy.0192
IF (OX.NE.ON) ox-ox-1 ELTHOl'33
IF (KX.NE.KN) XX-FX-l ELTWOISA
IF (NN00ES.EC.4) CO TC 150 6LTH01S5

c ELTW0196
c ELTWC197

00 UO K=K.«,KX,2 ELTW0198
00 130 0 = 0)',OX,2 ELTWOl99

00 120 I»IN,IX,2 ELTW02C0
IOEL«0 ELTW0201

10=1+13 ELTWC2C2

00=0+03 ELT=02C3

KC»X+K3 ELTV.C2CA

il = ! ELTH02C;
01 = 0 ELTi>02C6
M = K ELTWC2C7

CALL UELET2( Il.OltKl,IO,.jC.KC,IOEL) ELTW02C3
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IF( lOEL.EO.l IGO TO 120
mRITE (81 N( t iJtK) ,NI 1 «-!

I  + .MiT.ITfTH.Nd ♦!
2J7,'<*K7) ,N(I+I8,J+J3,i<*K
NEL«NEL+1

120 CONTINUE

130 CONTINUE

140 continue

00 TO 22C

150 CONTINUE

lOUM'O

DO 210 K»Kf,KX

CO 200 J"JF,JX
3C 190 I«IF,IX

lOEL'O

IC»I*I3

JC»J+J3

KC»K+K3

ll'l

J1»J

K1»K

CALL 0ELET2( Il,Jl,KltIC..C>KC,IOEL)
IFI ICEL.EO.l IGO TO 190

IFINOOT.EQ.OIGO TO 180

CHECK FOR 18C DEGREE ANGLE EETWEEN EDGES

o  J2,K>K2! , N( K4K3) «NI 14 lA.J-i^

Et J+J5tK4K5) fN ( I*l6. J+J6iK4K6I ,N(I4I 7,0 +
E)

NDl'NII,J,KI
ND2»Nn + I2 ,J+J2,K+K2I

ND3«N(I + I3,J+J3,K+K3)
N04»N( I + I4 ,J+J4,K + K4I
X01«*( 1 + 12,0+02,K+K2)-X(
XD2-xn + I3,J+03,K+K3l-X(
X03«X( I+I4 ,0+04,K+K4i-X(

XC4»X(1,0,K)-X(1+14,0+04

YOl'YI I + I2,J+02,K+K2)-Y{

Y02»Y( I + I3,0+03,K+K3)-Yt
YD3+Y1 I+I4,J + 04,K+K4I-Y(

Y04«Y(I,0,K1-Yt1+14,0+04

2D1»Z( I + t2,0+02,K+K2I-ZI
202«ZI I + I3,0+03,K+K3l-Zt
ZD3«Z( I+I4,0+04,K+K4I-Z(
ZD4»Z(I,0,KI-Z(I+I4,0+04
V1»S0RT1XD 1»XC1 + Y01«YD1 +

V2«SCRT(XC2*XC2»YD2«Y02+

V3«SCRTIXC3»XC3+YD3*Y03+
V4«SQRT(XD4+X04+Y04+Y04+

AC1»( X01 + XC2+YD1+YD2+Z01
A02« ( X02+X C3 ♦YD2+Y03+Z02
AD3» ( XD3»XC4 + Y03»YD4+Z 03
AD4-»( X04+XE1+YD4+YD1+2D4
!F(ABS(AC1).GT.0.94.0R.A
IFtABSIAC2 ).eT.0.94.0R.A
GO TO 180

160 CONTINUE
».'RIT£(8)N01,N02,N04,IDUN
NEL=NEL+1
wFITE18U02,N03,ND4,IDUN
NEL»NEL+1
GO TO 190

170 CONTINUE

1,0,K)
I + I2 ,0+02,K+K2I
1+ 13 .0 + 03,K+K3)
,X+K4I
1,0,X)
1+12,0+02,K+K2I
1+ 13 ,0+03,K+K3)
,K+K4)
1,0,X)
1 + 12 ,0 + 02,K+K2)
1+13,0+03,K+K3)
,K+K4I
ZCl+ZOl)
202+ZC2)
2C3+Z03I
2C4+Z04I

+ ZC2 l/( YI+V2I
«2C31/(V2»V3I
«Z04 1/IV3*V4I
«ZD1 )/( V4*V1)
ES(AC3>.CT.0.94IG0 TO 16C
ESIAt41.CT.0.94)G0 TO 170

,I'AT,IT,TH,IOUM,IOUF, IDUM,ICUI'

,FAT,IT,TH,IOUM,lOUF,IDUH,ICLF

ELTWC2C9
ELTW0210
ELTWC2 I 1
ELTV<C212
ELTV,C2 13
ELTV.C214
ELTIi02 15
ELTW021t
ELTk.0217
ELTI,0218
ELTWC219
ELTW0220
ELTKC221
ELTW0222
ELTli0223
ELT1,0224
ELTW0225
ELTHC226
ELTW0227
ELTV,C22a
ELTV(0229
ELTVi0230
ELTHC231
ELTW02 32
FLTV.0233
ELTWC234
ELTW0235
ELTWC236
ELTW0237
ELTV,C23e
ELTK0239
ELTW0240
ELTWC24I
ELTVi0242
ELTV,0243
ELTWC244
ELTV,0245
ELTWC246
ELTW0247
ELTI.C248
ELT(,0249
ELT1,C25C
ELTW0251
ELTW0252
ELTK02;3
ELTV,0254
ELTi.0255
ELTV.0256
ELTi>C257
ELTW0258
ELTIi0259
ELTW024C
ELTW0261
ELTW0262
ELTVi0243
ELTHC264
ELTV,0265
ELT(>C26t
ELTKC267
ELTU02tS
ELT>.C2t9
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ELTW027Q

ELTV.0271

ELTW0272

ELTVi0273

ELTWC27'4

ELT)^0275

ELTt.C276

ELTW0277

ELTWC278

ELTVi027'J

ELTt.0230

ELTW02ei

E1.TW0282

ELTV.C2e3

ELTVi026<>

ELH.02E5

ELTW02e6
ELT>i02S7

ELTV.C2e8
EL ICOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEL10C0C2

CELIC00C3
CELICOOCV

CEL10C0C5

CEL1C00C6
CEL1C00C7

CEL icooca

CEL1C00C9

180

190

ZOO

210

220

230

^<^0

250

260

liRITE(H)N01,N02iN03.IOUH fMAT ,IT, TH, IDUMt IDUl"! lOUT'ilDUl'
NEL«NEL»1

V<8[TE ( 81 Na3.N04>N01«I0Uf if AT ,1T , TH , I DUM, I OUCf I0U»^iI0Ul<

NEL'NEL^l

30 TC 19C

CONTINUE

»RITE (31 M If JiK) ,N(I tlE, J*J2.K+K2).N( I ♦ 13f J+J 3 fK+^3) fN U +1 A, J ♦
IJAfK+iLAI fMATflTfTHflOUH, ICLl'iIOUMf lOUM

NEL»NeL*l

CONTINUE
CONTINUE

CONTINUE

CCNTINUE

CONTINUE

return

FC8MAT (7I5,3F10.A,3I5 )
F0KMAT(5I5 fSXftSfSXfFlO.AfAI5)

FORMAT!A15 fICXflSf SXtF10,A)
ENO

SUOROUTINE ELIDI100T,NEL2)

SU3R0UT1NE EL 10 CONVERTS BEAM ELEMENTS TO THEIR PROPER FORMAT

CALLED by; output

CALLS SUBROUTINES: BCS3

C

c

c

c

c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCELIOOOIC

EL 1000 11

FL IDCO 12

EL 1 COO 13

ELIDOOlA

EL 1000 15

EL100016

EL 1000 17

10 READ! lOf END«A0)1 tlO EL100018
EL 10CC19

EL 100020

EL1C0021

EL 100022

EL100023

EL 1DC02A

EL 100025

EHnCG26

EL 1000 27

EL1C0028
EL 1DCC29

EL1C00 30

EL 100031

EL1D0032

EL1C0033

EL10C03A

EL100035

AO CONTINUE EL1DC036
EL1C0037

50 FCRMAT(8HELEMENTSf/f39HNLMEEP ELEMENT.TYPE PROPERTIES EL 1000 38
EL 100039

EL ICOOAO

EL lOOOAl
EL1000A2

20

30

DIMENSION ia(6).I(2).I0( 3)

CCMMCN/SYSARY/X(800aifY(E0C0 1,2(8000) ,N{8000)

1.189(8000)fIFLAGiaOOO),V(8C0C.3)
COMMON/JUNK/LCOF, (AX I, MOVIE, lEl, IE 2,1 E 3 .NPLOT ,T I TLE ( 20 ) , I 0UT2

NEL2-1

NEL« 1

IF(I0UT.E0.3)WRITEI1A,50)

READ) 10, ENO'AOI .10
IF(I(1).EC.0)G0 TO 10

IF( I0(1).NE.C)I0(1)>N( 10(1))

DO 30 J'1,2
I(U)<N(1 (J ) )

CALL BCS3( IB,1(0),1)

DO 20 K«A,6
IB(K)»MAX0(IB(K),2)
CCNTINUE

CALL BCS3(IB ,11J),0)

CONTINUE
IF( lOUT.FO.l )(,RITg(lA,70 )NEL ,1, 10

IFIMOVIE.EC.UWRITEI 1A,7C)AEL,I
IF( I OUT. EC .2 )RRITE(lA,eO 1NEL2, I, ID

IF( I0UT.EC.3 )ViRITE(lA,60 )NEL 2,10 (2 ), I

NeL2»NEL2»l
NEL»NEL»1

30 TC 10

CONTINUE

RETURN

FCRMAT(8HELEMENTS,/,39HNLMEEP ELEMENT.TYPE PROPERTIES
TQPCLCGY)

60 FQRMATdS.TH 3A000 ,315)

70 F0RMAT(6I5)

30 FCkMATI 1 5, AX ,1H2,3I5,2 5X ,215 )
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E^!0 EL 1000*3
SUdRCUTINE £L2CtIOUT.NEL:I EL2D0001

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEL20CCC2
c  CEL2D00C3
C  SU3RCuriNE EL2D CONVERTS PL/TE ELEMENTS TO THEIR PROPER FORMAT CEL20C0C*

CEL2D00C5
CALLED 6Y: OUTPUT CEL2000C6

CEL200CC7

CALLS SUBROUTINES: BCS3 FLAT CEL2C00C3
CEL2000C9

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEL2C00 1C
CIMENSION 18(6),1(3)

CCMMON/SYSARY/X(80001,y(eOCO ),Z(8000),N(80001
1,IR6(8000)tIFLAG(ROOO).V(8C0C,3)
COMMCN/JUNK/LCOF,lAXI,MOVIE, lEl,IE2.IE3,NPLOT,TITLE120),tOUT2
NEL«1
IF(NEL2.LE .1 .ANO.IOUT.Eq.3 )W RI T E ( 1 A, S 0)

10 REAO( 8,EN0»*C) (I I J) ,J«l,*) ,MAT, IT,TH, ( I (J) ,J.5,a)
IF(MAT.£5.C)MAT"1
IF( IT.EO .0)IT«1

IF(TH.EQ.0.0)TH«1.0

IFIKII.EO.OIGO TO 10

IFILCCF.NE.I ICALL FLAT( I )

CALL NURMin

00 30 j»i,e

IFI I 1J).EC.O)GO TO 30

1 I J)>N(I (J))

CALL SCS3( tB,I(J),l)
or 20 K»A,6

IB(K)«MAXO(ie(K) ,2)

20 CONTINUE

CALL BCS3n8,l(J),OI

30 CONTINUE

IFI lOUT.EO.L )MRITE(l<,,70 )NEL,( I I J) ,J«1,*) ,MAT,TH
IFIMCVIE.EO. UWRITE(21 ,7t)AEL,(I (Jl,J»l,A)
IF(NEL2.EC.O )NEL2>1

IFI I0UT.EC.2IWRI TE(14,80 )NEL 2,1 , MAT , I T
IFILCQF.EC.O IIELTYP-A621C

IF(I(8).F0.0)IELTYP«A*20C

IF(I(6).EQ.0)IELTYP»<,*10C

IF(LCCF.EC.niELTYP«4321C

IF(IAXI.E0.l)I£LTYP»36 6U
IFI IOUT.E0.3)WR1TE(1*,60 )N£L 2,1ELT YP, I T, I I 1) , I ( 2) , I ( 4) , 11 3), I (5) ,

11(8) ,1(6), 1(7)

MEL2»N£L2*1

NEL«NEL*1
GO TO 10

40 CONTINUE
RETURN

50 FORMAT (8HELEMENTS,/,39HNLMEEP ELEMENT.TYPE PROPERTIES

I  TCPCLCCY)

