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ABSTRACT

DESADE is a Fortran IV program for computing the current-
induced static deflections of Structural Cable Arrays. As dimen-
sioned, the program can handle arbitrarily configured arrays of up to
22 cables. The cables can be electromechanical, wire rope, or syn-
thetic. Any number of discrete devices (buoyancy elements, current
meters, tensiometers, etc.) can be incorporated. in the array. An
option for parametric studies is included in the program, as is an
option for incorporating arbitrary current fields. As written,
DESADE should be compilable on most Fortran IV compilers with
Boolean algebra capabilities.

PROBLEM STATUS

This is a final report on one phase of a continuing NRL Problem.

AUTHORIZATION

NRL Problem F02-33
Project XF-11-121-001

Manuscript submitted July 17, 1973.
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A FORTRAN IV PROGRAM FOR COMPUTING
THE STATIC DEFLECTIONS OF
STRUCTURAL CABLE ARRAYS

INTRODUCTION

DESADE is a Fortran IV program for computing the current-induced static deflec-
tions of structural cable arrays. The solution algorithm is the Method of Imaginary Re-
actions (1, 2) combined with the method of successive approximations for treating posi-
tion- and configuration-dependent forces (3, 4).

As dimensioned, the program can handle arbitrarily configured arrays of up to 22
cables. The cables can be electromechanical, wire rope, or synthetic. Any number of
discrete devices (buoyancy elements, current meters, tensiometers, etc.) can be incorpo-
rated in the array.

Certain limitations are placed on the structural characteristics of the arrays which
can be analyzed by this program. These limitations are as follows:

1. No cables or cable segments can lie on the ocean floor.

2. The dimensions of each discrete device must be small compared to overall array
dimensions. Thus, for example, the application of this program to the analysis of an
anchorage for a submerged submarine is not valid.

3. All parts of the array must be submerged. Thus, an array containing a surface
buoy cannot be validly analyzed using this program. (The reason for this is that a surface
buoy generates only one geometric constraint on its location.) An exception occurs when
all three coordinates of a device on the surface can be specified—for example, the coordi-
nates of a ship handling a crown line.

Also, certain hydromechanical assumptlons are incorporated in the program as writ-
ten. These are as follows:

1. The only hydrodynamic force considered to be acting on the discrete devices is a
drag force. Lift forces are neglected as being small compared to the weight, buoyancy,
and drag forces on these devices.

2. The only hydrodynamic force considered to be acting on the cables is the normal
drag force. Tangential drag forces and Magnus effect forces are neglected, as they produce
small effects compared to the normal drag force. (See Ref. 5 for a comprehensive dis-
cussion of cable loading functions.)
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3. The current, though depth dependent in magnitude, is unidirectional and horizon-
tal. Options exist within the program, however, both for varying the relative direction
between current and array and for specifying an arbitrary current field.

An option for parametric studies (changes in weights, diameters, cable lengths, an-
chor locations, etc.) is included in the program. DESADE also contains a series of error
checks which insure that all input data are properly formulated.

The computer program is available on written request to the authors.

COMPUTER REQUIREMENTS

As written, DESADE should be compilable on most Fortran IV compilers with
Boolean algebra capabilities. Memory requirements for the program are approximately
30,000 words in single precision. Access to one, two, or three magnetic tape units, de-
pending on the I/O options chosen, is required by the program.

PROGRAM OPERATION

The overall operation of the program DESADE is shown in the flow diagram in
Fig. 1. The source language listing of the program is given in Appendix A, and numerical
examples in Appendix B.

ARRAY DESCRIPTION

Typical cable arrays which can be analyzed using DESADE are shown in Figs. 2a-2d.
The figures also show the numbering and coordinate system conventions required for
transmitting the array geometry to DESADE. These conventions are as follows:

1. The cables comprising the array must be numbered consecutively from one to the
total number of cables in the array (C1, C2, ... in Fig. 2). Each cable so designated must
have uniform properties (weight, drag coefficient, diameter, and constitutive relation)
along its length. A change in property also requires a change in cable number as illus-
trated in Fig. 2a.

2. The termination points of the cables in the array are called junctions. A junction
may designate an anchor, the intersection point of two or more cables, or the free end of
a cable such as illustrated by junction J9 in Fig. 2c. The junctions must also be num-
bered consecutively from one to the total number of junctions in the array (J1, J2, ... in
Fig. 2).

3. A fixed, right-handed (X, Y, Z) Cartesian coordinate system must be chosen to
describe the configuration of the array in space. The origin of the coordinate system can
be arbitrarily located. The Z axis must be defined parallel to the direction of gravity and
increasing upward. All coordinates are measured in feet.

4. The junction numbers corresponding to anchors and the coordinates of the an-
chors must be tabulated according to the scheme illustrated in Table 1.
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Table 1. Anchor Tabulation

Column 1 Column 2 Column 3 Column 4
Junction number of X coordinate Y coordinate Z coordinate
Anchor (ft) (ft) (ft)

REDUCTION TO A STATICALLY DETERMINATE ARRAY

Before an arbitrary cable array can be analyzed by DESADE, a sufficient number of
cuts must be made in the array to reduce it to a statically determinate structure. The
effects of the constraints removed by these cuts are replaced by imaginary and equilibrat-
ing reactions (1, 2).

The number of cuts required to feduce a cable array to a‘statically determinate
structure is determined uniquely from the relation

number of cuts = number of cables + number of anchors - number of junctions. (1)

Certain rules must be adhered to as the required cuts are made. These rules are as
follows:

1. All required cuts must be made at points directly adjacent to array junctions—that
is, at end points of the cables comprising the array.

2. The first group of cuts must be made so as to reléase all but one cable from an
anchor.

3. The remaining required cuts are made within the array structure and must be
located so as not to break the array into two (or more) parts.

4. As cuts are made, each new cut must be assigned a consecutive junction number,
continuing from the last-used junction number. Also, the junction number (in the origi-
nal array) at which the cut is made must be tabulated.

In effect, applying rules 1-3 reduces the array to the equivalent of a topological tree.
As the name implies, this is a continuous structure containing only one fixed point and
for which a unique (nonduplicative) path exists from any point to any other point.

Examples of proper reductions to statically determinate structures for the arrays
illustrated in Figs. 2a-2d are shown in Figs. 3a-3d, respectively. In each of these figures,
the left-hand schematic shows the reduced array while the right-hand schematic depicts
the topological free representation of the reduced array. The information required by
rule 4, which represents geometric constraints on the reduced array, is tabulated below
the left-hand schematic in each figure.

Finally, it is necessary to define directions of increasing arc length along the cables
comprising the array. The tree representation of the reduced array is used primarily for
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Fig. 3—Examples of proper reductions to statically determinate structures
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this purpose. These directions, indicated by the arrowheads in the right-hand schematic
of each figure, are identified by starting from the base of the tree and climbing “up” the
tree.

Let the measure of arc length along a cable be denoted by s which increases from
zero to the total length of the cable L. Then, the required information on increasing
directions of arc length can be summarized in terms of array junctions as shown in the
table below the right-hand schematic in each figure.

Once an array has been reduced to the state represented by Fig. 3, it is amenable to
analysis by the program DESADE.
STANDARD CURRENT FIELD

The standard current field is taken to be unidirectional and horizontal, though depth
dependent in value. Thus, if the angular direction of the flow with respect to the X axis
is denoted by 6 (Fig. 4a), the standard current field Vs can be written as

V, = V(2Z) [f cos 6 +] sin 9]

Here, i and j are unit vectors in the X and Y directions, respectively. V(Z) specifies the

value of the current as a function of the Z coordinate. This functional relationship must
be tabulated as in Table 2.

Table 2. Current Tabulation

Column 1 Column 2

Z coordinate (ft) V(Z) (knots)

Up to 25 rows are permitted in Table 2. At least one of the Z coordinates in Table
2 must be less than or equal to the minimum Z coordinate in Table 1.

Program DESADE takes the data in Table 2 and fits it by a series of straight-line
segments between values of V at adjacent values of Z (Fig. 4b). The current below the
minimum Z value is considered constant and is given the value of V at the minimum Z.
Similarly, the current above the maximum Z is considered constant and given the value
of V at the maximum Z.

An option exists for substituting an arbitrary current field for the standard current
field (see Appendix C).
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® DATA FROM
TABLE 2

" V(2)
CURRENT

8 CURRENT ANGLE

(a) (b)

Fig. 4—Standard current field used in DESADE
(a) Current angle, 6, (b) Current profile, V(Z)

INPUT CARDS

Each input card to DESADE contains a 4-digit integer (-999 to 9999) card number
in columns 1-4, a 4-character card type identifier in columns 5-8, and descriptive proper-
ties of the array in the remaining fields.
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LUN Card
Field | Columns | Format Contents Comments
1 14 14 Card number -999 to 9999
2 5-8 A4 ~LUN
3 9-16 18 Unit number of card reader
4 17-24 I8 Unit number of line printer
5 25-32 I8 Unit number of temporary storage
tape
6 33-40 18 Input option (0 or 1) See notes
7 41-48 I8 Blank if input option = 0.
Unit number of source tape if
input option = 1.
8 49-56 I8 Output option (0, 1, or 2) See notes
9 57-64 18 Blank if output option = 0.
Unit number of output tape or card
punch if output option = 1 or 2.
10 65-72 not used
11 73-77 »oo”
12 78-80 »oo»

Notes: The LUN card is used to transmit the logical unit numbers of the I/O devices
and the I/O options. The LUN card must be the first card in the input deck.
Two input options are available:
O—the physical characteristics of the array are to be read from the cable
array source deck (see CABLE ARRAY SOURCE DECK)
1-—the physical characteristics of the array are to be read from the cable
array source tape (see CABLE ARRAY SOURCE TAPE),
Three output options are available:
0—a structural output to the line printer (see STRUCTURAL OUTPUT)
1—a device location output to tape or cards (see DEVICE LOCATION OUT-
PUT)
2—both of the above.
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NJNC Card
Field | Columns | Format Contents Comments
1 14 I4 Card number -999 to 9999
2 5-8 A4 NJNC
3 9-16 I8 Number of junctions in original
(unreduced) array 2- 44

4 17-24 not used
5 25-32 »o»
6 33-40 »o»
7 41-48 »oo»
8 49-56 »oo»
9 57-64 »oo»

10 65-72 » o

11 73-717 »oo»

12 78-80 »oo»

Note: The NJNC card is used to transmit the number of junctions in the original (un-
reduced) array.
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ANC Card
Field | Columns | Format Contents Comments

1 14 14 Card number -999 to 9999
2 5-8 A4 ~ANC
3 9-16 18 Junction number of anchor 1-44
4 17-24 F8.0 X coordinate of anchor ft
5 25-32 F8.0 Y coordinate of anchor ft
6 33-40 F8.0 Z coordinate of anchor ft
7 41-48 not used
8 49-56 »oo»
9 57-64 »oo»

10 65-72 »oo»

11 73-77 »oo»

12 78-80 »oo»

Note: The ANC cards are used to transmit the data in Table 1 There must be one
ANC card for each anchor in-the array.
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IR Card
Field | Columns | Format Contents Comments
1 1-4 14 Card number -999 to 9999
2 58 A4 ~~IR
3 9-16 18 Junction number assigned to a cut
in the reduced array 1-44
4 17-24 I8 Junction number at which cut is 1-44
made in the original array
5 25-32 not used
6 33-40 »oo»
7 41-48 »oo»
8 49-56 oo
9 57-64 »ooo»
10 65-72 »oo”
11 73-77 . »oo»
12 78-80 »oo»

Note: The IR cards are used to transmit the information contained in the table below
the left-hand schematic in each of Figs. 3a-3d. There must be one IR card for each cut made
in going from the original to the reduced array.
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CAB Card
Field Columns | Format Contents Comments
1 1-4 I4 Card number -999 to 9999
2 5-8 A4 ~CAB
3 9-16 I8 Cable number 1-22
4 17-24 I8 s = 0 junction number 1-44
5 25-32 18 s = L junction number 1-44
6 33-40 F8.0 Cable weight per length in surround-
ing fluid; + if positively buoyant, - if
negatively buoyant 1b/ft
7 41-48 F8.0 Normal drag coefficient of cable
8 49-56 F8.0 Cable diameter in.
9 57-64 F8.0 Total cable length (unstressed) ft
10 65-72 F8.0 Cable rigidity, C (see notes) Ib
11 73-77 F5.0 Exponent in constitutive relation, k
(see notes) =0
12 78-80 13 Number of finite elements by which
cable is to be represented >0,<50

Notes: The CAB cards are used to transmit the information contained in the table be-
low the right-hand schematic in Figs. 3a-3d (fields 3 to 5), the physical characteristics of the
cables in the array (fields 6 to 11), and the fineness by which the cables in the array are to
be modeled (field 12). There must be one CAB card for each cable in the array.

The constitutive relation for a cable can, in general, be written (6) as € = [T/C]k where

¢ is the strain and T the tension. C and k are constants which depend on the cable material
and construction. Fields 10 and 11 transmit the values of C and k, respectively. An in-
extensible cable is transmitted to DESADE by leaving fields 10 and 11 blank.
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DCAB Card
Field Columns Format Contents Comments
1 14 I4 Card number : -999 to 9999
2 5-8 A4 DCAB
3 9-16 18 Number of cable to which device is
attached 1-22
4 17-24 18 Device type (1, 2, 3, or 4) See notes
5 25-32 18 Device index if Type 1 or 2 1-1000
6 33-40 F8.0 Device weight in surrounding fluid;
+ if positively buoyant, - if negatively
buoyant 1b
7 41-48 F8.0 Device drag coefficient
8 49-56 F8.0 Frontal area on which drag coefficient
is based (Type 2 or 4) ft2
Diameter on which drag coefficient
is based (Type 1 or 3) in
9 57-64_ F8.0 Device length (Type 1 or 3 only) ft
10 65-72 F8.0 Unstressed distance of device from
s = 0 junction of the cable ft
11 73-77 not used
12 78-80 >

Notes: The DCAB cards are used to transmit the physical characteristics of the discrete
devices (buoyancy elements, current meters, etc.,) attached to the cables in the array. There
must be one DCAB card for each such device in the array.

Two types of devices are permitted:

a. In-line cylindrical (Type 1 or'3); any elongated device (cylinder, ellipse,
etc.) attached so that its longitudinal axis is forced to align with the cable
axis.

b. Free (Type 2 or 4); all other devices.

The Type 1 and 2 DCAB devices (along with Type 2 DINC devices) are used to control out-
put from DESADE (see STRUCTURAL OUTPUT and DEVICE LOCATION OUTPUT).
These devices must be indexed consecutively (Field 5) from one to the total number of
Type 1 and 2 devices in the array.

A device contained entirely inside the cable should be typed 2 or 4 and fields 7 and 8
should be blank. '
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DJINC Card
Field Columns Format Contents Comments
1 1-4 14 Card number -999 to 9999
2 5-8 Ad DJINC
3 9-16 I8 Number of junction to which device
is attached 1-44
4 17-24 I8 Device type (2 or 4) See notes
5 25-32 I8 Device index if Type 2 1-1000
6 33-40 F8.0 Device weight in surrounding fluid;
+ if positively buoyant, - if negatively
buoyant 1b
7 41-48 F8.0 Device drag coefficient
8 49-56 F8.0 Frontal area on which drag coefficient
is based ft2
9 57-64 not used
10 65-72 »oo»
11 73-71 »oo”
12 78-80 »oo»

Notes: The DJNC cards are used to transmit the physical characteristics of the dis-
crete devices attached to the junctions in the array. There must be one DINC card for each
such device in the array.

Since an in-line device cannot physically exist at a junction (cable termination), only
free (Type 2 or 4) devices are permitted at a junction. The Type 2 DINC devices (along with
Type 1 and 2 DCAB devices) are used to control the output from DESADE (see STRUC-
TURAL OUTPUT and DEVICE LOCATION OUTPUT). These devices must be indexed
consecutively (Field 5) from one to the total number of Type 1 and 2 devices in the array.
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DEN Card
Field | Columns | Format Contents ‘Comments
1 14 I4 Card number -999 to 9999
2 5-8 A4 -DEN
3 9-16 F8.0 Density of fluid in which array is
suspended b s2 ft-4

4 17-24 not used
5 25-32 »oo»
6 33-40 »oo»
7 41-48 »oo»
8 49-56 »oo»
9 57-64 »oo»

10 65-72 »oo»

11 73-77 »oo»

12 78-80 »oo»

Note: The DEN card is used to transmit the density of the fluid in which the array is

suspended.
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EOD Card
Field Columns | Format Contents Comments

1 1-4 I4 Card number -999 to 9999
2 5-8 A4 ~EOD
3 9-16 not used
4 17-24 »oo»
5 25-32 v
6 33-40 »oo»
7 41-48 »ooo»
8 49-56 »oo»
9 57-64 »oo»

10 65-72 »oo»

11 73-77 »oo»

12 78-80 »oo»

Note: The EOD card is used to specify the end of data transmission.
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NDAT Card
Field Columné Format Contents Comments

1 14 I4 Card number -999 to 9999
2 5-8 A4 NDAT
3 9-16 18 Current field o_ption (0,1, or 2) See notes
4 17-24 not used
5 25-32 »ooo»
6 33-40 v
7 41-48 »oo»
8 49-56 »oo”
9 57-64 »oo”

10 65-72 »oo»

11 73-77 »oo»

12 78-80 »oo»

Notes: The NDAT card is used to specify that new, modified, or additional data follow
and to transmit the current field option.
Three current field options are available:
0—no current;
1—standard current field (the no-current configuration is also calculated as part of
this option, Fig. 1);
2—nonstandard current field (see Appendix C; the no-current configuration is also
calculated as part of this option, Fig. 1).
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COMP Card
Field | Columns | Format Contents Comments
1 1-4 I4 Card number -999 to 9999
2 5-8 A4 COMP
3 9-16 F8.0 Accuracy required in array equilib-
rium calculations ft
4 17-24 not used
5 25-32 »oo?
6 33-40 »oo»
7 41-48 »oo»
8 49-56 »oo»
9 57-64 »oo»
10 65-72 »oo»
11 73-17 »oo»
12 78-80 »oo»

Notes: The COMP card is used to transmit the accuracy requirement imposed on the
array equilibrium calculations. This accuracy requirement, specified in Field 3, insures that
the calculated coordinates of every point in the array are within + Field 8 of their exact

values.

The accuracy obtainable is limited by the significant-figure capacity of the computer
being used and by the largest linear dimension in the array. Let the number of significant
figures carried in single precision be n, and let the characteristic of the common logarithm
of the largest linear dimension be m. Then, the value of Field 3 is usually bounded by
Field 3 > 10m-n+3,

Then, Field

DECKS.

(For example, suppose n = 8 and the largest dimension is 25,000 ft.

3> 0.1 ft.) Occasionally, a larger minimum value must be used. A COMP
card must appear after the first NDAT card. See PARAMETRIC STUDY SOURCE
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VEL Card
Field | Columns | Format Contents Comments
1 1-4 14 Card number -999 to 9999
2 5-8 A4 ~VEL
3 9-16 F8.0 Z coordinate at which current
velocity is specified ft
4 17-24 F8.0 Velocity of current at above Z
coordinate knots
5 25-32 not used
6 33-40 »oo»
7 41-48 »oo»
8 49-56 »oo»
9 57-64 »oo»
10 65-72 »oo
11 73-17 »oo»
12 78-80 »oo

Notes: The VEL cards are used to transmit the data in Table 2. There must be one

VEL card for each value of Z at which the current velocity is specified.

Up to 25 VEL cards are permitted. At least one of the Z coordinates transmitted by
the VEL cards must be less than or equal to the minimum Z coordinate transmitted by the

ANC cards. For further information see STANDARD CURRENT FIELD."

The VEL cards must not appear after an NDAT card specifying a current field option
= (0. All VEL cards required to transmit the current profile must appear after the first
NDAT card specifying a current field option = 1. See PARAMETRIC STUDY SOURCE

DECKS.
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ANG Card
Field | Columns Format Contents Comments

1 14 14 Card number -999 to 9999
2 5-8 A4 ~ANG
3 9-16 F8.0 Initial current angle deg
4 17-24 F8.0 Increment in current angle deg, >0
5 25-32 F8.0 Final current angle deg, > Field 3
6 33-40 not used
7 41-48 »oo»
8 49-56 »oo»
9 57-64 »oo»

10 65-72 »oo»

11 73-77 »oo»

12 78-80 »oo»

Notes: The ANG card is used to transmit instructions for changing the angular direc-
tion of the current with respect to the X axis (see STANDARD CURRENT FIELD).
DESADE calculates the array response to the specified current profile from the initial to

the final current angles in increments transmitted by Field 4 (Fig. 1).

An ANG card must not appear after an NDAT card specifying a current field option
= 0. One ANG card must appear after the first NDAT card specifying a current field
option = 1. See PARAMETRIC STUDY SOURCE DECKS.
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EOP Card
Field | Columns | Format Contents Comments

1 1-4 I4 Card number -999 to 9999
2 5-8 A4 -EOP
3 9-16 not used
4 17-24 »oo»
5 25-32 »oo»
6 33-40 »oo
7 41-48 »oo»
8 49-56 »oo»
9 57-64 »oo»

10 65-72 »oo»

11 73-17 »oo»

12 78-80 »oo»

Note: The EOP card is used to specify the end of the problem and is required for a
normal termination.
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CABLE ARRAY SOURCE DECK

The cable array source deck contains all of the cards required to describe the physical
characteristics of the cable array under consideration. The last card in the cable array
source deck must be an EOD card to signify the end of data transmission. The form of
the cable array source deck is given below.

Cable Array Source Deck

Card Type* Comments
NJINC
ANC One for each array anchor
IR One for each cut in going from original to reduced array
CAB One for each array cable
DCAB One for each discrete device attached to a cable
DJINC One for each discrete device attached at a junction
DEN
EOD Must be last card in source deck

*These cards may be arbitrarily ordered except for the EOD card. It is strongly recommended that the
cards in the cable array source deck be given unique card numbers (Field 1 of each card). Note that
LUN, NDAT, COMP, VEL, ANG, and EOP cards are not permitted in the cable array source deck.

CABLE ARRAY SOURCE TAPE

The cable array source tape is an alternate means of transmitting to DESADE the
physical characteristics of the cable array under consideration. A recommended program
for generating the cable array source tape from the cable array source deck is given below.

Cable Array Source Tape Generation

PRQGRAM STAPE
DIMENSIQN DATA (10)
DATA (IREAD = Unit number of card reader)
DATA (ITAPE = Unit number of source tape)
1 READ (IREAD, 10) (DATA(I), I=1, 10), EX, NSEG
WRITE (ITAPE, 11) (DATA(I), I =1, 10), EX, NSEG
IF (DATA(2). EQ. 4H EQD) GQ TQ 2
GOTQ1
10 FOQRMAT (F4.0, A4, 8F8.0, F'5.0, 13)
11 FQRMAT (F4.0, A4, 8E15.8, /, E12.5, 13)
2 REWIND ITAPE
END
Cable Array Source Deck
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PARAMETRIC STUDY SOURCE DECKS

The parametric study source decks are used to transmit accuracy requirements, cur-
rent fields, and changes in the physical properties of the cable array under consideration
to DESADE. Each parametric study source deck must begin with an NDAT card and end
with an EOD card. The form of the parametric study source decks is given below.

Parametric Study Source Decks

Card Type* Comments

NDAT Must be first card in parametric study source deck.
Field 3 (current option) can changeas 0202 12 1 or
0202 22 2. The change 1 2 2, even with inter-
mediate zeros, is not permitted.

COMP Must appear after first NDAT card. The accuracy re-
quirement transmitted is retained until the appearance
of a COMP card in another parametric study source deck.

VEL Must not appear after NDAT card containing current
option 0. All VEL cards required to transmit a current
profile must appear after the first NDAT card contain-
ing current option 1. The current profile transmitted is
retained until the appearance of a VEL card in another
parametric study source deck. The appearance of the
first VEL card in a parametric study source deck zeros
the entire current profile. Thus, to change from one
current profile to another, all VEL cards required to
specify the new profile must appear in the appropnate
parametric study source deck.

ANG Must not appear after NDAT card containing current
option 0. One ANG card must appear after the first
NDAT card containing current option 1. The current
angles transmitted are retained until the appearance of
an ANG card in another parametric study source deck.

ANC Used to change anchor data. See Note.

CAB Used to change cable data. See Note.

DCAB Used to change discrete device on cable data. See Note.
DJINC Used to change discrete device at junction data. See Note.
EOD Must be last card in parametric study source deck.

*These cards may be a.rbitraril& ordered except for the NDAT and EOD cards. Note that LUN, NJNC, IR,
DEN, and EOP cards are not permitted in the parametric study source decks.

Note. The array design changes which are permitted are those changing the physical
data of the array but not the overall geometric layout of, or the number of discrete
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devices on, the array. These changes are keyed by matching the card number and type
appearing in a parametric study source deck to the card number and type appearing in
the cable array source deck (or tape). A summary of permitted and not-permitted
changes in the array physical data is given below.

Summary of Changes in the Array Physical Data
Permitted (P) and Not Permitted (NP)

Field number

Card Type 1 2 3 4 5 6 7T 8 9 10 11 12
ANC NP NP NP P P P not used >
CAB NP NP NP NP P P P P P P P

122
DCAB NP NP NP 324 NP P P P P P not used
DJINC NP NP NP NP P P P not used ——

OVERALL INPUT DECK

The overall input deck consists of a LUN card specifying the I/O options and the
logical unit numbers of the required I/O devices, followed by the cable array source deck
(or tape), followed by any number of parametric study source decks, and ended by an

EOP card signifying the end of the problem. The form of the overall input deck is given
below.

Overall Input Deck
LUN Card

Cable Array Source Deck (or Tape)
Parametric Study Source Decks

EOP Card
Some examples follow.

