sl
e

&

&1.

CR 84.026

NAVAL CIVIL ENGINEERING LABORATORY
Port Hueneme, California

Sponsored by
NAVAL FACILITIES ENGINEERING COMMAND

NATFREQ USERS MANUAL - A FORTRAN IV PROGRAM FOR COMPUTING
NATURAL FREQUENCIES, MODE SHAPES, AND DRAG COEFFICIENTS
FOR TAUT STRUMMING CABLES WITH ATTACHED MASSES AND
SPRING-MASS COMBINATIONS

June 1984

An Investigation Conducted by:
Department of Civil Engineering &
Applied Mechanics

California Institute of Technology
Pasadena, CA 91125

N62583/83 M RO84

Approved for public release; distribution is unlimited.




METRIC CONVERSION FACTORS

&= B~ 8
—— —y
; N —— o
Approximate Conversions to Metric Measures |I.,H|. ﬂ Approximete Comversions from Matric Mousures
Symbot  When You Know  Muitipily by To Fimnd Symbol 8..............1..,Iln.|. .En N Symbot When You Know Multiply by To Find Symbicd

LENGTH — W‘m LENGTH
in inches *25 centimeters om |.Hm- = 2 om millimeters Q.04 Inches in
# feer k +] centimeters om e om centimeters 0.4 inches in
yd yards 8.9 matars m ~ - 2 m moters 3.3 teet #
i niles 1.6 kilometers km i r:. m meters 11 vards yii

AREA = w L km kitometers 0.8 miles mi
R . . iy © R
in? square inches 6.5 square centimeters n_.mu — B2 - 2 AREA 9
#2 sqjuare feat 0.08 sguare meters m e — ﬁ:& Qm square centimetsrs 0.18 squate inches in 3
<am squaze yards 0.8 square meters me - = - m 2 SGUaTE reters 1.2 squaTe yards ,au
miZ stjuare miles 2.5 square kilometers xm? errm— - Rk square kilometers 2 04 square miles mi
#ores 0.4 hectares ha — m ha hectares (10,000 m*} 5 acres
MASS (weight) F: —— b MASS (welght}
oz ounces 28 grams F] E.........m 2 ¢ grams 0038 ounces 7
1} pourds 0.45 Kilogrames kg ——— - kg kitograms 2.2 pounels b
short tons 09 tonnes t - W!lt t tonnes {1,000 kg) 11 shart tons
{2,000 ib} e e VOLUME
Y — e ———————

VOLUME —= 2 m miflifiters 0.03 fluid ouncss foz
tp LBRINOOTE 5 mi — - i fiters A pints pt
Thsp tabisspoons 15 mi = B | liters 1.06 crenrts at
ft oz fiuid ounces = milliliters ml - ﬁl]i...le ! 3 liters 0.26 gattons nmw
[ cups 0.24 liters | w — Bu cublc maters 35 cubic fest # 3
ot pints 0.47 liters ! ] = om cubic metars 1.3 cuble yerds yd
@ Quarts 095 liters ! —= TEMPERATURE (oxsct)

ﬁ..w gatlong 3.8 liters i PUNE-SNN ® . o
P cubic fest 0.03 cubic maters m3 PR C Celsius 9/6 {then Fahreriheit F
vad culic yards 0.7§ oubic meters m3 by = = r temperaturg add 32) temperature
TEMPERATURE {axact) _—r = -
Of Fahranheit 5/9 {after Celslus og —_ =
temparature subtracting temperature - [ or
32 ii...l!.ll.M... - o - J,a 213
Tlin = 254 (exactly). For other sxact convertiont and mare detelied tablss, sse NBS g Teer— y .L,ap et ww ». £ ._ h 41 .. A. . .._w.o. $ nwﬂu_ u. »4 m m
Misc. Pubt. 288, Units of Waights and Messures, Prioe $2.25, SD Catslog No. C13.10:206, m == - 4 20 @ b 20 o 0 100
-= H og k7 ¢




Unclassified

SECURITY ULASSIFIZATION OF TH1S BAGE fWhen Dara Ersierps}

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
T OREPORT NuMBESR ¢ GOVY ACCESSION MO 3 REUIPIENT'S CATALOG NURBER
(R B4.026
& TIYLE curnd Subijrle; 3. OYYRE OF REBORY & PERIGD TOVERED
NATFREG Users Manual--A FORTRAN IV Program for Final
Computing Natural Frequencies, Mode Shapes, and Gct 1982 - Sep 1983

brag Coefficients for Taut Strumming Cables with [& FERvomminG DAL REFSRY WouBER

Atfached Masses and Spring-Mass Combinations
7 B YR E; B LOKTRALT OR LRANT NUMBE Rz}

Prof W.0. Iwan
NE62583/83 M ROR4

N.P. Jones

§ PERFORMING SRGANIZATiON MAME AN ADDRESS i+ '.:zgi‘Q&"wGEWLKE?‘—i??rk‘:;;qo&:gg;‘ TASK
geiéitme§t ?f i?:tl Engwgee;xn? & Applied Mechanick PE 62760N F60.334.091.01
alifornia Institute of Technolagy VF § 4.091.01.A350
Pasadena, CA  S117% 0.534.091.01.A3

1 CONTROLLING OFFICE MAME AND ADDRESS 12, REPORT DATE
Naval Civil Engineering Laboratory June 1984
Port Hueneme, CA 93043 " “las o

14 MON:TORING ASENCY NAME & ADCRRESLf dilfarent itom Controfling Oftice) 5. SECLRITY CULASS (of thiz rapore
Navat Facilities Enginsering Command Unclassified
200 Stovall Street < S N —

» E A5 HCATIO it

Alexandria, VA 22337 EEEELSE M

W DISTRIBUTION STATEMENT fuf this Report)

Approved for public release; distribution is unlimited.

1 ODISTRIBUTION STATEMEKT (of the shstracr entered in Hlock 20, 41 dilfecent from Report}

W SUPPLEMENTARY NOTES

M. KEY WORDS {Continue on tdverze side if necessary and identily by block musmber}

cables, mode shapes, strumming, drag coefficients, taut cable, cable
dynamics, natural fregquencies

FEOABSTRACT [Tonfinue on reverse arde 1 necessary and identily by blork number;
Thic manual describes a computer praogram that has been developed to

calculate natural freguencies and mods shapes of taut cables with attached

mAsses éng spring-mass combinations. The equations of motion are solved by

ar tterative technigue allowing accurate calculatian even for extremely

high mode rumbers. The approach has the sdvantages that it is fast, accurate,

ard can easily accommodate a variety of system configurations including bodies

oD, if:“?a 1473 coimion oF tkov es s opsaLeTe

Unclassified
SECURITY CLASSIFILATION OF THIS FAGE ;Wher Data Enfered)




ncliassified
SECURIYY CLASIFICATION OF Thit FAGEWhan Deta Enterad)

attached 1o the cabie.
This document covers the theory used in the development of the code.
{ine-by-line descriptions of both the input and cutput data are given, znd
several examples 11lustrating the use ¢f the grogram are inciuded. Some
af the difficulities that may be encountered when running ifarge, compiex
aroblems are discussed and possible solutions proposed.
The structure of the program is described in moderate detail.  The program
is written in a style which makes additions or modifications easy o
implement.

Unclassified

SECLR:TY SLASS T CATION OF Twil DASE When Dare Frrerad)




TABLE OF CONTENTS

Chapter Title Page
Table of Contents i
List of Figures vii
List of Tables ix
1.0 INTRODUCTION 1
1.1 Structure of this Document 3
1.2 Site Requirements and Programming 4
Versatility
2.0 THEORETICAL BACKGROUND 5
2.1 Cable Dynamics 5
2.1.1 Equation of Motion 6
2.1.2 Contimuity of Displacement 7
2.1.3 Force Balance 7
2.1.4 Boundary Conditions 9
Fizxed End 10
Free End 10
2.2 Solution Algorithm for Mode Shapes 10

and Frequencies
2.3 Strumming Amplitude - Nonuniform Cable 12

2.4 Simulation of Nonuoniform Flow 19




vi

TABLE OF CONTENTS

Chapter Title Page
2.5 Drag Amplification 20
3.0 PROGRAM STRUCTURE 23
3.1 Program NATFREQ 23
3.2 Subprogram BLGCK DATA 26
3.3 Subroutine AMPH 26
3.4 Subroutine AMPLOT 26
3.5 Subroutine BSCALE 26
3.6 Subroutine CONVRT 26
3.7 Subroutine DAMP 26
3.8 Subroutine DISDIA 27
3.9 Subroutine IMODE 27
3.10 Subroutine MODPLT 27
3.11 Subroutine NATAUX 27
3.12 Subroutine PAGPLT 28
3.13 Subroutine PLTCIL 28
3.14 Subroutine RANGE 28
3.15 Subroutine READ 28
3.16 Sabrouwtine REDAX1 29
3.17 Subroutine REDAX2 29
3.18% Subroutine RESAMP 29
3.19 Subroutine SCROLL 29




vil

TABLE OF CONTENTS

Chapter Title Page
3.20 Subroutine SEARCH 30
3.21 Subroutine SEGDRG 30
3.22 Subroutine SIMP 30
3.23 Subroutine SOLV 30
3.24 Subroutine STORE 30
3.25 Subroutine TCDRG 31
3.26 Subroutine TITLRD 31
3.27 Subroutine TWDRG 31
3.28 Subroutine UNIT 31
3.29 Subroutine WRITE 31
3.30 Subrountine WRTAX1 32
3.31 Subroutine WRTAX2 32
3.32 Subroutine WRTAX3 32
3.33 Subroutine ZEROX 32
3.34 Other Subroutines 32