60 FCRMATIIS, IX,I5,IX,9I5)
70 FORMAT(5 IS,S*,I5,5X,F10.4,415)

80 FCRMAT(I5,4X,IH6,10I5)

ENO

SUBROUTINE EL301IOUT,NEL2)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEL3D00C2

CEL3000C3
SUBROUTINE EL30 CONVERTS SOLIC ELEMENTS TO THEIR PPCEER FORMAT CEL3COOC4

CEL30C0C5
CALLED by: OLTPUT CEL3DC0C6

EL200011

EL2DC012

EL2C0013
EL2CC014

EL 2000 15

EL200016
EL200017

EL2D0013

EL2DCC1";

EL 200020

EL20C021

EL2D0022

EL200023

EL20C024

EL2C0025

EL20C026

EL200027

EL 200028

EL200029

EL200030

EL2DC031

EL2C0032

EL 200033

EL2C0034

EL200035

EL200036
EL2C0037

EL2CCC38

EL200039

EL20C04C

EL2C0041

EL200042

EL200043

EL200044

EL 200045

EL2D0046

EL200047

EL200048

EL2DC049

EL20C050

EL2C0051

EL 200052

EL 200053

EL200054

EL3000CI
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CEL3000C7C  CALLS SUaRCUTlNESs 6CS3 VCLUME CEL3DOOC0

^  CEL3DOOC9
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEL30C0 K

OIVENSION 18(61

10

20

30

AO

50

,1(201
CCMMCN/SYSARY/X(8000lf VI EOCO J, 2 ( 8000) ,N ( 8000)

I,I33(eCCC) , I FLAG(8000) ,V(800C,3)
COMMCN/JUN'X/LCOF.IAXI.MQLlE, IE I, IE 2, i E3 .NPLOF , TI TLE ( 20) , I OUT 2
NEL-l

IF(NEL2.LE.O.ANO.IOUT.EQ.3)WBIT£(IA,50)
REAO(9,END«AC)NNODES,IMAT,I
CALL VCLUMEd.IOUT)

IF( KD.EC.OGO TO 10
NNCD£S«0

OC 30 J«l,20

1F( I( J).EC.0)G0 to 30
NNC0tS«NN0CES*I
CALL aCS3( IB,1(J),1)
00 20 K-A.6

l&(K)<.MAXO(ie(K),l)

CONTINUE

CALL 3CS3( (B.I(J),0)
1 (J)«N(I (J))

CONTINUE

IFdOUT.EC.l )WRITEdA,70 )NEL .NNODE S, I MAT, I
1F(M0VIE.£C.I)WRITE(21,7C)FEl.NNCDES,IMAT,I
1F(NEL2.EC.0)NEL2«1
IFdOUT.EC .2 IWRlTEdA, 80 )FEL2| d (J ),J»l ,81 , IMAT, ( 1( J),J»9,20)
IELTYP«37UQ

IF(,NNCOES.E(3.8) IELTYP»37 IOC
IF( 1CUT.£0.3)WRITE(1A, 60)NEL2,1ELTYP, IMAT.l (1 ),1(2),1(A),1(31,1(5

1,1(5),1(8),1(7),1(9),ni2),I( 10),1(11),1(17),1(18),1(20),1(19),
21(13),1(16),((lA),1(15)
N£L2«NEL2*1

NEL»NEL»1

GO TO 10

CONTINUE

RETURN

FCRMAT(8H£LEMENTS,/,39HNLMeER ELEMENT.TYPE PROPERTIES
1  TOPOLOGY)

EL3000 11

EL300C 12

EL3CC013
EL3C001A

EL30C015

EL3000I6
EL300C17

EL3000 18

EL3D0015

EL3D0020

EL3C0021

EL3D0Q22
EL300023
EL3D002A

EL300025
EL300025

EL 300027

EL3C0028

EL3D0C29

EL 300030

EL300031

EL 300032

EL3C0033

EL3DCC3A

EL300035

EL 3000 36
EL3C0037

EL3C0038

EL300039

EL3COOAO

EL300CA1

EL 3C00A2

EL3000A3
EL3DOOAA

eL3D00*5

EL3000A6

EL3C00A7

EL3C00A8

EL 3C00A9

EL 3 COO 50

EXCHOCCl

60 FORMAT) 15, IX ,15 , IX ,9(5 , / ,IF» ,121 5)
70 FORMAT(215 ,5X,(5,/,1615,/,A15)
30 FCRMAI(15,3X,2H10,915,/,1215)

ENO

SUaRCUTINE EXCHNG(X,Y, 2)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEX 0-00 02
CEXCHC0C3

SUBROUTINE EXCHFG PERFORMS / PEPMUTATICN OF THE COCRCINATE AXES CEXCHOOCA

CEXCl^OOOS
CALLEC 3YI ELTHRE ELTWO CEXCHC0C6

CEXCI-00C7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEXCHOOCS
DIMENSION XTI3)

CCMMCN/JUNK/LCOF,lAXIS.MCV IE , lEl,1E2,1E3,NPLQT,TITLE(20),I0UT2
XT(IE1)»X

XT( 1£2)-Y

XT(IE3)«2
X«XT(1)

Y»XT(2)

2«*T(3)

RETURN

EXCH00C9

EXCHOOlO

EXCHOO11

EXCH0012

EXCHOO 13
EXCHOOIA

EXCH0015

EXCHOO16
EXCH0017
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END

SUSRQUTINE FLiT(11

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

c

SU3«CUTINE FLAT fOVES THE 1

NCR>^AL TC THE PLATE UNTIL T

C

c

CALLED DY: EL20

c

c

c

cccccccccccccccccccccccccccccc

OIHENSION Iiei

CCHHQN/SYSARY/XIflOOOl, y(

I, [QB( aocol .IFLACISOOOl ,V

EXCHOO 18
FLATOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFLATCCC2

CFLATDOCT
ICSICE NODES OF A PLATE IN TFE DIRECTION CFLATCOCA

FE PLATE LIES IN A PLANE CFLAT00C5

CFLAT00C6

CFLATOOCT

CFLATOOC8
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFLATCOCS

FLATDO 10

8000 1,21 80001 .NiaOOOl

(8000,31

FIND NORMAL DIRECTION

xvi'xi lui i-x(nii I

YV1»Y( IIAl l-Y(l(lll

2V1>Z( I( Al 1-2(1(1 1 1

XV2»X(I(21 l-X(I(lll

YV2»Y( 1(21 1-Y(I( 11 1

2V2>Z( 1(2) 1-2(1(1)1
VX»YV1*2V2-YV2«ZV1

VY»XV2*2V1-XV1»2V2
V2«XV1*YV2-XV2«YV1

D«SQRT(VX»VX*VY»VY*VZ»V2
UX»VX/0

UY«VY/0

U2»V2/0

MOVE MIOSIDE NODES

1F( I ( SI .EC.OICO TO 10

VX»X(I(5)1-X(1(1))

VY«Y(I(511-Y(I(11)

VZ'2(l(511-2(I(l))

OOT»VX»UX+VY«1;Y*V2*U2
X(I(511»X( I(511-OOT»UX

Y(I(51 )»Y( I(!ll-OOT»Uy

2(I(51)«2( I(51)-OOT»U2

10 IF( I (61. EC .0)00 TO 20
VX»X(I(61I-X(I(1)1

VY»Y(I(61)-Y(K111

V2>2(I(611-2(1(11)

OOTaVXPUX+VYPUYcVZPUZ
X(I(6))«X( I(6))-D0T»UX

Y( 1( 6) )»Y( 1(61 )-00T»UY
2(I(611-2( 1(611-00T»UZ

20 IF(I (71.EQ.01G0 TO 30
VX»X( I( 71 1-X( I( 11)

VY-Y(I(71)-Y(I(111

V2«2(t(711-2(I(111
00T«VX»UX*VY»UY + V2»U2

X( I ( 7) )«X( 1(711-OOT»UX

Y(r(7))«Y( I(7)1-0QT«UY
2(1(71)»2( I(7))-OOT»U2

30 IF( KSI.EO.OIGO TO AO

VX.X(I(811-X(I(111

VY»Y(I(ail-Y(I(ll1

V2=2(I(8I1-2(I(1)1

DCTiVX»UX»YY»LY»-V2»U2

FLA TOO 11

FLATC012

FLAT0013
FLATOOIA

FLATOO 15
FLATC016

FLAT0017

FLATC018

FLATOO 18

FLAT002C

FLATC021

FLAT0022

FLATC023

FLAT002A

FLAT0025

FLAT0026

FLATOO 27

FLAT0028

FLAT0028

FLAT0030

FLATC021

FLATC032

FLATC033
FLATC03A

FLAT0035

FLAT0036

FLAT0037

FLATCC3a

FLAT0038

FLATOOAC
FLATOOAl

FLAT00A2

FLAT00A3

FLATOOAA

FLAT00A5

FLAT00A6
FLAT00A7

FLATOOA0
FLAT00A9

FLATC05C

FLAT0051

FLATOOfE

FLAT0053

FLAT005A

FLATC055

FLAT0056

FLATC0;7

FLATOOSe

FLAT0058

FLATOOeO



ni

X( K a) l = Xl J( e))-OQT»UX Pi4Trn»i
y(I(ai)»Yl I(8J)-OOT«UY c. ATnoti
Ztn3)).2( I(8)I-OOT*UZ c,ATnn*x

40 CCNTINUE
qcTMJN FLATCO^A
£ND FLAT0065
SUBROUTINE FM(NI,N2,N3, <,>4,YA)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN10002
CFN 1CCO

r  = * aUCRATIC INTERPOLATION EETWEEN 3 NODES CFNIOOOAC  USINo THE parameter S CFN10005

C  CALLED by: INPLOT CFnIcOOT
r CM 1 CP n P

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFNIOOORCGMMON/SYSARY/A(360001,8(36000) FNinnin
S1.,SRS-S1/2.C

s3.!l6s!s)/2.o
XA.A(N1I»S1 + A(N2)»S2»A (N3MS3 FNinnt 4
YA»3(Nl)*Sl*e(N2)»S2*aiN3)«S3 FNI00I5
FNn'^"^ FNlOOltcNu CM Ioni7
SUBROUTINE FN2( N1 ,N2 ,N3 ) p^20C0l

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN20002
C  SUBROUTINE FN2 DETERMINES If 3 NOOES LIE ALONG A STRAIGHT LINE CFN2000A

r  rAi Ecnow. CFM20005C  CALLED by: INPLCT CFN2C006

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN2CC0e
COMMCN/SYSARY/AI 36000),8(36000) FNROOnfl
IF(N2.EQ.0)RETURN
PA.A(N2)-A(N1) ,
P8.8(,N2)-B(N„ ™
QA.A(N3)-A(NI1 FN-crii
O8»d(N3)-0(NI) FNZOOli
OM«OA»CA+ca«CB F«7rri«
PV.PA.PA4Pe.PB ,,|col6
1  P1«CM FN2CQ17
IF(T.LE.C.COC2)GO to 10 FNRrr p
01.PA.0ATS6CB FnIoOIS
00T.0l»0l/T FN2CQ2C
IF(OOT.GT.O.S995)N2-0 FnIoopi

FN2002210 N2.0 FN2Cc"
«"URN

F^}2<*C2®SUBROUTINE FN3 8)130001
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFfi?000 2

C P*J 3CCC 2SUBROUTINE FN3 CONVERTS FROf GLOBAL INDEX SPACE TO LOCAL INDEX SPACECFMBOCOA
C F 3 c c r ®

CALLED by: SE02 CFN3000 6
CFN 3 C CC 7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFN3C0CE
COMMON/S ECCl/IBI6)fl(I6),*)(l6),X{16) FNROCQR
IBID-IIIBID) FN3C01C
IBt2)-J( 16(2)) =N3CQ 1
IBI31-K( IB(3)) FN3C012
IS(<,).I( IE(A)) F-YC^I^
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IB(51=J(IB (5 ))
lEl 6).K( IB (6 I I FN3CC1 <<
return RN3CC15
TMO FN3001 B

SUBRCLTINE FNRI X ,r , Z, XB4 > , IN> XOI F tNCI 9 .NPCR 1

cccccccccccccccccccccccccccccccccccccccccccacicccccccccccccccccccccccccFNtccoB
r  PELATIVE PCSITION CF NCDE X,Y,2 CFN^mIC  IN THE STRUCTURE ALONG THE tIPECTlON IN NOIR. CFNAOOOE
C  CALLED by: OUTPUT CFNACCOt
C  CFNACCC7

"""u"ENs"SS"Ax"3""S"n"x"F?""""""^
ifincir-ne.dgo to 10
PCS»IX-XMIM l)l/XDIF(l )
GC TC 30 PN^CC12

10 IF(NCIfi.N£.2)GC TO 20 CK.tnrll
»0S«(Y-XMIM2M/X0IF(B J
GC TO 30 FNAC015

20 POS-(Z-XMIM3n/XOIF(31
30 CONTINUE FN4CCI7

NPCS»IFIX(POSI+1 FNAOOie
RETURN FNACClc
ENC FNACQ2C
SUBROUTINE INFO FN4C021

ucccc-cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccci'nfcoocz
C  SUBROUTINE INFO PRINTS OUT ISEFUL INFORMATION CINFCOo"
C  CALLED by: INFLCT ^INFCCOCS