1. Compilation of cable array source deck errors only.

v

1000~LUN«~ax22a60saanannBlanansa24 Blank
Cable Array Source Deck

1001-EQP Blank

¥
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2. Deflections of the source deck cable array due to a standard current profile.
1000~LUN~~aaasB0sssasablaanrs224 I/O options and units
Cable Array Source Deck (or Tape)
1001NDAT+aasas 1 Blank ———>
1002COMP
1003-VEL
1
1010~VEL
1011-ANG
1012-EQD
1013-EQP

3. Deflections of the source deck cable array due to a standard current profile and effects
of buoyancy changes on these deflections

1000+LUN=4~2260raaaaa61rnanns24 I/O options and units
Cable Array Source Deck (or Tape) containing a card

~2aODJNCanrasanaBanaanasgasaanansasal0000~44+1,95444435.3 Blank
1001NDATA+a~as~1 Blank —————
1002COMP
1003-VEL

1
1010~-VEL
1011-ANG
1012-EQD

1013NDATA4~~~~1 Blank >

~2aODJNCrnrannn3aranasasdranananasnal25004441.95~+435.3 Blank
1014-EQD

1015-EQP
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ERROR MESSAGES
DESADE contains a series of internal error checks that insure that correctness of
the reduction of the original cable array to a statically determinate array, the consistency
of the input data, and the proper deck structure. As errors are found, they are trans-
mitted to the line printer under the heading
ERRORS IN PARAMETRIC STUDY SOURCE DECK NUMBER xxx
TYPE CARD NO. CARD TYPE OTHER INFORMATION
Note that source deck number “0” refers to the cable array source deck or tape while
source deck numbers 1, 2, etc. refer to the corresponding parametric study source deck
in the overall input deck. The identification of errors in a particular source deck
terminates program operation after that source deck has been read. The type errors
identified by DESADE are summarized below.
Type 0
A Type O error indicates that the card type identifier (Field 2) is not recognizable.
Type 1

Type 1 errors indicate certain obvious typographic errors and certain numbering
errors. A breakdown of Type 1 errors by card type follows.

LUN Card

a. Field 6# Oor1
b. Field 8 # 0, 1, or 2

c. Non-unique numbers assigned to required I/O units.
NJNC Card

a. 2> Field 3> 44
ANC Card

a. 1> Field 3> 44
IR Card

a. Field 3 = Field 4
b.1 > Fields 3 or 4 > 44

CAB Card

a. 1> Field 3> 22
b. Field 4 = Field 5 _
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c. 1> Fields 4 or 5> 44

d. Fields 7,80r 9< 0

e. Fields 10 or 11 < 0

f. Field 10 = 0 and Field 11 # 0
g. Field 10 # 0 and Field 11 = 0
h. 1 > Field 12 > 50

DCAB Card

a. 1> Field 3 > 22

b. 1> Field 4> 4

c. Field 4 = 1 or 2 and 1 > Field 5 > 1000
d. Field 4 = 3 or 4 and Field 56 # O

e. Field 4 =1 or 3 and Field 9 < 0

f. Field 4 = 2 or 4 and Field 9 # 0

g. Fields 7, 8,0or 10< 0

DJNC Card

a. 1> Field 3> 44

b. Field 4 # 2 or 4

c. Field 4 = 2 and 1 > Field 5 > 1000
d. Field 4 = 4 and Field 56 # 0

e. Field Tor 8< 0

DEN Card
a. Field 3< 0
NDAT Card
a. Field3+# 0,1,0r 2
COMP Card
a. Field 3< 0
ANG Card

a. Field 4 < 0
b. Field 5 < Field 3

29
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Type 2

Type 2 errors indicate an improper reduction of the original cable array to a stati-
cally determinate array or an improper numbering of array junctions. A breakdown of
Type 2 errors by card type follows.

ANC Card

a. The junction number assigned to the anchor (Field 3) has previously been
assigned on a preceding ANC card; or,

b. The junction number assigned to the anchor (Field 3) has previously been as-
signed to an s = L junction (Field 5) on a preceding CAB card.

CAB Card

a. The junction number assigned to the s = L junction (Field 5) has previously
been assigned on a preceding CAB card; or, :

b. The junction number assigned to the s = L junction (Field 5) has previously
been assigned to an anchor junction (Field 3) on a preceding ANC card.

Type 3

A Type 3 error appears only in conjunction with a CAB card and indicates that the
number assigned to the cable (Field 3) has previously been assigned on a preceding CAB
card.

Type 4

A Type 4 error appears only in conjunction with an IR card and indicates certain
typographic, numbering, or array reduction errors. Either

a. The junction number assigned in Field 3 has previously been assigned in
fields 3 or 4 of a preceding IR card; or,

b. The junction number assigned in Field 4 has previously been assigned in
Field 3 of a preceding IR card.

Type 5

Type 5 errors indicate improper discrete device indexing. A breakdown of Type 5
errors by card type follows.

DCAB Card

a. The index assigned to a Type 1 or 2 discrete device (Field 5) has previously
been assigned on a preceding DCAB card; or,

b. The index assigned to a Type 1 or\ 2 discrete device (Field 5) has previously
been assigned to a Type 2 discrete device (Field 5) on a preceding DINC card.
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DJNC Card

a. The index assigned to a Type 2 discrete device (Field 5) has previously been
assigned on a preceding DJNC card; or,

b. The index assigned to a Type 2 discrete device (Field 5) has previously been
assigned to a Type 1 or 2 discrete device (Field 5) on a preceding DCAB card.

Type 6

Type 6 errors indicate an excess of information in a particular source deck. A break-
down of Type 6 errors by card type follows.

NJINC Card
a. An NJNC card has previously appeared in the particular source deck.
DEN Card
a. A DEN card has previously appeared in the particular source deck.
COMP Card
a. A COMP card has previously appeared in‘ the particular source deck.
VEL Card
a. Twenty-five VEL cards have previously appeared in the particular source deck.

b. The Z coordinate at which the current velocity is specified (Field 3) has pre-
viously been used on a preceding VEL card in the particular source deck.

ANG Card
a. An ANG card has previously appeared in the particular source deck.
Type 7

A Type 7 error indicates an inadequacy of information in the cable array source
deck (or tape). The “OTHER INFORMATION” column under the error heading con-
tains a 1 X 3 matrix, the elements of which give respectively the number of NJNC cards
read, the number of DEN cards read, and the number of ANC cards read. A zero element
is an error (see CABLE ARRAY SOURCE DECK).

Type 8

A Type 8 error indicates a discontinuity in numbering the cables in the array. The
“OTHER INFORMATION”’ column under the error heading contains a 1 X 22 matrix,
the elements of which contain one or zero indicating, respectively, the use or non-use of
the corresponding column number as a cable number. Zeros interspersed with ones are
in error (see ARRAY DESCRIPTION).
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Type 9

A Type 9 error indicates a discontinuity in numbering the junctions in the array.
The “OTHER INFORMATION” column under the error heading contains a 1 X 44
matrix, the elements of which contain one or zero indicating respectively, the use or non-
use of the corresponding column number as a junction number. Zeros interspersed with
ones are in error (see ARRAY DESCRIPTION and REDUCTION TO A STATICALLY
DETERMINATE ARRAY).

Type 10

A Type 10 error indicates a discontinuity in indexing the Type 1 and 2 discrete
devices in the array. The “OTHER INFORMATION”’ column under the error heading
contains a 1 X 1000 matrix (printed out in rows of 100 elements), the elements of which
contain one or zero, indicating respectively, the use or non-use of the corresponding
column number as a device index. Zeros interspersed with ones are in error (see DCAB
and DJNC cards).

Type 11

A Type 11 error indicates an improper reduction of the original cable array to a
statically determinate array or an absence of certain input cards in the cable array source
deck (or tape). The “OTHER INFORMATION” column under the error heading contains
a 1 X 5 matrix, the elements of which give, respectively, the number of CAB cards read,
the number of ANC cards read, the number of junctions in the original cable array (Field
3 of the NJNC card), the number of required cuts (Eq. (1)) calculated from the pre-
ceding information, and the number of IR cards read. Column 5 not equal to column 4
is an error (see REDUCTION TO A STATICALLY DETERMINATE ARRAY).

Type 12

Type 12 errors indicate certain typographic, numbering, or array reduction errors.
A breakdown of Type 12 errors by card type follows.

IR Card

a. The junction number assigned in Field 3 is less than or equal to the number
of junctions in the original (unreduced) array (Field 3 of the NJNC card);

b. The junction number assigned in Field 8 is greater than the number of junc-
tions in the original (unreduced) array plus the number of cuts made in reducing the
array (Eq. (1)); or

¢. The junction number assigned in Field 4 is greater than the number of junc-
tions in the original (unreduced) array.

CAB Card

a. The junction number assigned in Field 4 is greater than the number of junc-
tions in the original (unreduced) array (Field 8 of the NJNC card) plus the number of
cuts made in reducing the array (Eq. (1)).
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DCAB Card

a. The cable number assigned in Field 3 does not correspond to a cable number
assigned to a cable (Field 3 of the CAB cards); or

b. The distance of the discrete device from the s = 0 junction of the cable
(Field 10) is greater than or equal to the length of the corresponding cable (Field 9 of
the CAB card).

DJNC Card

a. The junction number assigned in Field 3 does not correspond to either a junc-
tion number assigned to an anchor (Field 3 of the ANC cards) or a junction number as-
signed to an s = L junction of a cable (Field 5 of the CAB cards).

Type 13

A Type 13 error indicates that the original cable array has not been properly re-
duced to a statically determinate array or that junctions have been improperly numbered.
The “OTHER INFORMATION” column under the error heading contains the message,
“IMPROPER ARRAY REDUCTION OR JUNCTION NUMBERING. CHECK TREE
REPRESENTATION OF ARRAY (SEE ARRAY REDUCTION SECTION OF USERS
MANUAL) AGAINST JUNCTION NUMBERING ON ANC AND CAB CARDS.”

Type 14

A Type 14 error indicates an inadequacy of information in a parametric study source
deck. The “OTHER INFORMATION” column under the error heading contains a 1 X 5
matrix, the elements of which give, respectively, the number of COMP cards read, the
current field option, the number of VEL cards read, the number of VEL cards containing
a Z coordinate (Field 3) less than or equal to the minimum Z coordinate transmitted by
the ANC cards (Field 6 of the ANC cards), and the number of ANG cards read. The fol-
lowing possible errors exist:

a. If column 1 contains a zero, then a COMP card has not appeared after the first
NDAT card (see PARAMETRIC STUDY SOURCE DECKS).

b. If column 2 contains a one and any of columns 3, 4, or 5 contain a zero, then
the standard current field has not been properly formulated (see PARAMETRIC STUDY
SOURCE DECKS and STANDARD CURRENT FIELD).

Type 15

A Type 15 error indicates that an unpermitted change has been attempted in a
parametric study source deck. The card number and type listed under the error heading
corresponds to the card on which the unpermitted change has been attempted (see
PARAMETRIC STUDY SOURCE DECKS).
Type 16

A Type 16 error indicates an improper deck structure and causes an immediate
program termination. The card number and type listed under the error heading
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correspond to the out-of-place card (see CABLE ARRAY SOURCE DECK, PARAMET-
RIC STUDY SOURCE DECKS, and OVERALL INPUT DECK).

Type 17

A Type 17 error indicates that the cable array source deck (or tape) contains more
than 2150 records and causes an immediate program termination. The “OTHER IN-
FORMATION” column under the error heading contains the message “COMMON/B1/
BOUND EXCEEDED,; SEE USERS MANUAL.”

A Type 17 error is readily correctable if the machine being used has sufficient core
storage. This correction is achieved by changing the row dimension of DATAT on cards
DES025 and INP022 from 2150 to a number exceeding the number of records in the
cable array source deck (or tape). Simultaneously, the comparison value on card INP615
must be changed from 2150 to the new row dimension of DATAT.

Type 18

A Type 18 error indicates that the accuracy required for the array equilibrium cal-
culations (Field 38 of the COMP card) has not been obtained during the calculations. Thi
is for one of two possible reasons.

a. Some cable segments have gone slack (that is, the segments have near zero tension
An examination of the tensions printed out in conjunction with a Type 18 error will re-
veal if this is the reason. If it is, see the section on STATICALLY UNSTABLE CABLE
ARRAYS in Ref. 2 for possible remedial actions. If it is not, then

b. The accuracy required for the equilibrium calculations is simply too stringent for
the computer to handle (see COMP card). An examination of the final value of the ac-
curacy obtained, printed out in conjunction with a Type 18 error, will reveal the best ac-
curacy obtainable. Field 3 of the COMP card should be modified to reflect this informa-
tion.

ARRAY DESCRIPTIVE OUTPUT

Following each error-free reading of a parametric study source deck, DESADE trans-
mits to the line printer a description of the physical characteristics of the cable array
under study. This printout includes anchor junctions and locations, information con-
cerning the reduction of the original cable array to a statically determinate array, proper-
ties of the cables in the array, properties of the discrete devices located at array junctions.
total number of Type 1 and 2 devices, current field option and current profile if option 1
and calculational accuracy requirements.

The format of the array descriptive output is self-explanatory. A sample printout is
given in Appendix B.
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STRUCTURAL OUTPUT
If output option 0 or 2 is selected, DESADE transmits to the line printer a struc-
tural output. The structural printout follows and refers to the array characterized in the
array descriptive output and contains information giving
a. A description of the current field (i.e., no current or current from xxx degrees)

b. The cable forces and angles at each anchor

c. The position coordinates of the original (unreduced) array junctions, the displace-
ment of these coordinates from the no-current coordinates, and the cable forces and
angles at each junction

d. The maximum and minimum tensions and their locations for each array cable and
the maximum displacement from the no-current condition and its location for each cable

e. The position coordinates, the displacement of these coordinates from the no-cur-
rent coordinates, and the tension at each Type 1 and 2 DCAB device in the array.

This latter information is printed out in the same order that the Type 1 and 2 DCAB
devices are indexed (Field 5 of the DCAB card). Note that it is possible to obtain the
latter information for any point on any cable in the array by defining a “dummy” type 2
DCAB device to be located at the point. A dummy Type 2 DCAB device is simply one
for which fields 6, 7, and 8 of the DCAB card are left blank so that the ‘“device’ has no
effect on the array equilibrium calculations.

The format of the structural output is self-explanatory. A sample printout is given
in Appendix B;

DEVICE LOCATION OUTPUT

If output option 1 or 2 is selected, DESADE transmits to tape or cards a device
location output. The device location output contains information giving

1. A description of the current field (i.e., no current or current from xxx degrees)
2. The position coordinates of each Type 1 and 2 discrete device in the array.
Four types of records are associated with the device location output. Each of these

records is written with the format

(A4, 14, 3F10.2).
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REC Record
Field Format Contents
1 A4 -~ REC
2 14 Record number
3 F10.2 not used
4 F10.2 »o
5 F10.2 oo

Note: The REC record is used to identify the cable array
under study. The record number (Field 2) is referenced in the
array descriptive output in the statement, “DEVICE LOCATION
OUTPUT RECORD XX REFERS TO THIS ARRAY.” The in-
formation following a REC record refers to the identified array.

CUR Record
Field Format Contents

1 A4 ~CUR

2 14 0 if no current acting on array
1 if current is acting on array

3 F10.2 Blank if Field 2=0
Cwrrent angle if Field 2 =1

4 F10.2 * not used

5 F10.2 »oo»

Note: The CUR record is used to describe the current field (i.e., no
current or current from xxx degrees). The information following a CUR
record refers to the identified current field. :
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DEV Record
Field Format Contents |

1 A4 -DEV

2 14 Discrete device index (Field 5
of the DCAB and DJNC cards)

3 F10.2 X coordinate of device

4 F10.2 Y coordinate of device

5 F10.2 Z coordinate of device

Notes: The DEV records are used to transmit the position coordi-
nates of the type 1 and 2 discrete devices in the array. There is one DEV
record for each indexed (types 1 and 2) device for each identified current
field.

EOP Record
Field Format Contents
1 A4 ~EOP
2 14 not used
3 F10.2 »oo®
4 F10.2 o
5 F10.2 oo

Note: The EOP record is used to signify the end of output
transmission.

A typical overall device location output file is illustrated below.
~REC-»»1
~CUR+4~0
DEV Records (one for each indexed device)
~CUR-~++1 current angle

DEV Records
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~CUR~~~1 current angle
DEV Records
~RECaaa2
aCUR-~~-0
DEV Records
~EOP

A sample image of a device location output file is given in Appendix B.
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Appendix A
SOURCE LANGUAGE LISTING

PROGRAM DESADE DES001
C DES002
C A FORTRAN IV PROGRAM FOR COMPUTING THE STATIC DEFLECTIONS DES003
C OF STRUCTURAL CABLE ARRAYS DES004
c DES005
C BY RICHARD As SKOP AND JAMES MARKs OCEAN TECHNOLOGY DIVISIONs DES006
C NAVAL RESEARCH LABORATORY»s WASHINGTONs De Ce DES007
c DES008
COMMON /B1/ FEJUNCsIRsDELTAIsDELTA»IRSs TFJUNCsL sESsFCABIRCAB s JUMPSDESO09
1PJUNCS sPCAB s PCABE s PCABO s RCABO » THETA 9 PJUNCO DES010
COMMON /B2/ NCABsNNODE sERJUNC s IRJUNC sDATAsDATNsHsPJUNC DESO11
1CDCAB>DCAB s FATE sNANC s ANJUNC 9 IREAD s IPRNT » INTAPE sOUTAPES ITIMEs IFLGs DESO12
20FLGsNIRs THETAS » THETAE s COMPU » THETAL sNJUNC sRHO S TEST » DESO13
3NVSEG»ZVELsVELZ9PIP sECICAE s XPCAL »ZJUNC sLJUNCsPATH ICAB Y IVOPT DESOL4
4WCABs IDEV s ICHECK sNDEV sNDATC DESO15
DIMENSION FEJUNC(3s44) s IR(3544) s IRS(3944) s TFJUNC(3344) sPJUNCO(3944DESOL6

1) DESO17
DIMENSION FCAB(3+51522) sRCAB(3951922) sPJUNCS (3944)9PCAB(3951522) DESO18
DIMENSION PCABE(3951922) sPCABO(3551922) sRCABO(3551922) DESO019
DIMENSION NNODE (22) sERJUNC (44) s IRJUNC (44) sDATAL10) sDATN(10) sH(22) DES020
DIMENSION PJUNC(3944)sCDCAB(22) 9DCAB(22) s ANJUNC(44) s TEST(14) DESO21
DIMENSION ZVEL(25)sVELZ(25)sECICAB(22)sEXPCAB(22)9ZJUNCI(22) DES022
DIMENSION LJUNC(22) sPATH(22)»ICAB(22) sWCAB(22)»IDEV(1000) DES023
DIMENSION ICHECK (44) DES024
DIMENSION DATAT(2150510) DES025
EQUIVALENCE (DATAT(1)sFEJUNC(1)) DES026
INTEGER OUTAPE»ZJUNC s ERJUNC s ANJUNC 9 OFLG DES027
INTEGER PATH DES028

REAL IRyIRS | DES029

c DES030
C CALL INPUT TO READ DATA AND IDENTIFY LRRORS DES031
C DES032
ITIME=1 DES033

1000 CALL INPUT DESQ34
c DES035
C CHECK TO SEE IF ANY ERRORS IN DATA DES036
c DESQ37
IF(FATEeNE+Os) GO TO 10000 DES038

C DES039
C GET HERE IF NO ERRORS =~ PRINT OUT PHYSICAL CHARACTERISTICS OF ARRAY DES040
c DESO41
WRITE(IPRNT$1001) ' DES042

1001 FORMAT(///s5X5>18HNO ERRORS DETECTED) DES043
CALL PHSOUT DESO44

C DESQ45
C KMULT IS A MULTIPLIER FOR CHANGING CURRENT ANGLE THETA DESQ46
c DESQ47
KMULT=0 DES048

C o DES049
C JUMP=0---NO CURRENT ~ JUMP=1-——CURRENT DES050
< DES051
JUMP=0 DES052

c DESQ053

C GET HERE TO CALCULATE FORCES AND IF SUCCESSIVE APPROXIMATION ROUTINE DESO54

C NOT SATISFIED

~~ ZERO FORCES DES055
39
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C
2011 DO 2012 J=1sNJUNC
DO 2012 I=1,s3
2012 FEJUNC(IsJ}=0s
DO 2013 N=1sNCAB
INNN=NNODE (N)
DO 2013 M=14INNN
DO 2013 I=1y3
2013 FCAB(IsMsN)=0.

PICK UP DISCRETE LEVICE DATA FROM TEMPORARY STORAGE TAPE AND

DCAB FORCES IN FCAB =~= EFORCE(I) IS ROUTINE FOR CALCULATING
DEVICE FORCES IN UIRECTION I

[aNaNaNaNaXa)

2015 READ{INTAPEs1l) (DATA(K)sK=1s10)

1 FORMAT(F4409A498E1548)
IF(DATA(2)eEQeTEST{3)) GO TO 2017
IF(DATA(2)«EQeTEST(4)) GO TO 2019
IF(DATA(2)«EQeTEST(9)) GO TO 2021
GO TO 2015

2017 K=DATA(3)
DO 2018 J=1y3

1=J
2018 FEJUNC(IsK)=FEJUNC(IsK)+EFOQORCE(I)
GO TO 2015

2019 K= DATAI(3)
M= DATA(10)/H(K) + 1
DO 2020 J=1+3

I=J
2020 FCAB(IsMsK) = FCAB(IsMsK} + EFORCE(I)
GO TO 2015
C
C GET HERE AT END OF TAPE
C
2021 REWIND INTAPE
C

C NOW CALCULATE THt FORCE/LENGTH IN DIRECTION I AT NODE M ON CABLE N
CFORCE(1sMsN) IS ROUTINE FOR DOING THIS == INTEGRATE 8Y TRAPEZOIDAL

C
C RULE OVER SEGMENT TO GET TOTAL FORCE AND ADD TO DCAE FORCES
C

DO 2022 J=1sNCAB
K=J
INNN=NNODE({K)~-1
DO 2022 MM=1sINNN
M=MM

DO 2022 I1=1,3
I=11

2022 FCABUIsMsK)=(CFORCE(1sMsK)+CFORCE (I sM+1 9K ) )¥HIK)/2e+FCAB(IsMsK)

LEAP = 1 FIRST TIME THROUGH IMAGIMARY KEACTION RUUTINE
LEAP = 2 ANY OTHER TIME
SKIP THIS SECTION IF NO IR'S

[aXaRaNaXaka!