4.0 INPUT DATA SEQUENCE 34
4.1 Program Optjons 34

4.1.1 The Auxiliary Data File 34

4.1.2 Boundary Condition Options 35

4.1.3 Printed Output Options 35

4.1.4 Plotting Options 35




viii

TABLE OF CONTENTS

Chapter Title Page
4.2 Opening Output Files 38

4.3 Line by Line Input File Description 37

4.3.1 TITLE LINE 37

4.3.2 INPUT DATA FILE TYPE CONTHOL 37

4.3.3 GENERAL PROBLEM INFORMATION 37

4.3.4 SEGMENT LENGTH DATA 38

4.3.5 SEGMENT PROPERTIES 38

4.3.6 ATTACHED/SUSPENDED WEIGHT DATA 39

4,3.7 MODE SEARCH DATA 40

4.3.8 PRINTED OUTPUT SPECIFICATIGN 41

4.3.9 LOCATION FOR SPECIFIED OUTPUT 41

4.3.10 PLOTTED OUTPUT SPECIFICATION 42

4.3.11 PLOT RANGE SPECIFIERS 42

5.0 DESCRIPTION OF OUTPUT FILES 43
5.1 Standard Output File 43

5.1.1 Introductory Output Information 43

5.1.2 Echo of Input Dats 44

5.1,3 Program Output Data 43

5.2 Auxiliary Data File 48

5.2.1 Input Data Echo 49




Chapter

7.0

TABLE OF CONTENTS

Title
5.2.2 Natural Frequency and
Mode Shape Data

5.2.3 Response Amplitude Data

5.3 Plotted Output

5.3.1 Pagplt Type Plots
5.3.2 Seroll Type Plots
5.3.3 Mode Number vs. Velocity
Plots
ACCURACY AND CONVERGENCE
6.1 Convergence in the Natural Frequency
Algorithm

6.2 Convergence in the Newton-Raphson
Damping Calculation

6.3 Incorrect Mode Number Determination

SAMPLE PROGRAM QUTPUTS

7.1 Ezample 1

7.1.1 Example 1(a)
7.1.2 Example 1(b)
7.1.3 Example 1(c)

7.1.4 Example 1(4)

Page

49

h 1

50

51

51

51

53

53

55

56

57

57

57
57
58

58




Chapter

II
I1x

v

Vi

TABLE OF CONTENTS

Title

7.2 Example 2

7.2.1 Exanmple 2(a)
7.2.2 Example 2(b)
7.2.3 Analytical Results

7.3 Exanmple 3

REFERENCES

APPENDICES :

Newton—Raphson Algorithm for Damping Factor
Simplification of Integrals in Chapter 2
Modification of Damping Ratio by Fluid
Common Block Structure

Site Specific Installation Instructions
V.1 Double or Single Precision

V.2 Dimensioning of Arrays

V.3 Program Defaults

V.4 Width Specifiers

V.5 Output Files

V.6 Input Files

V.7 Mode Number Correction

Program Source Listing

Page

89

89
89
89

121

135

136
137
138
i41
149
149
145
150
150
156
150
151

152




Figure

2.2

2.3

2.4

3.1

5.1

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

i

LIST OF FIGURES

Title

High Mode Number for a Real Cable System

Typical Cable Segments

Displacement of ith Segment

Force Balance (meglecting static equilibrium
forces)

System Natural Freguencies

Program Structure

Maximum Segment Response

Example 1

Example 1{(a) - Plotted Cutput

Example 1(a) - Mode vs. Velocity Plot

[

Example 1(b) - Plotted Output

Example 1{c) Plotted Output

Example 1(d) Mode vs. Velocity Plot
Example 2(2) and 2(b)

Example 2(a) - Plotted Output

Page

11

24

47

59

69

72

80

85

88

52

103




Figure

7.9

7.10

7.11

T2

7.13

LIST OF FIGURES

Title

Example 2(a) - Mode vs. Velocity Plot

Example 2(b} —~ Plotted Output

Example 2(b} - Mode vs. Velocity Plot

Example 3

Example 3 — Plotted Output

Page

106

117

120

122

132




%iii

LIST OF TABLES

Table Title Page
7.1 Example 1(a) ~ Input Data File 60
7.2 Example 1(a) - Output Data File 61
7.3 Example 1{b) - Input Data File 73
7.4 Ezample 1(b) - Output Data File 74
7.5 Example 1{(b) - Auxiliary Data File 78
7.6 Example 1(¢) - Auxiliary Data File 83
7.7 Example 1(d)} ~ Input Data File 87
7.8 Natural Frequencies (rad/sec) for Free End Cable 90
7.9 Example 2(a) ~ Input Data File 93
1.10 Example 2(a) - Output Data File 94
7.11 Example 2{a} - Auxiljary Data File 100
7.12 Example 2(b) - Imput Data File 107
7.13 Example 2(b) - Output Data File 108
7.14 Example 2(b) =~ Auxiliary Data File 114

7.15 Example 3 — Input Data File 123




Table

7.16

7.11

LIST OF TABLES

Title

Example 3 ~ Output Date File

Example 3 — Auxiliary Data File

Page

124

130




1. INTRODUCTION

Many ocean systems employ cables either for structural support and
anchoring or as active system components., Static and dynamic modeling
of the interaction of a cable structure with the sea requires calcula~
tion of the loads due to cable drag. Strumming {vortex induced vibra~-
tion) of the cabies increases cable drag and also causes dynamic stress
and water pressure variations. Several methods have been developed to
predict the amplification of drag due to strumming and other dynamic
effects. TIn general, these methods require a knowledge of the natural
frequency and mode shape of the cable segment under consideration.
Previously, matrix methods have been used to determine cable natursl
frequencies and mode shapes, but these have been found to be costly and
subject to inaccuracy and possible lack of convergence for complex cable

systems,

This manual describes a computer program called NATFREQ that has
been developed to calculate natural frequencies and mode shepes of taut
cables, with attached masses and spring-mass combinations. The equa—
tions of motion are solved by an iterative technique allowing accurate
calculation even for extremely high mode numbers. The approach has the
advantages that it is fast, accurate, and it can easily accommodate a

variety of system configurations including bodies attached to the cable,

As an example of the type of cable system that may be analysed
using NATFREQ, Figure 1.1 shows the response of a 15400 foot long cable
with 380 attached flotation and instrument masses, The cable is
subjected to a2 flow velocity of 0.30 knots which excites the mode number

151 of the cable system. The complex nature of the response is clearly
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beyond the range of intmition.
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Figure 1.1. High Mode Number for a Real Cable System

The program NATFREQ finds the natural frequencies and mode shapes
of the cable system. Then, using a wake-oscillator theory of vortex
shedding adapted to internally elastic systems, [1], the amplitude of
response in a particular mode is calculated, The flow velocity required
to excite this mode is computed from the natural frequency using
Strouhal’s relationship, The drag amplification due to out—of-plane
vibrations is calculated from am empirical model proposed by Skop,

Ramberg, and Griffin [5].

Since the mode shape calculation has a significant influence on the
drag calculation, the mode shape determination scheme has been verified
by comparison to experimenta]l data. An experiment was performed to
messure the natural frequencies and mode shapes of a taut cable with

several attached masses, and a comparison made with the predicted
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results [4]. Good agreement was found in this comparison,

1.1 Structure of this Document

The theory used in the program NATFREQ is described in Chapter 2.
In sections 2.1 and 2.2, the algorithm for calculating the natural
frequencies and mode shapes is developed and described. The calculation
of the strumming amplitude is outlined in section 2.3, and the implemen—
tation of the program for non—uniform flow sitpations is discussed in

section 2.4, Section 2.5 discusses the drag amplification due to strum—

ming of the cable.

Chapter 3 describes the structure of the program. A short descrip—
tion of each subroutine is given, and a diagram indicating subprogranm

organization is included.

A detailed description of the input file(s) required to run the
program is given in Chapter 4., A brief overview of the output and plot-
ting optioms is followed by a line—by—-line description of the reguired

input sequence.

Chapter 5 contains the output and plotting option descriptions, and

gives a line-by~1line description of the output files.

In NATFREQ, a number of options have been included to improve the
stability, convergence and accuracy of the algorithm. Chapter 6

describes these options, and outlines the limitations most likely to be

encountered when using the program,

Finally, a number of examples are given iun Chapter 7. These exam—

ples may be used as a supplement to Chapters 4 and 5 to clarify the
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options available to the wuser in particular applications.

Most users should be able to successfully run the program after
reading Chapters 4, 5, and 7. Chapters 2, 3, and 6 may be needed only

for clarification if difficulties arise.

To gain a complete understanding of NATFREQ and the theory
involved, the user would need to read this entire manual including
referenced documents. Unavoidably, some of the theory presented in
Chapter 2 is complex and, for the sake of conciseness, rather
abbreviated. This chapter may be beyond the scope of the background of
some users, but it should be emphasized that a complete understanding of

this chapter is not necessary to sucessfully implement the program.

1.2 Site Requirements and Programming Versatility

The program shounld run as delivered on any CDC system with a
plotter that uses industry standard routines {as used by Calcomp). The
language used was FORTRAN IV, and the program is written so as to
facilitate adaption to other systems (e.g. PRIME, VAX, IBM, etc.). The
principal changes to be made concern system specific routinmes such as

calling the date and time, and specifying output file widths.

The piotting subroutines in the program make use of the basic
industry standard plot routines, as used by Calcomp, Nicolet Zeta, etc.
The program should not need any modification to rum & plotter which uses

these standard routines since no site specific plot packages are called.

Appendix V gives operator/user instructions for tailoring NATFREQ

to a specific site.




2. THEORETICAL BACEGROUND

The npatursl frequencies and mode shapes of cable oscillation are
obtained by an iterative substitution algorithm which finds the solution
satisfying the imposed boundary conditions of the problem [4]. Then the
amplitude of oscillation and effective drag coefficient are determined

from empirical formulae.