"""cCMSoN/KNTSylfaD§'^^BFf«'^^5S^'^^J"""'^"""'^""'^'="'^"""'^"CCCCINFCCCC6
^  LOAD,LINES, HIN INFC00C9

CCMMO^/juMZ/NFAS^"'''^'''''"''"''"'''''-"''^ INFOCCIC

WRITEIS,20)NPAR?S
INFO^lf

10 F0RMAT(20AA1 infccou
?0 FORMATIIAH « OF PARTS « ,121 II
30 FORMATIIAH « OF NODES • ,U,/,1AH » OF BEAMS - ,1',/, INFCMll

EnS * " ' .I«./.15F a of SOLIDS • ,^1 ' ' INFCC^JC
Jh'?"°"TINe IMT(I0UT,IPLCT,TCLER,IMESH)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCINITCCC2
C  SUBROUTINE IN IT READS IN TF t INITIAL CONTROL CARDS CINnOOcI

C  called by: main CIMTC0C5
C  CIMTCCCE

"""D'"ENSICN"cARo"o"cHARn2"""""""""
CCMMCN/KNTS/NCDE,IBEAM,nv.C, ITHRE . LOAD, LINE S. MI N n Im^O

COMMON/PAR TS/NPARTS,XMAXF(AO.31, XMINP (AO. 3) [nIImm
,?SI^c^"'^'^-^"*'^^"''''''^''''"'''^<^™'''^^^''eAM,AHPLCT,AHTCLE, NITOOIA
lAHAXIS,AhLCDF,AHMOVI,AFE>Ch,AHFAST/,CMT/IHC/ INITCC15
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CQ><MA\0 • 'PLCTS'

SO IF(CAR0(1) .Ne.CHAa(61»G0 TC 90
IPLQr»l

^iPI.GT«l

GC TO 10

CCM>'A\0 = 'TCLEPANCE*

90 IFlCARDt I) .NE.CHAR (7) IGC TC 100
3ACK5PACE 12

REA0(12,17C1TCLER
GC TO 10

CO'^MANO • 'A* ISVMH6TRIC*

100 iFlCAROI 11 .NE.CHAR<9I)GQ TC 110
IAXt»l

GO TC 10

CCMMANO « 'LOCF«

110 IFICAROI 1) .NE.CHAR(9nG0 TC 120
LCOF*1

GC TO 10

CCMMANO • •RCVIE*

120 IFICASDI 11 .NE.CHAR( lOIIGC TO 130
MCVIE«1
GC TO 10

COMMAND « 'FXCHANGE*

130 IFICAROI11.NF.CHAR(11)IGC TO 190
BACKSPACE 12
READ(12, 1801 lEl. IE2. IE3
GC TO 10

COMMAND • FAST*

190 IFlCARDd) .NE.CHAR(12nGC TO 150
MFAST»1

GC TO 10

150 CONTINUE

OACKSPACE 12

CHECK FOR CCMMEMS

PEAOl 12, 19CICAP011 1

I FICASOl 11 .EC.CHTIGO TO 10
BACKSPACE 12

ICUT2-I0UT

RETURN

160 FCR"AT(2CA91
170 FCRMATdOX.FlO.O)
180 FrRMAT(l2X,3Il)
190 FORMAT (All

EMO

SUBPC'JTU.E INPLQT

INIT0077

INI TC078

INIT0079

INITooec

INITOOei

INITC0e2

IMIT0CS3
INITOOEA

INIT00E5

INI70066
INITOOET

INITCCee

INITCOeS

INIT009C

INITC091

INITC092

INIT0C93
INIT0099

INITCCEE

1NIT0096

INITOCET

INIT0098

INIT0099

INITOICO

INITOICI

INITC1C2

INIT01C3

INIT01C9

INIT01C5

INIT01C6

INIT01C7

INIT01C8

INIT01C9

INITOl IC
INlTOlll

INITCl12

INIT0U3
INITOl 19

INI TOl 15

INITOl 16

INITC117

INITOl 18

INITOl 19

INIT0120

INITC121

INITC122
INIT0123

INITOl29

INIT0125

INIT0126

IN ITC127

IN ITOl28

INIT0129

INITC12C

INIT0131

INIT0122

INIT0133

INITCl39

INIT0135

INITC126

INPLCOCl
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c

SUORCUTI\E INPLCT CCNTROL S 1HE PESH PUOTTINGC

CALLED CY! MAIN

CALLS SUaRCUTINES:
PLOT PLOTS

CALLS ICS ROUTINES: ERASE

FN2 INFC IQP3 lOPA MAP PART CINPLOOCe
SCALE SCALE2 ciNPLCoc;

CINPLCO 10
ERASE TSENO HOME BELL CINPLOO11

C

c

c

c

c

c

c

c

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
CCMMCN/SVSPRY/AI360001 ,8(36000)
CCMMCN/JUNK/LCOF ,IA*I,MO\IE, lEl, IE2,1 E3 ,NPLCT , T ITLE (20 1,1 OUT 2
CCMMCN/JUNK2/NFAST

CCMMCN/KNTS/NNCOES, laeAM.ITWC, ITHRE.LCAO.LINES.NIN
CCMMON/PARTS2/PRTLSr(60l
3IMENSI0N IBUFdOl ,IBC(6 1, CHPR(10 J,CHAR2 (81
OATA CHAR/AHCONT.AHENO ,AHSTCP,AHVIEH,AHPLOT,4HRCTA ,AHSCAL,

1  <,HPART,AFH£LP.4MINFQ/

OATA CHAR2/AhAXI S.AHLOCF ,AFS APS , AHS AP6, AHPAFE ,4HMCV I , AHFL AT,
I  LHNUMO/

OATA PRTLST/AO»l.O/

REHlNO 20

lAXIS"!

ANGA«C»0

ANGB»0.0

CALL FL0TS(5,5,5)

MRITE(S,2aC)

CALL MAP(NNCCES,(AXIS, ANtA,ANG3)

CCINPL00C2

CINPL0003
CINPLOOCA

CINPLCCC5
CINPL00C6

C1NPL00C7

PROCESS INTERACTIVE PLOTT INC CCMMANCS

10 CONTINUE

WBITE(5,3AC)

R£A0( 5,330)CM0

command • 'CCNTINUE'

IFICMO.NE.CHARd lICO TO 20
IF(NFAST.EC.1)ST0P
RETURN

COMMAND •ENC

20 IF(CHD.NE.CHAR(2IIGO TO 20
STOP

command » 'STCP'

30 rF(CM0.NE.CHAR(3)IGO TO AC

STOP

CG.MMANO ' V I EW ■

AO IFICMO.NE.CHARIAIIGO TO 'C

CALL lOPA

CALL ERASE

call TSEND

GO TO 210

CINPLC012

CCINPL0C13

INPLOOIA
INPLOO 15

INPL0016
INPL00I7

INPLOO 18

INPLCCIS

INPLOO20

INPL0021
INPL0022

INPLC023
INPL0C2A

INPL0025

INPLC026

INPL0027

INPL0028

INPLCC2"3

INPL003C

INPLOO31

INPL0032

INPL0033

INPL003A

INPL0035

INPLC036

INPL0037

INPLC038

INPL003S

INPLOOAO

INPLCCAl

INPL00A2

INPLC0A3

INPLOOAA

IMPLC0A5

INPLOOAA

INPL00A7

INPL00A8

INPLOOAR

INPLC05C

INPLC051

INPL0032

INPLC053

INPL005A

INPL0055

INPL0056

INPL0057

INPLC058

INPLOOSR

INPLC06C

INPLOOtl

INPL0062
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c C3'̂ MANO » 'PLCT' INPL0063

c INPL0045

50 IF(CM0.NE.CHAR(51IGO TO 40 INPLC045

CALL IC1P4 INPLC066

call erase INPL0C67

CALL TSEND INPLOOta

GO TO 210 INPLOOeS

c INPLC07C

c CCMMA^O = ' ROTATE' INPL0071

c INPLC072

50 IFICMO.NE.CHARI61IGO TO 70 INPLC073

GO TO 200 INPLOOTA

c INPLC075

c CGiTMANO » 'SCALE' IN P LOO 76

c INPL0077

70 IFICHO.NE.CHARI7IIG0 TO EC INPL0078

CALL SCALE2 INPL00 79

GO TO 10 INPLC08C

c IMPLOOai

c CGMMANO » 'PARTS' IMPLC082

c INPL00e3

80 IFICMO.NE.CHARISIIGO TO 50 INPLCC4A

CALL PART IN PLOO 6 5

GO TO 10 INPLC066

c INPL0067

c CO'^MAiND « 'HELP' INPLC088

c INPLCC85

00 IFICMO.NE.CHARtqnGO TO IOC INPLOOSC

WRITE(5,290» INPL0051

GO TO 10 INPLC052

c INPLC093
c CC'IMANO « 'INFORMATION' INPLC05A

c INPL0055

100 IFICMO.NE.CHARIIO)IGO TO 110 INPLCC56

CALL INFO INPL0057

GO TO 10 1.NPL0058

110 IF(CMa.NE.CHAR2(1)IGO TO 120 INPL0055

IAXI»1 INPLOICC

GO TO 10 INPLOICI

120 IFICM0.NE.CHAR2(2)IGO TO 120 INPL01C2
LC0F»1 INPL01C3

GO TO 10 INPL01C5

130 IF(CM0.NE.CHAR2(31 IGO TO 150 INPL01C5

ICUT2»1 INPL01C6

GO TO 10 INPL01C7

IVO IF(CM0.NE.CHAR2(A)IGO TO 150 INPLC1C8

ICJT2--2 INPLOICR

GO TO 10 INPLCl10

150 IF(CM0.NE.CHAR2(51 IGO TO 160 INPLOl11

I0UT2"3 INPLOl 12

GC TO 10 INPLCl 13

150 IF(CM0.NE.CHAR2(6)IGO TO 170 INPLOl 15

M0VIE=1 INPLOl15

GO' TO 10 INPLOl16

170 IFICMO.NE.CHARP(7)IGO TO IRO INPLOl17

LCCF«0 INPLOl13

GO TO 10 INPLOlIS

180 IF(CM[).NE.CHAR2(8)IGO TO 150 INPLC12C

«CVIE"0 INPL0121

GC TO 10 INPLOl22

190 CONTINUE INPL0122
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GO TO 10 INPL0124
200 WRITE(5,31C) INPL0125

REAOIS,* 1 lAX [S,ANGA,ANG3 INPL0126
CALL MAPINAQCES,1AX1S,ANCA,ANG3) INPLC127
GO TO 10 INPL012S

210 CONTINUE INPLQ129
c INPLOl 30
c PLOT THE MESH INPLOl31

c INPLC132
CALL SCALEdAXIS.ANCA.ANCei INPLOl33
REAOIS,33O)CP0 INPLC134

NLAST»0 INPLC135
IEMPTY«0 INPLCl36
00 260 NMl,LINES INPLC137
CALL 1CP3(M,N2,N3, IPART 1 INPLOlSe

IF(PRTLSTlIPARTl.Ea.O.OICC TC 260 INPLC139

IFtri2.Ea.0)GC TO 230 INPL014C
CALL FN2(Nl.A2,N31 1NPLC141

IF( N2-Ea.0)GC TO 230 INPL0142
IF(lEMPTV.EG.llCALL PLTOPP(NLAST I INPL0143
1FMPTY«0 INPL0144

IPEN»3 INPLC145
31«R(N11 INPLC146

A1»A1N1) INPL0147

IFINl .NE .NLA ST 1 CALL PLOT (E I, A1, 1 PEN 1 INPL0148

NLAST»N3 INPL0149

IPEN«2 INPLOl50
SINC«0.25 INPLCl51
DC 220 1-1 ,8 INPL0152
S-l-SINC-l .0 INPLOl53

CALL FN11N1,N2,N3,S,XA,*/) 1NPL0154
CALL PLOT(YA,XA,IPEN) INPL0155

220 CONTINUE INPLC156
GC TO 260 INPL0157

230 CONTINUE INPLOl58

IF( lEMPTY.EO.UGO TO 240 INPLOISS

CALL PLTA0C(Nl,N3l INPLOUO
lEMPTY-l INPLCIE1

GC TO 260 INPL0162

240 CALL PLTCHK(M,N3,NCHK) INPL0ie3

IFINCHX.EQ.OIGO TO 250 INPLC1E4

CALL PLTCMPI NLAST) INPL0165

CALL PLTA0CIM,N3> INPLC166

GC TO 260 INPL0167

2 50 CALL PLIA02(M,N31 INPLC16a

260 CONTINUE INPL0169
1F( IEMPTY.EQ.ilCALL PLTOFP (NLAST 1 INPLOl70

270 CALL TSEND INPLOni
CALL HOME INPL0172

CALL SELL INPLC173

CALL TSEND INPL0174

REWIND 20 INPLOnS

GC TC 10 INPL0176

280 F0RMATt27H < INGRID PLOTIING PACKAGE >1 1NPL017

290 FCRMAT(3PH < INGRIO HAS TFE FOLLOWING COMMANDS: >,/, INPLO 17
160H < CQNT INLE,END,HELPt IKfO,PART,plot,ROTATE .SCALE ,STOP,VIEW >) INPLOl79