IF(NIR«EQe0O) GO TO 2031
IF(JUMP+EQeO) CALL START
LEAP=1

CALCULATE DEVICE FORCES == DJUNC FORCES ARE STORED IN FEJUNC ==

ALL FORCES ARE NOW CALCULATED AND EQUILIBRIUM CAN BE DETERMINED

DESQO56
DESQ57
DES058
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DES0Q60
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DESOQ66
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DEso71
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INITIALIZE DELTA

DELTA=DELTAI

C GET HERE TO INITIALIZE TOTAL FORCES AT THE JUNCTIONS»s TFJUNCs AND
C IF THE IMAGINARY REACTION ITERATION NOT SATISFIED == ALSO IF NO IR'S

C

C
C
c

C

2031
2032

ADD

2033
2034
2035

DO 2032 J=1sNJUNC
DO 2032 I=1s3
TFJUNC(IsJ) = FEJUNC(IsJ)

APPROPRIATE REACTIONS TO TFJUNC =- SKIP THIS SECTION IF NO IR'S

IF(NIReEQeQ) GO TO 2036

DO 2035 J=1sNJUNC

DO 2035 K=1sNiIR

IF( (JeEQeIRJUNCI(K) )eORe{JeEWaERJUNC(K)) )} GO TO 2033
GO TO 2035

DO 2034 I=1,3

TFJUNC(IsJ) = TFUUNC(IsJ) + IR(IsJ)

CONTINUE

C TFJUNC IS NOW DETERMINED AND THE REACTIVE FORCES IN THE ARRAYS» RCAB»
C CAN BE CALCULATED BY SUMMING FROM THE FREE ENDS TO THE FIXED ANCHOR

C

C
C

2036

2041

2042
2043
2044

2045
2046
2047

ALL

DO 2047 N=1sNCAB

INDEX= NCAB+1-N

K= PATH(INDEX)

INNN=NNODE (K)

INLJ=LJUNC(K)

DO 2041 I=1»3
RCAB(IsINNNsK)=TFUUNC(IsINLJI)

DO 2044 L=1sNCAB

IF(LJUNC(K) eEQeZJUNCI(L)) GO TO 2042

GO TO 2044

DO 2043 I=193
RCAB(IsINNNsK)=RCAB(IsINNNsK)I+RCAB(IplsL)
CONT INUE

DO 2046 MM=1sINNN

M=INNN+1-MM

IF(MeEQel) GO TO 2047

DO 2045 I=143
RCAB(IsM-19K)=RCAB(I9MsK)+ FCAB(IsM~19K)
CONTINUE

CONTINUE

REACTIVE FORCES ARE NOW DETERMINED AND THE CONFIGURATION OF THE

C ARRAY» PCAB AND PJUNCs» CAN BE FOUND BY INTEGRATING FROM THE FIXED
C ANCHOR TO THE FREE ENDS —= INTEGRATION BY THE TRAPEZOIDAL RULE IS
C AGAIN USED

C

2051

DO 2054 N=1sNCAB
K=PATH(N)

INLN=LJUNC(K)
INNN=NNODE (K)
INZJ=ZJUNC(K)

DO 2051 1I=1,3
PCAB(Is19sK)=PJUNC(IsINZJ)
DO 2052 MM=2»INNN

41
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M=MM DES174
DO 2052 II=1s3 DES175

I=11 DES176

2052 PCAB(IsMsK)=PCAB(I sM~19K)+(EXCABIM=13K)*RCAB{IsM=13K)/TCAB(M=1sK) DES177
1+EXCAB (MoK ) ¥RCAB( 1 sMaK )/ TCABIMIK) ) ¥H(K) /2o DES178

DO 2053 I=1,3 DES179

2053 PJUNC(1sINLN)=PCAB(IsINNNSK) DES180
2054 CONTINUE DES181
C DES182
C ARRAY CONFIGURATION NOW DETERMINED =- CHECK TO SEE IF IT SATISFIES DES183
C GEOMETRIC CONSTRAINTS =— SKIP THIS SECTION IF NO IR'S DES184
c DES185
IF(NIR«EQeQ) GO TO 2071 DES186

C DES187
C CALCULATE ERROR E DES188
C DES189
E2=0. DES190

DO 2061 N=1sNIR DES191
KEN=ERJUNC(N) DES192
KIN=IRJUNCIN) DES193

DO 2061 I=193 DES194

2061 E2=E2+( PJUNC(IsKEN) = PJUNC(IsKIN) )#x2 DES195
E=SQRT(E2) DES196

C DES197
C COMPARE ERROR TO ACCURACY REQUIREMENTS DES198
C DES199
IF(EeLEsCOMPD/10e) GO TO 2071 DES200

C DES201
C GET HERE IF GEOMETRIC CONSTRAINTS NOT SATISFIED DES202
C DES203
GO TO (206252065) sLEAP DES204

C DES205
C GET HERE FIRST TIME THROUGH IMAGINARY REACTION ROUTINE DES206
C DES207
2062 LEAP=2 DES208
C DES209
C STORE SUCCESSFUL POSITIONS AND REACTIONS DES210
C DES211
2063 ES=E DES212
DO 2064 N=1sNIR DES213
KEN=ERJUNC (N) DES214
KIN=IRJUNC(N) DES215

DO 2064 I=1,3 DES216
PJUNCS (I yKEN)=PJUNC (I sKEN) DES217
PJUNCS(IsKIN)=PJUNC(IsKIN) DES218

2064 IRS(IsKIN)=IR(IsKIN) DES219
GO TO 2066 DES220

C DES221
C GET HERE ANY OTHER TIME THROUGH IMAGINARY REACTION ROUTINE DES222
C SEE IF ITERATION SUCCESSFUL DES223
C DES224
2065 IF(E.LT.ES) GO TO 2063 DES225
C DES226
C REDUCE DELTA IF NOT SUCCESSFUL INTERATION DES227
C DES228
DELTA=DELTA/2. DES229

4 DES230

C CALCULATE NEW IMAGINARY AND EQUILIBRATING REACTIONS AND GO BACK TO DES231
C RECALCULATE ARRAY EQUILIBRIUM DES232
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C
2066 DO 2067 N=1sNIR
KEN=ERJUNC(N)
DO 2G67 1=1s3
2067 IR(ISKEN)=Qe
DO 2068 N=1sNIR
KEN=ERJUNC(N)
KIN=IRJUNC(N)
DO 2068 I=1s3
IR(IgKIN)*IRS(IpKIN)+DtLTA*(PJUNCS(IthN)-PJUNCS(LtKIN))/ES
2068 IR(ISKEN)=IR(ISKEN)=IR(I§KIN)
C
C CHECK CHANG:ES IN IMAGINARY REACTIONS
C
DO 2070 N=1sNIR
KIN=IRJUNC(N)}
DO 2070 I=1s3
2070 IF{IR(ISKIN) eNESIRS(IPKIN)) GO TO 2031

4

<

C NO CHANGES == TIME TO QUIT
C

CALL ERKOR
GO TO 10000
C .
C GET HERE IF ACCURACY ReQUIRLEMENTS SATISFIED OR NG IR
C QUTPUT tQUILIBRIUM IF NO CURRENT == i CURRENTY i IRs1 CRECK 10 oEE
C IF ACCURACY REGUIREMENT SATISF.ib BY SUCCESSIVE APFEOALMAI LGNS
C -
2071 JUM=JUMP+1
GO TO (20725»2075)9JUM
2072 IF((OFLGeEWeO) eURe (UFLGeEL_Z)) LA STROUI
IF((OFLGeLQel) e URe (UFLGetWaR)} CALL TAPUU!
IF(OFLGeEQel) GO TO 2100
IF(JUMeNEe1l) GO TO 2100
DO 22C0 N=1sNCAB
INNN=NNOLE (N)
DO 22C0 M=19sINNN
DO 2200 I=193
PCABO(IsmisN)=PCAB( I sivioN)
2200 RCABO(IsMaNI=RCAB(IsMIN)
DO 2201 N=19¢NJUNC
DO 2201 I=1,3
2201 PJUNCO(IsN)=PJUNC(IsN)
C
C APPLY CURRENT IF RocWUIRED
C .
2100 IF(IVOPTWEQeU) GU TO 9999
JUMP=1
THETA=TnETAD + KMULT#TrcTAS
IF(TRETACGT e THETAE) GO TO Y¥9Y
KMULT=KmMULT+1
C
C STORE EXISTING CONFIGURATIUN FUn CunPARLSUN PURPUSES
C .
2073 DO 20674 N=1sNCAL
INNN=NNOLE (M)
DO 274 M=1 s INNN
DO 2074 1=1,3
2074 PCABE(LlsimaN)=PCai(Isrioiv)

43
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C
C RECALCULATE FORCceS
C
GO TO 2011
C

C GET HERE I[F CURRENT == Crtid SOCCELSIVE AFPROALM 4+ ION ACCURACH
C -
2075 DO 2077 N=1sNCAS

DO 2077 M=1s INNN

U=sQe

DO 2076 I=193
2076 UsU+(PCAGE(LsMaNI-PCAGIL 9%, )L ¥%2

[aN X s

IF NOT ACCURATE STORE CONFICUKATICN AN RECALCQLA:& FCRCEG

IF(SGRT(U) e GTeCOMPD) GO 10 2072
2077 CONTINUE ’
c. .
C GET nkRE IF POSITION ACCURATE AND OUIPUT PUSIILON
C

GO TO 2072
C .
C GO BACK FOR MORE LATA
C .

9999 GO TO 1000
10000 CONTINUE
WRITE(IPRNT»1C001)
10001 FORMAT(1H1)
END
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SUBROUTINE INPUT INPOO1

C INPOO2
C THIS ROUTINE READS ALL DATA AND IDENTIFIES ERRORS IN INPOQO3
C DATAs DECK STRUCTUREs AND ARRAY REPRESENTATION INPOO4
C INPOOS
COMMON /B1/ FEJUNCYIRSDELTAISDELTASIRSsTFJUNCL sESeFCABIRCAB »JUMP s INPOOG
1PJUNCS sPCAB y PCABE sPCABO 9 RCABO» THETA 9 PJUNCO INPQO7
COMMON /B2/ NCABNNODEsERJUNC IRJUNCIDATASDATNsHsPJUNC s INPOOB
1CDCABDCABIFATEsNANCHANJUNCHIREADs IPRNT s INTAPEsQUTAPE S ITIMES IFLGs INPQO9
20FLGINIRS THETAS» THETAE »COMPD s THETAL 9NJUNC9RHC TEST s INPO1O
3NVSEGYZVELYVELZsPIPsECICABIEXPCABSZJUNC sLJUNCIPATH ICABSIVOPT INPO1l
4WCAB» IDEV s ICHECKsNDEVINDATC INPO12
DIMENSION FEJUNC(3944)9IR(3944)91RS(3944)sTFUUNC(3944) 9PJUNCO(3944INPO13

1) INPQO1l4
DIMENSION FCAB(3951522)9sRCAE(3951922)9PJUNCS(3944)9PCAB{3951522) INPO15
DIMENSION PCABE(3951922) sPCABO(3951922) sRCABO(3951922) INPO16
DIMENSION NNODE(22) sERJUNC(44) s IRJUNC(44) sDATA(L10) sDATN(10)sH(22) INPQ17
DIMENSION PJUUNCI(3944) sCDCAB(22)9DCAB(22) s ANJUNC(44) 9 TEST(14) INPO18
DIMENSION ZVEL(25)sVELZ(25)stCICAB(22) sEXPCAB(22)9»ZJUNCI(22) INPO19
DIMENSION LJUNC(22)sPATH(22)sICAB(22)sWCAB(22)9IDEV(1000) INPO20
DIMENSION ICHECK (44) InPo21
DIMENSION DATAT(2150+10) INPQ22
DIMENSION ITEST(14) INPO23
EQUIVALENCE (DATAT(1)sFEJUNC(L)) INPO24
EQUIVALENCE (ITEST(1)sTEST(1)) INPO25
INTEGER OQUTAPE»» ZJUNCIERJUNCIANJUNCOFLG INPO26
INTEGER PATH INPO27

REAL IRsIRS INPO28

C INPO29
C THIS Is THE BEGINNING OF THE INPUT SECTION INPO30O
C INITIALIZE ALL CONSTANTSs FLAGSY ARRAYSs AND COUNTERS INPO31
C INPO32
IF(ITIME«NEs1l) GO TO 999 INPO33
ITEST(1)=4H IR INPO34
ITEST(2)=4H ANC INPO35
ITEST(3)=4HDJINC INPO36
ITEST(4)=4HDCAB INPO37
ITEST(5)=4H CAB INPO38
ITEST(6)=4H DEN INPQ39
ITEST(7)=4HCOMP INPOQO4O
ITEST(8)=4H ANG INPO41
ITEST(9)=4H EOD INPO42
ITEST(10)=4HNJINC INPO43
ITEST(11)=4H VEL INPO44
ITEST(12)=4HNDAT INPQ45
ITEST(13)=4H LUN INPO46
ITEST(14)=4H EOP INPO47
PIP=3e¢14159265/180e INPQ48
IFEOD=0 INPQ4S
NDATC=0 INPQO50
KFLG=0 INPOS1

DO 1000 I=151000 INPO52

1000 IDEVI(II=0 INPO53
DO 1001 I=1s44 INPOS4

1001 ICHECK(I)=0 INPO55
DO 1002 I=1s22 INPO56

1002 ICAB(I1)=0 INPOS7
NANC=0 INPO58
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IFRHO=0
IFJUNC=0
NIR=0
IROW=1
999 FATE=0.
c
C CHECK LOGICAL UNITS
c

IF(ITIMEaGT«1) GO TO 1003
ITIME=2
READ 1004 (DATA(I)sI=1910)

1004 FORMAT(F4403A498F8e09F5e0913)
IF(DATA(2) eNLeTEST(13)) GO TO 9018
IPRNT=DATA(4)

C
C GENERATE ERROR MESSAGE HEADER
C

998 WRITE(IPRNT$9100) NDATC

INPO59
INPQ60
INPO61
INP062
INP063
INPO64
INP065
INPO66
INPO67
INPO68
INPO69
INPO70
INPO71
INPO72
INPQ73
INPO74
INPO75
INPO76

9100 FORMAT(1H1»46HERRORS IN PARAMETRIC STUDY SOURCE DECK NUMBER s129//71INPQT77
‘ 1 12Xs4HCARD 93X s4HCARD 96X 9 5HOTHER/ 1H 94X s4HTYPE 94X 9 3HNO « $3X 9 4HTYPE» INPO78

23Xs11HINFORMATION )
IF(IFEOD.EQe0) GO TO 13
IF(IFEOD.NE«O) GO TO 12701
C
C READ ONE INPUT RECORD INTO DATA ARRAY
C
1003 CONTINUE
IF{IFLGeEQeO) READ(IREADS1004) (DATALI)»I=1910)sEXINSEG
IF{IFLGeEQel) READ(IREAD$1104) (DATA(I)sI=1510)sEXINSEG
1104 FORMAT(F4405A498E15e89/E12e5913)
9
C TYPE AND BRANCH
c
IF(IFEOD+EQeQ) GO TO 1006
IF({DATA(2) et QeTEST(12))«ORe(DATA(2)eEQsTEST(14)}) GO TO 1006
GO TO 9018
1006 DO 1005 1=1414
IF(DATA(2) ¢EQeTEST(I)) GO TO (13293354955699018s9018+9»1059018
1 12+99018s14) 1
1005 CONTINUE

GET HERE IF CARD UNIDENTIFIABLE
GO TO 9000

GET HERE IF IR CARD READ

[aNaNa! NN

1 IF(DATA(3)=DATA(4)) 101»9G01s101
101 DO 102 =344
IF( (DATA(I)eLTe 1e)eORs(DATA({I)eGTe&44s)) GO TO 9001
102 CONTINUE

GET HERE IF DATA OK
COUNT IR AND STORE DATA

NNOnNnn

NIR=NIR+1
IRJUNCINIR)=DATA(3)
ERJUNC(NIR)=DATA(4)
DO 103 N=1sNIR

INPQT79
INPO8BO
INPOB1
INPOB2
INPOS83
INPOB4
INPO85
INPOS86
INPO8B7
INPO8S
INPOB9
INPO90O
INPO91
INPO92
INPQ93
INPO94
INPQ95S
INPQO96
INPQ97
INPQ98
INPQ99
INP10O
INPlO1
INP10O2
INP1O3
INP10O4
INP105
INP106
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INP1OS8
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INP111
INP112
INP113
INP114
INP115
INP116
INP117



103
C
C GET
C
2
C
C GET
C
22
21
C
C GET
C
3
C
C GET
C
4
41
42
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IFUIRJUNCINIR) «EQeERJUNC(N)) GO TO 9004 INP118
IF( (IRJUNCINIR) eEQeIRJUNC(N) ) oANDe (NIReNEeN) ) GO TO 9004 INP11Y
IF({ (ERJUNCINIR) «EQe IRJUNCIN))}) GO TO 9004 INP120
CONT INUE INP121
GO TO 8000 INP122
INP123

HERE IF ANC CARD READ INP124
INP125

INDEX=DATA(3) INP126
IF((DATA(3) aLTele) eORe(DATA(3) eGTeb4s)) GO TO 9001 INP127
IF(ICHECK(INDEX) eNEeQ) GO TO 9002 INP128
INP129

HERE IF DATA OK =~ COUNT ANCHOR AND STORE DATA INP130
INP131

NANC=NANC+1 INP132
ANJUNC (NANC )=DATA(3) INP133
ICHECK (INDEX)=1 INP134
DO 21 I=1,3 INP135
PJUNC(I9INDEX)=DATA(1+3) INP136
GO TO 8000 INP137
INP138

HERE IF DJUNC CARD READ INP139
INP14Q

IF{ (DATA(4)ebQele)sORe(DATA(L)eEQe3e) ) GO TO 9001 INP141
IF( (DATA(4)etWe2e) e ANDs (DATA(5)sLTels) ) GO TO 9001 INP142
IF(DATA(5) «GT«1000s) GO TO Y001 INP143
IF(DATA(4) «GTebs) GO TO 9001 INP144
IF(DATA(4)eLTels) GO TO 9001 INP145
IF( (DATA(3)eLTelea) sORe(DATA(3)eGTebb4)) GO TO 9001 INPl4e6
IF( (DATA(4)eEQe4e) e ANDe(DATA(5)«NE«Os) ) GO TO 9001 INP147
IF( (DATA(7)eLTe0e) eORe(DATA(B)eLTe0e}) GO TO 9001 INP148
IF{ DATA(4) eEQebe ) GO TO 8000 INP149
INDEX=DATA(5) INP150
IF( IDEV(INDEX)eNEeD ) GO TO 9005 INP151
IDEV(INDEX) =1 INP152
GO TO 8000 INP153
INP154

HERE IF DCAB CARD READ INP155
INP156

DO 41 I=ly4 INP157
ID=DATA(4) INP158
IF(IDeEQeI) GO TO 42 INP159
CONT INUE INP160
GO TO 9001 INPl61
IF(((DATA(4)-tQ-3-).OR-(DATA(A).LQ.#.))oAND-(DATA(S)-NEoO.)) GO TOINP162
1 9001 INP163
IF( (DATA(3)eLTele)eORe(DATA(3)eGTe22¢)) GO TO9001 INP164
IF(((DATA(A)-EQ.l-).OR.(DATA(#)-tQ-Z-)).AND.((DATA(S)-LT.l.).OR.(DINP165
1ATA(5)+GTe1000e)) )} GO TO 9001 INP166
IF( (DATA(7)eLTe0e)eORe(DATA(E)eLTe0e)) GO TO 9001 INP167
IF( ((DATA(Q).tQ-Z-)-OR-(DATA(#).EQ-4.))-AND.(DATA(9).NE-0.) ) INP168
1 GO TO 9001 INP169
IF( ((DATA(Q).EQ.l-).OR-(DATA(4)oEQ-3.)).AND-(DATA(9)-LE.0-) ) INP170
16O TO 9001 INP171
IF( DATA(10)eLTe0s ) GO TO Y0O1 INP172
IF( (DATA(4)eEQe3e) +ORe (DATA(4)eEQe4e) ) GO TO 8000 INP173
INDEX=DATA(S5) . INP174
INP175

IF( IDEV(INDEX)eNEeQ ) GO TO 9005
IDEV(INDEX)=1 -

INP176



48

C
C GET

c
5

C
C GET

C
51

C
C GET

C
6

C
C GET

C
9
90
91

C
C GET

C
10
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GO TO 8000
HERE IF CAB CARD READ

INDEX=DATA(3)

IF( (DATA{3)aLTele) sORe (DATA(3)eGTe224)) GO TO 9001
IF( DATA(4)+EQeDATA(5) ) GO TO 9001 "

IF( (DATA(A)-GT-Q#.)-OR.(DATA(5)OGT044O)) GO TO 9001
IF( (DATA(4)eLTele) sORe (DATA(5) el Tole)) GO TO 9001
IF( (DATA(7)oLEoOo)-OR.(DATA(B).LE.O.)oOR-(DATA(9)oLEoOo)
1 ¢ORe(EXelLT40e)eORe (DATA(20)eLTe0s)) GO TO 9001
IF((DATA(20)¢EQeQs) e ANDe (EXeNEsQo)) GO TO 9001
IF((DATA(10)eNEeOe) e ANDe (EXetQeOs)) GO TO 9001

IF( (NSEGeLTel)eORe(NSEGeGT50) ) GO TO 9001
IF(ICAB(INDEX) «NEeQO) GO TO 9003

ICAB(INDEX)=1

INDEX=DATA(5)

IF(ICHECK(INDEX)«NEe«O) GO TO 9002

ICHECK { INDEX)=1

HERE IF DATA 0K

INDEX=DATA(3)
ZJUNC(INDEX)= DATA(4)
LJUNC(INDEX)= DATA(5)
NNODE (INDEX)= NSEG+1
WCAB(INDEX)= DATA(6)
CDCAB(INDEX)=DATA(7)
DCAB(INDEX)=DATA(8)
HUINDEX)= DATA(9)/NSEG
ECICAB(INDEX)= DATA(10)
EXPCAB(INDEX)= EX

GO TO 8000

HERE IF DEN CARD READ

IF(DATA(3)eLEsQs) GO TO 9001
IFRHO=IFRHO+1

IF( IFRHO«GTel ) GO TO 9006
RHO= DATA(3)

GO TO 1003

HERE IF EOD CARD READ

IFEOD=IFEOD+1

DO 90 J=1y10
DATAT(IROWsJ)=DATA(J])
IRMAX=IROW
IF(FATE«NE«Os) RETURN
IF(IFLGeEQel) GO TO 91
GO TO 500

IREAD=15AV1

IFLG=0

GO TO 500

HERE IF NJUNC CARD READ

[F{ (DATA(3)eLTe24)eORe(DATA(3)eGTeb4s) ) GO TO 9001
IFUNC=IFJNC+1
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C
C GET

12

12701

1270
1271

1275
C

C READ ONE INPUT RECORD FROM PARAMETRIC STUDY SOURCE DECK

C
1201

1209

C GET

1202

1224
1225

111

C GET

1203
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IF(IFJINCeGTel) GO TO 9006
NOJUNC=DATA(3)
GO TO 1003

HERE IF NDAT CARD READ

NDATC=NDATC+1
IF(NDATCeNE«IFEOD) GO TO 9018
GO TO 998

IFCOMP=0

INDAT=0Q

IFVEL=0

IFANG=0

IF((DATA(3) «LTe0e)eOR(DATA(3)eGTa24e) )
IVOPT=DATA(3) .
IF (NDATCeEQe1l) GO TO 1270

IF (IVOPT4EQe0) GO TO 1201

IF (KFLGeEQeQ) GU TO 1271

IF (IVOPTeEQeKCUR) GO TO 1201
GO TO 9117

IF (IVOPT«EQeO) GO TO 1275
KFLG=1

KCUR=1VOPT

GO TO 1201

KFLG=0

GO TO 9001

READ(IREADs1004) (DATN(I)sI=1910)9sEXXsNNSEG

DO 1209 I=1s14

IF(DATN(2) eEQeTEST(I)) GO TO (90189120891208+1208912089901851207»

1 12035126059018+1202590183901859018)s1
CONTINUE

CALL SWTCH

GO TO 9000

HERE IF VEL CARD READ

IFVEL=IFVEL+1

CALL SWTCH

IF{IVOPTWEQe0) GO TO 9018
IF(IFVELeNES1l) GO TO 1225
NVSEG=0

DO 1224 1=1+25

ZVEL(1)=0s

VELZ(I)=0e

NVSEG=NVSEG+1
IF(NVSEGeGTe25) GO TO 9006
ZVEL (NVSEG)=DATA(3)

DO 111 K=1sNVSEG

IF((ZVEL(NVSEG) eEQeZVEL(K) ) eAND e (KeNLoNVSEG) )

CONTINUE
VELZ(NVSEG)=DATA(4)
GO 7O 1201

HERE IF ANG CARD READ

IFANG=IFANG+1
CALL SWTCH

GO TO 9006
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INP239
INP240
INP241
INP242
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INP245
INP246
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INP248
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INP250
INP251
INP252
INP253
INP254
INP255
INP256
INP257
INP258
INP259
INP260
INP261
INP262
INP263
INP264
INP265
INP266
INP267
INP268
INP269
INP270
INP271
INP272
INP273
INP274
INP275
INP276
INP277
INP278
INP279
INP280O
INP281
INP282
INP283
INP284
INP285
INP286
INP287
INP288
INP289
INP290
INP291
INP292
INP293
INP294
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1207

C
C GET
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IF(IVOPT+EQ.0) GO TO 9018
IF(IFANGeEQel) NANG=0
IF(DATA(4)sLE«Qs) GO TO 9001

IF( DATA(5)eLT«DATA(3) ) GO TO 9001
THETAB=DATA(3)

THETAS= DATA(4)

THETAE= DATA(5)

NANG=NANG+]

IF( NANG«GTel) GO TO 9006

GO 70 1201

HERE IF COMP CARD READ

IFCOMP=IFCOMP+1

CALL SWTCH

IF(IFCOMP+EQel) NCOMP=Q
IF(DATA(3)eLEeOs) GO TO 9001
NCOMP= NCOMP+1

IF{ NCOMPeGTel) GO TO 9006
COMPD=DATA(3)

GO 70O 1201

HERE IF PARAMETERS ARE bEING CHANGED

C LOCATE RECORD TO BE CHANGED AND BRANCH

C
1208

12081

1290
1205
12051

1206
C
C GET
C
1210

C GET
1220
1222

C GET

IF (INDATeNE«O} GO TO 12081

READUINTAPE»31) ((DATAT(IsJ)9sJ=1+10)91=19IRMAX)

REWIND INTAPE

INDAT=1 .