2.1 Cable Dynamics

The system considered is shown in Figure 2.1. It comsists of =n
cable segments, n-1 attached rigid masses, and n-1 attached spring-mass
combinations. The ith segment has an effective mass per unit length Py
and a tension Ti’ which are assumed constant over the length ii of the
segment. The mass attached to the end of the ith cable segment is Hi'
The attached spring-mass system at the end of the ith segment is assumed

to have & spring stiffness ki and & mass m,. Either or both of the

attached masses Mi or m, may be zero. All masses and densities include

any added fluid mass,

A

Y

"ﬁn—i x

Figure 2.1, Typical cable segments




2.1.1 Eguations of Motion

The equation of motion for the displacement v of the ith cable

segment, assuming no bending rigidity, is (see Figure 2.2)

2 .2
3 Yy gy,
{)imm_z- = Ti 2 H i= IJ.-.:B {2"'1}
ét dx

Figure 2.2. Displacement of the ith segment

The harmonic solution of this equation has the form

v () = Y (x) o0 (2-2)

where Yi(x) gives the shape of deformation, and w is the freguency of

oscillation. Substituting Equation (2-2) into Equation (2-1) gives

Yi{x) = A, sing ux + B, cosa wx ; 0 £{x ¢ [i {2-3)

i = 1,...,n




where
_ 1/2

@, = (pi/Ti) (2-4)
Ip addition to satisfying the equation of motion, the deflection of each
cable segment must satisfy certain additiomal conditions. These result
from the geometric dynmamic boundary conditions imposed on the ends of
the entire cable assembly, the continuity of displacement at each
attached mass, and the balance of forces at each sttached mass and/or

spring-mass combination.

2,1.2 Continuity of Displacement

The displacement must be continuous at each attached mass. There—
fore

Substituting from Equation (2-3) yvields

Biyg = A, sina of, + B; cosa.wl; (2-6)
Equation (2-6) may be used to find Bi+1 if Ai and B, are known,

2.1.3 Force Balance
Figure 2.3 shows the forces acting at each attached mass/sprung

mass location. The balance of forces at these points gives




2 |
ay. .. | ay .| 3%y,
i+1 azli o T 'éx}”;xmf. = M 5:;13 * kg §i(t)gx=£.
X 1 ! 1
x =0

R (2“7)

where Ei is the relative displacement of the ith sprung mass, measured

from the equilibrium position as shown in Figure 2.2. Static

eguilibrium forces are neglected for the dynamic case.

A

Y

Figure 2.3, Force balance (neglecting static equilibrium forces)

Substituting from Fquation (2-3) yields

LY Ai+1 - Ti (ai Ai cosaimli - ay Bi 51naimli)

i+l
ki @
=z mMi © Bi+1 — *E“*—“E'Bi+1 ; i=1,...,1n
®, — o

Solving Equation (2-8) for Ai+1 gives

(2-8)




a, T,
i i .
Ai+1 = 4y Ti+1 [Ai cosaiwli - Bi sxnaimii]
M. k. /M.
* ; 1+ Pt By (2-9)
i+*17i+1 {w™ - ki/mi}

Equations (2-6) and (2-9) may be used to find A,

i+l if Ai and Bi are

known,

2.1.4 Boundarv Conditions

At the left hand end of the cable assembly, the displacement is
assumed to be zero, Thus,
YI(O) = 0 {(2-10)

Substituting from Equation (2-3) thus implies that

B = 0 (2-11)

Since the magnitude of the deflected shape of the cable (mode shape) is,

at this point arbitrary, let

Al = 1 (2-12)

With conditions (2-11) and (2-12) on Al and B,, and Equations (2-6) and
(2-9) for Ai+1 and B, ., all subsequent A's and B's may be determined,

provided w, the natural frequency is known,

The system must satisfy one additional boundary condition at the
right hand end of the assembly. 'Two possible options are considered

herein; a fixed end condition and a free end condition,
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Fized End

For a fixed end condition, the displacement at the right hand end of the
last segment is zero, This gives
{ (2-13)

Yn(fn) = 0 = Yn+1

Equation (2-13) in turn implies that

Bn+1 = 0 (2~14a)

Free End

For a free end condition, the total force at the right hand end of the
last cable segment must eqgual zero, This implies that the first term in
Equation (2~7) must vanish, so that there is no force in the {n+l)th
Pimaginary"” segment. Using Equation (2-3), this gives the right hand

boundary condition as

A, = 0 (2-14b)

The values of w which give solutions satisfying condition (2-14&} or (2-

14b)} are the natural frequencies of the system.

2.2 Solution Algorithm for Mode Shapes and Frequencies

If w is increased from zero and the corresponding values of Bn+1 or
An+1 calculated, the result will be shown as in Figure 2.4. Each point,
w o=, for which Bn+1 =  or An+1 = 0 represents a valid solution of
the corresponding free oscillation problem. The w, so obtained are the
natural fregquencies of the system. There are an infinite namber of such

frequencies.
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n+1’
9n+¥

Figure 2.4, System natural frequencies
The mode shape of response of the ith segment associated with each

natural frequency oy will be denoted by Yik)(x). Then,

ng)(x) = Afk) sing.w, x + Bfk) COSa, w, X (2-15)
i i ik i ik

The wavelength of the mode shape of a particular cable segment is

given by
LU S (2-16)
i @, o
ik

The mode shape of the entire cable system will be such that the
number of internal zero crossings (nodes) is equal to k-1. The mode
number of a particular mode shape may therefore be obtained by counting

the number of internal zeros associated with the functions

y{K)
i

i=1,...,n. The solution process for the mode shapes and

*

frequencies may be summarized as follows:
1. Assume a value for Wy .

2. Let Bl = {j, A1 = 1,




2.3

—1 R

A «.v3 B, A ; B

B 3; n n np+l”

Solve for Bz, Az; 37

Check for B = 0 (fixed end) or An+1 = 0 {free end}. If end

n+l
condition is not satisfied, compare with previous value and esti-

mate a new trial wvalue for o.

Go to step 2 and repeat until either the end condition is less than
some prescribed accuracy or the change in @y is less than some

prescribed value.

Determine the mode number by counting the number of internal zeros

of the mode shape Yik) (2); i=1,...,1.

Strumming Amplitude —- Nonuniform Cable

It will be assumed with References [1,3] that the displacement, y,.

of the cable including attached masses may be described by a differen—

tial equation of motion of the form

azy oy 82y dz dy
p(x);—g + v(x)g; - T(x)““g = o, glx) 3t " 3t (2-17)
t ox

where p{x) is the mass per unit length of the cable systenm, ey is a flow

model parameter, z is a hidden flow variable, and g{(x) is a parameter

which specifies the mature of the fluid structure coupling., The func~-

tion g{x) is defined as follows :

1; for those portions of the cable where "locked—in"” vortex

i

gix)

shedding is taking place.

06; for those portions of the cable where "locked—in"™ vortex

if

shedding is not taking place. (2-18)
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The damping function or operator y{x) must account for the effects

of three types of damping
1. the internal cable damping (assumed viscous),
2. the fluid drag damping of the attached masses, and

3. the fluid drag damping of imactive cable segments which are not

being excited by vortex shedding.

v(x) may be represented as

A
y(x) = v(x) + 1};1 Cmif:(x-—xi) + [1-g(x)1C, (x) (2-19)

where
A
v(x) = a function/parameter accounting for internal viscous
cable damping,
Cm = the effective viscous damping coefficient for fluid
i
drag on the ith attached mass,
Cc(x} = the effective viscous damping coefficient for fluid
drag on the cable, and
5(x~xi} = 4 delta function at the location of the ith attached

mass,

For harmonic oscillation, an effective viscous damping coefficient

may be defined for a velocity—squared pressure drag using harmonic
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balance [2]. For the attached masses, this will yield

; “bu PA1| oy
c = g el P (x) {2-20)
m, In 2 gt 1 ampl
where CDm and Ai are the drag coefficient and area respectively of the
i
ith attached mass and p is the fluid density. The symbol . is

ampl

used to denote the amplitude of a harmonic function of time,

The effective viscous damping coefficient will vary for each cable

segment, Let C  denote the effective damping coefficient of the ith
i

segment, Then, from harmonic balance,

C (x) = §% (2-21)

ampl

where CBc and Di are the drag coefficient and diameter respectively of
i

the ith cable segment.

The eqgunation for z, the hidden flow variable, assuming no spanwise

coupling within the flow is given in Reference [1], Equation 6 as

9 2
8z {a,—a,) 4 dz dz a 3y
172’y B3 2 0
_ Lot b () J) + %y = - (z,t) (2-22)
5e2 a, D a, D ‘at’ et s a, Dot

The ai; {i =10, 1, 2, 4) are dimensionless model parameters defined in

Reference [3]. U is the cross—flow velocity, D the cable diameter, and

© the vortex shedding fregquency given by
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where S is the Strouhal Number,

In order to generate a solution of Equations (2-17) and (2-21), let

y and z be expanded in terms of the mode shapes of the cable as

IR S P
yi{x,t) = ;;; Y (x}yj{t)

8

H

2(x,t) Y‘j’(x}"z"jft) (2-24)

f
Phct

N}
where Y(j)(x) is the mode shape of oscillation in the jth mode given by
Bquation {(2-15), and Yj(t) and zj(t) are time dependent modal coeffi~

cients,

After substituting Equations (2-24) into Equation (2-22), the
resulting equation may be multiplied by Y(k’(x) and integrated over the
length of the cable. Due to the segmented nature of the cable, the

integration must be performed carefully. For example,

fl n f! i -1
plx) f(x)dz = p.{x}f{x)dx + M. f{x)8(x~x,) (2-25)
0 1;1 o * 12-;1 : i

where f(x) is some functionm of x, and 8(x~xi} has the same meaning as in

Equation (2-19),

The resulting equation may be written as
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TRy gy B 1 4k) = 2 - By~
Lt} - " P i in I (t) z, (t) + wo oz, (t) = = D k(t)
0 0 0
fereenernnans (2-26)
where
n L (x) gl (k) 4
[ f p ()Y (x)] Yix + [ M LY, ;(0)]
M) i 3 1=l (2-27)

n-1
(k) (k) (gy12
fo Py ()Y (x)] Zax + ; MLy, (0]

il

1
Equation (2-26) is in precisely the same form as Equation 17 in Refer-

ence [171.