300 FCRMAT(35X ,3E10.31 INPLClEC
310 FCRMAT(45H INPUT VERTICAL AXIS, ANGLE A, AND ANGLE B INPL0181

1 »,S) INPLOlS2

320 FCRMAT(3I51 INPL0183

3 30 FCP.MAT(A4| INPL01E4
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3^0 FCRMATOH »,$)
ENO

5USR0UTINE PITADC( Nl ,.N2 )
CCiriLN/PLTBUf/NA.Na
MA»Ml

\e'N2

RETURN
END

SUHRCUTINE PLTA02IN,N2)
CCA«M0N/PLTBUF/NA,NB
NB=M2

RETURN

END

SU3RCUTINE PLTCHK1Nl,N2rECHK)
CCNMCN/PLTBUF/NA.NB
NCHK«l

IFOl.Ne.NBTPETURN
NT1»NA

NT2«NB
NT3»N2

CALL FN2(NTI ,NT2»NT3J
NCHK«NT2

RETURN

END

SUBRCUTINE PLTONP(NLASTI
CCNMCN/PLTBUF/NA.NB
CCNM0N/SYSARV/AI36000) ,B OtOCO)
IF(NLAST.£C.NA)GO TO 10
6A>B(NAI

AA«A(NA)

IPEN»3

CALL PLOT<aA,AA,IPEN)
IC AS»A(N8)

33=a(NB)

IPEN«2
CALL PLOK EBtAB. IPENJ
RETURN

ENO

SUBROUTINE ICNl(X,Y,Z, IBC)SUBROUTINE 1CNI(X,Y,Z,IBC)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
r  J") 3 n IT f AjC trtfc* _ _ CSUBROUTINE lOM PUTS A NOCE INTO THE OUTPUT BUFFER

BEAR ELTHRE ElTkO

C

C  CALLEO by: BEAR ELTHRE ElTkO r
c  ̂

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOHMCN/DUMPAP/ XX(100I ,Y>(1CCI|ZZ(100).IDUM,IB(10C)
OATA 1/0/

l'l*l
XX(I)«X

YY(I)-Y

ZZII 1»Z
IB( I )> I8C

IFII.LT.ICOIPETURN

buffer is full, oump and RETLRN

WRITEI7)XX,YY,ZZ,IE
I"0

RETURN

ENO

INPL01E5
INPLOl86

PLTDOOCl

PLT000C2
PLTCC0C3
PL TCOOCA

PLTCOOC5
PLTC00C6

PLTCOOCl

PLTr00C2
PLTC0003

PLTOOOCA

PLTOOOCB

PLTCOOCl

PLTCCCC2
PLTC00C3

PLTCOOCA

PLTCOOC5

PLTC00C6
PLTCCQC7

PLTC00C8

PLTCOOCR

PLTCOOlO
PLTCOOIl

PLTDOOCl
PLTC00C2

PLTCOOCl

PLTCOOCA

PLTC00C5

PLT000C6

PLTD00C7
PLT0CCC8

PLTD00C9
PLTCOOlO
PLTDOOll

PLTC00I2

PLTD0013
PLTOOOIA
lONlOOCl

ICN100C2
ION100C3

lONlCOCA

rcNioocs
lONlCOCt

IONIOOC7

lONlOOC?

lONlCOCR

lONlOO 10
lONlCOU

lONlOO 12

I0NIC013
IONICO lA

lONlOO 15

I0NICC16

lONlOO 17

ICN1C018

ICNICO 19

ION1002C
ION 10C2 1

I0N10022

ICN1C023
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SUBROUTINE ICN2 r0N200Cl
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCION200C2
^  CION2COC3
C  SU9RCUTINE I0N2 DUMPS THE ^CCAL DUTPUT BUFFER C10N200CA

CI0N2C0C5
C  CALLED by: MAIN CION2COC6
C  CION2COC7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCION2COCe

CCMMCN/DUMPAR/XX( loot, YY( ICO 1,22(1 00) , I DUM, IB ( 100 ) lONPOOCq
i.RITe(7)XX,YY,22,ie :ON2COIC
RETURN I0N20011

I0N2C0I2
SUBRCuriNE ICN3(X,Y,2,IBC) I0N300C1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIQN300C2
c  CiaN3C0C3
C  SU8RCUTINE ICN3 GETS A NODE FPCP THE INPUT BUFFER CI0N3000A
C  CI0N300C5
C  CALLED by: INPICT OUTPUT CION300CE

^  CION300C7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCiaN3C0C6

COMMCN/DUMPAR/ XXI 100) ,YY( 10C), 2 21 100 I , I , I B1100 » IQN300C9
DATA 1/0/ ICN300 10
(■(♦1 IQN30011
X«XX(I) ICN30012
T*YY(I) ICN300 13
^•ZZd) ICNDOOlL
IBC«IB(H rON3CC15
I F( I .L T.IOC) RETURN ICN300 16

ICN3C0I7
C  BUFFER IS EMPTY, REFRESH BIFFEP I0N30016
C  ION3Q01<3

IENO«Q I0N3CC:C
R£A0(7)XX,YY,2Z,IB [QN300;i
1*0 ICN30022
RETURN [0N30023
ENO ICN30a2A
SUBROUTIME ICNA lONACOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCI0NA00C2
c  CICNAC0C3
C  SUBROUTINE ICNA INITIALIZES TFE NODAL INPUT BUFFER CI0NA00C4
c  CI0NA00C5
C  CALLED by: INPLCT OUTPUT CI0NAC0C6
C  CI0NAC0C7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIONACOCa

CQMMCN/OUMPAR/XX(100) , YY(100),2Z(100),1,I8(100) lONAOOCS
(-0 ICNACOIC
REWIND 7 lONAOOn
READ(7)XX,YY,ZZ,IB I0NA0012
RETURN I0NAC013
END lONAOOIA
SUBROUTINE ICPKI.J.K) lOPlOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIOPICOCZ
CIOPIOOC3

SUBROUTINE lOPl PUTS A LINE INTC THE LINE BUFFER CICPIOOCA
CI0P100C5

called by: beam PLOTMK CI0P1CCC6
CIOPICOC7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIOPlOOCe
CCMMCN/DLMPA2/ ( I ( 100) , J U ( 10 C), KK I 100 ) , NOUM , I P ( IOC I lOPlOOC")
CCMMCN/XNTS/NOD£,IBEAM,nwC, IThR E , LOAD , L I N£ ,M IN lOPlOOIO
CCMMCM/PARTS/NPARTS,XMAXF (AC ,3),XH[N?IAO,3) lOPlCOIl
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OAIA ^/0/,LI^E/0/
IF( I .LT.^'l N.ANO.J.Lr .»«IN .ANO.K.LT.M IN (RETURN

ri»M+i

L1NE-LINE«-1
n(Ni»i

K<(N)»K

IP(NI«NPARTS
IFIN.LT.IOOIPETURN

r

C  BUFFER IS FULL# DUMP BUFFEF

-.PITEI20)I I,JJ,NN,IP
N«0

RETURN

END

SUdRCUTINE ICP2

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCI0P200C2

CIOP20Q03

CIOP200CA

CIOP2COC5

CIOP200C6

C  CIOP200C7

CCCuCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIOP200Ca

CCMNCN/0UNPA2/11(10011 JJ t ICO I, KK ( 100) iN 11P 1100 1 IOP2COC';
WRITEI20IUtJJfKK, IP IOP2001C

RETURN I0P200II

END ICP2C012

SUBROUTINE ICP3(IiJtK,IP AST1 I0P300C1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC(XCCCCCCCCCCCCCCCCCCCCCiaP3C0C2

IOPI0012

I0PICC13

lOPIOOlA

IOPIOOI5

IQPIC016

ICPICOIT

lOP ICO 18
lOPlOOlR

I0P1C02C

I0PI0021

IOP10022

IOP10023

I0P1002A

ICPIC025

IOP10O26

IOP1C027

I0P2C0C1

SUBROUTINE I0P2 CUHPS THE LINES OUTPUT BUFFER

called by: main

SUBROUTINE IDP3 GETS A LINE FROM THE INPUT BUFFER

CALLED by: INPLOT

CIOP3COC3

CIQP300CA

CI0P3C0C5

CIOP300C6

C  CIOP3QOC7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIOP30OC8

CCMMCN/DUMPA2/ I 11 1001 ,JJl10C).KK( 10011N,IP 11001 lOPBQOCR
DATA N/0/ I0P3C01C

M»N+l I0P300 11

I-II(M IOP3C012

IOP30013

K'KKINl IOP300IA

IPART»IPIM I0P30015
IFIN.LT.IOCIRETURN IOP300 16

C  IOP3CQI7
C  BUFFER IS EMPTY, REFRESH BUFFER ICP3001B
C  IOP30019

REA0(20I11 P IOP30020

N«0 I0P30021

RETURN I0P30022

END 10P30023

SUBROUTINE ICP4 lOPACOCl
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIOPAOOCE

CIOPAOOC3

CIOPACOCA

CI0PA00C5

CIOPACCCt

CIOPAOOC?

CCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCIOPAOOC8

C0MMCN/DUMPA2/II(1001,JJ(ICC ),KK(1001,N,IP(1001 I0P4C0CS

N=0 lOPAOOlO

SUBRCUriNE ICPA INITIALIZES TFE LINES INPUT BUFFER

called by: inplct
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SEhlMD 2C

REA0(20) n tJJi<K,IP

»ETURN

E^:o

SUSROUTIME ITSTlMiXCtVCt2C)

lOPAOO 11
IOP40012

IOP«0013

lOP^OOlA

IISTOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCITST00C2
CITST00C3

CITSTOOCA

CITST00C5

CITSTC0C6

CITST00C7

CITSTCOCa

CITSTOOCR

SUBRCUTINE ITST TEST FOR 2 FLPTES WITH THE SAME NORMAL VECTOR. IF
THEY HAVE DIFFERENT NORMALS TFEN THE ROTATIONAL DEGREES OF FREEDOM
ARE RELEASED.

CALLED by: NORM

C

C

c

c

c

c

c

CCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCITSTOD 10
ITSTCOU

ITSTOO 12

ITSTOOn
ITST0014

ITST0015

ITSTCOIE

ITST0017

ITST0018
ITSTOOIS

ITST0020

ITST0021

1TST0022

ITST0D23

ITSTOOaA

ITST0025

ITSTCC26

ITST0027

ITSTOOaa

ITSTCOER

ITST0030

ITSTCC31

ITST0032
ITST0033

LADSOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLA0S00C2

DIMENSION MI8)

COMMCN/SYSARY/XiaOOOI.YI £000 1.21 8000) ,N(300G)
1 I IBBIaOOO),IFLAGISOOO),V 18000.3)
00 30 MI•! ,8

IFIMIMI ) .EC.CIGO TO 30

IFIIFLAGtMIMI)).Ea.O)GO TO 10

IFIIFLAGIMIMID.EQ.DGO TO 20

GO TO 30

10 CONTINUE

IFLAGIMl MI I)•!