DO 1290 I=1sIRMAX

IROW=1
IF((DATN(I).EQ.DATAT(IROW’I))OANDO(DATN(Z).EQoDATAT(IROWOZ)’)

1 GO 7O 1205

IF(DATAT(IROWS2)«EQ.TEST(9)) GO TO 9017

CONTINUE

DO 12051 J=1»10

DATA(J)=DATAT(IROWsJ)

DO 1206 I=195

IF(DATN(2) ¢EQeTEST(I)) GO TO (120691210912209123091240) 1
CONTINUE

HERE IF ANC CARD READ

IF(DATA(3) «NEsDATN(3)) GO TO 9017
CALL SWTCH

INDEX=DATA(3)

GO TO 22

HERE IF DJNC CARD READ

DO 1222 1=3,45

IF(DATA(I)«NE«DATN(I)) GO TO 9017

CONTINUE

CALL SWTCH

IF((DATA(7)eLTe0e)sORs(DATA(8)eLTe0e)) GO TO 9001
GO TO 8000

HERE IF DCAB CARD READ

INP295
INP296
INP297
INP298
INP299
INP300
INP301
INP302
INP303
INP304
INP305
INP306
INP30O7
INP308
INP309
INP310
INP311
INP312
INP313
INP314
INP315
INP316
INP317
INP318
INP319
INP320
INP321
INP322
INP323
INP324
INP325
INP326
INP327
INP328
INP329
INP330
INP331
INP332
INP333
INP334
INP335
INP336
INP337
INP338
INP339
INP340
INP341
INP342
INP343
INP344
INP345
INP346
INP347

“INP348

INP349
INP350
INP351
INP352
INP353



1230

1231

1232

C GET

1240

1241

C GET

1260

C GET

13
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IF{(DATA(3) eNE«DATN(3)) «ORs (DATA(5) «NE«DATN(5))) GO TO 9017
DO 1231 1=113»2
F=1
G=1+1

51

INP354
INP355
INP356
INP357

IFC((DATALG) eEQeF ) eORe {DATA(4) «EQeG) ) s ANDe ({DATN(4) sEQeF)«ORe(DATNINP358

1(4)eEQeG)})) GO TO 1232
CONTINUE

GO TO 9017

CALL SWTCH

IF( ((DATA(4)ebQe2¢)eORe(DATALL4) eEQeb o) ) s ANDa(DATA(9) eNEsQe)

1 GO TO 9001
IF( (DATA(7)eLTe0s) «eORe(DATA(8)eLTeOes)} . GO TO 9001

IF( ((DATA(G)eEQele) eORe {DATA(4)eEQe30) ) esANDs (DATA(9)eLEQs)

166 TO 9001
IF{ DATA(10)eLTe0s ) GO TO 9001
GO TO 8000

HERE IF CAB CARD READ

DO 1241 I=3,5
IF(DATA(I)eNEDATN(I)) GO TO 9017
CONTINUE

CALL SWTCH

EX=EXX

NSEG=NNSEG

INDEX=DATA(3)

IF( (DATA(7)eLEeQe) «ORe (DATA(8) eLEsQe)eORe(DATA(9)eLEeDs)
1 eORe(EXeLTe0s)eORe(DATA(L1C)eLTe0se)) GO TO 9001
IF((DATA(L10)eEQeQOe) e ANDe (EXeNEsOe)) GO TO 9001
IF((DATA(L10) eNEeQe) s ANDe(XeEQeOe)) GO TO 9001
IF( (NSEGeLTel)eORe (NSEGeCGTe50) ) GO TO 9001

GO TO 51

HERE LF EOD CARD READ

IFEOD=1FEOD+1
IF(FATE«NE«Os) RETURN
GO 70O 501

HERE IF LUN CARD READ

INTAPE=DATA(5)

IFLG=DATA(6)
IF(({IFLGeLTe0)eORe(IFLGeGTel}} GO TO 9001
ISAV1=DATA(3)

IF(IFLGeEQeO) IREAD=DATA(3)

IF(IFLG«EQel) IREAD=DATA(T)

OFLG=DATA(8)
IF({OFLGeLTe0) eORe (OFLGeGT«2)) GO TO 9001
IF(OFLG«EQe0) OUTAPE=DATA(4)
IF(OFLGeNE«OQ) OUTAPE=DATA(9)

IF((IPRNTeEQeIREAD) ¢ORe { IPRNTeEQe INTAPE) «ORe { (OFLGeNE«O)«ANDo

INP359
INP360
INP361
INP362
INP363
INP364
INP365
INP366
INP367
INP368
INP369
INP370
INP371
INP372
INP373
INP374
INP375
INP376
INP377
INP378
INP379
INP380
INP381
INP382
INP383
INP384
INP385
INP386
INP387
INP388
INP389
INP390
INP391
INP392
INP393
INP394
INP395
INP396
INP397
INP398
INP399
INP400O
INP401
INP402
INP403
INP404
INP405

1(IPRNT«EQeOQUTAPE) ) s ORe { INTAPE ¢ Qe IREAD) «ORe { INTAPE ¢EQeOUTAPE)«ORe INP406
2(IREADotQ-OUTAPE)oOR.((IFLG-hQ-l).ANpo(IREAD-EQ.ISAVI)))GO TO 9001INP40O7

GO TO 1003

14 IF({(IFEOD=NDATC)eNEel) GO TU 9018

142

IF({OFLGeEQeQ) GO TO 141
WRITE(OUTAPE»142) TEST(14)
FORMAT(A491493E158)

INP40O8
INP4Q9
INP410
INP411
INP412
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141 WRITE(IPRNT»140)
140 FORMAT(1H118HANALYSIS COMPLETED)
FATE=1.
RETURN
C
C CHECK TO Stk IF SUSPENDED ARRAY SOURCE DECK COMPLETE
C
500 IF((IFJNCeEQeO)eORe(IFRHOGEQ.0)oORs (NANC4EQsO)) GO TO 9007
510 IF(FATE«EQeOs) GO TO 2000
RETURN
C
C CHECK TO SEE IF PARAMETRIC STUDY SOURCE DECK COMPLETE
C
501 IF((IVOPTeEQe0)«ORs(IVOPTeEWe2)) GO TO 5101
NZL=0
IF (NVSEGEQs0) GO TO 9008
IF(IFVEL4EQsO) GO TO 549
C
C SORT VELOCITY PROFILE BY 2-COORDINATE
C

550 DO 555 I=1,NVSEG
K=1
DO 555 J=KsNVSEG
IF(ZVEL(I)eLE«ZVEL(J)) GO TO 555
TEMP=ZVEL(1I)
ZVEL(1)=2ZVEL(J)
ZVEL(J)=TEMP
TEMP=VELZ(1)
VELZ(I)=VELZ(J)
VELZ(J)=TEMP
555 CONTINUE
549 INDEX=ANJUNC(1)
ZANCM=PJUNC (3 INDEX)
IF(NANC+EQel) GO TO 511
DO 508 N=2sNANC
INDEX=ANJUNCI(N)
IF(PJUNC(35INDEX) eLTeZANCM) ZANCM=PJUNC (39 INDEX)
508 CONTINUE
511 DO 509 N=1sNVSEG
IF(ZVEL(N) oLt «ZANCM) NZL=NZL+1
509 CONTINUE
IF((NZL<EQe0)sORe (NANGSEQeO)) GO TO 9008
5101 IF {(NCOMP+EQe0) GO TO 9008
IF (INDATeNE«G) GO TO 4000
505 CONTINUE
RETURN
C
C CHECK ON CONTINUITY OF CABLE NUMBERING AND COUNT CABLES
C
2000 NCAB=ICAB(22)
DO 2U01l N=1»y21
NCAB=NCAB+ICAB(N)
J=ICAB(N)~ICAB(N+1)
IF (JeLTW40) GO TO 9009
2001 CONTINUE
IF (NCAB«EQ+0QO) GO TO 9009
C
C CHECK ON CONTINUITY OF JUNCTION NUMBERING AND COUNT JUNCTIONS
C

INP413
INP414

INP415
INP416
INP417
INP418
INP419
INP420
INP421
INP422
INP423
INP424
INP425
INP426
INP427
INP428
INP429
INP430
INP431
INP432
INP433
INP434
INP435
INP436
INP437
INP438
INP439
INP440O
INP441
INP442
INP443
INP44y
INP445
INP446
INP44T
INP448
INP449
INP450
INP451
INP452
INP453
INP454
INP455
INP456
INP457
INP458
INP459
INP460
INP461
INP462
INP463
INP464
INP465
INP466
INP467
INP468
INP469
INP4TO
INP4T1



2002

2003
C

C CHECK ON CONTINUITY OF DEVICE NUMBERING AND COUNT DEVICES

C
2004

2005
2007

C.
C GET
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NJUNC=1CHECK (44)

DO 2003 N=143
NJUNC=NJUNC+ICHECK(N)
J=ICHECK (N)=ICHECK(N+1)
IF (JeLT&0) GO TO 9010
CONTINUE

NDEV=IDEV(1000)

DO 2005 N=11999
NDEV=NDEV+IDEV(N)
J=IDEV(N)=IDEVIN+1}

IF (JeLT&0) GO TO 9011
CONTINUE

IF (FATE+EQeOe) GO TO 3000
RETURN

HERE IF ARRAY NUMBERED COKRRECTLY

C CHECK TO SEE IF NIR CONSISTENT

<
3000

3001
C

C GET
c
4000
4009
4001

C GET

4002

C GET

4003

C
C GET

4004

NIRC=NCAB+NANC-NOJUNC

IF (NIReNEeNIRC) GO TO 9013
IF (FATE+EQeQe) GO TO 4000
RETURN ’

HERE TO MAKE FINAL CHECK ON INTAPE

I=1

DO 4001J=1,10

DATA(J)=DATAT(1»J)

I=1+1 )

IF (DATA(2)eEQeTEST(1)) GO TO 4002

IF (DATA(2)eEQeTEST(3)) GO TU 4003

IF (DATA(2)¢EQeTEST(4)) GO TO 4004

IF (DATA(2)+EQe TEST(5)) GO TO 4005
IF (DATA(2)eLQeTEST(9)) GO TO 4006

GO TO 4009

HERE FOR IR

101=DATA(3)
I1D2=DATA(4)
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INP472
INP473
INP4T4
INP&475
INP4T6
INP&4TT
INP4T8
INP4T79
INP48O
INP481
INP482
INP483
INP484
INP485
INP486
INP487
INP488
INP4 B9
INP490
INP49S1
INP492
INP493
INP494
INP495
INP496
INP49T
INP498
INP499
INP500
INP501
INP502
INP503
INP504
INP505
INP506
INP507
INP508
INP509
INP510
INP511
INP512
INP513
INP514

IF({(ID2eGTeNOJUNC) sORe(ID1eLEsNOJUNC) ¢ORe { ID1eGT«NJUNCIIGO TO 9014INP515

GO TO 4009
HERE FOR DJNC

1D=DATA(3)
IF(IDeGTeNJUNC) GO TO 9014
GO TO 4009

HERE FOR DCAB

ID=DATA(3)

IF (IDeGTeNCAB) GO TO 9014
RL=H{ID)I*(NNODE(ID)~-1)

IF (DATA{10)«GERL) GO TO 9014

"GO TO 4009

INP516
INP517
INP518
INP519
INP520
INP521
INP522
INP523
INPS524
INP525
INP526
INP527
INP528
INP529
INP530
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C GET HERE FOR CAB

4005 ID=DATA(4)
IF(IDeGT4NJUNC) GO TO 9014

GO TO 4009
C
C GET HERE FOR EOD
C

4006 WRITECINTAPE®31) ((DATAT(I1sJ)9eJ=1410)s1=19sIRMAX)
31 FORMAT(F4e09A498E1548)
REWIND INTAPE
IF (NDATCeNE«O) RETURN
IF (FATE+EQeQOe) GO TO 5000

RETURN
C
C GET HERE IF ALL OK AND CALCULATE PATH
C K Is CABLE COUNTER
C
5000 K=0
C
C LOOP=1 LOOKING FUR CABLES LEAVING ANCHORS
C
LOOP=1
C
C JMINP REMEMBERS FIRST VALUE OF K ON A LEVEL OF TREE
C
JMINP=1
C
C JMAX REMEMBERS NUMBER OF CABLES ON A LEVEL OF TOPOGRAPHIC TREE
C

JMAX=NANC
IF(LOOP+EQsl) GO TO 5002
5001 JUMAX=K
IF ((LOOPeEWGel)eANDe(KaNEs1)) GO TO 9015
IF ({LOOPeEQe2) ¢ ANDe (JMINEQsJMINP)) GO TO 9015
IF (KeEWeNCAB) GO TO 5008
LOOP=2
5002 JUMIN=JUMINP
DO 5009 J=UMINsJIMAX
C
C LOOKING FOR CABLES LEAVING A JUNCTION
c
DO 5007 N=1sNCAB
GO TO (500395004)»LOOP
5003 IF(ZJUNCIN)eEQeANJUNCI(J)) GO TO 5005
GO TO 5007
5004 IPATHU=PATH(J)
IF(ZJUNCIN) «EQeLJUNCIIPATHJ)) GO TO 5005
GO TO 5007

C GET HERE 1F CABLE N STARTS AT JUNCTION M

5005 K=K+1
PATH(K) =N
GO TO (5007s5006) sLOOCP
C
C REMEMBER HERE FIRST VALUE OF K ON TREE LEVEL
C

INP531
INP532

INP533
INP534
INP535
INP536
INP537
INP538
INP539
INP540
INP541
INP542
INP543
INP544
INP545
INP546
INP547
INP548
INP549
INP550
INP551
INP552

‘INP553

INP554
INP555
INP556
INP557
INP558
INP559
INP560
INP561
INPS62
INP563
INPS564
INP565
INP566
INPS67
INP568
INP569
INPS570
INP571
INP572
INP573
INP574
INP575
INP576
INP577
INP578
INP579
INP580
INP581
INP582
INP583
INP584
INP585
INP586
INP587
INP588
INP589



5006
5007
5009

5008

5010
C
C PUT

C
8000

8001

8002

8003
8004

8005

8006 FORMAT(6Xs2H17918X945HCOMMON/B1/ BOUND EXCEEDED.

C
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IFYIMAXeEQe (K=1)) JIMINP=K
CONTINUE

CONTINUE

GO TO 5001

CONTINVE

IF(FATE«NEeOs) RETURN
WRITE(IPRNT»5010)
FORMAT(///+5Xs18HNO ERRORS DETECTED)
GO TO 1003

DATA INTO DATA ARRAY

IF(IFEOD«NE«OQ) GO TO 8003

IFCC(DATA(2)«EQeTEST(3)) «OR{DATA(2)«EQeTEST(4)))

1eANDe (DATA(5)eNEsQOe)) GO TO 8001
GO TO 8003

ID=DATAI(5S)

DO 8002 J=1,10

DATAT(IROWs J)=DATAT(ID»J)
DATAT(ID»J)=DATALY)

GO TO 8005

DO 8004 J=1,10
DATAT(IROWsJ)=DATA(J)
IF(IFEOD«NE«O) GO TO 1201
IROW=IROW+1
IF(IROWeLE«2150) GO TO 1003
WRITE(IPRNT »8006)

le)
GO TO 1003

C THIS SECTION GENERATES ALL ERROR MESSAGES

c
9116

9500

9000
9001
9002
9003
9004
9005
9006
9007

9501

FATE=1.

WRITE(IPRNT 99500) IERYDATA(1)sDATA(2)
FORMAT(6X»1294X9F4e093X0A4)
IF(IER«EGe12) GO TO 4009
IF(IER«EQe16) RETURN
IF(NDATCeEQeO) GO TO 1003
GO TO 1201

IER=0

GO TO 9116

I1ER=1

GO TO 9116

IER=2

GO TO 9116

IER=3

GO TO 9116

IER=4

GO TO 9116

IER=5

GO TO 9116

IER=6

GO TO 9116

IER =7

WRITE(IPRNT99501) IER»IFUNCeIFRHOPNANC
FORMAT (6Xs12918X9513)
FATE=1

GO TO 510
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INP590
INP591

INP592
INP593
INP594
INP595
INP596
INP597
INP598
INP599
INP600
INP601
INP602
INP603
INP604
INP605
INP606
INP607
INP608
INP609
INP610
INPEL1
INP612
INP613
INP614
INP615
INP616

SEE USERS MANUALINP617

INP618
INP619
INP620
INP621
INP622
INP623
INP624
INP&25
INP626
INP627
INP628
INP629
INP630
INP631
INP632
INP633
INP634
INP635
INP636
INP637
INP638
INP639
INP640
INP641
INP642
INP643
INP644
INP645
INP646
INP64T
INP648
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9008 IER=14 INP649
FATE=1 INP650
WRITE (IPRNT»9501) IERSNCOMP s IVOPT sNVSEG sNZL s NANG INP651
GO TO 505 INP652

9009 IER=8 INP653
FATE=1 INP654
WRITE(IPRNT»9502) IERs(ICAB(I)sI=1922) INP655
GO TO 2002 INP656

9010 IER=9 INP657
FATE=1 INP658
WRITE(IPRNT 99502) IERs(ICHECK(I)sI1=1944) INP659

9502 FORMAT(6XsI12318X94412) INP660
GO TO 2004 INP661

9011 IER=10 INP662
FATE=1 INP663
WRITE(IPRNT»9504) IER»(IDEV(I)s1=151000) INP664

9504 FORMAT(6X912+12X91001199(/920X910011)) INP665
GO TO 2007 INP666

9013 IER=11 INP667
FATE=1 INP668
WRITE(IPRNT$9501) 1ERsNCABNANC sNOJUNCsNIRC sNIR INP669

~ GO TO 3001 INP670

9014 IER=12 INP6T71
GO TO. 9116 INP672

9015 IER=13 INP673
FATE=1 INP674
WRITE(IPRNT»9507) IER INP675
GO TO 5008 INP676

9507 FORMAT(6X912918X994HIMPROPER ARRAY REDUCTION OR JUNCTION NUMBERINGINP&T7
le CHECK TREE REPRESENTATION OF ARRAY (SEE ARRAY s/ 420X 983HREDUCTIOINP678
2N SECTION OF USERS MANUAL) AGAINST JUNCTION NUMBERING ON ANC AND CINP679

3AB CARDS.) INP680O
9017 DATA(1)=DATNI(1) INP68B1
DATA(2)=DATN(2) INP682

9117 1ER=15 INP683
GO TO 9116 INP684

9018 IER=16 INP6E8BS
IF(IFEOLEQeQ) GO TO 9116 INP686
DATA(1)=DATNI(1) INP6B7
DATA(2)=DATNI(2) INP688

GO TO 9116 INP689

END INP690
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SUBROUTINE PHSOUT PHS001

C : PHS002
C THIS ROUTINE GENERATES INFORMATION CONCERNING THE PHYSICAL PHS003
C CHARACTERISTICS OF THE STRUCTURAL CABLE ARRAY : PHS004
c PHS005
COMMON /81/ FEJUNCIRSUELTAISDELTASIRSs TFJUNCIESESsFCABSRCAB s JUMPsPHS006
1PJUNCS s PCAB 9 PCABE sPCABO sRCABO » THETA 9 PUUNCO PHS007
COMMON /B27/ NCABSNNODEIERJUNCIIRJUNCIDATASIDATNIHIPJUNC PHS008
1CDCALSDCABSFATE SNANC9ANJUNC s IREAD » IPRNT » INTAPE sOUTAPE s ITIME» IFLGs PHS009
20FLGINIRs THETAS s THETAEL s COMPL s THETAB sNJUNC 9RHOSTEST » PHSO10
3NVSEGZVELVELZIPIPsECICAB9EXPCABIZJUNC s LJUNC sPATH s ICABS IVOPT PHSO11
4WCADB s IDEV S ICHECK sNDEV sNDATC PHS012
DIMENSION FEJUNC(3s44)9IR(3944)9IRS(3944)9TFJUNC(3944) sPJUNCO(3944PHSOL13

1) PHSO14
DIMENSION FCAB(3951322) sRCAb(3951922) yPJUNCS(3944)9PCAB(3451922) PHSO15
DIMENSION PCABE(3351422) sPCABU(3951922) sRCABO(3951922) PHS016
DIMENSIUN NNODE(22) sERJUNC (44) » IRJUNC (441 9DATA(10) sDATN(10) sH(22) PHSO17
DIMENSION PJUNC(3344) sCDCABI22) sDCABI22) sANJUNC(64) s TEST(14) PHSO18
DIMENSIUN ZVEL(25) oVELZ(25) st CICAB(22) sEXPCAB(22) 9ZJUNC(22) PHS01Y
DIMENSION LJUNC(22) sPATH(22)9ICAB(22) sWCAB(22) 9IDEV(1000) PHS020
DIMENSION ICHECK (44) PHSO021
INTEGER OUTAPE s ZJUNC sERJUNC s ANJUNC sOFLG PHS022
INTEGER PATH PHS023
REAL IRy IRS PHS024
WRITE(IPRNT #25) PHS025

25 FORMAT(1Hls 54HPHYSICAL CHARACTERISTICS OF THE STRUCTURAL CABLE ARPHS026
1RAY) PHS027
WRITE(IPRNTs1) NANC' » PHS028

1 FORMAT(///9s19H NOe OF ANCHORS IS sI12s//5X964HJUNCTION NO. X=COOPHS02Y9
1RDINATE Y-~-COORDINATE Z-COORDINATE) PHS030
DO 2 N=1,NANC PHSO031
INDEX=ANJUNC (N) PHS032

2 WRITE(IPRNT»3) INDEXs (PJUNC(IsINDEX)sI=113) PHS033
3 FORMAT(10X9I12s4X9s3(5XsF10e293X)) PHS034
NOJUNC=NCAB+NANC~-NIR PHS035
WRITE(IPRNT »4) NOJUNC PHS036

4 FORMAT(//939H NO« OF JUNCTIONS IN ORIGINAL ARRAY IS s12) PHS037
WRITE(IPRNT$5) NIR PHS038

S FORMAT(//+39H NOe OF CUTS MADE IN ORIGINAL ARRAY IS #12//1H »2{5XsPHS039
112HJUNCTION NOe) s/ 98X 9s6HOF CUT96Xs1THAT WHICH CUT MADE) PHS040
IF(NIKeEQeO) GO TO 30 PHSO41

DO 6 N=1sNIR PHS042

6 WRITEC(IPRNT»7) IRJUNCIN) sERJUNCIN) PHSO043
7 FORMAT(10XsI2915Xs12) PHSO44
30 WRITE(IPRNT»8) NCAB PHS045
8 FORMAT(//918H NOe OF CABLES IS #s129//5Xs16HCABLE S=0  S=Ls43Xs4HPHS046
1DRAGs19X»22HCONSTITUTIVE NCe OF 9/96Xs3HNOes1X92(2X94HJUNC) 93Xy PHSO047
26HLENGTH»O3Xs8HDIAMETER 93X 9 13HWE IGHT/LENGTH 93X 91 1HCOEFFICIENT 93Xy PHS048
38HRIGIDITY»6X s BHEXPONENT »5X s BHELEMENTS) PHS049
DO 9 N=1»NCAB PHS050
NSEG=NNODE(N)-1 PHS051
RL=H(N)*NSEG: PHS052

9 WRITE(IPRNT»10) N»ZJUNCEN) »LJUNC(N) sRLIDCABIN) sWCAB(N) sCDCABI(N)s PHS053
IECICABIN) sEXPCAB(N) sNSEG ‘ _ PHSO54
10 FORMAT(6X91295Xs1294X91291X9F9e1ls3(3XsFTe3s4X)s F10e097XsF6e3y PHS055
19Xs912 ) . PHS056
WRITE(IPRNT»11) PHSQ57

11 FORMAT(//+63H PROPERTIES OF THt DEVICES LOCATED AT JUNCTIONS AR? APH505$
1S FOLLOWS »//6Xs6HDEVICE 9 10X96HVEVICE s9X911HDEVICE DRAGs4X 9 14HDEVIPHS059
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2CE FRONTAL»/95X99HJUNCs NOe 38X s 6HWEIGHT 99X s 1 LHCOEFFICIENT »9X s PHS060
34HAREA) PHS061
12 READ(INTAPEs13) (DATA(Ll})s1=1910) PHS062
13 FORMAT(F4409A498E1548) PHS063
IF(DATA(2)eEQeTESTI(3)) GO TO 14 PHSO064
IF(DATA(2)«EQeTEST(9)) GO TO 16 PHS065

GO TO 12 PHS066

14 JUNC=DATA(3) PHS067
WRITE(IPRNT 915) JUNCs{DATA(K) $K=618) PHS068

15 FORMAT(BX9I1299X9F104296X9F10e396XsF10a2) PHS069
GO TO 12 PHS070

16 REWIND INTAPE PHSO71
WRITE(IPRNTs24) NDEV PHSO72

24 FCRMAT{//932H TOTAL NOe OF INDEXLD DEVICES ISsl4) PHS5073
WRITE(IPRNTs17) IVOPT PHSO74

17 FCRMAT(//925H CURRENT FIELD OPTION IS »11) PHSOT75
IV=1VOPT+1 PHS076

GO TO (22+18922)91V PHS077

18 WRITE(IPRNT»19) ’ PHS078
19 FORMATI/7X12HZ-COORDINATE s6Xs121HVELOCITY OF s/ 38Xs10HOF CURRENT$T7XsPHSOT9
112HCURRENT AT 2) PHS080
DO 20 N=1sNVSEG PHS081

20 WRITECIPRNT»21) ZVELIN) sVELZ(N) PHS082
21 FORMATI(ZX95X9F10e2910X9F7e2) PHS083
22 WRITE(IPRNT»23) COMPD PHS0O84
23 FORMAT(//»38H ACCURACY REQUIRED IN CALCULATIONS IS sF6e2) PHS085
IF(OFLGeNE«O) WRITE(IPRNT9111) RNDATC PHS086
111 FORMAT(//+30H DEVICLC LOCATION OUTPUT RECORD»I3921H REFERS TO THIS PHS087
1ARRAY ) PHS0B88
RETURN PHS089

END PHS090



SUBROUTINE STROUT , STROO1

C STRQO02
C THIS ROUTINE GENERATES THE ARRAY STRUCTURAL OUTPUT STROO3
C STROO4
COMMON /BLl/ FEJUNCOIRIDELTAISLELTASIRSITFJUNCIESESIFCABIRCAB sJUMP9STROOS
1PJUNCS sPCAB»PCABEsPCABUYRCABOY THETA 9 PJUNCO STROO6
COMMON /B2/ NCAB9NNODESERJUNC IRJUNCSDATASDATNSHsPJUNC STROO7
1CDCABYDCABIFATE9NANC9ANJUNC 9 IREAD s IPRNT s INTAPE sOUTAPE s ITIMES IFLGs STROOS
20FLGINIRs THETAS s THETAE sy COMPL s THETAB sNJUNC sRHO S TEST » STRO0O9
BNVSEGZVEL s VELZPIPSECICAB s XPCABZJUNCsLJUNC»PATHY ICAB2IVOPT STRO10
4WCAB IDEV I ICHECK sNDEVINDATC STRO11
DIMENSION FEJUMC(39464)9IR(3944)9IRS(3944)sTFJUNC(3444) sPJUNCO(39445TRO12

1) STRO13
DIMENSION FCAB(3951+22)sRCAB(3951922) sPJUNCS(3944)sPCAB(3951922) STROLl4%
DIMENSION PCABE(3951922) sPCABO(3951922) sRCABO(3+51422) STRO15
DIMENSION NNODE(22) st RJUNC(44) 9 IRJUNCL44) sDATA(L0) sDATN(L0) sH{22) STRO16
DIMENSION PJUNC(3544)3sCDCAB(22) sDCAB(22) sANJUNC(44) 9 TEST(14) STRO17
DIMENSION ZVEL(25) 9VELZ(25)9sECICAB(22) sEXPCAB(22) sZJUNCI(22) STRO18
DIMENSION LJUNC(22) sPATH(22) sICAB(22) sWCAB(22)9IDEV(1000) STRO19
DIMENSION ICHECK(44) STRQ20
INTEGER OUTAPE»ZJUNCIERJUNCIANJUNCHOFLG STRO21
INTEGER PATH STRO22