In a similiar fashion, substitution of Equations (2-24) into Equa-

tion (2-17) yields

Fo) 20 6y +ely(t) = 223 (2-28
¥yt tk o v (t) +ep ¥ () = 7z (t) 2-28)
By
where
a
"Cixt;«r;i (2-29)
By
s & (k) 2
Ik = ﬂ [z: f {Yi {x})] {1*g€x)I€c‘{x)éx
k% Lli=1 i

[1 c_ IYS;(O)] ] (2-30)
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.
1 i n—1
{k) 2 {k} 2
n, = p. FY " (x)]1%dx + MY T (0] {(2-31)
} 4 e }J;) i 121 i Tivl

A b

1 i

;: J o ei%ma

=1

zg is the internal cable damping expressed as a fraction of critical

damping, while Z; is the effective fraction of eritical damping for the
A

system including cable and attached mass fluid drag. “k is a mass

parameter,

Equations (2-26) and (2-28) are of exactly the same form as Equa-
tions 17 and 12, respectively in Reference [1], with appropriate modifi-

cations to the coefficients. Hence, the analysis in [1] may be followed

directly.

Making use of the empirical relationships for the amplitude of
response developed for circular cylinders [I], and letting the vortex
shedding frequency, 0 be equal to the system natural frequency, Wy, the
expression for the amplitude of response of the ith cable segment may be

shown to be

7y =y = 0 J02 G0 s

(x) . e My) |
where P is an amplification factor, I is & mode shape factor, and

ds is the diameter of those cable segments actually shedding vortices.

(k)

The factor P may be expressed empirically as ([1])
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(k) 1
P = (2-34)
1+ 9.60(nik)ﬁ;)i'g

(k)

where ko is an effective mass ratio parameter. For the present case,

it may be shown that

A
T —L— (2-35)
npd /4

Using the eqguations for the eguivalent viscous damping coefficients

for the system, Equation (2~30) may be expressed in the form

G o= 0+ pRglR) (2-36)
where
C pA pD. f{.
n—-1 Dm n Do, 4 i
IY(k)(O) 2: I I (k)(x)rzghtl [1-g(x)ldx
/ 2 [Hi+1 - ¥
44 i=1 =1 0
@(k) - 5 :
3n o {, -1 1/2
n;/2 {m1 pifo {Y(k)(x}l dx + }; M, [Y“"(O)l ]

PR A A R I Y (2"'37)

PDue to the presence of the amplitude of oscillation implicitly in
the equation for damping fraction, ﬁ; must be solved for numerically

using a Newton—Raphson techmique. This is outlined in Appendix I.

Many of the integrals involved in the preceding derivation may be
simplified by substitution of Eqguation (2-13) for the mode shape of the
ith cable segment. Some of these simplifications are given in Appendix

Iz,
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Equations (2-33) - (2-36) represent the complete solution for the

strumming amplitude of response, Equations (2-34) and (2-36) are first

combined to solve numerically for the overall effective damping factor,

t;, Then, the results of Eguations (2~%7) and (2-34) are substituted

into Equation {2-33) to caleculate yi{x).

It should be noted at this point that if the system is uniform,

with no attached masses, then the amplitude of response, as given by

Equation (2-33), will be a constant for all modes, The integrals

appearing in all the terms in (2-33) may be shown to reduce to constants

that are independent of mode number in this case,.

2.4

may,

Simulation of Nonuniform Flow

The equations developed for the case of & nonuniform cable system

with very little modification, be applied to a nonuniform flow

situation. This may be accomplished by specification of the coupling

parameter, g(x), as follows

1.

For a given mode of the system, a shedding velocity profile is

determined for the entire cable system according to the expression

oy dix)
vs(X} = 2n8

(2-38)

where Vo is the shedding velocity, d(z) is the cable diameter as a

function of position along the cable, and S is the Strovhal Number.

The shedding velocity profile is compared to the "input"” velocity
prefile. For regions of the cable where the two profiles are

within some specified range of each other, the flow is assumed to
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be locked—in and g{x) is set equal to ome. For all other regions

of the cable, g{(x) is set to zero. i.e.

vs{x} - VI(x)

gl{x} = 1 ; ’ ie

vyl(x)
= 0 : elsewhere. {2~39)

Additional cable segments may be added as necessary to accurately

define the boundaries of g(x) = 1,

3. Equations (2~33) - (2~36) are solved and the amplitude of oscilla—

tion determined,
4. The mode number is changed and steps 1 — 3 are repeated.

5. The modal amplitudes of response may be combined in any consistent
manner such a s the sguare root of the sum of the squares method.

The nonuniform flow calculation has not yvet been incorporated into the

NATFREQ code,

2.5 DPrag Amplification

The average drag coefficient, CDc » for the entire cable system
ave

(excluding attached masses and assuming constant diameter within a seg-

ment} will be defined as

C = {2"‘"49)

ave n
1; R

where CBc is the drag coefficient, d, the diameter, and (i the length,
i
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of the ith cable segment, The weighting area is simply the sum of the

segment lengths multiplied by the segment diameters.

In a similar manner, the average drag coefficient for the attached

masses is given by

111
[ DA, A,
i=1
oA, = - (2~41)
A,
=1 1

where CDAi is the coefficient of drag and Ai the effective projected

area of the attached weight at the end of the ith segment.

The drag amplification due to strumming oscillation is assumed to
be given by the theory presented by Skop, Griffin, and Ramberg [5). For

the cable only, this gives

Cn'(x)
i

CDc.
i

= 1.0 + 11602y (x) /a5 i - 1,...,n (2-42)

where Cp (x) is the effective drag coefficient of the ith cable segment
i

in the flow direction, and CDc is the nominal drag coefficient of the
i

cable at rest as defined earlier. The drag coefficient so modified for
strumming effects is presented in the program as an average value for

the segment, Cﬁ » where
i
j i
C. (x)dx
o D

(2-43)
i li
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The integral in Eguation {2~43) may be evaluated analytically for por—
tions of the cable system which are full cycles of a harmonic function,

or by numerical integration.

Drag amplification on the attached weights is calculated in a
similar way, using the effective diameter of the mass and the displace—

ment at the mass location,

The new averages of drag coefficient for the cable and the attached
weights are calculated using Equations {2-40) and (2—41), except the
modified coefficients are used. An overall average drag increase is
defined as follows, allowing for both the masses and the cable, once

ggain weighted by projected area.

1] n
[ _-=1CD°~d'{i * 1; Py Ai]modified
CDT = (=L 2 -~ 1 }x 100% (2-44)
ave n n
[ Cp a0, + ) CDA, A.]

i . .
original
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3. PROGRAM STRUCTURE

The NATFREQ program consists of a short main or driving program and
& series of separate subroutines, The reasons for this organization

are
~ debugging of the program and input data is more readily performed,

— alteration or upgrading of existing methods is more easily

accompl ished, and
— new options or routines are more easily added.

An overview of the structure of the program is given in Figure 3.1. A

complete Iisting is given in Appendix VI,

A brief description of the separate program elements is given

below.

3.1 Program NATFREQ

The driver program, NATFREQ, serves to coordinate the execution of
all other program elements. Initially, TITLRD and READ are called to
input the required data, then the first natural frequency and mode shape
are found using SEARCH, AMPH, and ZEROX. IMODE, DAMP, RESAMP, SEGDRG
and TOTDRG are sequentially called to calculate the cable response due
to vortex shedding. Subroutine WRITE is then called to ountput the
results, and, if plotting is desired, PLTCTL is utilized. The above
steps are repeated for further modes in the specified range. Other sub-

routines may be called by NATFREQ depending on the options chosen.




4 BLOCK DATA

1  TITLRD

iy G-

UKIT

DISDIA

—f WRTAX1 |

SEARCH

CONVRT

NATAUX

REDAX1

REDAXZ

ZEROX

WRTAX2

NATFREQ

IMODE

DAMP

RESAMP

SEGDRG

SOLY

PLTCTL

AMPH

TCDRG

TWDRG

WRTAX3

WRITE

SIMP

CONVET
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STORE ’

PLTCTL : BSCALE

~——{ PAGPLT | AMPLOT

SCROLL

PLOT ROUTINES

___{ MODPLT | RANGE

Figure 3.1, Program Structure
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3.2 Subprogram BLOCK DATA

In BLOCK DATA, certain program constants are set. nm and the
Strouhal number {(takenm as 0.21) are defined, as well as the input and
output device numbers. The presence of certain constants in this
program element mekes it easy to change these constants globally if

desired,

3.3 Subroutine AMPH

Calculates the normalized amplitude and phase of the calculated
mode shape, The maximum modal response in each segment and over the

whole cable is also found in this routine.

3.4 Subroutine AMPLOT

Plots the scaled points if a plotting routine is called. Subrou-
tines PAGPLT and SCROLL set up the axes and labelling, then each calls

AMPLOT to plot the data.

3.5 Subroutine BSCALE

Evaluates the scale to which the output cable response is plotted.

3.6 Subrontine CONVRT

The natural frequencies are found in units of rad/sec, CONVRT
converts these units to hertz, and effective cross~flow velocity (using
the Strouhal relationmship) in ft/sec, cm/sec, and knots for output

puLposes.

3.7 Subroutine DAMP

The effective damping ratio for the cable must be found in an

iterative manner as outlined in Chapter 2. DAMP calcunlates this ratio
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using a standard Newton-Raphson technique {see Appendix I).

3.8 Subroutine DISDIA

The relationship between vortex shedding frequency and cross-flow
velocity depends on the diameter of the shedding element (see Equation
2-22). DISDIA scans the input diameters, counting and storing the
distinect values it encounters. These are used subseguently to evaluate
the response when different sections of the cable are being excited at

different cross~flow velocities,

3.9 Subroutine IMODE

Lot
IMODE calculates the mode shape factor, I(k), (Eq 2~-26) using the
results of Appendix II, It also calculates the integrals appearing in
the damping terms of Eguation 2-36, which are used later in subroutine

DAMP,

3.10 Subroutine MODPLT

Subroutine to control the plotting of the mode number vs. flow
velocity plot, if this is desired. RANGE is called to perform the

actual plotting of data (see also RANGE) ,

3.11 Subronptine NATAIX

As discussed more fully in Chapters 4 and 5, the program option~
ally generates "auxiliary data files” which may be used for post-
processing applications., If a file of this type is used as input to the
program, NATAUX controls the execution of the program in a similar way

to NATFREQ if 2 "pormal” data file was used. REDAXI and REDAXZ are
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called to read the file, and the plotting routine requested is called,

3.12 Subroutine PAGPLT

PAGPLT is an altermnative plotting routine. It minimizes labelling
and produces smaller plots, The default plotted cable axis length is 10
inches. The plots are produced sideways on the page, and are arranged
to fit three per standard 8.5 x 11 page. Plotter set-up is discussed

more fully in Chapter 4,

3.13 BSubroutine PLTCTIL

If a plotting option is chosen, PLTCIL is called by the main
program. A scale is established for the plotting routines using BSCALE,
then control is transferred to PAGPLT or SCROLL to perform the actual

plotting.