VIMIMI).1)«XC

VIMIMI),2)«YC

VIM(MI).3)«2C
GO TO 30

20 CONTINUE

XDIFF»ABSIXC-VIMIM!),1))

YDIFF«A8SlYC-V(MIHI).2))
2DIFF.A8SI2C-V(M(MI).3))

IF(XDIFF.LT..2.ANO.VOIFF.IT..2.AN0.2DIFF,LT..2)GC TO 30
IFLAGIMIMI)).2

30 CONTINUE

RETURN

END

SUBROUTINE LOADS 1 IB.LC.F>.FY.FZ)

subroutine loads STORES THE LCAC COMMANDS

CALLED BY; SEQ2

CLADSOOC3

CLADSOOCA

CLAOSOOOS

CLADS00C6

CLAOSOOC7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLAOSOOCa

DIMENSION IB (6) LADSOOCR

CCMMCN/LCAD/NL.LCASEIIOO l.XFIlOO). YFl lOOl.ZFl 100) .INDI 100.6) LAOSCOIC
NL'NLH LAOSOOll

XF(NL)=FX LADSOO 12

YFlNL)»FY LAOSOO 13

ZF1NL)»FZ LADSOOIA

LCASE1NL)»LC LA0SCC15

DO 10 1-1.6 LADS0016

INOINL.I 1-IBlI) LAOS0017

10 CONTINUE LAOSOO 13

RETURN LAOSOOIR

END LADSCQ2C
SUBROUTINE LCADS21 I.J.K, N) LDS20001

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCL0S200C2
c CLDS2COC3

c  SuBTUTINE LCA0S2 APPLIES THE LOADS TO NODE POINTS CLOS200CA
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^  CLDS20CC5
C  CALLEC oY: ELTHRE ELTW3 CLDS2C0C5

C  CL0S2CaC7
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLDS200C8

CO'lJ'ON/LCAC/KL.LCASEdOO ) t XF 1100 ) , YF ( lOOI.ZFI 100 ). INOI 100 .6 ) L0S2CCC9
CCVmcn/KMS/AODE, [ BEAM.nwC t ITHREtLCAO.LINESt HIN L0S200 IC
I F ( NL .EC .0 IR ETURN L0S20011
ac 10 L'l.M LDS2Cai2
1 F( I .LT. IMJUil) .aR.I.GT .IFC a.AJ )G0 TO 10 L0S20013
;n J.ET. IMC( L.2 ) .OR.J.GT .IFC (Li 5 MGO TO 10 LOS2001A
IF(K,.LT.INC(Li3I .CR.K.GT.INDlLi6))Ga TO 10 LOS20O15
FX=XF(L) L0S200 16
FY«YF(L) LDS20017
FZ»2F(L) LDS20013
V.RITE(13,2C)^,LCASE(L) iFXiFV.FZ 10 320019
LCAO-LQAD+1 L0S20020

10 CONTINUE LDS20021
RETURN L0S20022

20 FQRM4T(2I5,3F10.A) L0S20023
ENO LOS2C02A
SUbRCUTlNE LCA0S3 LO$300C1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLDS300C2
CL0S30003

SUBKQUTINE L0ADS3 PUTS LOAC CAPOS IN THE PROPER FCPF4T 4NC PRINTS
THEN.

CLOS300CA

CLDS300C5

CLDS300C6
CL0S300C7

c  CL0S300Ca
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCL0S300C9

CALLED 3Y: OUTPUT

COMHCN/SYSARY/X( 8000),Y(EOCO),Z( 8000) iN(BOOO) LOS3001C
11IEO(8000) . 1 FLAG(3000) iV(ECCCiB) L0S30011
REnINO 13 L0S3C012
00 AO 1-1,23 LOS30013

10 RCAD(13,5O,EN0«3O)NO0E,LCffX,FY,FZ L0S3C01A
IFILC.NE.I )GC TO 20 LOS30015
NCOE»N(NOCE) LDS30016
HRITE(1A,6C)NC0E,LC,FX,F>,FZ LOS30017

20 CO.NT IMUE L0S30018
GO TO 10 LOS300 19

30 CONTINUE LOS30020
REliiNC 13 L0S3C021

AO CONTINUE LDS3C022
RETURN L0S30023

50 FCRHAT(2I5,3FIO.O) LDS3C02A
60 FQRhAT(2I5,3F10-0) L0S30025

FNO LOS3CC26
SUBROUTINE HAP(NNCOESf IA>15•ANGA,ANGS) MAPOCO 1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMAP000 2

SUBRCUTINE HAP PROJECTS A NODE ONTO A 2-0 SURFACE FCR PLCTTING

CALLED by: [NPLOT

CHAPOOO 3

CHAPOOOA

CMAPC0Q5

CHAPCCC6

CHAPOC07

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCHAP00C6
CCHM0.N/SYSARY/A( 36000) ,3 (3tOCO) MAP0009
CLMMCN/SCALES/FACTOR.ATRAN,BTRAN,F2 MAPCCIC

C  MAPOOll
C  INITIALIZE THE NCOAL INPUT EUFFER H4P0012
C  VAP0012

CALL ICNA HA POO 1A
SA = SIN(Ar,GA/;7.295a) HAPCCi;
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SB=SIN(ANGe/57.29581 MAPC016
CA»COS UNCA/57.2958) MAPCCl7
CB=CUS(AMGe/57.2958) MA POO 18
CBSA=CB»SA MAPC019
S3SA = SB*SA MAPC02C

MAPC021
INPUT THE nodes MAPC022

MAP0023
DC 50 I=1,NNCCES MAPC02A

CALL I0N3IXfY,2,IB0) HAPC025

MAPC02 6
OH!ECK VERTICAL AXIS MAPCC27

MAP0028
IFI lAXIS.EC.lICO TO 10 MAP0C25
IF(IAXIS.£C.2)G0 TO 20 MAPQ03C
IFI iAXIS.EC.3)G0 TO 30 MAP0031

10 Bd l«-2MS8*X»CA MAPC032
A( I)«-2«CBSA-X»S8SA»y*CA MAP0033
GO TO AO MAPCC3A

20 Bd 1 —X«SS+r*OA MAP0035
Ad 1»-X»C8SA-V«S8SA+Z»CA MAPC036
GO TO AO MAP0037

30 3( I)«-Y«SP*Z»OA MAP0038
A I I)=-Y»CBSA-2«SBSA»X»CA MAPCC39

AO CONTINUE MAPOOAC
50 CCNTINUE MAPCOA 1

RETURN MAP00A2
END MAP00A3

SUBROUTINE MAXdM,JM,KMI MAXOOO 1

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMAXC002
C  CNAXCQ03
C  SuSRCUTINE MAX CETERMINES TME MAXIMUM INCICES USED FCR A PART CMAXOOOA
C  CMAX0005
C  CALLED if. OLEE CHAXCOOt
C  CMAX000 7

CCCCCCCCCCCCCClCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMAXCCCE
DIMENSION 10(161 ,J0(1S),KC(1E) MAXCOOS
COMMON/PFOP/MAT, NOOT, IC2 , IT, TH,N8,N20 MAXOCIC

PEAOI U,20)S,I0>J0,K0 MAXCCll
IM«0 MAXC012

JM«0 MAX0013

RM=0 MAX0014

CALL DOUBLE! 10,JO,KOI MAXCCIE
DC 10 I»l,16 MAXCC16

IM.AMAXO(IM, lABSIIOd) )l MAXC017
JM«AMAXO(JM, lABSIJOd) )) MAXOOIE
KM»AMAXO(KM, lABS(RCd) )) MAXCOIS

10 CONTINUE MAXCC2C
RETURN MAX0021

20 FCJRMATIAl,/,1615,/,1615,/,16I5I MAXC022

END MAXC023

SUBROUTINE MAXMIN(X1,X2,>3) MXMNOOCl

CCCCCCCCCCOOCCCOCOCCOCCCCCCOOCCCCOCOCCOOOCCOCCCOOOCCOCCCCCCOCOOCCCCCCCCCMXMNOOC2
C  CMXMN00C3

SUBROUTINE MAXMIN DETERMINES Thf MAXIMUM AND MINIMUM COORDINATES CMXMNCCCA
FOR EACH PART OF THE STRUCTLRE. CMXMN0CC5

CMXMNCCC6

CALLED by: BEAM ELTHRE ELTLO CMXMN00C7

CMXMN00C8

CCCCCCCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCCCCCOCCCCCCCCCCCCCCOOCCCCOCCCCCC.MXMNCCCS
DIVENSICr; X(3I mxmnooio
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CCMMCN/PAR TS/NPARTStXIAXF(AO ,3),XMINP(AOi3J
DATA XMAXP/12C»-999.0/ ,XMAP/120»999. 0/
X(1)»X1

X(2)«X2

X(31«X3

DC 10 I»l,3

X,«AXP(f(PAPTS f n»AMAXll XMAXF( APARTS.I) ,X( I) )
IF(X ( n .LT .XPINP(NPARrSf I) )X V !NP (NPARTSt I )»X( I )

10 CCNTINue

RETURN

END

SUBRCUTINE MESH(Ml,M2, M3.X,V,2,N,IM,JH,KM,I X,JX,KX)

MXMNCC11
MXMNOO 12

MXMNCC 13

MXMNOOlA

MXMNOO 15

MXMNCC16

MXMNOO 17
MXMNCC18

MXMNOO 19

MXMN002C

MXMN0021

MESPOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMeSP0CC2
CMESROOC3

subroutine mesh uses LINEAR INTERPOLATION TO DETERMINE THE LCCATICN CMESHCOCA
OF A REGION. THE REGIONS 8 VERTICES MUST HAVE ALREADY BEEN INPUT
BY SUBROUTINE SEOZ.

CMESH00C5

CMESH00C6

called by: ELTHRE ELTWQ
CMESH00C7

CMESHOOCa

CMESHCCC9
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMESHOO 10

DIMENSION X(Ml,MZ,M3), YIN 1,M2.M31,Z (MI,M2»M31 ,N(Ml,MZiM3I MF SHOO 11
X1»X(IM,JM,KNl

XZ»X(IX.JM,XM)

X3>X( IM.JX.KN)
XA^XI IM, JM ,KX)

X5<X((X,JX,KM)

X6'X( IX, JM ,KXt

X7«X(IM,JX,KX1

XB'XI iX,JX,KX)

YI«Y( IM, JM.KM)

YZ'YI IX, JM ,KMI
Y3»YI IM, JX ,KM)
YA»V(IM.JM ,KX)

Y5«Y(IX,JX,KN)

Y6«Y(IX,JM.KXl
Y7=Y(IM,JX,KX)
V8«Y(IX.JX.KX)

ll'lIIM,JM.KM)
22-ZI IX,JM.KM)
23«Z(IM,JX.KM)
ZA»Z(IM.JM,KX)

Z5'Z(iX,JX.KM)
Z6«Z(IX,JM.KX)
Z7»Z(IM.JX.KX)

Z8-Z(IX.JX.KX)
IXIM.IX-IM

JXJM«JX-JM

KXKM-KX-KM

00 60 I" IM.IX
JI'l .0

IFI I 1XIM).NE.O)HI«FLOAT( IX-I )/( IXIM)
00 50 J»JM,JX

HJ«1.0

IFI ( JXJH).NE.0)HJ«FL0ATI jX-J )/( JXJM)
FA=WI*HJ

on AC k»kh,kx
IFINI 1,J,K ).NE.O)GO T3 AC

IFI ( I .EQ.IM.CR.I .EO.IX ) . ANC. IJ.EC. JM.CR. J.EG. JX)
1.AND.IK.EC .KM.CR.K.EO.KX))Gr TO AO
WK = 1.0

MESHCO 12

MESHC0I3
MESHCOIA

MESHOOIS

MESHCC16

MESHOOIT

MESHOOie

ME SHOO 19

MESH002C
MESHCC21

MESH002Z

HESH0023

MEShOCZA

MESH0025

MESHC026

ME SHOO 27

MESHC028

HESH0029

MESh003C

MESH0031

HESHC032

MESHC033
MESH003A

MESHC035

ME SH0036

MESH0037

ME SHC038

MESH0039

MESHCOAC

MESHOOAl
ME SHOOA 2

MESH00A3

MESHOOAA

ME SHC0A5

MESH00A6

MESH00A7
MESHCOAS .

ME SHCCA9

MESH005C
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•4ESHC051
ME5HOO;2

MESI-00J3

fESHCOi'.

ME SHOO 55

ME$H0056

ME SHOO 57

MESHOOSa

MESHC05S

MESH006C

MESHOCEl

MESHC062

MESHOOtS

MESHOOEii

MESH0065

MESHCOee

MESH0067

MESHCOte

MESH004S

MESHC07C

MESHC071

MESH0072

MESH0073

MESH007'i

MESHC075

HESH0076

MESH0077

MESH007a

MESH007"3

MESHCC8C

ME SHOO a I

MESHC0a2

ME SH0083

ME SHOO?'.