REAL IRsIRS STR023
DIMENSION TEMP1(3)sTEMP2(3)sTEMP3(3)sDISP{3)sPSPACE(3) STRO24
DIMENSION A(3)9B(3)sD(3)sU(3)sVI(3)sW(3)9C(4)9IRQ(3)IRI(3) STRO25
NOJUNC=NCAB+NANC~NIR STRO26
JUM=JUMP+1 STRO27

GO TO(1005200) sJUM STRO28

100 WRITE(IPRNT»1002) STRO29
1002 FORMAT(1H1933HARRAY EQUILIBRIUM WITH NO CURRENT ///) STRO30
GG TO 300 STRO31

200 WRITE(IPRNT»1001) THETA STRQ32
1001 FORMAT{1H1s35HARRAY EQUILIBRIUM WITH CURRENT FROMsF8e2s 9H DEGREESSTR0O33
1 777) STRO34

C STRQ35
C GENERATE ANCHOR HEADERS STRO36
C STR0O37
300 WRITE(IPRNT»1003) STR0O38
1003 FORMAT(1H #13HARRAY ANCHORS ) STRO39
WRITE(IPRNT»10031) STRO40

10031 FORMAT(1H 9l3H===== —e—eca-- /) STRO41
WRITE(IPRNT»1004) STRO42

1004 FORMAT(1H » 32HJUNCe NOe CABLE AT TENSION AT »14X926HFORCE CSTR0O43
1OMPONENTS AT ANCHOR13X»16HCABLE ANGLES WRT) STRO44
WRITE(IPRNT91005) STRO45

1005 FORMAT(1H ¢30HOF ANCHOR ANCHOR ANCHORBX s 6HX=COMP 96X 9 6HY~COMSTRO46
1P 96X 96HZ-COMP 33X 9IHHORe~COMP 95X 3 16HX=AXIS XY=PLANE) STRO47

C STRO48
C THIS SECTION CALCULATES FORCES AND ANGLES AT ANCHORS STRO49
C STROS0
DO 401 J1=1sNANC STRQO51

J3=0 STRO52

402 J2=1 STRO53
404 IF (ANJUNC(JL1) «EQeZJUNC(J2)) GO TO 403 STRO54
414 J2=J2+1 STRQ55
IF(J2eLE«NCAB) GO TO 404 STRQ56
IF(NIReEQe0Q) GO TO 401 STRO57

412 J3=1 STRO58
411 IF(ANJUNC(J1)eEQeERJUNC(J3)) GO TO 405 STRO59
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413 J3=J3+1 STRO60
IF(J3eLECNIR) 6O TO 411 STRO61

GO TO 401 STRQ62

405 INDEX=IRJUNC(J3) STRO63
DO 406 Ja=] ¢NCAL STRO64
IFCINDEXeEQeLJUNC(J4)) GO TO 407 STRO65

406 CONTINUE STRO66
GO TO 401 STRO67

407 MM=J4 STRO68
MX=NNODE (J4) STRO69
T=TCAB {MX 9sMM) STRO70
RX==RCAB(1sMXsMM) STRO71
RY==RCAB(29MXsMM) STRQ72
RZ==RCAB(3sMXsMM) STRO73

GO TO 408 STRO74

403 MM=J2 STRO75
T=TCAB (1 yMM) STRQ76
RX=RCAB(1ly1 sMM) STROQ77
RY=RCAG(2s1 sMM) STRO78
RZ=RCAi3(391sMM) STRO79

408 RH=SQRT(RX**¥2 + RY¥%2) STRO80
Al=ASIN(RY/RH)/PIP STRO81
-A2=ASIN(RZ/T)/PIP STRO82
IF({(RXeLTo06)eANDe {RYsGE¢Oos)) Al1=180s=Al STRO83
IF({RXeLTe06¢) e ANDe{RYaLTa0s)} Al==180e=-Al STRO84
WRITE(IPRNT51006) ANJUNC(JL1) »MMoeT sKXsRYIRZIRHsAL sA2 STRO85

1006 FORMATI{1H 93X’12’9X$1295X,F1001I3X04(F10-102X)D2(2X’F70291X)) STRO86
IF(J2eLTeNCAB) GO TO 414 STRO87

IF( (U24EQeNCAB) e ANDe (J34EQeQ) ) GO TO 412 STRO8B8

IF( (J2eEQeNCAB) eANUe (U3« NENJUNC) ) GO TO 413 STRO89

401 CONTINUE STR0O90

C STRO91
C GENERATE CABLE HEADERS STROQS2
C STRQ93
WRITE(IPRNT »2000) STR094

2000 FORMAT(1H »///1H s12HARRAY CABLES ) STRO95
WRITE(IPRNT»2001) STRO96

2001 FORMATI(1H #12H~==== ~ccwaay/) STRQ97
WRITE(IPRNT$2002) STRO98

2002 FORMAT(1H »120HCABLE MAXIMUM S=COORD MINIMUM S$=COORD MAXIMUM STR099
1 S$-COORD LOCATION OF THIS POINT NO CURRENT LOCe OF THIS POSTR100

2INT ) STR101
WRITE(IPRNT»2003) STR102

2003 FORMAT(1H »120H NO. TENSION OF TENSION OF DISPe STR103
1 OF X~COORD Y-CQURD Z-=CUORD X=COORD Y=COORD Z-CO0STR104

2RD ) STR105

C STR106
C THIS SECTION CALCULATES MAXIMUM AND MINIMUM CABLE TENSIONS STR107
C AND MAXIMUM CABLE DISPLACEMENTS FROM NO CURRENT LOCATION STR108
C BY EXTRAPOLATION BETWEEN CABLE NODES STR109
C STR110
C INITIALIZE EXTREMA STR11l1l
C STR112
DO 799 NN=1sNCAb STR113

N=NN ) STR114
TMAX=TCAB(1sN) STR115
STMAX=0e STR116
TMIN=TMAX STR117

STMIN=Qs STR118
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C

801

700

802
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GO TO (8029801)9JUM

DMAX=0e

DO 700 I=143
DMAX=DMAX+(PCAB(I9s1sN)~PCABO(I91oN))%#2
DMAX=SQRT{DMAX)

SOMAX=0e

MX=NNODE (N)=1

DO 750 MM=1yMX

M=MM

M1l=MM+1

CALCULATE EXTRAPOLATION QUANTITIES

803

804
701

805

702

703

704
806

RR=0Qe.

RD=0.

DD=0e

DO 701 I=1,3
DEIY=(RCAB(IsM19oN)=~RCAB(IsMIN))/H(N)
GO TO (8049803) sJUM
AlT)=EXCAB(MIN)*RCAB{IsMsN)/TCAB(MN)
B‘I)—(ExCAB(MION)*RCAB(IQMl’N)/TCAB(MllN)-A‘I))/H(N’
UCT)=PCAB(IsMaN)~PCABO( I sMyN)
RR=RR+RCAB(IsMsN)*RCAB( I sMoN)
RO=RD+RCAB(IsMeN)*D( 1)
DO=DD+D(I1)1*D(I)

GO TO (806+805)sJUM

DO 702 I=193

TEMPL1(I)=RCAB(IsMsN)
TEMP2(1)=RCAB(IsM1lsN)
RCAB(IsMyN)=RCABO( T sMoN)
RCAB(IsM19N)=RCABO(IIMIIN)

UU=0e

UV=0e.

UVW :0e

VW=Q0e

WW=0e

DO 703 I=143
VII)=EXCAB{MIN)*RCABIIsMaIN)/TCAB{MN)
WOI)=(EXCAB(MLoN)*RCAB (I oML N} /TCALIMLaNI=VII))/HIN)
vViI)=A(l)=v(])

WILD)=(B(I)=W(I))/2

UU= Uu+u((l)yxu(l)

Uv=UVvV+U(I)#VI(])
UVW=UVWH2e¥U(T ) %W (T )+V (T )#y(])
VW=VW+V T ) %*%W (1)

WW=WW+W({I)*W(I)

DO 704 I=143

RCAB(IsMyN)=TEMPL(I)
RCAB(IsMLoN)=TEMP2(I)

C(4)=Ce

C{3)=0e

C(2)=DD

C(1)=RD

CALL RPOLY(CsRQsRI)

C CALCULATE TENSION EXTREMA IN SEGMENT

C

JTIME=0
DO 719 I=193

61

STR119
STR120
STR121
STR122
STR123
STR124
STR125
STR126
STR127
STR128
STR129
STR130
STR131
STR132
STR133
STR134
STR135
STR136
STR137
STR138
STR139
STR140
STR141
STR142
STR143
STR144
STR145
STR146
STR147
STR148
STR149
STR150
STR151
STR152
STR153
STR154
STR155
STR156
STR157
STR158
STR159
STR160
STR161
STR162
STR163
STR164
STR165
STR166
STR167
STR168
STR169
STR170
STR171
STR172
STR173
STR174
STR175
STR176
STR177
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NONOnN

710

711
712

713

719

715
716
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IF( RI(I)eNEeOs) GO TO 719 :
IF((RQ(I)eLEeOs)sORe{RQ(I)eGEsH(N))) GO TO 719
SIG=RQ(I)
TE=SQRT(RR+2«¥RD*SIG+DU*SIG*#2)
IF(TE«GT&TMAX) GO TO 712
IF(TE«LT«TMIN) GO TO 713
IF(JUTIMEJEQeQ) GO TO 719

GO TO 715

TMAX=TE

STMAX=H(N)*({M~1)+5IG

GO 70 711

TMIN=TE

STMIN=H(N)*(M-1)+SIG

GO TO 711

CONTINUE

JTIME=1

SIG=H(N)

GO TO 710

GO TO(7509716) »JUM

Cl4)=2e%WW

Cl3)=3entVy

C(2)=UvW

cli1)=1

CALL RPOLY(Cs»RQ9RI)

CALCULATE MAXIMUM DISPLACEMENT IN SEGMENT

720
721

722

729

750

JTIME=Q

DO 729 I=1,3

IF (RI(I)eNEeOs) GO TO 729
IFCIRQII)eLE«Oe)eOR(RQII)«GESHIN))) GO TO 729
SIG=RQ(I)

DE=SQRT (UU+2 e #UVHSTGHUVW*SIGH %242 ¢ ¥V #S[GH# X3 +YW%S I G*#4 )
IF(DE«GTWDMAX) GO TO 722

IF(JUTIME.EQeO) GO TO 729

GO TO 750

DMAX=DE

SDMAX= H(N)*(M-1)+SIG

GO TO 721

CONTINUE

JTIME=1

SIG=H{N)

GO TO 720

CONTINUE

EXTREMA ALONG A CABLE NOW DETERMINED

CALCULATE FINAL AND INITIAL COORDINATES OF MAXIMALLY DISPLACED POINT

809

751

760

GO TO (810+809)sJuM
RL=H(N)#MX

IF (SDMAX4LTeRL) GO TO 760
K=LJUNC (N}

DO 751 I=1,43
A(1)=PJUNC(IsK)
B(I)=PJUNCOI(IsK)

GO TO 780
DATA(2)=TEST(4)
DATA(3)=N
DATA(10)=SDMAX

STR178
STR179
STR180
STR181
STR182
S$TR183
STR184
STR185
STR186
STR187
STR188
STR189
STR190
STR191
STR192
STR193
STR194
STR195
STR196
STR197
STR198
STR199
STR200
STR201
STR202
STR203
STR204
STR205
STR206
STR207
STR208
STR209
S§TR210
STR211
STR212
STR213
STR214
STR215
STR216
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STR218
STR219
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STR230
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STR232
STR233
STR234
STR235
STR236
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J=(SDMAX/H(N) ) +1 S5TR237
Jl=J+1 STR238

DO 761 11I=193 S5TR239

I=11 STR240

761 ALI)=SPACE(I) STR241
DO 762 1=1,3 STR242
TEMPL1(I)=RCAB(IsJsN) STR243
TEMP2(1)=RCAB(IsJ1N) STR244
TEMP3(1)=PCAB(I9JsN) STR245
RCAB(19JsN)=RCABO(IsJsN) STR246
RCAB(IsJ1sN}=RCABO(IsJ1N) STR247

762 PCAB(I9sJseN)=PCABO(IsJsN)} STR248
DO 763 I1=1,s3 STR249

I=11 STR250

763 B(I)=SPACE(I) STR251
DO 764 I=143 STR252
RCAB(IsJeN)=TEMPL(1) STR253
RCAB(I9J1lsN)=TEMP2(1) STR254

764 PCABIIsJsN)=TEMP3(I) STR255%
780 CONTINUE STR256
WRITE(IPRNTs781)NsTMAXsSTMAXs TMIN»STMINIDMAXsSDMAX» (A(LT)91=193)y STR257

1 (B(I)sl=143) STR258

GO TO 799 STR259

810 WRITE(IPRNTs781l)NsTMAXsSTHMAXs TMINsSTMIN STR260
781 FORMAT(LH 9I491X96F94196F10el) STR261
799 CONTINUE STR262

C STR263
C GENERATE JUNCTION HEADERS STR264
C STR265
WRITE(IPRNT$1007) STR266

1007 FORMAT(1H ///1H 915HARRAY JUNCTIONS) STR267
WRITE(IPRNT 910071} STR268

10071 FORMAT(1lH sloH===w= —=eme——-=- /) STR269
WRITE(IPRNT»1008) STR270

1008 FORMAT(1H »27HJUNCe CABLE AT TENSION AT»3X»16HCABLE ANGLES WRTs STR271
110Xs17HJUNCTION LOCATION910X933HDISPLACEMENT FROM NO CURRENT LOCe)STR272

WRITE(IPRNT$1009) STR273

1009 FORMAT(1H s15H NOe JUNCTION3X 9 BHJUNCTION4X 9 16HX~AXIS XY~PLANE» STR274
168H X-COORD Y-CQORD Z-COORD X=~DISP Y=DISP Z=5TR275
20IsP ) STR276

C STR277
C THIS SECTION CALCULATES JUNCTION FORCESs LOCATIONS AND DISPLACEMENTS STR278
C STR279
1IF=0 STR280

DO 601 J1=1sNOJUNC STR281

DO 605 K=1sNANC STR282

IF (ANJUNC(K) «EQeJl) GO TO 601 STR283

605 CONTINUE STR284
GO TO (6029603) sJUM - STR285

603 DO 604 J2=193 ) STR286
604 DISP(J2)=PJUNC(J29J1)=PJUNCU(J29J1Y STR287
602 J6=1 STR288
608 IF(JleEQeZJUNC(JE)) GO TO 606 STR289
615 IF(JleEWQeLJUNC{JE)) GO TO 607 STR290
617 J6=J6+1 STR291
IF(J6eLECNCAB) GO TO 608 S§TR292
IF(NIReEQeQ) GO TO 601 STR293

J7=1 STR294

609 IF(J1eEQeERJUNCtIT)) GO TG 610 STR295
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C

64

616

606

610

612
613

607
614

611

1

1

620 FORMAT(1H 9I496X’12’4X|F10o193X9F702o3XDF7o203(1X»F1001)le’3(1X9

1

601

GENE
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JT=J7+1
IF(J7eLE«NIR) GO TO 609
GO TO 601

MM=J6

T=TCAB (1 yMM)
RX=RCAB (31 sMM)
RY=RCAB (291 sMM)
RZ=RCAB (341 sMM)

GO TO 611
INDEX=1RJUNC(JT)

DO 612 J8=13sNCAB
IFCINDEXeEQeLJUNC(JB))GO TO 613
CONTINUE

MM=J38

GO TO 614

MM=J6

MX=NNODE (MM)
T=TCAB({MX sMM)
RX==RCAB(1sMXsMM)
RY==RCAB(29sMX M)
RZ==RCAB (3 ¢MXsMM)
RH=SQRT (RX##2+RY*%2)
Al=ASIN(RY/RH)/PIP
A2=ASIN(RZ/T§/PIP

IF((RXeLToa00)sANDe {RYeGEs00e)) Al=180e~Al
IF((RXeLTeO0)eANDe (RY4LTe0O4)} Al==18Ce=-Al

IF((IFetQe0) e ANDe (JUMsEQsL1)) WRITE(IPR:T»620)

(KoJl)sK=193)

STR296
STR297

STR298
STR299
STR300
STR301
STR302
STR303
STR304
STR305
STR306
STR307
STR308
STR309
STR310
STR311
STR312
STR313
STR314
STR315
STR316
STR317
STR318
STR319
STR320
STR321

J1sMMsT9AL9A29 (PJUNCSTR322

STR323

IF((IFeLQe0) e AND e (JUMeLQe2)) WRITE(IPRNT»620) J1sMMsTsALsA2s (PUJUNCSTR324

(Ko»J1)sK=193) s{DISP(I)sI=193)

IF(IFeEUel) WRITE(IPRNT$620) J1sMMsTsAL2A2

IF=1

Fl0el1))

IF{(J6eLTeNCAE) s ANDe{JL1eEQeZJUNCIJE))) GO TO 615
IF((J6eLTeNCAB) o ANDe (J1eEQeLJUNCIJO))) GG TO 617

IF=0
RATE INDEXED DEVICE HEADERS

WRITE(IPRNT 519 )

519 FORMAT(1H 9///1H »34HINDEXED DEVICES ALONG ARRAY CABLES )

5191

WRITE(IPRNT#5191)
FORMAT(1H 934H=====mm —m—m—ee- -
WRITE (IPRNT 9520 )

—— a3

/)

STR325
STR326
STR327
STR328
STR329
STR330
STR331
STR332
STR333
STR334
STR335
STR336
STR337
STR338
STR339
STR340

520 FORMAT(1H sTHDEVICE »SHCABLE6X91HS»7Xs10HTENSION AT913X915HDEVICESTR341

1

521
1

X=COORD

LOCATIONs12X936H DISPLACLMENT FROM NC CURRENT LOCe )
WRITE(IPRNT»521 )
FORMAT(1H »109HINDEX NOe COORDINATE DEVICE
Y~COORD Z~COORD X=DIsp Y=-DISP

C THIS SECTION CALCULATES TENSIONS AT INDEXEL UEVICESS
C DEVICE LOCATIONS» AND DEVICE DISPLACEMENTS

C

501

IF (NDEV.EQeQ) GO TO 511
DO 510 N=1sNDEV

READ (INTAPE$501) (DATA(I)sI=1510)

FORMAT (149A438E1548)

IF (DATA(2)4LQeTEST(3)) GO TO 510

Z=D15P)

STR342
STR343
STR344
STR345
STR346
STR347
STR348
STR349
STR350
STR351
STR352
STR353
STR354
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K=DATA(3) STR355
M=DATA(10)}/H(K) + 1 STR356
INDEX=DATA(5) STR357
SIGMA=DATA(10}~(M=1)*H(K) STR358
TEN2=0. STR359

DO 502 I1=1s3 STR360
=11 STR361
PSPACE(I)=SPACE(]) STR362

502 TEN2=TEN2+(RCAB(IsMsK)I+(RCAB(IsM+19K)=RCAB(IsMsK))I*¥SIGMA/H(K))*%2 STR363
TEN=SQRT(TEN2) STR364

GO TO (503+505)sJUM STR365

503 WRITE (IPRNT»509) INDEXsKsDATA(10) sTENs (PSPACE(L)9s1=193) STR366
GO TO 510 S5TR367

505 DO 506 I=193 STR368
TEMP1(1)=RCAB(IsM9K) STR369
TEMP2(I)=RCAB(I9¢M+1K) STR370
TEMP3(1)=PCAB(IsMyK) STR371
RCAB('1sMysK)=RCABO(IsMsK) STR372
RCAB(IsM+19K)=RCABO(I sM+19K) STR373

506 PCAB(IsMyK)I=PCABO(IsMsK) STR374
DO 507 1I=1s3 STR375
I=11 STR376

507 DISP(I)=PSPACE(I)=SPACL(I) STR377
DO 508 I=1,3 STR378
RCAB(IsMyK)=TEMPL(I) STR379
RCAB(IsM+19K)=TEMP2(1) STR380

508 PCAB(IsMeK}=TEMP3(I]) STR381
WRITE(IPRNT$509) INCEXsKsDATA(L10) s TENS(PSPACE(I)sI=193)> STR382
1(DISP(1)sI=193) STR383
509 FORMAT(1H 9I1494Xs1294X9F9el93X9F9el9lX9»3(2XsF10e1l)94Xs3(1XsF10e1))STR384
510 CONTINUE STR385
511 REWIND INTAPE STR386
RETURN STR387

END STR388
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C

C THIS ROUTINE GENERATES THE TAPE OR CARDS GIVING

R.A. SKOP AND J. MARK

SUBROUTINE TAPOUT

C THE LOCATIONS OF THE INULEXLD DEVICES

C

C

o)

TAPQOO1
TAPQOO2
TAP0QO3
TAPOO4
TAPOODS

COMMON /B1l/ FEJUNCsIRSDELTALSDLLTASIRS»TFJUNCEEIESIFCABIRCAB 9 JUMP s TAPOOE

1PJUNCS »PCAB s PCABE s PCABO s RCABLG s THETAYPJUNCO

COMMON /B2/ NCABSNNCDESERJUNCo IRJUNCIDATAIDATNIHIPJUNC s
1CDCABsDCABFATE s NANCIANJUNC 9 IREAD s IPRNT s INTAPE sOUTAPE 9 ITIME 9 IFLGy
20FLGINI=s THETAS s THETAL s COMPU s THETAB s NJUNC 9 RHOSTEST »
3NVSEGSZVELIVELZ9PIPSECICABIEXPCAB Y ZJUNCYLJUNCsPATH ICABIVCOPT

4WCAB IDEV s ICHECK sNDEVSNDATC

TAPOO7
TAPOOS8
TAPOO9
TAPOLO
TAPO11
TAPO12

DIMENSION FEJUNC(3944)sIR{3944)9IRS{3944)sTFJUNC(3944) 9sPIJUNCO(3s44TAPOL2

1)

DIMENSION FCAB(3951922) sRCAB(3951322) sPJUNCS(3946) 9PCABI355122)
DIMENSION PCABE(3951922) 9PCABO(3951422)sRCABO(3351922)

DIMENSION NNODLE{22) sERJUNC(44) » IRJUNCL44) 9DATALLO) sCATNILO0) »HI22)
DIMENSION PJUNC(3944) +CDCAB(22) »DCAB(22) 9ANJUNC(44) » TEST(14)
DIMENSION ZVEL(25) sVELZ(25)s:CICAB(22) sEXPCAB(22)92ZJUNCI(22)
DIMENSION LJUNCI(22) sPATHI(22) 2 ICALI22) 9CAB(22)9IDEV(1000)

DIMENSION ICHECK(44)

DIMENSION PSPACLE(3)

INTEGER OQUTAPE »ZJUNCsERJUNC s ANJUNCUFLG
INTEGER PATH

REAL T'R»sIRS

ID1=4H CUR

ID2=4H DEV

ID3=4H REC

FORMAT(A451493F10e2)

JUM=JUMP+1

"GO TO (293) JUM
WRITE(OUTAPE»1) ID3sNDATC
WRITE(OUTAPE1) ID1sJyuUMP

GO TO 4
WRITE{(OQUTAPE$1)ID1sJUMPsTHLTA
IF (NDEV4EQ«OQO) GO TO 8

DO 7 NN=1sNDEV

READ(INTAPE5) (DATA(K)sK=1910)
FORMAT(F4403A498E15.8)
INDEX=DATA(5)

C CALCULATE LOCATION OF DEVICE IN SPACE

C

DO 6 J=143

I=J

PSPACE(I})=SPACE(I])
WRITE(QUTAPEs1) ID2» INDEXs (PSPACL(I)s1=143)
CONTINVE

CONTINUE

REWIND +NTAPE

RETURN

END

TAPQL4
TAPQO15
TAPO16
TAPO17
TAPO18
TAPQ19
TAPC20
TAPO21
TAPQ22
TAPO23
TAPO24
TAPQ25
TAPQ26
TAPO27
TAPO28
TAPO29
TAPQ30
TAPQ31
TAPO32
TAPO33
TAPO34
TAPO35
TAPO36
TAPO37
TAPO38
TAP039
TAPQ4O
TAPO41
TAP042
TAPO43
TAPQ&44
TAPQ4b
TAPO46
TAPO&47
TAPO4B
TAPO4S
TAPOS50
TAPO51
TAPQS2
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SUBROUTINE ERROR ERROO1

C ERROO2
C THIS ROUTINE GENERATES A TYPE 18 ERROR MESSAGE ERROO3
C GET HERE IF ALL IMAGINARY REACTIONS DO NOT CHANGE ERROO4
C ERROO5
COMMON /B1/ FEJUNCoIR$DELTAISDELTASIRS» TFJUNCIEWESIFCABIRCAB s JUMP9ERROO6
1PJUNCS s PCAB s PCABE $PCABO s KCASO s THETA 9 PJUNCO ERROOY
COMMON /B2/ NCABsNNODLyERJUNCP IRJUNCSDATAIDATNIHIPJUNC s ERROOS8
1CDCABYDCABYFATE sNANCYANJUNC » IREAD s IPRNT s INTAPE sOUTAPE s ITIME» IFLGs ERROO9
2OFLGINIRY THETAS s THETAL s COMPU s THETAG s NJUNC s RHO S TEST 9 ERRQLO
BNVSEG$ZVELsVELZsPIPsECICABIXPCAL 9 ZJUNCILJUNC sPATH ICABSIVOPT s ERRO1l1
4WCABs IDEV s ICHECK ¢NDEV sNDATC ERRO12
DIMENSION FEJUNC(3944)9IR(3944)9IRS(3944)9TFJUNCI3944) sPIUNCO(3s44ERRQLS