3.14 Subroutine RANGE

The Strouhal relationship (2-23) indicates that for a given flow
velocity, the vortex shedding frequency depends on the diameter of the
cable. For a cable with segments of several distinct diameters, one can
deduce from the model that several modes may be excited by a4 very narrow
range of flow velocities. TIf this occurs, the applicability of the
model in that region may be in guestion. RANGE plots the mode number
against flow velocity over the specified frequency range so0 behavior of
this type may be detected. Example 1 in Chapter 7 illustrates this

behavior and the use of a mode vs. velocity plot inm greater detail.

3.15 Subrontine READ

For normal program operation, the input data enters the program

through READ. General information (number of segments, boundary
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condition code, cable damping, flvid density) is entered first, followed
by the cable parameters (diameters, segment lengths, drag coefficients,
etc,)., Automatic generation options are included to reduce the tedium
of creating large input files, Frequency search data (lower limit,
increment, etc.,) is then entered. Finally, output and plotting codes
and associated data are input., Most of the data is echoed as output in

4 convenient tabular manmer to give a complete listing.

3,16 Subroutine REDAXI
Called by NATAUX to read the auxiliary data file. REDAXI reads in
the general problem data (no., of segments, cable segment lengths, etc.)

in abbreviated form,

3.17 Subroutine REDAX2

Again, called by NATAUX to read the auxiliary data file, REDAX?2
reads the generated modal data (phase, etc.) and the strumming
amplitudes for plotting. Time is saved by reading only the specified

range of segments neceded for plotting,

3.18 Subroutine RESAMP

The nominal mode shape of the cable is scaled according to Egna-
tion 2-32 to give the strumming response amplitude due to vortex shed-

ding.

3.19 Subroutine SCROLL

This is one of two plotting options available, producing 2 8 inch
ordinate axis and comprehensive labelling., It is best produced on
continuous, or roll, paper as the cable distance axis (abscissa) may be

input as any length (default is 20 inches). These plots are most useful
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when a detailed output is desired, as the plot size is generally large.

3.20 Subroutine SEARCH

Natural frequencies are found by the "shooting” technigue
described in Chapter 2. SEARCH controls this process and adjusts
successive estimates to enable convergence to the next system freguency.

Sobroutine SOLV is called to calculate the Aik)’s and Bik)'s (Eq 2-15}.

3.21 Subroutine SEGDRG

The drag on the strumming cable is increased by the out of plane
vibration (Eq 2-39). This subroutine evaluates the modified drag
coefficient on each segment by averaging the above equation over the
length of the segment. SIMP is called to numerically integrate the

equation.

3.22 Subroutine SIMP

Subroutine to numerically integrate the drag amplification expres—

sion over the segments by Simpson's rule.

3.23 Subroutine SOLY

SOLV calculates the Agk)'s and ng)'s for the cable system at &
particular frequency estimate as described in Chapter 2. Control is
returned to SEARCH whichk updates or accepts the current estimate before

returning to SOLV or back to the main program.

3.24 Bubroutine STORE

This subroutine stores the mode number and Strouhal velocity data
for plotting by RANGE if this option is requested. (See also RANGE,

MODPLT) .
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3.25 Subroutine TCDRG

The average amplified drag over the whole cable is evaluated by

averaging the individual segment drags from SEGDRG,

3.26 Subroutine TITLRD

All preliminary program informiation is controlled by TITLRD. This
includes reading and writing the title, date, and time. Program "Notes
on Output” are also written here, and adding extra onmes is easily
effected, if appropriate. Column headings for input data echo are then

printed.

3.27 Subroutine TWDRG

The effective coefficient of drag on the attached masses is also
increased by the out of plane vibration. TWDRG, in a similar manner to
TCDRG, calculates this drag increase, then finds an overall average
increase in drag coefficient for the whole cable, allowing for both

cable segments and attached masses,

3.28 Subroutine ONIT
The input units for the frequency search algorithm, SEARCH,
(hertz, ft/sec, c¢m/sec, knots) are converted to rad/sec for iteration.

UNIT is essentially the inverse of CONVRT.

3.29% Subroutine WRITE

WRITE is used to output the results of the program {mass response
amplitude, segment response amplitude, drag coefficients, etc.) in a

tabular manner. Several options for ocutput are available, as discussed
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Chapters 4 and 5.

3.30 Subroutine WRTAX1

If the option to write an asuxiliary data file is chosen, WRTAX1l is
called to output the title and general segment information. As these
files are considered to be useful for debupgging problems where, for
example, difficulty in comvergence has been experienced, more informa-

tion than is generally required for post—plotting is output.

3.31 Subroutine WETAX2?

As for WRTAX1l, except natural frequency and mode shape data are

output.

3.32 Subroutine WRTAX3

As for WRTAX!, except strumming amplitudes and maximom segment

responses are output.

3.33 Subroutine ZEROX

The mode number is determined by counting the zero crossings {see
Section 2.,2)., ZEROX calculates analytically the number of zero cross-—
ings in each segment, then sums over all the segments to determine the

mode number associated with the particular freguency.

3.34 Other Subroutines

Several subroutines are used in NATFREG that have not yet been
mentioned, These are grouped under the categories of plotting subrou-

tines or site-specific subroutines,

The former include subroutines PLOT, PLOTS, NUMBER, SYMBOL, and

AXIS., These are plotter dependent commands which reside in the host's




—3 3

plot library and are used to generate plot files. The user is directed
to the manuals associated with the particular plotter for further infor-

mation,

The latter category includes subroutines for calling the date,
time, and for setting output printing widths., These, again, are site-
specific and shounld not in generzl concern the user once the program has
been correctly installed on the host computer (see installation instruc—

tions in Appendix V).
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4. INPUT DATA SEQUENCE

4.1 Program Options

4.1.1 The Auxillisry Data File

NATFREQ contains an option for creating an auxilliary data file
(ADF) on disk, The ADF contrins data necessary to generate post-plots
withont performing all the calculations for the mode shapes and vortex
shedding model again. Some additional data is ipcluded which may be
useful for debugging cases where difficulties are encountered. This
option was mainly included for the analysis of complex cable systems
where the behavior of the system is beyond the range of intwition, In
such cases it is difficult before rumning a problem to estimate a plot—
ting range which will successfully illustrate regions of the cable which
are undergoing significant motions. A first rum is almost always
required to isolate the cable sections where large displacements are
occurring, then the ADF may be used as an input file with the desired
plot parameters. This avoids executing the whole program again and is

generally much cheaper.

The ADF is also very convenient to use on shorter problems. The
file may be edited in the normal way and specified ranges may be given
independently for different modes. This is not possible with a normal

data file,

Another use of the ADF is debugging. It is not necessary, or
desirable to clutter the main output file with calculated parsmeters
such as a.. These, however, may be useful for checking if a particular

problem is not executing correctly or as expected.
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It should be noted that the generation of an ADF is optional, and
the default is no generation. However, for all but the simplest of
problems, it is recommended that an ADF be created, even if it tarns out

that it is not used and is later deleted,

4.1.2 Boundary Condition Options

The boundary condition at the left hand end of the cable
(iie. x = 0), is always that the displacement is zero
(See Equation 2-10.), The program is, however, set up to handle both
fixed and free boundary conditions at the right hand end of the
cable, The actual boundary condition is specified by the IBCODE parame-

ter on the third input file line.

4.1.3 Printed Output Options

Depending on the nature of the problem, the detail and/or quan—
tity of the output data required varies, For.this reason, several
output options are included, each giving & different type of output,
The whole spectrum is covered from no output to a full output including
specified location details. More information is given on the cutput

date specification line described in 4.3.8,

4.1.4 Plotting Options

Three types of plot are produced by NATFREQ. The first is 2 plot
of oscillation mode number versus Strouhal velocity. This is discussed
more fully under "Subroutine RANGE" in Chapter 3, This plot may be pro-

duced alone or with either of the following two plot types,

The other two plot types are used for plotting the strumming

response amplitude versus distance along the cable, "SCROLL" type
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outputs are generally large plots with & default abscissa length of 20
inches. They are fully labelled and titled. "SCROLL” is used when the

plot is required to give reasonable detail at an easily read scale.

“PAGPLT" plots do essentially the same job as above, exgept the
output is smaller, with an ordinate length of 2 inches and a default
abscissa length of 10 inches. Labelling is minimized, The layout of
the output is arranged so that three plots fit on a standard 8.5x11 inch
sheet. Additional discussion of plot types is given in Chapter 3 under
"Subroutine PAGPLT” and "Subroutine SCROLL”. See also Chapter 7 for

examples of the various types of plot.

When using the plotter, the program assumes that the pen is ini—
tially set at an origin at the lower left of the page, regardless of the
plot type. The first command executed in the routipe chosen resets this

origin, and subsequent movements are allowed for accordingly.

4.2 Opening Output Files

Output from the program is directed to three separate files,
corresponding to the standard output file, the plot file, and the ADE,
These are assigned units 6, 7, and 8 respectively, and the approprisate
channels should be opemed before running the program. The defaunlt
devices may be changed in the BLOCK DATA routine, if desired. If, for
example, no ADF is to be written, it is unnecessary to open unit 8.
However, ALWAYS open unit 6, as error messages generated while the

program is running are written to that device.
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4.3 Line by Line Input File Description

4.3.1 TITLE LINE

Cols

Variasble

Type

Description

1-80

TITLE

Int

Job title or end of file. If the end of file
is encountered, the job is terminated and
plot files are closed.