MESHOOaS

MESHCC64

MESH0067

"OSDOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCM0S0C0C2

CMDS000C3

CMOSOCOCi

CM0S000C5

CM0S0C0C6
CM0SC00C7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMOSOOOCS
DIMENSION IB 161 MOSDOOC?
CQMMCN/MI0/NMI0,MIDAI ICO ,61, MOC 1100,31 MOSOCO IC
NMIC«NM10*1 MOSDCOll

OC 10 I«l,6 M0S0C012
MIDAINMID, I) M0SC00I3

10 CONTINUE MOSOCO lA
MIOCINMIC, 1)«IX MDSC0015
M10C1NMI0,2JmIY MDSDCCie

MIOCINMIC,3)»IZ MDSD0017
lETURN MOSOCO 18
END MOSOOQIS

SUdRCUTINE MI0SI2( I,J,K,>'FIAG,X0,YQ,ZC1 M0S200C1
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCMOS200C2

C  CMOS 2000 3

C  SU3PCUTINE MICSI2 DETERMINES IF A MIDSIOE NODE IS TO 3E DELETED CMOS2COCA

C  CH0S200C5

IFlIkXKMI.NE.OIWK-FLOATIKX-K I/(KXKH1

FD»WJ«WK

FC«Wl«WK

Fl«FA»WK

F2«FB-Fl

F3«FC-Fl

F4«FA-F1

F5^Fl+HK-Fe-FC

F6»Fl + WJ-FA-Fe

F7»F1mWI-FA-FC

F?«FA-><l-»> J*l-F5
IFI I IXIMI.EO.OIGO TO 10

IFII JXJMI.EC.CIGC TO 20

IFI IKXKMJ.EO.OGO TO 30
X I I, J,R1*X l*FI*X2»F2*X3»F3»XA»FA»X5»F 5»X6»F6» X7»F7+X8»FB
YI I , J,K) ■Yl»Fl+Y2«F2»Y3»F3*YA»FA*Y5»F5*Y6»F6»Y7»F7»Y8»Fa
Z I I , J,X)»2 l»Fl*Z2»F2*Z3»F3»Z A*FA*Z5»F5*Z6»F6*Z7*F7+Z8*F8
Cr TO 40
CONTINUE
X 11, J,K,!-X l»Fl+X4*F4»X36f34X7»F7
YII,J,K)»Yl»Fl+Y4«F4*Y3»f3*Y7MF7
ZH, J,K1«Z l*Fl*Z4»F4+Z3*F3-t2 7»F7
GO TO 40
continue
X n , J,KI«X l»Fl»X2*F2*X6«F6 + X4»F4
YII,J,K)»Yl»Fl»Y2«F2»Y6«Ft+Y4»F4
ZII,J,KI»Z14Fl*Z2«F2+Z6«F6<Z4»F4
GO TO 40
CONTINUE
XI I , J,K)»X l»Fl+X2»F2»X5»F5-»X3*F3
YII,J,X1«Y1»FI+Y2»F2»Y5*F5aY3»F3
ZII,J,K)«Z1»F1*Z2mF2»Z5*F5423»F3
CONTINUE
CONTINUE
CCMTINUE
RETURN
FMO
subroutine HICSIOI IB,IX, 1Y,IZ)

SUBROUTINE MICSID STORES CCFMANCS FCR ELIMINATION OF MIOSIOE NODES

called by: SE02

10

20

30

40

50
60
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IF(J.EC.l)W[>1.0 M0VECCA7
IF(J.Ea.2))>J>1.0 MOVEOOA3
IF( J.EC.3))>K-I.0 MOVEOOAS
IFIWI .60.0.0)00 TO 70 M0VE005C
IFIHJ.£0.0.0)00 TO 60 MQVEC051
IFIWK.EO.0.0)00 TO 50 MOVEC0;2
rF(T.£O.IO)OC TO AO M0VE0053
IFIIFNlI).EO.llOO TO 20 M0VEC05A
!Fl IFN( I ).£0.2)00 TO 30 M0VE0C55

20 CONTINUE H0VE00 56

-OVECCET

VECTORS DEFINE A PARABOLA MGVE0058

MovEoc;<;
T2«T-r*T .MOVEOOEO
XVCCEFl I, U»T2 MOVE004 I
YV«CCEF( I,2)»T2 MOVE0042
ZV'CCEFl I, 3) ATa MOVEO043
OC TO AO MOVeC04A

30 CONTINUE MO V EGO45

MOVE0044
VECTORS DEFINE A CIRCULAR AFC «aV60C47

MOVE00 48
R »COEF( I ,A ) MOVE0045
k2»RaR MOVE00 7C
XM.CCEFI l,5)/2.0 MOVEOG7I
XS»CGEF( I,5)»(T-0.5I MnVE0072

YS»SCRT(-XS»XS*R2)-SflRT( -XMAXMAP 2) M0VE0073
XV«CCCFll,l)»YS V0VE007A
YV»CCEF( I,2)»YS MOveOOTS
ZV«CCEF( I,3)»YS MOVEC076
GO TO AO MOVE0077

AO CCNTINUE MCVECOTS

"OVECOTE
AOO VECTORS TC NODES MOVECC80

Moveocai
F = WI»aJ»)iK N0VE0082
XP-«XV»F MOVECCEB
yp.yv»f MOVEOOSA
ZP»2V»F MOVEOOE5
X( Li.v.N) «X IL ,N,N) + XP M0VE0Cf4

Y(L.M,N1«Y(L,M,N)*YP MOVEOC87

Z(L.M,N)»Z(LfN,N)+2P MQVECCE8
TO'T MOVE0085

50 CCNTINUE MOVEOOSO
60 CONTINUE MOVEOORl
70 CONTINUE MOVEOOSi

TO-0.0 MOVEOOA3

80 CONTINUE MOVEOOSA

RETURN M0VECQ<5
END M0VE00S6
SUBROUTINE NCRN(M) NORMQQCl

ccc

c

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCNQRM00C2
CNORMOOCB

SURRC'JTINE ^CPH CETERMINES TEE NORMAL VECTOR TO A SURFACE

called 3Y: EL2C

C

C

c

C  CALLS SUBROUTINES! ITST

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

CC -IMGN/SYSARY/XI 3000), Y( 60C0 ),£( 3000) ,N ( 8000)

CNORMCOCA

CN0RM00C5

CN0RM00C6

CN0RMC0C7

CNORMOOCa

CNORMCCCS
CCCCCCCCCCCCCCCCCCCCCMORYOO 10

NORVOO 1 1
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I.IB9(900C) , I FLAG I 8000) ,V(8C0C,3)
OIMENSIUf, .«( 8)

I 1 = M( I I

I2=M(2)

I9=M(3I

XC«(Y( I3)-YI IH)»(2tI2)-2I I1))-(Y| I2)-YtIU)»(2( I3)-Z(ll) )
Yr. = (x( I2)-XI H) )»(2I 13 !-2( a l)-(X( I3)-Xmi )*(Z( I2)-Z( H) )
ZC»(X( I3)-X( U) )«( Y( 12 )-Y( a ))-( X( I2)-X( lU )*(Y1 I3)-Y( II) )
0»SQRT(XC»XC»YC»YC*ZC»ZC )
IFIO.LT.O. COCCDRETURN
XC»XC/D

YC=YC/D

zc«zc/o

IF(XC.EQ.O.O)GO

IF(XC.GT.O.O)GO
XC«-XC

YC»-YC

:c»-zc
GO TO 30

.'FIYC.EQ.O.OIGO

IF(YC.GT.C.O)CO

YC=-YC

ZC—ZC

GO TO 30

ZC'ABSIZC)
CCNriNUE

CALL ITSTIR.XC.YC.ZC)
RETURN

END

SUBRCuriNE CL'TPUTI rout ,TCLER I
CCCr,CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOTPTOOC2

C  SUBROUTINES CLTPUT COMPLETES
The proper output formats.

10

20

30

TO

TO

TO

TO

10

30

20

30

NORMOO 12

NOR MOO 13

NORMOO IR

NORMOO 15
NORMOO 16

NORMOO 17

NORMCO16
NORMOO 19

NORM002C

NORMQOZl

N0RM0022

N0RMCC22

NORMOO 29

NORMC025

NORM0026

NCR MOO 27

NORMOCZe
NORMOO29

NORM0030

N0RMC021

NORMC032

NORMC023

N0PM0039

NORMOO 35

N0fiM0036
NORMOO 37

NQRMCC38

NORM0029

NORMOO90

OTPTOOCl

PROCESSING THE MESH ANC CETERMINES
C0TPT00C3
COTPTCOC9

COTPTOO05

CQTPTC0C6

CCTPTC0C7

CCTPT00C9
C0TPT00C9

COTPTQOIC

COTPTOO11

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCOTPT0012

called 8Y: main

CALLS SUCPCUT INES:

FN9 1CN3
SCS3

I0N9

8CUTI BCUT2 EL 10 EL 20 EL30

10

20

0 I-'ENSICN IB 16) ,1821 61 .1 EA (6 ), XMAX ( 3) ,XMIN( 3) >01F (3 ) .
1IFIICO),1F2I 100),180(6)
C0MMCN/SYSARY/X(8000), Y( 8000 ) ,Z(8000) ,NI8000)
1, IBE(8000), IFLAG(8000),V(8COC,3)

COMMCN/KNTS/XCOECT.IBEAM ,lTk.C,ITHRE,LCAO,LlNES.MlN
CCMMCN/JUNK/LC0F,1AX1,MQVIE, lEl, IE2,lE3,NPL0T,riTLE(20),lCUT2
CCMMCN/PARTS/NPARTS.XMAXF(90 ,3),XM INP(90,3)
DATA 1B0/2HDX,2H0Y,2H0Z, IFiPX ,2HRY,2HRZ/,YES/lHY/,7aLANK/2H /
DO 20 l»l,8OC0

N(I)x0

13e(1 )>0
DC 10 J^l.B

V(l, J)=0.0

CONTINUE

DO 30 1=1, IOC

IF( 1 ) = 0

IF2(1 )«0

CONTINUE

1CUT=1CUT2

C1FMAX=0.0

QTPTOO 13

0TPTCC19

OTPTOO 15

OTPT0015

0TPT0Q17

OTPTOOla

0TPTCC19

OTPTOO20

0TPT0021

CTPT0022
0TPT0023
0TPTCC29

0TPT0025

OTPT0O26
CTPT0027

0TPTC028

GTPTC029

OTPT003C

CTPTC021

0TPTC032
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IFtIS('»).eC.l)I3A(4)«IB0(<il
IF( IB(5).EC.l)IOA(5)<tBO(5)
IF( ta(61.£C. l)I8A(6)<iB0(A)

.?00 1F( ICUT.AE .3)G0 TO 220
DC 21J J«1,6

IF(IAXI.ec.1 .ANO.J.EQ.6ICC TC 210
[F( 13( J ).NE.C)I30'10*I eQ«J

210 CC.NTINue

220 CONTINUE

IFi lOUT.EO.nwRITEI ll,3ACl ILAST,1B,X( I) .Vm.ZI t)
!F(NCVIE-EC.llWRITE(21,3:01ILAST,X(n,V(I),2( I)
IF( ICUT.C0.2)WRITE( U, 32C) ILAST,X( I) ,YI n ,2(1 1
IF( (CUT. EC .3 IWRITEdl, 32 C) IL AST, X( I), Y( I ) ,2 (I I

OTPT0155
OTPTOlEfe

CTPT0157

OTPTC158
GTPTOi;g

OTPTOUC

0TPTC161

0TPT0162
0TPT0lt3

0TPT016A
0TPTC165

QTPT0166

OTPT0167
IF( lOUT.EO.2.AN0.N2ER0.lt.fi.ANO.NCONST.GT.O (WRITE! 15,330) (LAST,I aAOTPTO 148
IF( ICUT.£Q.3.AND.IB0.NE.C)WRITE( 15,300) (LAST, IBC
IF{(OUT.E0.2 .AN0.N2ER0.EC.6(WRIT El 15,310)tLAST

230 CONTINUE

OUTPUT BOUNDARY ELEMENTS

IFILOCF.KE.DCALL B0UT2( 1L/ST,I0UT)
1ZERC»0
IFILOGF.EU.I )HRITE(6,350 IILAST, IZERO

OUTPUT LOAD DATA

CALL L0A0S3

STOP
2A0 F0RMAT(3H < ,I5,36H NODES WERE DELETED BY TaERENCING >,/,

lllH < TOLEP « ,F9.L,^0H WOULD YOU LIKE TO TRY ANOTHER VALUE? >
2,$)

250 FORMATIAll
260 FCRMATOOH < INPUT NEW VALLE FOR TOLER >,$)
270 FCRMAT(5X,4I5,3F10.0)
280 FGRMATI5HNCD£S,/,17HN00E.NUMBER X Y 2)
290 FQRMATIlOH«ESTRAINTS,/,ilFNCDE.NUMBER DIRECTION)
300 F0RMAT(I5,3X,I5)

NM)310 FGRMATH5,10X,7HFIX

0TPT0149

OTPTCnC
0TPT0171

OTPTC172

OTPTOni
0TPT017A

OTPTCl 75

OTPTOl76

0TPTC177

CTPT0178
0TPT0179

OTPT018C

0TPT0181

OTPT0182
OTPTOIBT

CTPTOISA

0TPT0165
0TPT0186

0TPTC187

0TPT0188

OTPTOieS

0TPT019C

OTPTOISI

0TPT0152

0TPT0193

0TPTC15A

0TPT01<;5
0TPTC156

QTPT0157

OTPT0158
PR8C00C1

320 FORMAT! I 10,3F10.A)
330 FCFMAT!I5,10X,5HFIX ,6A2)
360 F0RMAT(7I5,3F10.6)
350 FCRMAT!16H NUMBER OF NODES,/,21H AFTER TOLERENCING » ,15,

1/,31H NUMBER CF BOUNDARY ELEMENTS • ,15)
END

SUBROUTINE PARAS0(XI,Y1,21,X2,Y2,22,X3,Y3,23, IB)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPRBC00C2
-  CPRBC00C3
C  SUBROUTINE PARABO STORES CCMMANOS FOR MOVING NODES TC FIT A PARAECLACPRBCOOC6

.  CPRflC00C5
C  CALLED BY! C IRCL2 SEQ2 CPRBC00C6

S. CPR8C00Q7
ClCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPRBOOQCS

DIMENSION IBI6) PRBC00C9
CCMMON/VECFNC/NFN, IFN! 10 C ) , I APL Y 1100, 6) , COEF! 100,5) PRBCOO IC
MFN=NFN+l PRBCOO11
1FN(NFN).1 PRBC0012
00 10 1=1,6 PRBCC013
IAPLY(N'=N, I).I3! 1) PRBC0016

10 continue PRBCOO 15
CJEF (NFM , 1 )=<,»X2-2»Xl-2»>3 PRBCGO 16
COEF (NFN ,2 ) = 6»Y2-2tYl-2*Y3 PRBCC017
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CC£F(NFN,3 )»4»Z2-2«Z1-2* Z3
RETUSN

ENS

jUbRSuriNE ?tHT

PRBCC013
PRaCCOIF

PRBC0020

PARTOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPARTC0C2

3U3RCUTINE PART CETERMIN6S WHICH PARTS SF THE STRUCTLRE ARE TC BE
PLOnES.