1) ERRO14
DIMENSION FCAB(3451522FsRCAB(3951922) sPJUUNCS(3944)9PCAB(3951,22) ERROLS
DIMENSION PCABE(3951922)9PCABO(3451922)9sRCABO(3551922) ERRO1l6
DIMENSION NNODE(22) sERJUNC (44) 9 IRJUNC (44 ) sDATA(10) sDATN(L10) sH{22) ERROL7
DIMENSION PJUNC(3944) sCDCAB{22) sDCAB(22) s ANJUNC(44) 9 TESTI(14) ERRO18
DIMENSION ZVEL(25) sVELZ(25)9s:CICAB(22)sEXPCAB(22)92ZJUNCI22) ERRO19
DIMENSION LJUNC(22) sPATH(22)sICAB(22) sWCAB(22)9IDEV(1000) ERR0O20
DIMENSION ICHECK(44) ERRO21
INTEGER OUTAPEsZJUNCYERJUNCIANJUNC 9OFLG ERRQ22
INTEGER PATH ERRO23

REAL IRyIRS ERRQO24
E=E*10e ERRO25
WRITE(IPRNT 1) ERRO26

1 FORMAT(1H1952H TYPE 18 ERRORe STRUCTURAL ANALYSIS NOT COMPLETEDERRO27

1/60H PRIN

TOUT GIVEN FOR DIAGNOSTIC PURPOSESs SEE USERS MANUALe/)ERRQ28

JUM=JUMP+1 ERRO29
GO TO (436} 9JUM ERR030

4 WRITE(IPRNT»5) ERRO31
5 FORMAT(5Xs4OHEXISTING CURRENT CUNDITION IS NO CURRENT /) ERR032
GO TO 8 ERR033

6 WRITE(IPRNTs7) THETA ERRO34
7 FORMAT(5X»38HEXISTING CURRENT CONDITION IS THETA = sF3.0/) ERR035
8 WRITE(IPRNTs9) E _ ERRO36
9 FORMAT(5X»35HBEST VALUE OF ACCURACY OBTAINED IS sF6e2) ERR037
DO 2 N=1sNCAB , ERRO38
NN=N ERRO39
WRITE(IPRNT$10) NN ERR040
10 FORMAT(//5X»29HTHE TENSIONS IN CABLE NUMBER s12s4H AREs/) ERRO41
L=NNODE (N) ERRO42
DO 2 M=1sL ERRO43
MM=M ERRO44
T=TCAB (MMsNN) ERRO45
S=HINN) * (MM=1s) ERR046

2 WRITE(IPRNTs3) T»S ERR047
3 FORMAT(7Xs2HT=3F104236H AT $=3F10e2) ERRO48
RETURN ERR049
END ERRO50
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REAL PARTS OF ROOTS ARE PLACED IN RKy
SINCE ONLY REAL ROOTS ARE OF INTERESTs ALL NON=-REAL OR
NON=EXISTING ROOTS RETURN RR=0 » RI=1

R.A, SKOP AND J. MARK

SUBROUTINE RPOLY(CsRRsRI)

THIS ROUTINE FINDS REAL ROOTS OF POLYNOMIAL EQUATIONS UP TO
Cly) ¥ (X*¥%3) + C(3)*(X¥%2) + C(2)%X + C(1l) = 0 FOR USE IN
EVALUATING MAXIMUM CABLE OISPLACEMENTS AND TENSION EXTREMA

DIMENSION C{4)9sRRI(3)sRI(3)
IF(C{4)eNEesOe) GO TO 30
IF(C(3)eNEeQe) GO TO 20
IF(C(2)eNEeOs) GO TO 10

HERE IF EQUATION IDENTICALLY SATISFIED

DO 1 I=143"
RR{IN=0s
RICI)=1e
RETURN

HERE IF EQUATION LINEAR

RR(1)==C(1})/C(2)
RI(1)=0s

DO 11 I=2+3
RR{I)=0e
RI(I)=1ae

RETURN

HERE IF EQUATION QUADRATIC

DISC=C{2)%#2-44%C(1)*C(3)
IF(DISCeGE«Oe) GO TO 21

GO TO 100
RRII)=(=C(2)+SQRT(DISC))/(2e%C(3))
RI(1)=0
RR(2)=(=C(2)=SQRT(DISC) )/ (2e%C(3))
RI(2)=0e

RR(3)=0

RI(3)=1e

RETURN

HERE IF EQUATION CUBIC

P=C(3)/C(4)

Q=C(2)/C(4)

R=C{1)/C(4)

A= (3 ¢%#Q=P%#2) /3,

B (2 ¥P¥%#3=0¢%#P*#Q+27#R) /27«

DISC= (B¥#2)/4e+(A¥%3)/27e

IF(DISC)32431931

DISC= SQRT(DISC)
CAPA=(((=B/2e+DISC)¥%4 ) %% (1e¢/3e) )/ (=83/244+DISC)
CAPB=(({(=B/2e=DISC)*%4)%%(1e/34))/(=B/2e=DISC)
RR(1)=CAPA+CAPB~P/3.

RI(1)=0.

IF(DISCeGTe0e) GO TO 200

IMAGINARY PARTS IN RI

RPO0OO1
RP0O002
RPO0O0O3
RPOOO4
RPO005
RPO0OO6
RPOOO7
RP0O0OOS8
RP0O0O0O?
RPOOQ10
RPOO11
RPOO12
RPO013
RPOQ14
RPOO15
RPOOQ1l6
RPOO17
RPOO18
RPOO19
RPOQ20
RPO0O21
RPO0O22
RP0O023
RPQO24
RP0O025
RP0O026
RPOO27
RPOO28
RP0O029
RPO030
RPO0O31
RPO032
RP0OQ33
RPO0O34
RPO035
RP0O036
RP0O037
RPOO38
RPQ0O39
RPOQ40
RPOO41
RPOOQ42
RPO043
RPOO44
RPO045
RPO0O46
RPO047
RPOO48
RPO049
RP0O050
RP0OO51
RP0O052
RPO053
RPO0Q54
RPOO55
RPO0O56
RPO0OS57
RPOO58
RP0O0O59
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RR(2)==CAPA=P/3. RPO060
RI(2)=0a RPOO61
RR{3)=RR(2) RPO062
RI(3)=0. RP0O063
RETURN RPOO6G
32 DISC=24%SQRT(~A/30s) RPO065
PHI=ACOS((~3e%B)/ (A*DISC)) /3 - RPO066
RR(1)==P/34+DISCXCOS(PHI ) RP0O067
RR(2)==P/3¢+DISC*COS(PHI+3414159265%(24/301) RPO068
RR(3)==P/3¢+DISC*COS(PHI+3414159265%(4a/30) ) RPO069
RI(1)=0. RPOQ70
RI(2)=0s RPOO71
RI(3)=0s RPOOT2
RETURN RPOOT3
END RPOOT4
SUBROUTINE SWTCH SWT001

C SWT002
C THIS ROUTINE SWITCHES INPUT DATA SWT003
C SWT004
COMMON /B1/ FEJUNCIRSDELTAISOELTASIRSs TFJUNCIE sESsFCABIRCAB » JUMP»SWTO05
1PJUNCS s PCAB s PCABE sPCABO s RCABO » THE TA 9P JUNCO SWT006
COMMON /B2/ NCAB sNNODE sERJUNC 9 IRJUNC9DATASDATNHsPJUNC s SWT007
1CDCAB»DCAB»FATE sNANG s ANJUNC s IREAD s IPRNT 9 INTAPE sOUTAPE s ITIME» IFLGy SWTO08
20FLGsNIRs THETAS » THETAE $COMPD» THETAR s MJUNC 9RHO 2 TEST » SWT009
INVSEGsZVEL sVELZ9PIP sECICAB oL XPCAB 9 ZJUNC s LJUNC sPATH 9 ICAE s IVOPT » SWTO010
4WCAB s IDEV» ICHECK sNDEV sNDATC SWT011
DIMENSION FEJUNC(3944) 9IR(3944) 9IRS(3 944 ) s TFJUNC(3944) sPJUNCO(3944SWTO12
1) SWTO13
DIMENSION FCAB(3951922) sRCAB(3051922) 9PJUNCS(3944) sPCABI3951522) SWTOl4
DIMENSION PCABE(3551922) sPCABO(3951922) sRCABO(3951922) SWTO015
DIMENSION NNODE (22) yERJUNC (441 s IRJUNC (441 sDATA(10) sDATN(10) sH(22) SWTO16
DIMENSION PJUNC(3944) sCDCAR(Z2) 9DCAE(22) sANJUNC (44) s TESTI14) SWTO17
DIMENSION ZVEL(25)sVELZ(25)9ECICAB(22) sEXPCAB(22) »ZJUNC(22) SWTO18
DIMENSION LJUNC(22)sPATH(22) sICAB(22) sWCAB(2219IDLV(1000) SWTO19
DIMENSION ICHECK(44) SWT020
INTEGER OUTAPE s ZJUNC sERJUNC s ANJUNC sOFLG SWT021
INTEGER PATH SWT022
REAL IRs$IRS SWT023
DO 1 I=1,10 SWT024

1 DATA(I}=DATN(I) SWT025
RETURN SWT026

END SWTQ27
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SUBROUTINE START STA0O1

C ; STA002
C THIS ROUTINE CALCULATES THE INITIAL GUESSES AT THE IMAGINARY STAQ03
C AND EQUILIBRATING REACTIONS AND THE INITIAL DELTA BASED ON STA0O4
C THE TOTAL WEIGHT OF THE ARRAY STAQ0S
C STAQO6
COMMON /BLl/ FEJUNC»IRSDELTAISDELTASIRSs TFJUNGsE 9ES s FCABSRCAB s JUMP sSTAOO7
1PJUNCS s PCAB s PCABE sPCABO s RCAEOQ» THETA s PUUNCO STAQO8

, COMMON /B2/ NCABsNNODESERJUNC s IRJUNCsDATA»DATN »H sPJUNC » STA00Y
1CDCAB»DCABFATE s NANC s ANJUNC » IREAD » IPRNT s INTAPE sOUTAPE 9 ITIME» IFLGs STAOLO
20FLGsNIRs THETAS 9 THETAE »COMPD s THETAB sNJUNC sRHO s TEST » STAQ11
3NVSEGYZVELSVELZPIPsECICABsLXPCAB S ZJUNC sLJUNC sPATH ICAB » IVOPT s STAQL2
4WCAB»IDEV s ICHECK yNDEV sNDATC STAQ13
DIMENSION FEJUNC(3544)9sIR(3944)sIRS(3944)sTFJUNC(3944) sPJUNCO(39445TAOLS

1) STAQ15
DIMENSION FCAB(3951522)9RCAB(3551522) sPUUNCS(3944) 9PCAB{3951922) STAOLG
DIMENSION PCABE(3951922) sPCABO(3951922) sRCABO(3+51922) STAQ17
DIMENSION NNODE(22) sERJUNC(44) s IRJUNC (44) yDATA(10) sDATN(10) sH(22) STAOLS8
DIMENSION PJUNC(3944) sCDCAB(22) sDCAB(22) sANJUNC (44) s TEST(14) STAO19
DIMENSION ZVEL(25)sVELZ(25)9ECICAB(22) sEXPCAB(22) »ZJUNC(22) STAQ20
DIMENSION LJUNC(22) sPATH(22) sICAB(22) sWCAB(22) 9 IDEV(1000) $TA021
DIMENSION ICHECK(44) STA022
INTEGER OUTAPE s ZUUNC s ERJUNC s ANJUNC »OFLG STAQ23
INTEGER PATH STAQ24

REAL IR»IRS . STA025
WEIGHT=0. STAO26

DO 1 J=1,NJUNC . STAQ27

1 WEIGHT=WEIGHT+FEJUNC(39J) STAQ28

DO 2 N=1yNCAB STA029
INNN=NNODE (N)-1 : STA030

DO 2 M=1sINNN STA031

2 WEIGHT=WEIGHT+ FCAB(3sMsN) STAQ32

DO 3 N=1sNIR STAQ33
KER=ERJUNC(N) STA034

DO 3 1=1,3 STA035

3 IR(IsKER)=0s STAQ36

DO 4 N=1sNIR STAQ37
KIR=IRJUNC(N) STA038
KER=ERJUNC(N) STA039
IR(1sKIR)=0Q4 STAQ40
IR(2sKIR})=04 STAQ41
IR(3sKIR)==WEIGHT/(NIR+1) STAQ42

4 IR{B’KER)=IR(39KER)—IR(B.KIR) STA043
DELTAI= ABS(WEIGHT) /{NIR+1) STAQ44
RETURN STAQ45

END STAQ46



c

FUNCTION TCAB(MsK)
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C THIS ROUTINE CALCULATES THE TENSION AT NODE M OF CABLE K

C

C

1

TCAQO01
TCAQ02
TCAQO03
TCAQO04

COMMON /B1/ FEJUNCsIRSDELTAIYDELTASIRSsTFJUNCIESESIFCABIRCABJUMPTCAQOS
1PJUNCS sPCABsPCABE 9P CABO 9RCABO THETA9PPJUNCO

COMMON /B2/ NCABsNNODESERJUNC IRJUNCsDATASDATNHPJUNCs
1CDCABDCABFATE sNANGsANJUNC s IREAD s IPRNT » INTAPE9OUTAPE S ITIMEW IFLGS

20FLGINIRs THETAS» THETAE s COMPU THETAB sNJUNC9RHOS TEST »

3NVSEGSZVELsVELZsPIPsECICAB s XPCAB s ZJUNCsLIUNCsPATH ICABS IVOPT

4WCAB» IDEV Y ICHECK sNDEV
FEJUNC{3944) 9 IR{3964)9IRS(3944) s TFJUNC(3944) 9PJUNCO(3944TCAOL2

DIMENSION
1)
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

FCAB(3951522) sRCAB(3951922) sPJUNCS(3944) 9PCAB(3+51522)
PCABE(3951922) 9PCABO(3951922) sRCABO(3951922)

NNODE (22) s ERJUNC (44) s IRJUNC (44) sDATALL10) sDATNI10) »H(22)
PJUNC(3344)sCDCABI22) sDCAB(22) s ANJUNC(44) s TEST(14)
ZVEL(25) sVELZ(25) s CICABI22) sEXPCAB(22)9ZJUNC(22)
LJUNC(22) sPATH(22)9ICAB(22) sWCAB(22)sIDEV (1000}

ICHECK {44)

INTEGER OUTAPE»ZJUNCIERJUNCIANJUNCHOFLG
INTEGER PATH
REAL IRsIRS

TCAB
RETURN
END

FUNCTION EXCAB(MsK)

C THIS ROUTINE CALCULATES

C

{1 + STRAIN)

=SQRT(RCAB(1oMsK) %3#2 + RCAB(2sMyK)%#%¥2 + RCABU(3sMyK) #¥2

AT NODE M OF CABLE K

TCAQ06
TCAQO7
TCAO08
TCAQO09
TCAQ10
TCAO11

TCAQ13
TCAOl4
TCAO015
TCAO1l6
TCAQLlY
TCAQ1L8
TCA019
TCAQ20
TCAO21
TCAQ22
TCA023
TCAQ24
TCAQ25
TCAQ26

EXCO01
EXCQ02
EXC003
EXC004

COMMON /B1l/ FEJUNCHIRSDELTAISDELTA9IRSs TFJUNCHIEIESIFCABIRCABIJUMPIEXCO0S
1PJUNCS 9PCAB s PCABE sPCALBU s RCABO s THETAPPJIUNCO

COMMON /B2/ NCABSNNODESERJUNCY IRUJUNCIDATAIDATNsHIPJUNCH
1CDCABIDCAByFATE sNANC 9 ANJUNC 9 IREAD 9 IPRNT s INTAPE sOQUTAPE S ITIME s IFLGy

20FLGINIRYTHETASs THETAE s COMPU s THETAB s NJUNCIRHO s TEST »

3NVSEGSZVELIVELZIPIP sECICABLXPCABSZJUNCILJUNC»PATH I ICABSIVCPT
4WCAB IDEV 9 ICHECK sNDEV sNDATC

DIMENSION
1)
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

EXCQO06
EXC007
EXC008
EXC009
EXCO1l0
EXCO11

FEJUNC(3944)9IR(3944)9IRS(3944)9TFJUNC(3944) 9PJUNCOI3944EXCOL2

FCAB(3951922) sRCAB(3951922) sPJUNCS(3944)9PCAB(3451+22)
PCABE(395122) 9PCABO(3951922) 9yRCABO(3951522)

NNODE(22) sERJUNC(44) s IRJUNC (44 ) 9DATACL0) 9DATN(LI0) »H(22)
PJUNC(3944) 9sCDCAB(22) 9DCAB(22) s ANJUNC(44) 9 TEST(14)
ZVEL(25) sVELZ(25)9ECICAB(22) 9EXPCAB(22)92JUNCI(22)
LJUNC(22) sPATH(22) s ICAEB(22) »WCAB(22)9IDEVI1000)

ICHECK (44)

INTEGER OQUTAPESZJUNCIERJUNCHIANJUNCHOFLG

< INTEGER PATH

REAL IRsIRS
IF(EXPCAB(K)akQeQs)
EXCAB=le+(TCAB{MsK) /ECICAB (K) ) *¥*EXPCAB(K)

RETURN
EXCAB=1e
RETURN
END

GO TO 1

EXC013
EXCO1l4
EXCO15
EXCC16
EXCOl7
EXCO18
EXCO19
EXC020
EXC0Z1
EXC022
EXC023
EXCO2¢4
EXC025
EXC026
EXC027
EXC028
EXC029
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FUNCTION EFORCE(I) EFOQO01

C EF00Q02
C THIS ROUTINE CALCULATES THE DEVICE FORCES IN DIRECTION I EF0003
C USING THE NORMAL DRAG APPROXIMATION FOR IN~LINE DEVICES EF0004
C EF0005
COMMON /B1/ FEJUNCHIRSDELTAIDELTASIRSs TFJUNCIESESIFCABIRCAB sJUMPEF0006
1PJUNCS s PCAB s PCABE s PCABO s RCABO s THETA s PJUNCO EF0007
COMMON /B2/ NCABsNNODEPERJUNCS IRJUNCIDATASDATNH sPJUNC » EFO0Q08
1COCABIDCABIFATE sNANCOANJUNC S IREAD s IPRNT » INTAPE sOUTAPE s ITIME»IFLGs» EF0009
20FLGSsNIR» THETAS» THETAE sCOMPU» THETAB sNJUNC sRHO»TEST » EFO010
3NVSEGZVELsVELZsPIPsECICAR st XPCAE »ZJUNC s LJUNC sPATH ICAB s IVCPT EFO011
4WCABs IDEV s ICHECK sNDEV sNDATC EFO012
DIMENSION FEJUNCI(3944)9IRt3944)sIRS(3944) s TFJUNCI3944) sPJUNCO(3344EFOOL3

1) EF0014
DIMENSION FCAB(3951922)9RCAB(3951922) 9PJUNCS(3944)»PCAB(3+51922) EF0015
DIMENSION PCABE(3951922)sPCABO(3951922) sRCABO(3951922) ) EF0O016
DIMENSION NNODE(ZZ),ERJUNC(44)9IRJUNC(44)’DATA(IO)oDATN(IO)0H(22) EFO017
DIMENSION PJUNC(3944)sCDCAB(22)9DCAB(22) sANJUNC(44) sTEST(14) EFO018
DIMENSION ZVEL(25)sVELZ(25)stCICAB(22)2EXPCAE(22) »ZJUNC(22) EFO019
DIMENSION LJUNC(22)sPATH(22)sI1CAB(22) sWCAB{22)yIDEV(1000) EF0020
DIMENSION ICHECK({44) EF0021
DIMENSION WTEL(3) sVNORM(3) sPSPACE(3) EF0022
INTEGER OUTAPE»ZJUNC sERJUNCIANJUNC sOFLG EF0023
INTEGER PATH EF0024

REAL IRsIRS EF0025

C EF0026
C CALCULATE THE WEIGHT VECTOR OF A DEVICE EF0027
C EF0028
WTEL(1)=0Qe EF0029
WTEL(2)=0s EF0030
WTEL(3)=DATA(6) EF0031

C EF0032
C CHECK TO stk IF CURRENT OR NO CURRENT EF0033
C EF0034
JUM=JUMP+1 EF0035

GO TO(192)sJUM EF0036

C EF0037
C GET HERE 1F NO CURRENT EF0038
(o EF0039
1 EFORCE = WTEL(I) EF0040
RETURN : EF0041

C EF0042
C GET HERE IF CURRENT EF0043
C CALCULATE LOCATION OF DEVICE IN SPACE EF0044
C EF0045
2 DO 3 KK=1»3 EF0046
K=KK EFO047

3 PSPACE(K)=SPACE(K) EFQ048

C EF0049
C CHECK IF DEVICE IS IN=~LINE OR FREE EFQ050
C EF0O051
IJMP=DATA(4) EF0052

GO TO (5949594) 9 1JMP EFQ053

C EF0054
C GET HERE IF FREE TYPE DEVICE —-- CALCULATE MAGNITUDE OF THE CURRENT EF0055
C EF0056
4 VMAG=SURT(VELOC(1sPSPACE)*%2 + VELOC(2sPSPACE)*%2 + VELOC(3sPSPACEEF0057
1)%%x2 ) EFO058

C EF0059
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CALCULATE THE FORCE ON THE FREE DEVICE

EFORCE = WTEL(I)+(RHO/2e ) *¥DATA(T)*DATA(8)*VMAG*VELOC( I sPSPACE)
RETURN

GET HERE IF IN=LINE DEVICE
CALCULATE THE TANGENTIAL PROJECTION OF THE CURRENT ON THE DEVICE
TANG(I) EVALUATES THE UNIT TANGENT TO A CABLE AT ANY POINT

5 VPROJ=0s
DO 6 KK=193
K=KK

6 VPROJ=VPROJ + VELOC(KsPSPACL)*TANG(K)
CALCULATE THE NORMAL COMPONENT OF THE CURRENT AND ITS MAGNITUDE

DO 7 KK=193
K=KK

7 VNORM(K)=VELOC(KsPSPACE)~VPROJ*TANG(K )
VNMAG=SQRT(VNORM(1)#%2 + VNOURM(2)%#%2 + VNURM(3)#**2)

CALCULATE THE FORCE ON THE IN-LINE DEVICE

EFORCE=WTEL(I)+(RHO/24)*¥DATA(T)I®(DATALB8)/124)#DATAL9)*VNMAG
1 *VNORM(I)

RETURN

ZND
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EF0060
EFO061
EF0062
EFOQ63
EF0064
EF00Q65
EF0066
EF0067
EFO068
EF0069
EF0070

- EF0071

EFOQ72
EF0073
EF0074
EFO075
EFO076
EFO077
EFO078
EF0079
EF0080
EF0O081
EF0O082
EF0083
EFQ084
EF0O0Q85
EFOQ86
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FUNCTION CFORCE (1sMyN) CFQ001

C CF0002
C THIS ROUTINE CALCULATES THE FORCE/LENGTH IN DIRECTION I AT NODE M CF0003
C ON CABLE N USING THE NORMAL DRAG FORCE APPROXIMATION CF0004
< CF0005
COMMON /B1/ FEJUNCsIRSDELTAISDELTAIRSs TFJUNCIESESsFCABIRCAB » JUMP»CFO006
1PJUNCS s PCAB 9 PCABE sP CABO s RCABO » THETA s PJUNCO CF0007
COMMON /B2/ NCABsNNODE s ERJUNC » IRUUNC 9sDATA sDATN sH»PJUNC » CFO008
1CDCAB»DCABs FATE s NANC s ANJUNC s IREAD s IPRNT s INTAPE sOUTAPE » ITIME » IFLGs CFQO009
20FLGINIRs THETAS s THETAE s COMPL » THETAD s NJUNC s RHO s TEST » CFO010
3NVSEGZVELsVELZPIPyECICAByEXPCAB »ZJUNC sLJUNC sPATH» ICAB s IVOPT » CF0011
4WCAB s> IDEV s ICHECK sNDEV sNDATC CFO012
DIMENSION FEJUNC(3944)sIR(3944) 9 IRS(3s44) sTFJUNC(3344) sPJUNCO(3s44CFO0L3

1) CFO014
DIMENSION FCAB(3951522) sRCAB(3951922) sPJUNCS (3944) sPCAB(355122) CFO015
DIMENSION PCABE(3951922) 9PCABO(3951922) yRCABO(3451922) CF0016
DIMENSION NNODE(22)sERJUNC(44) s IRJUNC(44) sDATA(10) sDATN(10) »H(22) CFOO17
DIMENSION PJUNC(3944) sCDCAB(22) sUCAB(22) sANJUNC(44) s TEST (14) CFO018
DIMENSION ZVEL(25) sVELZ(25) sECICAB(22) sEXPCAB(22) »2JUNC (22) CFOO019
DIMENSION LJUNC(22)sPATH(22) s ICAB(22) sWCAB(22) s IDEV(1000) CF0020
DIMENSION ICHECK (44) CFO021
DIMENSION WTCAB(3) sVNORM(3) sPSPACE (3) CF0022
INTEGER OUTAPE 3 ZJUNC st RUUNC s ANJUNC »GFLG CF0023
INTEGER PATH CFO024

REAL IR»sIRS CF0025

C CF0026
C CALCULATE THE WEIGHT/LENGTH VECTOR CF0027
C CF0028
WTCAB(1)=0e CF0029
WTCAB(2)=0, CFO030
WTCAB(3)=WCAB(N) CFO031