4.3.2 INPUT DATA FILE TYPE CONTROL

Cols Variable Type Description
1-5 IDAT Int IDAT = 0 ...standard input data file.
IDAT = 1 ...auxiliary data file (see 4.1.1),
(Automatically written in ADF,)
4.3.3 GENERAL PROBLEM INFORMATION
Cols Variable Type Description
1-5 NSEG Int  Total number of segments in the cable, The
end of a segment is normally defined where a
weight is added, or where cable properties
change,
6-10 IBCODE Int  Boundary condition code for right hand end of
cable.
IBCODE = 0 .,...fixed end.
IBCODE = 1 ,,...free end.
11-20 ZETA Real Fraction of internal structural critical
damping for cable as messured in air.
21-30 RHOW Real  Weight density of fluid (1b per cubic foot).
Defanlts to 64.0 Ib per cubic foot {salt
water density).
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Cols Variable Type Description
1-10 CL{Y) Real Length of Ith cable segment (ft.}.
11-13 EG Int  Generation parameter. KG gives the total

number of consecutive segments (including
this segment) with the same length as this
segment, If KG=0, it is taken as 1.

NOTE : 1. The program keeps track of the number of generated segments.

If more than NSEG are gemerated, an error message is printed.

2. Input all segment data as above before proceeding to 4.3.5.

Sections 4.3.4, 4.3.5, and 4.3.6 are independent i.e. the number of

lines needed in 4.3.4 is not necessarily the same as for 4.3.5,

4.3.5 SEGMENT PROPERTIES

Cols Variable

Type

Description

1-10 D(I)

11-20 WC(I)

21-30  Te(D)d

3140 CnC(1)

41-45 KG

Real

Real

Real

Real

Int

Diameter {in.) of the Ith cable segment.

Weight per unit length in air (including
added fluid weight) of the Ith segment
(Ib/ft.}).,

Tension in Jth segment (ibs.).

Fluid drag coefficient for the Ith cable seg-
ment (non—strumming system).

Generation parameter. Gives the number of
consecutive segments (including this segment)
with the same properties as this segment., If
KG=0, it is taken as 1,

NOTE : 1. The tension, TC(I), may need to be determined by a prior

static analysis.
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4.3.6 ATTACHED/SUSPENDED WEIGHT DATA

Cols

Variable

Type

Description

1-10

11-20

21-30

31-40

41-50

51-60

61-65

AW(I}

STIF(I)

STWT(I)

CDA(I)

PRA(I)

DEFF (1)

kG

Real

Real

Real

Real

Real

Real

Int

Weight of attached mass, Mi {in air, ineclud-
ing added fluid weight) at end of Ith cable
segment (1b.). (See Figure 2.2),

Stiffoess of attached spring at end of Itk
segment (1b/ft,).

Weight of sprung mass, m, (in air, including
added fluid weight) at end of Ith segment
(1b.). (See Figure 2.2).

Drag coefficient for added weight at end of
Ith segment {sq. in.). (Non~strumming
system},

Projected frontal ares (sq. ft.) of the Ith
attached weight, perpendicular to the flow

direction,

Effective diameter of the Ith attached weight
(in.) measured perpendicular to both the flow
and cable axis, Defaunlt : cable diameter,

Generation parameter. {See 4.3.5 for descrip—
tion,)

NOTE : Drag is not considered for sprung weights,
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4,3.7 MODE SEFARCH DATA

Cols Variable Type Description

1-5 MX%DSI Int Maximum number of modes sought in the
specified range, beginning with the lowest.

11-20 OMSTRT Real Lower limit of frequency search range. Units
are given in UNITS parameter below.

21-30 OMSTUPl Real Upper limit of frequency search range, Units
are given in UNITS parameter below.

31-40 DELOM Real Frequency search increment. Defaults to a
value calculated by the program. Units are
given by the UNITS parameter below,.

41-50 ACC Real Accuracy of convergence desired in mode
search algorithm. Defanlt = 0,005%.
5155 UNITS Int Specifies the units of the input search

parameters above.
UNITS = 1 ,..units are rad/sec.

= 2 ...units are hertz.

=3 ,,,units are ft/sec.

= 4 ,..units are cm/sec.

= § ,,,units are knots,
The program searches in rad/sec. If ONITS =
3, 4, or 5, the Strouhal relationship is used
to convert input units to search units.

NOTE : 1. The program terminates the search for frequencies when the
maximum number of modes found is greater than MXMDS, or when the end of
the search range is encountered, whichever oceurs first,

2. Accuracy is defined as the ratio of A or Bn+ to the

n+1 1

maximum cable modal amplitude, depending on whether the right hand end
is fixed or free., The boundary condition is given by Equation 2-14a or

2-14b, depending on IBCODE in 4.3.3.
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4.3.8 PRINTED OUTPUT SPECIFICATION

Cols Variable Type Description

1-5 TAUX Int Specifies whether or not an ADF is written.
IADX = 0...No ADF written,
= 1...ADF is written,

6-10  IOUTCD'  Int Specifies type of output desired.
IOUTCD = 0.,.No printed cutput,
= 1,,.Full outht inecluding specified
locations™,
2...Full output, no specified
locations,
= 3...Summary output including
specified locations,
= 4...Summary output, no specified
locations,

H]

11-15 NSPEC Int If IOUTChD = 1 or 3 above, NSPEC gives the
number of specified locations along the cable
where response amplitude is desired.

NOTE : 1. If IOUTICD = 0, 2, or 4, NSPEC need not be specified and Sec-—

tion 4.3.9 is omitted.

2. A "specified location" is any point other than segment end

locations where details of the output are desired.

4.3.9 LOCATIONS FOR SPECIFIED OUTPUT

Cols Variable Type Description

1-10 SPLOC(I) Real Locations along cable for specified output,
measured in feet from left hand end of cable,
(See 4,3.8 and Chapter 5.)

11-20

21-30

efc,

NOTE : Use as many lines as necessary to input NSPEC locations.
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4.3,10 PLOTTED OUTPUT SPECIFICATION

Cols Variable Type Description

15 IPLTCD Int Plotting option code,
IPL.TCD = 0,..No plots.
1..."Pagplt” type plot,
2...%8croll” type plot.
3,.."Pagplt” type, plus
mode vs, velocity.
= 4,.."8croll” type, plus
mode vs. velocity.
5...Mode vs. velocity omnly.

[

13 ]

i

it

5-10  IPSPEC'  Int Plot range option code.
IPSPEC = 0...Plot entire cable length.

IPSPEC = 1...Plot over specified segment
range {see next input line}.

11-20 PLEN Real Abscissa length, in inches. Defaults to 107
for "Pagplt"” plots, and 20" for "Scroll”
plots.

NOTE : 1. If IPSPEC = 0, omit the next input line.

4.3.11 PLOT RANGE SPECIFIERS

Cols Variable Type Description

1-5 IPSTRT Int If IPSPEC = 1, gives segment number where
plotting of output commences. I.e. the left
hand end of the plotting range.

5-10 IPSTOP Int If IPSPEC = 1, gives segment number where
plotting of output is terminated. I,e. the
right hand end of the plotting range.
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5. DESCRIPTION OF OUTPUT FILES

NATFREQ, as discussed in earlier chapters, prodnces two types of
printed data files. The first, or standard output file, is the file
containing the main output of the program, presented in an informative
and e¢asily read manner. The second, or auxiliary data file (ADF),
presents program dats which may be used for post—plotting applications
or for debugging the program. The data in the ADF is generally
presented in a less readable manner than the main cutput file. It con—
tains some data comsidered unnecessary in the main output file, but
which may be of use in some circamstances. Both file types are

described below.

5.1 Standard Ontput File

The output from NATFREQ is divided into two main sections, The
first contains general notes on the output and an echo of the imput
data. The second section, which varies in content depending on the
option chosen, basically contains the frequency, response amplitude and

drag coefficient data as calculated by the program.

5.1.1 Introductorvy Output Iinformation

In all outputs, the following information is presented first. It
is written in subroutine TITLRD, so if further notes are needed, or
modifications made to those existing, only this routine need be

modified,

The problem title as input in 4.3.1 is given, followed by the date

and time as read from the clock on the host computer.
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The program, as supplied, can be converted simply to double preci-
sion should the extra accuracy be found to be necessary. This would be
echieved as described in Appendix V, while Chapter 6 discusses some rea—
sons why it may be necessary. It is useful for the user to know whether
the output is from a program run in single or double precision., This

information follows the date and time on the output file,

A series of output notes is listed at this stage. It is often use—
ful when viewing output to be able to clarify some points without having
to refer back to the user manual. Several points which are considered
to be most frequently queried are listed, and should be read before the
remaining output data is viewed. More notes may be added to this series

as discussed above for a particular site, or application,

5.1.2 Echo of Input Data

The data input as described in Chapter 4 is repeated at this
stage. This is done for two main reasons; it allows this output file to
present a full record of the problem, and secondly allows the user to
check that the data was indeed input correctly. It is not uncommon to
"slip a column” when constructing an input file, as experienced users
will be well aware. The parameters listed have all been described
already in Sections 4.3.3, 4.3.4, 4.3.5, and 4.3.6. An additional
column contains arc length data. This is the total length of the cable
system, up to the end of the current segment., It is calculated by the
program as the individual segment lengths are read in by simply summing

the individual lengths.

Several other input parameters are repeated: the total number of
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segments, the maximum nember of modes sought, and the boundary condition
at the right hand end of the cable assembly. The mode search limits in
various umits are printed in g tabular manner, along with the mode
search increment as input or the default value caloulated in the
program, The fluid density and fraction of structural critical damping
in air are repeated, followed by an effective fraction of structural
c¢ritical damping in the fluid. Derivation of the latter value is

described in Appendix III.

Two averages are given for drag coefficients based on the input
information. These may be used later for comparison with the values
modified by vortex shedding, The first is the average of the segment
drag coefficients, weighted by the projected segment area, as given by

Equation 2-40,

The second drag coefficient given is the average drag coefficient
for the attached masses, again weighted by their projected areas, This

average is defined in Equation 2-41.