CALLEC by: IKPLCT

CPART0003

CPARTOOCA

CPARTOOC5

CPART00C5

CPART00C7

CPARTOOCB

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPARTCCCF
OIMENSION IPTS(AO)

CCMMG.N/PART$2/PRTLST{A0)
CC 10 I>1,A0

PRTLSTin«l.C
10 CCNTINUE

INPUT number CF PARTS TO BE PLOTTED

WRITEIStAO)

READ!5,♦INPTS
IFINPTS.EC.O IRETURN

INPUT PARTS

PARTOO 10
PARTOOll
PART0012
PARTOOn
PARTOO lA
PARTOO 15
PART0016
PARTOO 17
PARTOOia
PARTOO19
PART0020
PART002 1
PART0022
PART0023
PART002A
PART0025
PARTC026
PARTC027
PARTC028
PART0029
PARTC02C
PART0031
PART0032
PAPT0032
PART003A
PAR T0035
PLOTOOOl

hRITE(5,50)
REA0(5,*)t IPTS(I).I«l,NPTSI
DC 20 I»1,A0
PRTUSTd )«Q.C

20 CONTINUE
00 30 I'l.NPTS
PRTLSTI IPTSI n)»i.o

30 CCNTINUE
RETURN

AO F0KMATI3AH < NUMBER OF PIRTS TO BE PLOTTED >,$!
50 FORMAT!15H < LIST PARTS >,JJ

ENO
SUBROUTINE PLCTIX,Y,IPEN 1

CCCCCCCCCCCCCrCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPL0T00C2
CPLQT00C3

SUBROUTINE PLOT IS SIMILAR TC THE CALCOMP ROUTINE PLCT. A VECTOR IS CPLCTOOCA
DRAWN TO POINT X,V WITH IPEN«3 FOR PEN UP AND IPEN-2 FOR PEN DOWN. CPL0TC0C5

CPLCT00C6
CALLED by: INPICT CPLCTCCC7

CPLOTOOC8
CALLS TCS ROUTINES; DRWABS MCVABS CPL0T00C9

CPLOTOOIO
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPLOTOOll

COYMCN/SCALES/FACTOR.ATRAN ,B7RAN,F2 PL0TC012
XO=lX-BTRAN1/FACT0R«F2*512.0 PLOTOO 13
YC»(Y-ATBAN)/FACT0BPF2ABBA.0 PLOTOO lA
IX=IF!X1XC) PLOT0015
IY»IFIXIYO) PL0T0016
IF! iPEN.EC.2 )CALL CRWA BS ! 1X , lY I PLOT0017
IF!IPEN.£C.3)CALL MQVA3S 11X. IY 1 PLOTOOIB
RETURN PLOTOCIS
flD PLCT0020
SUBROUTINE PLOTMK! IM, J M, KH , I X, J X ,K X, N D. H 1, ,w2, M3, M ) PLTVOOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPL TH00C2
c  CPLTVCOCS
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SJ3RC'JTINE

PLOTTED.

PLCTPK OUTPUTS THE LINES IN A REGION WHlCh ARE TO BE

CALLEC by: ELTHRE ELTWO

CALLS SU3PCUTINES: lOPl

cpltnooca

CPLTMOOC5

CPLTVCCC6

CPLTyCOCT

CPLTNCOCP

CPLTPCOCS

GPL TMCO 10
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPLTPCO 11

DIMENSION Myi,M2,M3) PLTPOO 12
COM.yCN/JUMK/LCOF, lAXI, WON IF, lEl, IE2.1 E3, NPLOT , T1 TIE 1 2e I , 10UT2 PLTPOOn

IFINPLCT.EC.ORETURN PLTPOOIA

INCR»NC+1 PLTPOOIS
IF(IM.eo.lXIGO TO 50 PLTy0016

IF«1X-1 PLTN0017

00 AO K»KM,KX,INCR PLTNCCia

CO 30 J«JH,J>,INCR PLTM0019

DO 20 !»IM,IF,INCR PLTM002C

N1«N( I ,J,K) PLTNOOEl

N2«0 PLT.X00 22

N3-NI 1*1 ,J,K1 PLTXQQ23

IFINO.EO.O IGC TO 10 PLTPOOEA

M2*N3 PLTyC025

N3»NI I+2,J,K) PLTM0026

10 CALL IOPllNl,N2,N3l PLTy0027

20 CCNTlNue PL TMCC28

30 CCNTINUE PLTy002<5

AO CONTINUE PLTPCOEC

50 CONTINUE PLTPOOIl

IFI JM.Ed.JXIGO TO 100 PLTMQOID

JF«JX-1 PLTyCC33

DC 90 X«KM,KX,INCR PLTPCOBA

DC 30 I«IM,IX,INCR PLTNOO'S

00 7C J»JM,JF,INCR PLTMCC36

M1=NI I,J,K 1 PLTMCCOT

N2«0 PL TPCOTS

N3»NII,J + 1,K ) PL TH003<)

IFINO.EQ.C IGC TO 60 PLTNOOAC

N2«MJ PLTPOOAl

N3-NII , J+2,K 1 PLTyOOA2

60 CALL ICPIIM,N2,N3) PLTyOO«3

70 CONTINUE PLTPOOAA

30 CONTINUE PLTPOOAS

<50 continue PLTNOOAe

100 CONTINUE PLTXCOAT

IFIKM.EC.XX)FETUPN PLTPCOAg

KF«XX- 1 PLTNOOAO

00 lAO I-tP.IX,INCR PLTPCQTC

00 130 j-jy,JX.IMCR PLTMOOfl

00 120 K-KP.KF.INCR PLTy0052

Nl»NtI,J,K) PLTHC053

N2 = 0 PLTyOO'A

N3"N( I , JfK+1 ) PLTyC055

IFINC.EQ.OIGC TO 110 PLTyOQ56

N2 = N3 PL TyC057

N3=N( I,J,K«21 PLTyoosa

110 CALL 10P1(M,N2,N3) PLTy0059

120 CONTINUE PLTyCOSO

130 CCNTINUE PLTyOOtl

lAO CONTINUE PLTyC042

RETURN PLTy0063

END PLTyOOtA
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SUORQLITINE PLOTS (NA.NB ,NCI PLTSOOCl
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCPLrSOOC2

SOSPCOTINE PLOTS INITIALIZES TCS PLOTTING ROUTINES

CALLEO 3Y: INPLOT

CALLS TCS ROUTINES: INITT TSENG

CPL TS00C3

CPLTSOOCA

CPLTSCOCS

CPLTSC0C6
CPLTSCCC7

CPLTSOOC8

CPLTSOCCP

ccccccccccccccccccccccocccccccccccccccccccccccccccccccccccccccccccccccccpltsook
CALL INITT (3C) PLTSOOll
CALL TSENG PLTSOOIZ
RETURN PLTSOOn

PLTSCCIA
SUBRCUTINE SCALE 11 AXIS ,AfCA . ANGB I SCLECOCl

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSCLEOOCJ
CSCLE00C3

CSCLEOOCA

CSCLEC0C5

CSCLEC0C4
CSCLE00C7

SUBRCUTINE SCALE DETERMINES TEE SCALE FACTORS FOR A FLCT

CALLE'J BY: INFLCT

CCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSCLEOOCS
COMMCN/SCALES/FACTOR SC.ATRAN.BTRAN.FP
CCNMCN/PARTS/NPA8TS»XMAXF(A0 ,31 ,XM INP (A0,31
CCMMCN/PARTSZ/PRTLSTI AO)
DIMENSION VECI3) ,XMAX(3) ,XMIM 31
UATA FZ/l.C/

SUM-0.0

DO 10 I»l,3
XMAXI I1.-9S9.0

XMINII)»c9q,C
10 CONTINUE

DETERMINES THE LIMITS OF THE FAPTS TO BE PLOTTED

or 20 l»l, 3

DC 20 J«l,NPARTS

IFIPRTLSTIJJ .£0.0.0)00 TC 20
XMAXI Il.AMAXUXMAxm ,XMAXF( J,I ) )
XMINI I 1« AMIMIXM IN! I), XM INP( J,I ) )

20 CONTINUE

DC 30 I»l,3

VECII)»XMAXI Il-XMINII)

SUM-SUM^VECIII»VECII)
3D CCNTINUE

FACTOR-SCRTI SUM) /850.3
XM.(XMAXll )»XMIN(l))/2.0
YM.(XMAX12 1+XMIN(2 11/2.0

Z,'1«( XMAX(3 )*XMIN( 311/2.0

DETERMINE THE SIZE OF THE PLOT CN THE TERMINAL

SA=SIN(ANGA/57.2958)

S8 = SlNIANGe/57.29581

CA=CCS (ANGA/57.29581
C9»CCS(ANGe/57.29581
C3SA=CB»SA

SRSA»SB«SA
IF( lAxIS.EC. IIGO TO AO
IF( I;'XIS.EC.21G0 TO 50

!Fi lAX IS.EC. 31CG TC 60

LEC0C9

SCLECOK

SO LEGO 11

SCLEOO 12

SCLEOO 13

SCLEOO lA

SCLECC15

SCLEOO 14

SCLECC17

SCLEOOie

SCLEOO 19

SCLE002C

SCLEOO 21

SCLECC22

SCLE0023
SCLE002A

SCLE0025

SCLE0026

SCLE0027

SCLE0028

SCLEC029

SCLEC03C
SCLECOI-l

SCLE0032

SCLEC033

SCLEC03A

SCLE0035
SCLEC036

SCLECG37

SCLE0038

SCLE0a39

SCLEOOAO

SCLECOAl
SCLE00A2

SCLE00A3

SCLEOOAA

SCLE00A5
SCLECCA6

SCLE00A7
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40 BTRAN«-2y««e4XM«CA SCLECCAB
ATRAM—2M»CBSA-XM»S3SA*YI>*CA SCLEOOAO
OC TC 70 SCLEC05C

50 BTRAM^-xy'Se+Yy'CA SCLEC051
ATRA^=-xy•C8SA-YM»S8SA♦^ y«CA SCLEC052
GC TO 70 SCLE0053

60 BTi<AN«-Yy»SE+ZM»CA SCLE0054
ATRANa-Yy»CBSA-2«*SBSA*xy»CA SCLEC055

7C ccNriNue SCLE0056
RETURN 5CLE0057
ENO SCLE0058
3U3RCUTIME SCALE2 SCL200CI

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSCL2C0C2
CSCL20003

su "RCUTINE SCALE2 ALLOWS THE LSER TC INPUT A SCALE FACTOR CSCL200C4
CSCL200C5

CALLED by: I6PLCT CSCL200Ct
CSCL200C7

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSCLJOOCe
Oiy^NSICN IPTS(20) SCL200C5
CCYMCN/SCALES/PACT0R,ATRAX,BTRAN,F2 SOL 200 10
«RITE(5,101 SCL2C0n
REA0t5,»)F2 SCL20012
RETURN SCL20C 13

10 FCRMATdTH < SCALE FACTOR >,J1 SCL2C014
ENO SCL200 15
SUBROUTINE SECINI.NJ.NK) SFCOOO 1
01 .YENS ION II I20t3) .M(3 1 , IPX! t) ,NI(16) ,NJ(16liNK(16l SE5C002
CC.YNCN/HEG ION/1 ARRAY (2 00 ,6 1, NREG SEaCC03
ECUI valence (IMXID.IN), (IPX (2),JM),( IPXOItKM), ( IPX(41 ,IX), SEQCCC4