C CF0032
C CHECK TO SEE IF CURRENT OR NO CURRENT CF0033
C CF0034
JUM=JUMP+1 CF0035

GO TO (132)sJUM CF0036

C CF0037
C GET HERE IF NO CURRENT CF0038
C CF0039
1 CFORCE=WTCAB(I) CF0040
RETURN CFO041

C CF0042
C GET HERE IF CURRENT CF0043
C CALCULATE LOCATION OF NODE IN SPACE CFO044
C CF0045
2 DO 3 K=143 CFO046

3 PSPACE(K)=PCAB(K sMaN) CF0047

C CF0048
C CALCULATE THE TANGENTIAL PROJECTION OF THE CURRENT ON THE CABLE CFO049
C CF0050
VPROJ=04s CF0051

DO 4 KK=1s3 CF0052

K=KK CFO053

4 VPROJ=VPROJ + VELOC(KsPSPACE) * RCAB(KsMyN) / TCAB(MsN) CFO054

C CF0055
C CALCULATE THE NORMAL COMPONENT OF THE CURRENT AND ITS MAGNITUDE CFO056
C CF0057
DO 5 KK=1s3 CF0058

K=KK

CF0059



C

5 VNORM{K)= VELOC(K9PSPACE) ~ VPROJ ¥ RCABI(KsMsN) / TCAB(MsN)
VNMAG = SQRT(VNORM{1)%%#2 + VNORM(2)##2 + VNORM(3)*%2

C CALCULATE THE FORCE/LENGTH

C

C

CFORCE=WTCAB(I)+(RHO/2¢ )} #CLCABIN)* {DCABIN) /124 ) ¥EXCABIMsN) ¥VNMAG

1 *VNORM(TI)
RETURN
END

FUNCTION SPACE(I)

NRL REPORT 7640

C THIS ROUTINE CALCULATES THE LOCATION IN SPACE
C OF ANY POINT ON THE ARRAY

C

[aNaXa) NnoOn

[a¥aKa) [aNa XAl

[aRaXal

GET

GET

CALCULATE DISTANCEs SIGMAs OF POINT FROM NODE M

)
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CFO060
CFO061
CFO062
CFOo063
CFO064
CFO065
CFO066
CFO067
CFO068

SPAQO1
SPAQO2
SPA0O3
SPAQO4
SPAQOS

COMMON /B1/ FEJUNCsIR$DELTAISDELTASIRS» TFJUNCIESESIFCABIRCAB s JUMP sSPAQOG6

1PJUNCS9PCAB s PCABE s PCABO S RCABO 9 THETA 9 PUUNCO

COMMON /B2/ NCABINNODESERJUNC» IRJUNCIDATASDATNsH sPUUNCH
+CDCABSDCAL s FATE sNANCOANJUNC 9 IREAD s IPRNT s INTAPE yOUTAPE s ITIME s IFLG
20FLGINIRs THETASs THETAE s COMPD s THETAE sNJUNC sRHO S TEST »
3NVSEGYZVELYVELZsPIP st ClCAB L XPCAB»ZJUNC Y LJUNC sPATH ICABIVOPT s

4WCAB s IOEV s ICHECK yNDEV SNDATC
DIMENSION FEJUNC(3944)9IR(3944)9IRS(3944) 9TFJUNCI(3944) 9PIUNCO(3+44SPAOL3

1)

DIMENSION FCAB(3951922) sRCAB(3951922) sPJUNCS(3944) sPCAB(3551522)
DIMENSION PCABE(3551522) 9sPCABO(3451422) 9sRCABO(3451922)

DIMENSION NNODE(22) sERJUNC(44) » IRJUNC (44 ) sDATA(10) sDATN(LO) sH(22)
DIMENSION PJUNC{344)9sCDCAB(22) 9DCAB(22) sANJUNC(44) s TEST(14)
DIMENSION ZVEL(25) oVLLZ(25)9ECICAB(22) sEXPCAB(22) 9ZJUNC(22)
DIMENSION LJUNC(22)sPATH(22) 2 ICAB(22) 9WCAB(22) »IDEV(1000)

DIMENSICN ICHECK(44)
INTEGER OQUTAPE»ZJUNCHER
INTEGER PATH

REAL IRsIRS
IF(DATA(2)4EQeTEST(3))
IF(DATA(2) eEQeTEST(4))

HERE IF JUNCTION POINT
K=DATA(3)

SPACE = PJUNC(IsK)
RETURN

HERE IF POINT ON A CABLE

N=DATA(3)
M= (DATA(10)/HIN)) +1

SIGMA = DATA(10) = (M=1)

JUNCPANJUNCHOFLG

GO TO 1
GO TO 2

*H(N)

CALCULATE EXTRAPOLATION QUANTITIES

EM=EXCAB (MsN)*RCAB(IsMoN

EM1=EXCAB(M+1sN)*RCAB(IsM+19N)/TCAB(M+1sN)

CALCULATE LOCATION

SPACE = PCAB(IsMsN)+EM*¥STIGOMA+( (EM1I~EM)/HIN) ) *(SIGMA#%2) /2.

RETURN
END

) /TCAB(MsN)

SPAQO7
SPAQO8
SPAQOO9
SPAQ10
SPAO1l1
SPAQ1l2

SPAQ14
SPAQO15
SPAQ1l6
SPAO17
SPAQ18
SPA0O19
SPAO20
SPAQ21
SPAQ22
SPAQ23
SPA024
SPAQ25
SPAO26
SPAQ27
SPAQZ28
SPAQ29
SPAQ30
SPA0O31
SPAQ32
SPA033
SPAO34
SPAQ35
SPAQ36
SPAQ37
SPAQ38
SPAQ39
SPA040
SPAO41
SPAQ42
SPAQ43
SPAQ44
SPAQ45
SPAQ46
SPAO47
SPAQ48
SPAQ49
SPAQ50
SPAQ51
SPAQS52
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FUNCTION TANG(I) TANOO1

C TANOO2
C THIS ROUTINE CALCULATES THL UNIT TANGENT TO A CASLE AT ANY POINT TANOO3
C TANOO4
COMMON /B1/ FEJUNCo»IRSDELTAISDELTA9IRSsTFJUUNCSESES9sFCABIRCAB »JUMP s TANOOS
1PJUNCS s PCAB s PCABL sPCABOsRCABUS THETA»PJUNCO TANQO6
COMMON /B2/ NCABMNODESERJUNC s IRJUNCIDATASDATNsHPJUNG s TANQO7
1CDCAB >UCABYFATE sNANCsANJUNC 9 IRLAD s IPRNT » INTAPE sOUTAPE s ITIME» IFLGs TANOOS
20FLGINIRs THETAS» THETAE s COMPU s THETAB sNJUNC sRHO S TEST s TANOOY
3NVSEGYZVELIVELZWPIP sECICAB2XPCALIZJUNC 9LJUNC sPATH ICABPIVOPT s TANO1O
4VCAB>IDEV ICHECKONDEVINGATC TANOL11
DIMENSION FEJUNC(3944)sIR(3944)9IRS(3944) 9TFIUNC(3944) yPJUNCO(3344TANOL2

1) TANO13
DIMENSION FCAB(3451522) sRCAB(3951922) sPJUNCS(3944) sPCAB(3451922) TANOlSL
DIMENSION PCABL(3951922) sPCABO(3951922) yRCABO(3951922) TANO1S
DIMENSION NNODE(22) sERJUNC(44) s IRJUNC(44) sDATACLO) sDATN(L0) sH{22) TANOLG
DIMENSIGN PJUNC(3944)sC0OCAB(22) sDCAB(22) yANJUNC (44 ) 9TEST(14) TANOL17
DIMENSION ZVEL(25) sVELZ(25)sECICAB(22)sEXPCAB(22) s2ZJUNC(22) TANO18
DIMENSION LJUNCI(22)sPATH(22) s 1CAB(22) 9WCAB(22)9IDEV(1000) TANO19
DIMENSION ICHECK(44) TANO20
INTEGER OUTAPESZJUNCsERJUNCIANJUNCSOFLG TANO21
INTEGER PATH TANO22

REAL IRIRS TANO23
N=DATA(3) TANO24

M= (DATA(10)/H{N)}) + 1 TANO25

C : TANO26
C CALCULATE DISTANCEs SIGMAs OF POINT FROM NODE M TANO27
C TANO28
SIGMA= DATA(10) - (M=1)*H(N) TANO29

C : TANO3O
C CALCULATE EXTRAPOLATION QUANTITIES TANO31
C TAND32
EM= RCAL(IeMsN)/TCAB(MIN) TANO33

EMl= RCAB(IsM+1sN)/TCAB(M+1 N} TANO34

c TANO35
C CALCULATE TANGENT TANO36
C TANO37
TANG= EM+((EM1-EM)/H{N)) * SIGMA TANO38
RETURN TANQ39

END . TANQ4O



C

C THIS ROUTINE SPECIFIES THE I COMPONENT OF THE CURRENT FIELD

NRL REPORT 7640

FUNCTION VELOC(IsPSPACE)

C AT AN ARBITRARY POINT IN SPACE, PSPACE(I)

C

10

11

12

13

14

21

22

30
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VELOO1
VELOO2
VELQO3
VELOO4
VELOO5

COMMON /B1/ FEJUNCSIRsDELTALSDLLTA»IRSs TFJUNCSEPESsFCABIRCAB s JUMPSVELQOG

1IPJUNCS s PCAB9PCABE sPCABOSRCABO S THETA s PJUNCO

COMMON /827 NCABNNODESIERJUNC Y IRJUNCIDATASDATNSHIPJUNC
1CDCABIDCABFATE sNANCSANJUNC 9 IREAD s IPRNT s INTAPE sOUTAPE s ITIME s IFLG s
20FLGSNIR» THETAS» THETAE s COMPO s THETAB sNJUNCSRHOSTEST»
BNVSEGSZVELSVELZIPIPSECICABYEXPCAB 9 ZJUNC sLJUNCIPATHI ICABSIIVOPTS

4WCAB 2 IDEV I ICHECK sNDEV SNDATC

VELOO7
VELOOS
VELOO9
VELO10
VELO1l1
VELO12

DIMENSION FEJUNC(31944)9IR(3944)9IRS(3944)sTFIJUNC(3944) 9PIJUNCO(3944VELOL3

1)

DIMENSION FCAB(3351522)sRCAB(3551922)sPJUNCS(3944)9PCAB(3951922)
DIMENSION PCABE(3951922) 9PCABO(3951922) sRCABO(3951922)

DIMENSION NNODE(22) sERJUNC(44) s IRJUNC(44) sDATACLO) sDATN(L0) sH(22)
DIMENSION PJUNC(3944) 9CDCAB(22)9DCAB(22) sANJUNC(44) 9 TEST(14)
DIMENSION ZVEL(25)sVELZ(25)9ECICAB(22)sEXPCAB(22) 92ZJUNCI(22)
DIMENSICN LJUNCI(22)sPATH(22) s 1CAB(22) »vICAB(22) sIDEV(1000)

DIMENSION ICHECK(44)

DIMENSION PSPACE(3)

INTEGER OQUTAPEsZJUNCERJUNCIANJUNCPOFLG
INTEGER PATH

REAL IRsIRS

GO TO (10910930) 1

Z2=PSPACE(3)

DO 11 KK=1sNVSEG

K=KK

IF(ZeGTeZVEL(K)) GO TO 11

GO TO 12

CONTINUE

VFPS=(1e6878)%VELZ(K)

GO TO 14

IF(KeNEel) GO TO 13
VFPS=(1e6878)%*VELZ(K)

GO TO 14

SIGMA=Z~ZVEL (K=1)
SLOPE=(VELZ(K)=VELZ(K=1))/(ZVEL(K)=ZVEL(K~1))
VFPS=(1e6878)% (VELZ(K=1)+SLOPE*SIGMA)

GO TO (21922)s1
VELOC=VFPS*COS(THETA*PIP)
RETURN
VELOC=VFPS*SIN{THETA*PIP)
RETURN

VELOC=0.

RETURN

END

VELO1l4
VELO15
VELOle
VELO17
VELO18
VELO19
VELO20
VELOZ21
VELOZ22
VELO23
VELO24
VELO25
VELO26
VELOQO27
VELO28
VELO29
VELO30
VELO31
VELO32
VELO33
VELO34
VELO35
VELO36
VELO37
VELO38
VELO39
VELOQ40
VELO41
VELO42
VELO43
VELO44
VELOQO45
VELO46
VELO&7
VELO48



Appendix B
EXAMPLE

As an example, the Seacon II array being designed for mooring motion experiments
by the Naval Civil Engineering Laboratory, Port Hueneme, California is considered. This
array has the same overall geometric configuration as the array shown in Fig. 2b. The re-
duction of this array to a statically determinate array is illustrated in Fig. 3b.

The image of the Seacon II array input deck is shown below.* Note that various
devices representing tensiometers, current meters, etc., are included in the array. A brief
parametric study of anchor misplacement is also included.

1 LUN
1INJINC
21 ANC
22 ANC
23 ANC
31 IR
32 IR
33 IR
41 CADL
42 CAB
43 CAb
44 CAb
45 CAb
46 CAB
51DJNC
520JINC
53DINC
610CAB
62DCAB
630CAB
64DCAD
65UCAL
66UCAD
67DCAL
68LUCAD
69DCAB
71 DEN

2 £QD

101INDAT
111CONMP
121 VEL
122 VEL
123 VEL
131 ANG
102 tOD
201NDAT
22 ANC
23 ANC
202 EOL
301 kOP

*The authors would like to thank Dr. Norm Albertson for su

teristics.

o
o

VO P PHPRPPOVLOCOUTIPOCVIOUNFCEONWN -G

le9

61

3808
1904
1904

LLLULVLEFENNDDNNNNSOPOOUEREUCTLN

elb
« 40
«60
30

1900
1925

24

-3298
329¢&

coFNUVLVLROOCU T YD

60

-3335
3250

Qoo

~e¢310
~+310
=+310
=+310
-e310
~e310
1700
1700
1700
=20
-20
~20
=20
-10
=10
-10
=10
=10

15
30

78

2 62
le2 0727 4120
le2 «727 4128
le2 0727 4128
le2 0727 1000
le2 0727 1000
1e2 0727 1000

Oe5 1855
le2 «875
le2 875
le2 «875
la2 ¢875
le2 5 1
le2 5 1
1e2 5 1
1e2 5 1
le2 5 1

2457000
2457000
2457000
2457000
2457000
2457000

500
500
500
2064
Qe5
412765
Qeb
9995
05

[N I S S

pplying the Seacon II array physical charac-



79

NRL REPORT 7640

SIN3W3T3

40

s

*ON

000°1
000°1
000°T
0001
0001
00o° 1L
IN3NOdX3
3AILNLTILSNOD

0002542
000L5¢42
0002542
0002592
000Ls92
0004542
ALIOIONY

AIVINO

AVHYY SIHL 0L s¥3434 1

00t SI SNOILVINDIVI
090
040
ste0
Z LV IN3¥HND
40 ALIDO0T3A
1s1
9 SI S321A3a
65°81 00S°0 00°00L1
S6*8l 00S5°0 000021
ss*8l 00G°*0 00°0021
vayv IN312144300 LHOI3M
¥4 301A30 ovy0 301A30 321A30

QH0J3Y LNdLINO NOILYI0T 3D1A30

NI Q3¥IND3Y AQVHNIIV

00°09€2

000981

000
IN3¥Y¥Nd 40
3JLVNIQH00D=2

NOILdO G314 IN3YHNI

Q3IX3gNI 40 °*ON viol

9

S

v
*ON °*INNM
301A30

SM0T704 SY 3¥Y SNOILONNM LV G31vVI0T S3IDIA3IA 3HL 40 SIILHIL0Yd

002°t
002°1
002°1
002+t
002°1
002°1
IN310144300
ovya

00°0

00°0

000
3LVNIQYO

ote*o~- L2L%0 0°0001
01E* 0~ 12140 0°0001
otge 0~ L2140 000001
01E* 0 L2Le0 0eg2ly
0TE* 0~ L2Le0 0+g21ly
ote*o~- L2L%0 0821y
HION3V/LHOIAM  ¥313wW¥1ad  HIONIT
S
€
2
JAYW LND HIIHM
*ON NOILONNP
€ SI AVHMYY TUNIOIY
9 sl Avddy yNIOIY
00°862¢ 00°%061
00°862€= 00°4061
00°0 00°808€~
03-2 A1YNIGHO0D=A 3LYNIQY00D=

Avd¥y 378v) vdNLoNdLS 3HL 40 SII

~ WO
~ N O ¢OE
- NSO

v
INAC - ONNP *ON
=g o=s 378v)

9 SI $3718vD 40 °*ON
6
8

L
v 1nd 40
*ON NOILONNP

0 NI 3QVW SinJd 40 °*ON
0 NI SNOILONNF 40 *ON

€
e
1
X *ON NOILONNP

€ SI SYOHINV 40 °ON

1SI¥310vHYHD TTyIISAHd

*mo[[o3 syndjno pamjonys pue aanpdiosep Aeire oy} jo synojund r@ndwod ayJ,



R.A. SKOP AND J. MARK

80

dSI10=2 dS10=4 dSIQ=x

2e1v2e 2eg92

2e6922 61
geg€2z 6992
04002-2 Q4009=4

307 INFHUND ON WOMJ INIWIIVIJSIQ

dS10=7 ds10«y ds10-x
°J07 AN3¥¥ND ON WOMJ LIN3IW3IVIdSIQ

0¥002-Z  Qy00JI=A  0O¥00J=X  GY¥OOI~Z

INIOd SIHL 40 °207 AN3W¥ND ON INIOd
18°y B6°61 1=
99°y S6°611
L2*E €0°0

INVIdeAX SIXVex
1¥M S3T9NV 378VD

2*eeee

1°geee

§e21e2
0y00%=-27

NOILVI07 321A3C

1°E6Y 8°sed
0064~ g8°s82
s°1 2°S9G-

QH00J=4 QH00J=x

NOILVI0T NOILONNP

Qy000=A

¥°206
L°106
1*106
dHQJ=*yOH

0y009=x 40
SIHL 40 NOILVI01

094 9¢18l=-
S*°EL 2e18L
sels y0
dW0J~2 dWOJ =4

FA3: 14 €8 L002s
8°582 €e1es
S*8E T 6°61S
0¥00J~X 301A30
1V NOISN3L

BLeglw 66°6%1=
6L%L1- 6L°L0T~
SE*9Ge €0°0S1
€ T 0006
0S+61- 66°6%1
2E€°9G~ 00°0ST=
LE* 1w 20221
0Leila 950221
6999G- L6°6211=
INVId=AX  SIXVa)
1¥M S379NY 318vD

£e€64
2eulg
€°10¢g
0°821Y
00821¢
. 0°0
*ds1Q 40

QH00J=S HWNWIXVW Q¥002=S

6°0SY~
2°0S9-
[*t106

dW0Jex

HOHINY 1V SIN3INOdWOD 30404

1°02S
2+12s
6°61S
9°506
L0406
9°206

0°00s
0°00S
0°00S

9 9
S A4
v 2

JLYNIQN00D *ON  ¥3AGNI

S

0°05S
Yo LyS
§*g291
00995
9¢156
1°9291
9595
8595
8°0491
NOILONAP

1V NOISN3L

0°0001
0°0
0°0001
0°0
0°*0
0*g21¢

NOISN3}i 40
WNWINIW Q¥002=S

9°506
L*%06
9206

HOHONY ¥0
1V NOISN3L 1v

378vJ 301A30

mmecee ceces contTe Ceccete poemooe

§378VI AVHYY ONOTIV S30IA3G a3X3aNI

~TON UMD O
T LD OOV O

NOILINNr  sON
1v 378vd  *ONNP

SNOILONNS AVENY

0°0SS
yeLYS
9°1sS
§°8291
19291
8°0%91
NOISN3L *ON
HNWIXVYW 378VvD

~NMSINO

cmtnen caaee

$378v) AvyYV

€ €
e 2
)¢ 1
HONV HOHONY 40
378v0  *ON *ONNM

SYOHONY Avydv

IN3¥HND ON HLIM WNIMBITINO3 AVHHY



- 81

NRL REPORT 7640

§¢9=
92
8°9-
dSIG=Z

L*2=
1e0
0t
dSI0=4

®207 IN3YUND ON WOHJ

1°6l

g*sl

[*69~
dS10-2
°J07 LN3HHNI ON WOH4 ININIIVILSIO

geclee
e o9
ge2iee
Se2ygl
LeLSul
se2tee -
QH003=2

Gl
6*1
Setl
L1 TA
2*lgL=

Sl

uy003=A

INIOd SIHL 40 *201

[ 44 2

v

€0
dSI0=A

29595-
g*sge
2°69G-
9:ESY
9eESY
2°69G=
Qy003=X
AN3Y¥HNI ON

[E°E

E€l°€E

60°9
3ANVId=AX
lum S3ITONY

g2l 9°9£22

8°98 Le1s22

6°2L gelgee

dSI10=x Q¥00J=2
1IN3N3IVIASIA
8°L9 €°26€2 8°88Y
6°L9 6°99E2 9°Ggha
L°S9 ve€922 gl
ds10-x 0800%«2 0y¥00%=4

ye€922
Le1822
A A XT4
e* L8l
0°2isl
v*e92¢
Q¥002%«2
INIOd

98°L11-
TgeLtl
€0°0
SIXVex
378V

(143 24 A Ad
02 Qe
6°1y2- 9
QH00J=A ay

NOIL1V207 30IA30

9*€ESE

L*€ESE

v 669~
04009-X

NOILVI0T NOILONAP

gel LZTYS 2N
02 9%2LE
gel Y0669~
Se0LL ge*92s
S*L9L= geves
g8l 9°669~

Qy009=A Q400J3=X
SIHL 40 NOILVI01

Sevte 4d 2
LeEEB 9°SYy
Tegsot g*21l

dW0J=*¥0H dW0J=2

0e0 le2g
0°00s 898
00 1e2¢g

6°LLS 6°€L
6°LLS 6°€L
0°g2tly T2

40 *ds

S9-
eLE
S9«
00J-X%

66°02~
¥ 12~
66°9G=
6L°02-
65°12~
LB*9S~
9911~
20°21l=
2geyGa
3INVYId=AX

lum S379NvY 316VI

SegSE
6°91g
1028

6°€8S
gegay
Te29S
391A30
¥ NOISN3L

0°00S
0°00S
0°00s

S

9 9
S v
Y 4

3LVYNIQH00D *ON  X3aNI

378vJ 30IA3Q

$378Y2 Avd¥v 9NOTV S32IA30 03IX3ANI

LE®6YT=  1°129
0E*Tll~ 0°09%
11e1st g99st
LYeSE 9egSY
vE* 691 9°229
g0*1sT-  2°2951
0T €l 9465
SL°Ell=  6°E6S
Le*6Lla Gelgjl
SIxXVax NOILINNP

1V NOISN3L
2+2gS 000001
9°g2y 00
100@S 0+0001
0eglly §°SEe 00

O*gety 6°¥E8

00
Ia

16501

40 ° NOISN3L

Q¥003=S WNWIXVW Q¥009=S WNWINIW

6°LELw
velEL
9°0
dW0J=A

HOHONY L1V SIN3NOdWOD 33404

S3349

L°68Ea
0*68E=
T°€S0T
" dWOJ=X

30 00°0

6°Stg
6°9E8
T1°6501

YOHINY
1V NOISN3L

0°0

0°g21y
40

QH002=Ss

~“~FONST MO
¢F STV O O

NOILONAr  *ON
1V 378v)  *onnr

SNOILONNS AVHYY

1°129
0°09¢
9229
8°99S1
202951
SetaLl
NOISN3L *ON
WNWIXYW 3718V0

- N e iIino

$378YD AVHHY

€ €

2 e
1 1

YOHINY HOHINY 40

1V 378v0  °ON °ONAP

SHOHINY AVHHY

WOYd LN3¥uNI HLIM WNINBITNINDI AVyHVY



R.A. SKOP AND J. MARK

82

0°2-

§°0-
8°Ll~

ds10-2

ve0y g€y 1%6€22
8°CEYy 9°vL L08%22
9°8Yy 8°89 s§°022¢
dSI10=A dSIQ=X Q¥002=2

©307 LNIYY¥ND ON WOY4 IN3WIIVILSIQ

16 909¢ 1%95 2euee
vot- 2°cy s°99 LoL1€2
€L g%t 16§ 2's9ee
ds1G=Z. ds1a=A ds1a=x Q¥009a2

*307 LNIYYNI ON WO¥4 INIW3OVIdSIQ

s°21¢2
41°6%22
1*6€22.
2reeee
9°8991
s*2lee
Qu002~2

st
1°gy~
6°612=
|54 X1
1916
s°t
G¥00d=A

ANIOd SIHL 40 *J07

2°§95~ 2°s922 0°ty

9°s8e 6°9422 €%y
8°1lgle 26122 L°TLY~
9°S82 e e 9°.2s
G 0€S €ovs91 1°898=-

2°695= e°s9ee 0*ly
Qu003=x  Qu00J=Z  QY¥Q0J=aA
ANIHYRD ON

96°1 06811~ €°28L
SY°Y gee LIl T*906
65°S L0°1 8e2€0t

ANYId=AX SIXV=X
1YA $3T9NY 318V

dW0J=*4OoH

9°862
L°SY
€961
QH002=A

NOI1VvJ0T 301IA3Q

90.L23s
8°9vy~

0ty

- Qu009=A
NOIL1VI0T NOILINNP

0°905"
9°09¢
2°€ll-
§e29€
62209
0°905
Q¥00d=X

AINIOd SIHL 40 NOILYI0T

892
0.
oeTot
dW02=2

§°2ye

€0S€E

090G~
Q¥00J~x

0°0
0°0Ss
0°0sy
0°0
9°528
0°s2ly
40

6°489=
8°208
€6l
dh0J=A

L7 €°S€ES 0°00s 9 9
v°09¢ 20y 0°00S S »
L°69a 9°509 0°005 v 2
Qu00J=X 391A30 JLYNIQNO0D  *ON  X3IONI
1v NOISNIL S I18YD 301IA30
S378VI AVHYNY ONOTIV S3JIA30 Q3X3IANI
L1°g2~ L1%06T~ 6°LLS 9 9
89°£2= EL'Ell=  2°BLY S 9
¥5°.5= 9v° sl 9°L1§1 € 9
L15°L1- 22°L8 €199 S [
22461~ €6°L91 8°6€9 v s
61°95~ 8y°05t=  0°5291 2 3
912t~ ty°€ELl €°59S 9 v
60°El= 8L°9tle  9°129 13 ’
2ligge Sy°6L1 L1°09L1 1 [
INVId=AX  SIXVeyx NOILINAM  NOILINAP  °ON
LYM S3ITONV 3718YD LV NOISN3IL LV 378YD  *INNP
SNOTLINNP AvydY
s°se tesce 0°€ES 00001 6°L25 9
8°98 €°6ES €6€Y 0°0 2°aLy [
1°98 2°92¢ 2°509 0°000T B°6E9 v
$°9L 0°g2ty g°28L 0°0 9°41st €
2°98 0°g21y 8°906 0°0 045291 2
$°S8 0°0 L°LE0T  0°@21y  2°09L1 1
*dslq 40 NOISN3L 40 NOISN3L  *ON
QH00J=S WNWIXVW QH00J=S WNWINIW QHO0J=S WNWIXVYW 378VJ
$378v) Avudv
1°8L€= g°28L € €
g8°5lve 8906 2 2
9e2€01 L*LE0T .1 1
dWO0J=X YOHONY YOHONY  HOHINVY 40
1v NOISN3L 1V 378vD  °*ON °*INNP