5.1.3 Progranm Output Data

The natural frequencies, response amplitudes, and associated data
are output in order of increasing mode number. At each mode number, if
there is more than one diameter in the cable system, the data is oumtput

for each distinct diameter in turn.

The natural frequency in hertz and rad/sec is followed by the
Strouhal velocity, corresponding to the particular diameter being
excited, in ft/sec, cm/sec, and knots. The effective fraction of criti-

cal damping, considering both fluid and structural effects, as
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calculated in Appendix II is shown, then the effective mass parameter,

given in Eguation 2-35,

The maximum response amplitude over the whole cable assembly and
its location is given, followed by the accuracy attained in the
frequency search algorithm., The accuracy is defined as the ratio of
magnitude of An+1 or Bn+1 to the maximam cable amplitude of response, as

described above,.
The iteration procedure ends in one of three ways

-~ the end boundary condition is less than the input tolerance

described in 4.3.7.

-~ the change in frequency celculated by the search algorithm is less

than 10712

— the change in boundary condition from one iterationm to the next is

less than 10 12

In most "normal” problems, the first condition will control. How—
ever, the second two conditions are included as it is found that in some
larger problems, the accuracy requested may not be attainable, and the
program could enter am infinite loop. The cutoff value of 10"12 is
considered to be the limit of double precision accuracy for the machine,
This value may be changed, if desired, in subroutine SEARCH, Note that
whether or not the double precision version of the program is runm, the
subroutine SEARCH is double precision. If one of the second two condi—

tions controls the exit from the search algorithm, it is useful fo know
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what accuracy or convergence was attained.

The segment and attached weight response dataz are output segment by
segment. An asterisk {*) beside & segment nomber indicates that the
segment is active. That is, for that particular mode and flow velocity,
that segment is being excited by vortex shedding. The drag coefficients
for the cable and attached masses are the modified values due to drag
amplification. The mass response amplitude is the actual ampl itude of

the cable at the ith mass location,

The maximum segment amplitude (second column) requires some
clarification, Depending on the wavelength of the mode shape in a
particolar segment {see Equation 2-16), and the phase angle at the
beginning of the segment, the maximum segment response is given eithey
by the amplitude of the mode shape in the segment or by the response at
either end. Thus the maximum segment response is NOT always the modal

amplitude. An illustration of this point is given in Figure 5.1,
4
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Figure 5.1, Maximum segment response
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The new averages of drag coefficient for the cable and the attached
weights are calculated in the same way as for the input data, except the
modified coefficients are used (see Egs 2-40 and 2-41), An overall
average drag increase is then giver, allowing for both the masses and
the cable, once again weighted by projected area (Equation 2-44). This
valuoe gives perhaps the best measure of how much the drag of the entire
system has been affected by the vortex induced motion of the cable

system.

If the option for output at specified locations only is chosen, the
output is similar to the segment informatiom given above, except that
the amplitudes of response are given only at the locations specified.
The segment in which each location falls is listed, along with the data
from that particular segment. This warns the user that although the
response amplitude at a selected location may be small, the amplitude

may be significantly larger elsewhere in the same segment.

If a "summary output”™ is requested, the above description is essen~

tially the same, except the individual segment data is not presented.

5.2 Auxiliarv Data File

As discussed in Chapter 4, the creation of an auxiliary data file
(ADF) is an option available in NATFREQ. The ADF may be used for debug-
ging purposes or post—plotting applications. The data in this file is
in 2 less informative style thanm a regular output file. This is a
consequence of the purpose for which the file is intended. The contents

of the file are discussed below.
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5.2.1 Input Dats Echo

The first line of the ADF containsg the title for the problem, as
read in the first line of a normal data file, The second line contains
simply a "1” in the fifth column, This digit instructs the program to

process an ADF as opposed to a regular input data file,

General plotting specification data follows : the total number of
segments, the plotting option code and plot abscissa length {see
4.3.10). The parameter "NCOUNT” gives the total number of ocutput cases
in the file, and is the product of the number of modes found and the
number of distinct diameters, ‘The input parameters necessary for post-

plotting follow : segment lengths, diameters, added weights, etc.

5.2.2 Natural Fregquency and Mode Shape Data

The natural frequency and "raw" mode shape data is written for
each mode before the modal amplitudes are scaled to account for the
vortex shedding model. This includes a count of the number of itera—
tions made in the search algorithm before convergence is attained., The
parameters IPSTRT and IPSTOP have the same meaning as in Section 4,.3,11,
and may be changed by editing the file to give plots over specified
ranges for each distinct mode. Although the only segment dats needed
for post-plotting from this section is the parameter PHAS(I), several
other modal parameters are listed also. These are values considered
useful for the other application of the ADF such as debugging. It may
be possible to trace problems encountered in running a certain problenm
by examining these values, The number in the last position of the
"A(I)" column is the end boundary condition attained. Comparing this

value with those in the AMPL(I), A{I), and B{I} columns gives an idea of




Bt I

the accuracy achieved in the algorithm for natural frequency determina—

tion,

5.2.3 Response Amplitude Data

A nonzero value in the next line indicates the the next lines of
file contain response amplitude data for the particular mode and shed-
ding diameter given. The A(I+1) column contains the smplitudes at the
location of the ith attached weights. This is not re~read, but may be
of interest in debugging. The columns RAMP(I) and SEGSIR(I) contain the
segment modal response amplitudes and maximum segment responses

respectively for the scaled mode shape.

The output format of the ADF is controlled so that the program
interprets the blocks of data correctly. Do not delete any limes from
the file or modify the formatting within it, whether the line is blank
or not. This may cause the program to abort, unless corresponding

modifications are made therein.

5.3 Plotted Output

Examples of the types of plotted output available are given in
Chapter 7 and the user is referred to these to follow while reading this
section. The overall strmcture of the plots has been discussed in

Chapters 3 and 4, so these details are not repeated here.

Both of the response amplitude vs. distance along cable plots have
some properties in common. First, the plotted ordinate is the actual
response amplitude after the shedding model has been applied, not the
uncorrected mode shape. The plots are automatically scaled in the

program using the maximum response amplitude as described in 5.1.3.
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Asterisks show the position of attached masses and circles the location
of spring~mass units. ¥f no attachments are present, a tick mark shows
the end of a segment. The mode number and Strovhal velocity for the

particular mode drawn are given.

5.3.1 Pagplt Type Plots

An example of a "Pagplt” type plot is given in Figure 7.2. A
major purpose for this type of plot was to present a reasonably simple,
sparsely labelled output. For this reason, only the plot description,
mode number, and Strouhal velocity in knots are given. More informa-
tion, such as that given in the "Seroll” plots was suppressed to main-
tain this simplicity. Only the arc length values at the ends of the

plot range, and the center are written on the ordinate axis,

5.3.2 Scroll Type Plots

As described above, the detail in labelling of these plots is
greater thanm in the "Pagplt” plots. The natural frequency of the mode
is given in hertz as well as the Strouvhal velocity in knots, found from
the shedding diameter which is also printed. The plotting range in
terms of beginning and ending segments is written., The abscissa is
divided into one inch increments, therefore, care should be taken when
specifying the "PLEN" value in 4.3.10 so 85 to get suitable arc length

increments. An example is shown in Figure 7.4,

5.3.3 Mode Number vs. Velocity Plots

The plot and run title are written at the top of the plot. The
run title is written in two 40 column lines, so care in formatting the

title name on the first input card can lead to a centered title. A key
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of the symbols used is included on the plot, listing the symbol against

the shedding diameter to which it corresponds.

The ordinate axis of the plot is mode number. Its range and incre—
ment are automatically calculated by NATFREQ, The abscissa is the
Strouhal velocity associated with the mode and shedding diasmeter plot-
ted. If the input units {4.3.7) are hertz, rad/sec or knots, the
velocity is given in knots. If the input units are in ft/sec or cm/sec,
the velocity is given in the corresponding units, The upper and lower
limits of the abcissa are as input by the user (see 4.3.7). If the
maximum number of modes, MIMDS, is reached before the upper search limit
is encountered, further modes are not found, The plot axis limits were
selected so as to indicate to the user whether or not the given range is

adequately covered by the maximam number of modes sought.

The number of zero crossings does not increase by one each time &u
solution satisfying the right hand end boundary condition is found, (a
mode of the system) if spring-mass attachments are present. For this
reason, the usefulness of a mode number vs. velocity plot is limited,
and care should be exercised in using them in these situations. This is

illustrated in the third example of Chapter 7.
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6. ACCURACY AND CONVERGENCE

There are several places in NATFREQ where convergence difficulties
may be encountered. This chapter outlines some of these areas and other
possible difficulties which might arise. Potential problems are

discussed and an option described which may correct or improve these

problenms,

In the coding of NATFREQ, every effort has been made to make all of
the algorithms as efficient and accurate asg possible. This necessitates
making some routines and variables double precision, even if the rest of
the program is run in single precision. Puring the development, many
different example problems have been run. When a weakness was
discovered, the algorithm was examined, and corrected or improved where
possible, 1In addition, a check was included in the program and provi-
sion was made for the printing of a warning message should the particu—

lar difficulty be encountered.

6.1 Convergence in the Natural Frequency Algorithm

The shooting technique used in NATFREQ has several advantages over
standard matrix methods commonly used for natural frequency determina—
tion. The two most significant perhaps are storage requirements and
accuracy. The technique is, however, limited in the size of problems it
can handle. As the modal parameters im one segment depend on those
calculated in a1l the preceding segments (see Eqs 2-6 and 2-9), a cer—
tain amount of round-off error is asccumulated as the computation
proceeds. For very complex cable systems, with many segments, this
accumulation can lead to a non-converging solution. That is, the

boundary condition at the right hand end cannot be satisfied to the
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reguired accuracy.