L( !.VX(51,JX),(I?1X(6),KX) SE5000 5
00 10 I»i,l6 SEQCCC6
IK I .U<M <n SE0C007
I HI .2)'NJ 11 ) SEC0008

10 IK I,3I»NK(I ) SEC0C05
00 20 I«l,3 SEQCOIC
00 20 J»l,20 SEQCOl 1
1F( IKJ,I).NE.OIMI Il-J SEaC012

20 CONTINUE SEOCCl 3
on 30 I«l,3 SE00014

30 IF( I KH( I) tl I.GT.O )M( I )-P{ I)-l SEQ0015
OC 130 I»l,M(U SEOOOie
00 120 J»l,.MI21 SEOCGl7
DC 110 K-l,M13) SEOCCl6
IP»IKI,11 SEC0015
JH«IK J,2) SECCC2C
KP»n IK,3) SE0C02 1
IX-I K I*l. IJ SE0QO22
JX«II(J+1,2) SEa0023
KX«IKK+1,3) SEC0C24
IF(IP.EQ.O .OR.JN.EQ.O.OR.KP.EQ.OIGO TO 110 SEQCC25
IF! IM.LE.O.CR.J.N.LE.O.QR.KP.LE.OIGO TC 50 SE0C026
IF( IX .LE.0.0R.JX.LE.0.nR.KX.LE.0 )G0 TO 110 SEQ0C27
NREG«NREG41 SE0C028
DC 40 L«l,6 SECC025

40 lARRAYINRFG,L)»IMX(LJ SE0CC3C
GO TC 110 SEQ0031

50 CQNTINUE SEQ0C32
IF( IP.GE.OIGC TO 70 S60CC33
IF( JX.EQ.O.CR.KX.EQ.O) GO TC 70 SE00034
f:.REG = NREG+l SE0003!
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DC 6C L»l,6
60 IAR('AY(NPFG,L)"IA8S(IMX( L) )

IA,<KAY(NREG,A1»-IM
70 IF( Jk.GE.O )GC to 90

IF(IX .EO.O.OP.KX.EQ.OI GO TC 90
NFEC«YR£G»1

DO 8C L»l,t
ao lARRAY(\P£GiL)«IABS(I9X(L))

IARRAYtNPEG,5)»-JH
90 IFIKF-.GE .0 IGC TO IIO

IF( IX.EC.O.CP.JX.EQ.OIGO TC 110
VREG»NREG*l
00 100 L»l,6

100 IARRAY(NPEG,L)«1A8S1IMXU11
1ARRAY(NFEG|6)»-KM

110 CONTINUE
UO CONTINUE

130 CONTINUE

RETURN

ENO

SUBROUTINE SEQ21101H, J01F,KO IM,XX,YY,ZZ)
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSECZCOG?

CSEG200C3
SUERCUTINE SEC2 CETERMINES CCCRCINATES IN THE INDEX SPACE ANO
PROCESSES THE FUNCTIONS y<HICH MCOIFY THE MESH.

SE0C036
SEQCC37

SE00038

SE0CC39

SEOOCAC
SEQOOA I

SEQC0A2

SEQ0CA3
SEQCCAA

SE0C0A5

SEC0CA4

SE5CCA7

SECCCAe
SE0CCA9

SEC005C
SECCC5 I

SEQ0052

SE00053

SEQ005A

SeC0055

SE02C0CI

GSE0200CA

CSE0200CS

CALLED by: DLEE

CALLS SUBRCUTINESS 3CS CIRCLE C1RCL2 CYLIND CCUELE LOADS
MIOSIO PARABO SPMER I

CSEQ2CCC4

CSEC200C7

CSE0200C3
CSED2C0C9

CSEC200 10

CSEC2CC 11
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCSEO 200 12

OI"£NS10N X( 161 ,Y( 161, 21 16 1
01 PENSION CCI16I ,1 RX(16I . IP Y (U I , 1 RZI 161
D1PENS ION II 1161,JJ(I61,FK(141,IBC(6)
01 PENS ION XX (lOIM,JOIM.KCIPl ,YYIlOIM,JO 1M,KDIMI,ZZI ICIM,
1JOIM.KDIPI

CCMMCN/SECCl/ia(61,IIl61 ,Jlltl,Kll61
CCPMCN/PFCP/PAT,N0CT,IC2,IT,TH,N8,N20
DATA CHAPE/1HE/,NCHARI/IH / . NCHARA/IH A/,NCHAR E/IHE/, NCHAR L

1/1HL/,NCHARE/1HE/,NCHARP/1HP/,NCHAR0/1HD/,NCHARI/1H1/
2 iNXHAR J/IH J/ ,NCHARIL/1HK/ ,NCH<R3/ 1HQ/,NCHARR/1HR/

10 READ! U,61C,EN0»6001S

SE020013

SEQ2C0 lA

SE020015

SEQ2C0 16

SEC2C017
SEC2C0 18

SE020019

SE02C020
SEQ20021

SE020022

SEQ20023

20

30

AO

Nl«16

NJ»16
NK«16

NBLOCK«NI*NJ»NK
PEADI 11,62C1 llIMl ,M«l,Nl 1
R EAD(11,62C1(J(M1,M'1,NJ1
READ! 11,62C)(X(Ml,P»I,NX 1
IF-1

JF-l

KF«1

1F(1(M1.NE.OIGQ TO 30
NI«NI-1

GO TC 20

1F|JINJl .NE.OIGO TO AO
NJ»NJ-1

GC TC 30

IFIKINKl.NE.CIGO TC 50

NK'NK-l

SEe2002A

SEQ2CC25
SeC20026

SEQ20027

SE020028

SE020029

SEQ2C03C

SEC20031

SED20022

SEQ2C033
SEC2003A

SEa2C035

SEQ20036
SEC2C037

SEQ2003P

58020039

SE02C0AC
SEQ200A1
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GO TO 90 SE0 2C0<2
50 CCNTINUe SEC200<3

CALL COUELEI I.J.K) SE020099

CALL SEClI >J fK) SE020095

SEC2a096

SET UP COORCINATES OF UNOEFCBFEC REGION SE02C097

SE320098
READ ( 11,6301 (X(M ),M«1,NI 1 SE02C099

READI U ,63 0) ( Y(MI ,M«1,NJ 1 SEC2C05C

REAOl 1 1,630) (3(NliM»l,NKl SEQ20051

00 60 M»l, 16 SEQ2C052

IK I IMI.LT .0 1 HM)«-I(N) SEQ2C0;3

IF! Jl "1 .LT .0 1 JIM l»-J(M) SEC2C05<

IFIKIMl.LT.OlKIMl.-KIMI SEOECOS?

60 CCMTINUE SFQ2CQ56

DC 90 Ml«l ,NI SEa2C057

00 30 M2«lfNJ $£020058

DO 70 M3«l,NK SE02C059

IFl IIMll.EC.ClGO TO 90 SEQ200e0

IFIJIM2) .EC.CIGO TO 80 38020061

IFIKIM3I.EC.C)G0 TO 70 35020062

XXI HMD ,JIM2I,KIM3))«XIM) 3EQ2Q063
YTIIIMl) ,JIM2),KIM3)1»YIF2) SEQ2C069

ZZIIIMl),JIM2),KIM3))«ZIF3) $£020065

70 CCNTINUE 38020066

80 CCNTINUE SE020067

90 CCNTINUE SE020068

38020069

PEAO FUNCTION CARDS 3E02007C

SE02C071

ICO REAOI 11,69 0) ISEO,IOi JO,KC, IT ,(COIMI ,M«1,6) SEQ2C072
IFI ISEC.EC.NCHARA)GO TO 310 35020073

IFI ISEO.EC.NCHARBIGO to 900 35020079

IFI ISEC.EO.NCHARDGO TO «2C 3EG2C075

IFI I SEC.EC.NCHAROIGO to 99C 35Q2C076

IFIISEO.EO.NCHARMIGO TO <6 0 3EQ20077

IF! ISEC.EU.NCHAREIGC TO i6C 35020078

IFIISEQ.EC.NCHAROIGO TO <8C 35020079

IFI ISEC.EQ.NCHARRIGO TO <9C 38020080

IFIISEO.NE.NCHARUGO TO iOC SE0200E1

38020082

NQ7E POINT lO.JC.KC 3E02CC83
SE020089

MX«0 3EQ20065

NY»0 3EQ20066

MZ-0 38020087

IFI IT.EQ.23)PX«1 3EQ2C0E8

IFI1T.EQ.13)MY«1 35020089

IFI 1T.E0.12)PZ*1 SEQ2C09C

IFIn.NE.l)GC TO llO SEQ2C09I

NY= 1 38020092

••:=i 35020093

110 IFI IT.NE.2 )GC TO 120 35020099

yx = i SE02C095

■"2 = 1 SEQ20096

180 IFI IT.NE.3)GC TO 130 35020097
••"Xsl 35020098

:!Y= 1 3E02C099

130 CCMI'.UE SE0201CC
ICS=1C 350201C1

1CF= IG SEQ201C2
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ZZt IB(«) ,IB( 5),IB(6) 1«Z3
131ll'MBl

13(31«MB3

CALL CIRCL2(*3,Y3,Z3,PX,FY,PZ,Xl.VL.Zl,IB.SAOIUS)
370 CCNTIrNUe

r,C 70 IOC

330 CCMTINUE

DC 390 ieA=IS3fIS6
I3u-K( IDA!

PX=0-25»(XX(PSl,H82,iaBHXX(PBA,fB2.IB8)»XX(MBlfME5.ia6)
l»XX(N'B4,)>'e5, IB8) )

PY = 0.25»(yytP61»f«82,I88)+YY( YB41M62 f I 88 1 tYY (MB I, PBS 11 88)
1♦YY(M04,Me5,IBB) I
PZ-0.25»(ZZ(PBl,M82,I36)<ZZt P84,M8211BB1*22(MBl,M65,IBB)

l + 2Z(PB<nP85. IBS) J
Xl«XX(Me l,P82,I8B)
YI»YY(M81tP82tI8B)
Zl«ZZ(M8l,P32.I8BI
X2»XX(.Y8A,P82,ia8)
Y2=YY(P84,PB2,I88)
Z2»ZZ(M84,P62,I8B)
X3=XX(M8l,P85,IBB)
Y2»YY(MB1,MB5,ISB)
Z3«Z2(MBl,Pe5, loB)
X'f«XX(.MB4,Pe5,(8B)
Y«»YY(M8'k,M85tI8e)
Z9«2Z(M8'.,PB5iI88)
IB( 1 l»M8I
IB(2 1«M62
I3(3)»IBB
Ib(4)«M84
(8(5)«PB2
(8(6 l» IBB
CALL CIRCL2(Xl,Yl ,21 ,PX,FY,P2,X2tY2,22.IB,PA0IUS)
XX( IB( 1) , IE( 2),IB( 3))«X1
YY( Ib(l),IB(2),I8(3:)»Yl
ZZ(I8(1),IB(2),I8I3)1-ZI
XX(ItJ(L),IE(5),I8(6))»X2
YY(IR(4),I8(5),I3(6I)«Y2
ZZ( IU(4I , IB( 5), la( 6) )-Z2
18(1)'MBA
IB(2)=Ma5
19(3)« IBB
CALL CIRCL2(X2,Y2,22,PX,FY,P2,X4,Y^,Z«,I 8,RAOlUS)
XX( 1B( 1) .IB( 2).1B(3))«X«
YY(I3(l),IB12),iai3))»Y4
ZZ(ia(l),IB(2),I8(3))«ZA
ia(',)«MBl
ie(5)aMB5
IB(6)»IBB
CALL CIRCL2IXA,Y*,2*,PX,FY,PZ,X3,Y3,Z3,IB,RA0IUS)
xx(ia(4) .ie(5).iB(6))'X3
YY(IB(A),IE(5>,tB(6))«Y3
Z2(IB(<^),IB(S),IB(6))>23
I3(ll«MBl
I8(2)»MB2
I8(3)»I8B
CALL CIRCL2tX3tY3,Z3,PX,FY,P2,XI,Y1,Z1,I8,RA0IUS)

37D CC.'iTI.MUS
GC TC IOC

SEC203A7
SEQ2C3X6
SE0203A9
SEQ203B0
SEQ203;i
SEC20352
SE02C353
SECZOOBL
SEC203;5
SEQ20356
SE020357
SEQ2C358
SEozcas";
SE0203eC
SEC203tl
SE(32C3t2
SE5203B3
SEQ203£A
SE0203£5
SE020366
SEg2C347
SEQ203t8
SE020369
SEQ2037C
SEa20371
SEQ20372
SEQ20373
SE02C37A
SEg20375
SE0203 76
SE02C377
SE(3203 78
SEQ2C37'5
SE020380
5E02C381
58020382
SEG20383
SEQ2038A
SEQ203B5
SEQ20366
58020367
58020366
58020389
S802C39C
58020391
58020392
SE020393
S802039A
58020395
58020396
58020397
58020398
58020399
580209C0
58C209C1
580209C2
580209C3
580209CA
58020905
580209C6
58Q209C7




