§33y¥930 00°0E

YOHONY 1V SIN3INOdWOI 3Ju04

SHOHINY AvuuY

WOY4 IN3¥uND HLIM WNIWSITIND3 AVHHY



83

NRL REPORT 7640

6°2~
009~
2%42e
d$1Q=2Z

selL
1e0L
L8l
dS10=A

*307 LN3NYNI ON WONJ

s°ey

2*9¢

e°*st

d$10=2

seaiee
1eg2ee
€egeee
2eLgee
yelel2
LoEvee
Qy¥009=2
INIOd SIHL

s$°1
0°06Y~
6°v92-
TeEgy
¥00LS-
st
QuOo09=A
40 *301

%68
€99

989
d§10=A
*307 LINI¥YNI ON WON¥d AN3INIIVIESIO

2°695e
8°sge
5°g€la
8°5@e
te2ce
0°T19«
QH009=X

AN3WENI ON

se°t
§9°S
6y
3INVId=AX

LuM SITONY 3768VI

€°6€ 2vgeee L61¢€ 6986 €°6LY 0°00¢ 9 9
9°19 2°svee 6°1L velee €°8Ly 04005 S ’
T*se tev122 €991~ vegoa 2°809 0°00g ’ 2
dsI10ex Q40022 Q4009=A Q400X 30IA30 3LVNIGH0OD  *ON  X3ONI
ININ3IVIS I NO1iv307 321A30 1v NOISN3L s 378v3 321A30
$378YD AVHYV ONOTIV S3DIA3IC AIXIANI
9Ls%2=  95°1Sl-  S°£2s ° 9
06°€2=  (6°CIle 8°8B1S s 9
yoEe LsL€e §°2s§ 2'6te 28°.S=  Te°tst  1°10St £ 9
Everl~  6E€%68 2°26¥ S S
88°9T=  26°9%1  L°SE9 v S
1009 6°lg22 1°§2%- ¥e92€ 05°S5=  €9°6¥le  0°0691 2 S
: SSevla  96°911  L°Eey 9 )
6légle  19°021e  £°0€9 v ’
20.¢ €022 1e0L 6*.25- ¥8955=  0g°@ 1 0°50.1 t v
ds10ex GY400d+Z  QNOOI=A  OHOOJ=X  3INVId=AX SIXYeX  NOILONA®  NOILINAR  *ON
NOILYO0T NOLLONAP 14M S379NY 378YD LV NOISN3L LV 378VD *ONAF
SNOTLONNM AVHYY
€ru2e 10l 6425«  0°0 9°sg 0°2LE  A°LLY  0°0001 S§*€2s 9
6°1622  L°€2y=  ¥e92¢ 0°000T 6°S8 €°665  ¥°9LY  0°0 g°81s§ s
Teol22  E°991e  9eEge 00005  g°€g 9¢006  2°909  0°0001 ,°GE9 v
L*SLE2  se2ss 2eele 00 €e0g 00821y  6°¥9L  0°0 Tel0sT €
9°9S12  6°%0Se-  L*GLE 1°S91  0°9g 00821y  6°616  0°0 0°0691 2
€°6022 2°'UL ge9lSs  9°G¥0y @S 000 1e826  0°821% 0°Ss0LT 1
Q¥000=Z  0HO0JaA  QuO0QI=X 40 *ds10 40  NOISN3L 40  NOISNIL  °ON
INIOd SIHL 40 NOILVD01 QE00d=5 WNWIXVW QO00J=S WNWINIW QNO0J=S WNWIXYW 378VD
$378Y0 AVHEY
00°021=  L%¥92 1°et €°299« gee8c- 6°99, £ €
68°41t 1*sL6 $°96 6°198 1°95ye 6°6L6 2 2
60°2 2*sie6 6oL s°st 9°4L6 1°8L6 t 1
SINVex dW0J="YON  dHO0D=2 dWod=A dWO0DeX HOHONY HOHINV  HOMONV 40

$334930 00°09

YOHONY LY SIN3INOdWOD 30804

v NOISN3L 1V

378vd  *ON °ONNP

SHOHINY AVHNHY

WO¥J INZHYND HLIM WNINEITINOI AVHYY



R.A. SKOP AND J. MARK

84

SINIWIT3

40

02
02
02
0s
08
0S

*ON

0001
0001
000°1
000°1
0001
000°1
IN3INOgX3
3AILNLILSENOGD

000,542
0002542
000,542
000.S92
000,542
0c0LSye
Al10191d

AVYYY SIHI 01 S¥343¥ 2 QN¥0J3¥ LNdINO NOTLYIOT 3IDIA3C

00°t S1 SNOILVYINDIVD NI Q3uIno3d ADVHNIIV

09°0 00°09€2
0%°0 00°0981
ST°0 00°0
2 1Y IN3¥uND IN3¥3ND 40
40 ALIJ073A 31VNIQ¥000~2

T SI NOILdO Q1314 IN3IHKND

9 §1 $30IA30 Q03x3IANI 0 °*ON V104

sG*81l 00S°0 00°00LY 9
SS*81 00S°0 00°00L1 S
5681 005°0 00°00LY 14
v3uv IN313144300 1HOI3N *ON *Innr
IVANOY4 3DIA30 9v¥0 301A30 301A30 331A30

SM07704 SV 3V SNOILINNC LV G31¥J07 S3IDIA3IG 3WL 40 SIT1¥3doud

0021 01€°0- 1210 0°000T 9 v 9
002t 01E* 0~ 12190 000001 6 9 [
0021 0t€e 0=~ 12290 040001 ] v v
0021 0lE 0~ 12190 0°921¢ 8 9 €
002°1 0TE* 0= L2Le0 0*821y L s 2
002°1 01€*0~ L2l 0°821¢ M 1 1
INIIOI44300  HION3V/LHOI3IM  H3LIWVIA  HION3IT  INAP INAF *ON
ovu0 I8s  o0=s  37avd
‘9 sl $378vD 40 °ON
S 6
€ 8
e 3
30YW 1N HIIHM LV 12 4o
*ON NOI1lONAM *ON NOILONNP

€ sI AVMYY TYNIDINO NI 30VAW SIND 40 *ON

9 sI Avidy TyNISINO NI SNOILONNM 40 *ON

00°0€ 00°0S2€ 00°s261 €

00°S1 00°*SEEE~ 00°0061 2

00°0 00°0 00°808BE=- {
3LVNIAY00I=Z 31YNIO¥00I=A 31VYNIGY00I=x ‘ON NOTLONNP

€ SI SHOHONV 40 °ON

Avddy 378vD TvdNLINYLS IHL 40 SOILSI¥ILIVHYHI TydISAHd



85

NRL REPORT 7640

S§e9522 ye212 2e1v1- 1°61S 0°00S 9 9

#5922 €°9€- 60082 10918 0°00S S »

2+2522 0°182~ Gevyia 6°92§ 0°00S L 2
dSI0=7 dS10=1 dsIQa=x Q¥00J=2 0y009=A Qy00J=x 321A30C JLVNIQHO0D  *ON  X3ANI
®307 LNI¥END ON WOY4 LIN3W3AIVIdSIQ NOILVI07 3D1IA30 1v NOISN3L S 378v0 321A30
$318vI AVHHY ONOWV S3DIA3Q Q3X3AGNI

2E*s1a €€°05T«  [°0SS 9 9

28T G2+801e  2%€%G S 9

2°£6€2 XX 1-1) se€g2 BE*9Ge L1006t 108191 € 9

22sL1=- 02468 10095 [ [

gregle 19°%6%1 G*gss v S

6°29€2 825~ €°8.2 0€*9G= 66°691-  E£°L291 2 S

€691 65121 90245 9 v

L2¢l1a 29°121=  901SS 4 L}

Geg2€2 0°2€a 20,5« 69°9G« EyseLl Teg¥ol 1 ]

dS10=-2 dS10=4 ds10-x 04009=7 Q¥00J=4 04009=¥% INVId=AX SIXVeXx NOILINAF  NOILONAP  *ON

*207 LIN3¥BND ON WOMA4 IN3IW3IIVIdSIO NOILVI01 NOILINAP 1¥m SITONV 318VD LV NOISNIL LV 378vYd  °*ONnM
SNOILIONNC AVHYY

Yo Lly Te61S 00001  Te0SS 9

2eleg 6°S1S 0°¢0 2°€9S s

6°S69 5925 0°000T S°gsS v

0°g21% §°868 0°0 L8191 €

0°821% 6°S06 0°0 €92291 2

0°0 40106 0°821%  1°6991 1
G¥003-Z  QGHOCJ=A  O¥O0JD=X  Q¥00J=Z Q¥O0D=A  GHOOD=X 40 *dsI0 40 NOISN3L 40 NOISN3L  °*ON
INIOd SIHI 40 *207 IN3N¥NI ON INIOd SIHL 40 NOILVIO) Q¥002=S WNWIXVW Q¥00J=S WNWINIW QH¥002=S WNWIXVW 378vY2
§378v) Avyyv

9E*y 29°021- 24968 €089 ge2Lll~ 8°ESYe 8°868 € €

69°Y 20°021 6°206 1oL 8elyL 1°1S%- 6°G06 2 2

0L°€ LS°0~ 5°506 9°8S 6= §°506 0106 1 1
INVId=AX  SIXVex dW0J=*HOH  dR0J=2Z dW0J=A dWO0D=X HOMONV HOHONY  ¥OHONY 40
1M §3719NV 378VD YOHONY LV SIN3NOdWOD 32u04 1V NOISN3L LV 318vYD>  °*ON °*INAPf

SHOHONY Avydv

LN3HYND ON HLIM WAINBININO3 AvHYY



R.A. SKOP AND J. MARK

86

99« 0°2-
Yol 80

8 L= Tey
dSI10=-2 dS10=A

*307 LNIHVUND ON WOW4

161 6°E=

gLl 441

206 el

dSIQ0-2 dSIQ=y

*207 IN3¥YND

Geg2ee 0°2€= 200,Ga
g*s92e EvgEa 60982
A X4 0*2E- 200,G=
Secgul geEvL YeEGY
92,81 Seelg= Se9vhy
s*geee 0%2€=- 2°0.G=
Qy¥00J=-7 GYOCI=A Q0¥00J=%

INIOd SIHL 40 *207 IN3¥¥ND ON

SL°2
€1°¢€
158°9
INVId=AX

Y EL Le6%22 ye012

6°l8 2e.922 124130

S*EL Yeyvee 6°9.2a

dS10=x 0¥003=-7 QH00J=4
AN3W3IVdSIQ NOIL1vd07 321A30
€°89 €e2L€2 9°0Sy L°1GE
€89 L°09¢E2 [*€25= 9°94E
9°99 €egr22 9°0€a 9°€0S.
dSI0=x Q¥00J=2 ay00d=, Qy00d=x

ON WOH4 IN3W3IVIdSIQ

€eg 22
2e L1922
E*g 22
0681
0°9y81
€°gree
Q¥00J=2
INIOd

32°811e
Sg* LTl
25%0=~

SIXVex

1¥m S3T9NV 378vD

NOILVI07 NOILONNP

8°L9«
8°89¢€
Tella
QH00J~x

LSe12a
68°12~
€6°95~
L1402~
6G°12~
€g*9Ga
0T*1l=
B8Ge(1-
1ge9G5a
3NV d=x X

LeEgsS
gel2y
¥206S
301A30
1V NOISN3L

04005 9 9
00005 S v
00005 v 2
3J1YNIGH00D  *ON  x3ONI
S 316vY2 3291A30

S378YD AVHNY ONOWVY S3IDIA3C QIXIONI

ELobyla
S6°(1lle
0E*TST
00°S8
L6°8%1
80°1S1a
2eeett
YL°211~
Syegsl
SIXVaX

Lym S379Nv 378V I3

$334930 00°0

€+€29
Y0959
0°€sST
0°1sy
€°1€9
§e2951
82265
2°109
g*ceLl
NOILONNP
v NOISN3L

~“~TrOoONET MO

NOILONNP
1v 378v)d

TSN INO OO

*ON
*oNnr

SNOILONNQM AVHY¥Y

9*0€- 9°€0G~ 00 ve€g LegEE 9e1gs 00001 €e€29 9
XX -1 8*89¢t 00005 6°L8 L4025 9e12% 00 yo9Gy S
9°0fw 9*£0G= 00 veEg €°09¢€ g*88s 0°0001 € 1€9 v
2e0€L TeG29 6°LLS Vet 0eg21ly 2+.28 0e0 0€£5S1 €
0°50g- 2+81s 6°LLS Yoy, 0°g21y 9°SEg 0°0 §*29S1 4
9°0¢€~ 9°€0G- 0°g2le LAY} 0o 21901 0*gely g8°26l1 1
Qy003=A  Qy¥00I=-X 40 *dsIO0 40 NOISN3| 40 NOISN3L *ON
SIHL 40 NOILVI0N Q4000=S WNWIXVW Q¥002°S WNWINIW QH002"S WNWIXVYW 378V0
$378v) Avyuv
2°g92g L°6E 8°L2L~ T°16€= 2°/28 € €
EsvEg 9SGy JAYLY) L*68E= 9°s€g 2 2
-€%090¢1 o*1et L6~ 2°09n1 2°.L901 t 1
dH0J="Y0H  dW0DJ=Z dW0J=A dWOJ=YX HOHINY YOHONY  MOHONV 40
YOHONY LV SIN3INOJWOD 3DHO4 1V NOISN3AL LV 3178vD °*ON *INnnf

SHOHINY Avy¥yv

WOYd INIH¥ND HLIM WNIYBITINDI AVyuY



87

NRL REPORT 7640

L1 202y 8*¥9 te9522 9452 Y9/~ 2°9€S 04005 9 9.
L*le 8°Sy 8°SL 1%4922 S%6 L°95¢ TevEY 0°00g [ v
y°61= 8205 6°69 ge2€z2 2°0€2- 9e4la B*E1S 0°00s ) 2
dsi0sz ds10ea dSs10=x ay¥003~2 Qy00J=4 0400J=X 301A30 3LVYNIGH00O  *ON  X3ONI
*207 INFBYND ON WOH4 AN3IW3IIVILSIA NOILYI07 32IA30 1V NOISN3L S 318vJ 301A30
S$318YD AVHHY ONOWW S3IDIA3IC Q3IXIONI
6lLe€2~ ¥5°051- 9°8.LS 9 9
SEe 42~ 0veyTle  9eELY s 9
2°g¢t 6°SE 2°Ls S*1e€2 2°06% L°04E 19,6~ ¥9° 151 9°6061 3 9
Syell- 98498 Y095y S S
12%61~ 85°L91 2°849 v ]
1*21= 2°6Y 9°59 8°0€EE2 1°EqYe 8°E4E AL S9°0Gt=  $°9291 2 S
09°11= S9¢211 G245 9 v
0L021- ¥8°511=  8°829 y L
1°8%= 9° 1y 09 8422 L°6 8°60Ge 11066 L1881 oerLLl 1 v
dS1Q=2 dSI0=a dS10eX Qu003e2 Q¥009=A a¥00J=X ANVId=AX  SIXVaX NOILINNP  NOILIONNF  °ON
€307 INIYEND ON WO¥4 LIN3W3IJVIdSIQ NO11V207 NOILiONAP lum S379Nv 378VD LV NOISN3IL 1V 318V)D  °*ONNP
SNOILONNS AVHYY
geg2e2 0°2€= 20015~ gy 22 L6 8°605= 0°0 0°gg 9°02¢ €°1ES 0°000T 9°g.S 9
8°9922 2°9€tl=~ €092 L2922 06~ €°9GE 0°009 6°88 €°€vg 0°€EEY 0°0 9°€LY S
6°9522 §e0g2~ 8°0€2~ 1e1g22 1°081 y°191- 0°00¢ L°88 Tegly 2°€19 000001  2°ge9 v
2°€see €445y 5*€82 s°l6€2 2°06¢ L*04E 0°0 9L 0°821y  6°€ELL 0°0 9°505t €
99291 TeES6= L*€2S 6°4991 2°506= 2°L6S 9°528 €88 082ty 6°806 0°0 ¥°9291 2
geg£2€2 0°2€~ 2%0LGe geyL2e L6 82605~ 0°g2ly 0°8@ 0°0 ge9601  0°821% 0°ts.1 1
Q¥003-2  Qy00d=A  Qy00d«Xx QHO0J=Z  QuO0Jd=A  OHOOI=X 40 *dslQ do NOISN3L 40 . NOISN3L  °ON
INIOd SIHL 40 °J07 AN3H¥ND ON INIOd SIHL 40 NOILVI01 Q¥00J=S WNWIXVW Q¥003=S WNWINIK QHO0D*S WAWIXVW 318VJ
§3718VD AVHYY
sE€*t SE*611- 9°€LL €°81 ¥09.9- 2°6LE~ 6°ELL € €
Ly°y 6E°L1T 1°906 8°0L S*908 6°91y- 6°806 2 2
66°S 50 1°6€01 0°601 L6 1°6€0t B*¥%01 1
3INVIdeAX  SIXVeX dWOJ=*YOH  dW0J=Z dWOD=A dHOD =X YOHONY HOHONY  YOHONV 40
LlYM S3T9NV 318V) HYOHINY LV SININOJWOD 30404 1V NOISN3L LV 378vD °ON °*ONNF
SHOHONY AVHYY
$334930 00°0€  WON4 IN3WHND HLIM WNINBITINDI AvaHY



R.A. SKOP AND J. MARK

88

§°€Ee
6%y
6°62~
dS10-2

*307 INIWYND ON WO¥4 INIWIIVIdSIO

L°2y

2

.Om.

¥°9€=

d

S1Q=2

09l
92l
€°18
dS10-4

€19

6°89

tetL
dSIQ=A

0y
L2
S$°9¢
dSIQ=x

6°EE

0°2¢

9°8¢t
dSIQ=x

*307 LN3YHND ON WO¥4 IN3IW3IVIdSIa

s*e2e2
6°29€2
2eesee
2°esee
Lae 2t
L0vg22
QY4002

0°2¢~
y*925~
0°1g2~-
E°4Sy
€°896~
Sele=
Qu009=A

2°0LS~
€°8l2
(18420
§°€8e
*°10€
0°919=~
QH00J=x

ANIOd SIHL 40 *207 IN3u¥nd ON

€L°0

69°S

8Ly
INVId=AX
AYN SITONV

11822
L°v0€2
€°9222
0°96€2
0°Lg2e
1°6122
Qy009+2
INI0d

9¢9¢021~
68°L11
9s°1
SIXVeX
378v0

0°es22
6°0922
€*9222
Qy¥002-2

0°96€2 9°sls

8°90€2 S°6Sy=

trLe22 2°6¢
Q¥00J-2 QH00J3=A

2°6¢ 9° 15~
90659~ €°02¢
L°661= 0°86~

9°g1s velle
8°669= 6°99¢E
L°0¢ ¥°8L5~

0yY00d=A  0y00I=x
SIHL 40 NOILVI01

2°9ss L6
¥°8L6 **le
2°086 0°28

dW0I=*HOH  dNW0J=2

v°982
€°9¢
L°661=
Q¥00J=,

y»LlE

€eo02¢c

9°1€5-

ge
9
0°
Qy

NOILVI0T 301A30

QH00J«X
NOILVIOT NOILONNP

0°0
0°0001
0°00s
0°0
9°28
¥°590y
40
QY¥00J~S

8°159~
L°998
L°92
dR0J=A

L°88
v°68
2%Ls
1°28
s°68
6°ge

*ds
WNWI

YOHONY LV SIN3NOdWOD 39404

§33¥930 00°09

00t~ E°LLY

€ee ¥oELY

86~ 1°919

00Jwx 321A30
1V NOISN3L

2952« 96°1S1~
15042 es*eil-
88°.5- 8§15t
22%y1- 2168
S8°91=- 65°9+41
y9°5S5= 65°691~
90yt~ ¥E°911
28491~ B86°611~
€8°55~ 26°LL1
INVId=AX  SIXV~X
Lldm S379NY 3718VD

L°SS¢
0°019
0°cay
0°g2ly
0°g2ty
0°0

10 do

XYW QY¥002-s

€°c8eE~
L°LSY~
6°6L6

dW0J=X

0°00s
0°00S
0°00S

S

9

S
14

JLYNIQHO0D  *ON

9

A4

e
X3AANI

378Yd 301IA30

2°SLY
2°lLy
1*919
2°9sL
2°€86
L°€86
NOISN3}
WARINIW

2°9SL
2°€oe
L°€86

HOHONY

Se€2S
€esls
¥°68¢1
€°98¢
8°€EY9
12691
1°06¢y
€*LE9
L°ETLT
NOILONNP
1Y NOISN3L

0°0001
00
0°000t
0°0

0°0
0°gaty

40

Qy00d=5s

(]

1V NOISN3L 31V

~eONETNMNDO

NOILONNP
iv 378v)

$378Y0 AvydY 9NOTY SIDIAIC GIXIONI

TECTIONHNO OO

.oz
*oNNP

SNOILONNP AvyHY

S*€2S
€°st1s
8°€v9
v°68¢1
L2691
LETLY
NOISNIL
HWNWIXVAH

—N™M e NO

.OZ
378v)

$378vD Avayy

€

2

1
HINY
378v)

€
e

1

HOHINY 40
*ON *ONNP

SHOHONY AVBYY

WOHS LNIUHND HLIM WNINBIVINO3 AVyuv



The image of the Seacon II array device location output file is shown below.

REC
CUR
DEV
LEV
DEV
DEV
DEV
DEV
CUR
DEV
DEvV
bEV
bEV
bEV
DEV
CUR
DEV
DEV
DEV
LEV
LEV
DEV
CUR
DEV
DEV
DEV
DEV
DEV
DEV
REC
"~ CUR
DEV
DEV
DEV
DEV
DEV
DEV
CUR
DEV
DEV
DEV
DEV
DEV
DEV
CUR
DEV
DEV
DEV
DEV
DEV
DEV
CUR
DEV
DEV
DEV
bEv
DEV
DEV
EOP

CUPLUNFHOVPLONFHFOUPLUFEFFOUPUNFONOUVLPVLNFFRFOVPONRERFOUVULPLNNRFOUL DN~ O-

NRL REPORT 7640

~565416
~-138e52
28577
285480
285482
~138e16
000
~4994¢41
-65e62
353671
372456
353459
=65e39
30400
-506403
~69473
350627
360436
342450
-T74437
60400
=527e94
-93e43
326643
327438
319.18
~98e91

~570420
-144e54
27827
280487
283646
=141e21
000
-503462
~7108
346456
368877
35171
~6Te77
30600
-509482
-T74+60
343483
356468
340669
=76e41
60400
=-531e57
-98403
320632
323456
31738
~100e82

1e50
~244492
=-48Y.98
le86
493408
248416

le80
241492
=48 59
2400
488483
245449

41405
~196¢35
=-446082

4568

52763
288459

T0el4 "
=166¢26
-423470

Tle91

552449
31966

~31.96
=-281.00
-528e37
~36429
454631
21240

=30e55
~276493
~523e13
=35e47
450437
210440

9.66
=230e24
~483e13

9e54

490623
254458

3915
«199473
=459¢47

36632

515463
286438

2312650
2238e2Y
2328el2
2249619
2333617
2241616

226340
2231652
2346050
22b1e74
235227
2234462

2265615
2220048
231773
22405073
2371624
223%9el4

227733
2214405
2291e88
2245619
2375665
2238621

232352
2252419
2342492
2269483
2353622
2256651

227332
2244040
2260674
226719
2372634
2249667

2274484
223277
233080
226401l
2391e46
2254408

2287611
2226026
2304476
2260094
2395696
2253400
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Appendix C
NONSTANDARD CURRENT FIELD

By changing the arithmetic calculations in the subprogram VELOC(I,PSPACE) [see
Appendix A—Source Language Listing], it is possible to introduce an arbitrary current
field into DESADE. No other changes in DESADE are necessary.

Within VELOC, PSPACE(I) is a position vector giving the location of an arbitrary
point in space referred to the fixed Cartesian coordinate system, in which X = PSPACE(1),
Y = PSPACE(2), and Z = PSPACE(3). Similary, VELOC(1,PSPACE) is the X component
of the current at this point in space, VELOC(2,PSPACE) is the Y component, and
VELOC(3,PSPACE) is the Z component. Note that the calculations must yield VELOC
in feet per second.

The current angle THETA is available as a variable in VELOC [that is, one can
change the direction of the nonstandard current field with respect to the X axis if de-
sired]. Also, PIP = 7/180 for conversion from degrees to radians,

An ANG card must appear after the first NDAT card specifying a current field
option = 2 whether or not THETA is used in VELOC (see PARAMETRIC STUDY
SOURCE DECKS). If THETA is not used in VELOC, the ANG card serves as a ‘“dummy”’
card allowing DESADE to run, and it suffices to leave fields 3 and 5 blank and to set
Field 4 as an arbitrary, but positive, number (see ANG card).
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