The propagation and growth of the roundoff induced instability can
be clearly seen in some cases. Much of the development of the program
was done on a PRIME computer, which has 2 smaller word size than CDC
machines. The roundoff problem was, therefore, accentuated. However,
use of the smaller word size did point to the type of problems that
might be expected in some circumstances. A test case with 380 cable
segments gave some quite severe convergence problems. Divergence could
be seen to start occurring at about the 340th segment, and then grow so
that the boundary condition at the right hand end was at times of

similar magnitnde to the maximum cable system response (see Figure 6.1).
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Figure 6.1. Non-convergence in mode shape algorithm
The significant computation associated with the shooting algorithm is
performed in subroutine SOLV. To maximize the problem size, and give
the best accuracy possible, this routine has been made double precision,
regardless of the precision of the rest of the program. It was found
that the additiomal precision introduced by making the whole program
double precision was sometimes significant. Each subroutine
consequently contains a block of commented lines ¢ontaining statements

necessary to make the routine double precisiom. If the user has
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convergence or accuracy problems when running NATFREQ, the double preci-
sion version could be tried by uncommenting all of the lines just
described, recompiling and re-running the program. The whole pProgram
must be altered, not just selected routines, or it will not run, This

is discussed further in Appendix V.

It should be e¢mphasized that the program does have accuracy limita-—
tions. If a large problem of over 100 segments is run, the accuracy
attained is likely to be less than for a problem of less than ten seg—
ments. However, it is believed that in general the accuracy achieved is
sufficient. The user should pot be overly concerned if an arbitrarily
small accuracy limit, such as the default value, cannot be achieved.
Always try to specify an accuracy value that is realistic and

appropriate to the problem at hand.

6.2 Convergence in the Newton-Raphson Damping Calculation

If convergence problems are encountered, it is recommended that the

user iry double precisioning the entire brogram, as described in the
last section and in Appendix V. If there is still a problem, and the
input data has been thoroughly checked, it may be necessary to check the
subroutine (subroutine DAMP) in question. This should be done using the
computer’s debugging facility, if available, or by attempting to trace
by hand, with the given data, through the rountine to see if the problem
can be pinpointed. Problems of this type are best picked up by sketch-
ing the function under consideration, then following the solution

procedure, as outlined in Appendix ITI, graphically.
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6.3 Incorrect Mode Nomber Computation

It has been observed in some applications {(particularly for high
mode numbers of systems with many segments) that a discrepancy in the
number of zero crossings may occur, esnd hence the mode number may occa-
sionally be given incorrectly. This problem takes the form of having an
apparently missed mode, followed by two different mode shapes both with

the next highest mode number,

It is believed that this problem is a consequence of convergence
accuracy problems. If a mode does not comverge sufficiently, it is
possible that a zero crossing will be missed, or that an extra zero will
be added due to the non-zero end boundary condition., An optional
correction has been included in subroutine ZEROX which may in some cases
alleviate this problem, The user is directed to Appendix V for instal-
lation of this option, In general, for high mode numbers, caution
should be exercised when requesting data for one mode only. Several
modes on either side of the desired mode should be obtained, so that the
mode sought can be checked in the context of the nearby modes. Modes
are usually in the correct sequence, and their frequency and mode shape

are correct; it is only the mode number that may be in error.
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7. SAMPLE PROGRAM OUTPUTS

Three sets of example problems are presented in this chapter. Each
one illustrates an important feature or features available in NATFREQ.
While it is not possible to cover every option, it is felt that the
examples will acquaint the user with the most often used types of output
and analyses available. It is recommended that the reader follow the
input data descriptions in Chapter 4 to verify the options chosen for

each input data file.

7.1 Example 1

7.1.1 Example 1{=a)

The problem consists of six equal masses on 4 uniform cable with
unequal segment lengths as shown in Figure 7.1, The problem is run from
the standard data file (Table 7.1). An ADF is not written, The
standard output file contains a full output, including specified loca—
tions. Plots are of the "Pagplt” type, over the full length of the

cable, zand a mode vs. velocity plot is requested. Six modes are

sought,

The main output file appears in Table 7.2, and the plotted ocutput
in Figures 7.2 and 7.3. Note that the main output file has been
reformatted somewhat before being presented here, The listing is usp—
ally contimous, not on separate pages as given. The page listing is

used in this and subseguent examples purely for clarity of display.

7.1.2 Example 1(b)

In order to illustrate the range of output options available, the

same example is run from the dats file given in Table 7.3, with the
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exceptions that an ADF is written, the main cutput is in suppressed
form, and the plots are of the "Scroll” type, with an axis length of 13
inches (note that the plot has been reduced for publication). The
maximum number of modes sought is reduced from six to three, The main
gutput is given in Table 7.4 and the plots in Figure 7.4. The ADF is

listed in Table 7.5.

7.1.3 Example 1(c)

The ADF in Table 7.5 from Example 1(b) has been edited in Table
7.6 to produce "Pagplt” plots over specified segment ranges. The IPLTCD
(labeled NPLOT in ADF}, IPSTRT and IPSTOP parameters reflect the changes
made to the file, The plots resulting from re-running the program from

this ADF as a data file are shown in Figure 7.5.

7.1.4 Exzample 1(4)

As & final illustration of the output optioms in this section,
another mode vs. velocity plot is included (Figure 7.6). This was
generated from a similar data file, except that three distinct diameters
were input instead of one and twelve modes were sought (Table 7.7). All
options and output except the mode vs, velocity plot were suppressed.
This case is g good illustration of the use of the mode vs. velocity
plot to determine modes and shedding diameters of interest over a
specified velocity range, and/or to warn the user that the modal
superposition may be necessary. The model for vortex shedding assumes no
modal coupling., Several modes at, or near, 2 certain flow velocity
means that modal interaction will probably be significant. JTn this
case, root-sum—sguare combisation of modal amplitudes might give a more

appropriate measure of the system response than a single mode,
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7.2 Example 2

The second example illustrates the use of the free end boundary
condition option, and also checks the algorithm against analytically

derived results, The configuration of the systém is shown in Figure

7.7.

7.2.1 Exzample 2(a)

First, a wniform, four segment cable with no attached masses and
2 free end condition (right hand end) was run from the data file in
Table 7.9. The standard output file (full output, no specified loca-
tions) is listed in Table 7.10 for the first five modes of the system,
The ADF generated and "Pagplt” and mode vs. velocity plots produced

follow in Table 7,11 and on Figures 7.8 and 7.9 respectively.

It is observed that the maximum segment response parameter in the
outputs tends to a constant value in the higher modes. This behavior
may be expected for a wniform cable with no attached masses {see Section

2.3 for further discussion).

7.2.2 Example 2(b)

The example was re-run with a mass of 7.0 1b added at the end of
the cable assembly (see Table 7.12). The effect of the mass on the mode
shapes and frequencies is clearly seen in the outputs and plots (Tables

7.13 and 7.14, Figures 7.10 and 7.11).

7.2.3 Analvtical Results

Analytical results are easily found for these two cases by solv-
ing the differential equatiom (2-1) for the cable, assuming ome segment.

By satisfying the appropriate boundary conditions, the expression for




e Q3

the natural frequencies of the system is found from

cosawl, = O {7-1)

where a and o are defined as in Chapter 2. L is the total cable

length. Solving (7-1) yields

. Lo2pndl L, -
w o= o ELT A on ves—2,-1,0,1,2,... {(7-2)

For the second case, with the attached mass at the end, satisfying the

end boundary condition gives the following expression for o

awl tanawl. = pL/M (7-3)

where M is the attached weight in lbs, and p the weight per unit length
of the cable. Although & closed form solution does not exist, the equa—
tion can be solved numerically for the modes in question. For the two
cases, the frequencies found for the first five modes by evaluating

(7-2) and solving (7-3) are displayed in Table 7.8.

Mode # 1 2 3 4 5
Eq {7-2) 3.443 10.33 17.22 24.10 30.99
Free End
NATFREQ 3.444 10.33 17.22 24,11 30.99
Eq (7-3) 1.8356 7.486 14.10 20.88 27.71
Mass End
NATFREQ 1.856 7.486 14.10 20,88 27.71

Table 7.8. Natural Frequencies {rad/sec} for Free End Cable
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A comparison shows good agreecment between the results from NATFREQ

and the above data,
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7.3 Example 3

The third example shows the response of a cable system when 3
spring-mass combination is added to the system (see Figure 7.12). Alse
illustrated is the form of the output when there are several distinct
diameters in the cable system, The input data file is shown in Table
7.15, and the output listed in Table 7.16. The ADF is also given {Table
7.17). The plot type used is "Pagplt” (Figure 7.13)., No mode vs
velocity plot is produced, as the mode counting method used is not valid
for this type of system {see 3.3.3). Note that the mode numbering is
indeed incorrect in both the main output file and the ADF. The second

two modes found are BOTH labeled "Mode 2",

Note that in the input data file, a spring-mass was erroneously
generated at the end of segment 2, The program recognizes that this
specification has no meaning when the boundary condition is fixed at
this end, and zeroes out the spring and mass accordingly. This is

verified by checking the output file (Table 7.16).
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APPENDIX I — NEWION-RAPHSON ALGORITHM FOR DAMPING FACTOR.

The effective fraction of ecritical damping I; must be solved for in a

(k)

nemerical manmer. t; and P both appear in Equations 2-34 and 2-36

which must be solved simultaneously using a Newton—-Raphson technigue.

Let Equation 2~36 define s function f(ﬁ;}, which must necessarily

vanish., That is,

0L = - Z,ﬁ -~ pRlgplk) (1-1)

Substitution of Eg. 2~34 vields

@(k)

BT = -0 =0 (1-2)

1+ 9.se<uij"§)1'3

Equation I-2 may now be solved by the Newton~Raphson technique. Let Z:

)
be the ith iterate of c:. Then,
£ )
[ =% -%-"dfgi (1-3)
i+l i —(T% )
at® %4
where
1.8
17.28, ) 4 y0-8
i s . i (x)
— () = 1+ @ (1-4)
G (1 + 9.6 y1:5)2
* i

Iteration continues until the change in Z: is less than some prescribed

tolerance.
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APPENDIX II - SIMPLIFICATION OF INTEGRALS IN CHAPTER 2

. \ . . . (k) k)
Many of the integrals invelved in the solution parameters P » I R

etc., may be evaluated analytically in terms of the mode shape

(k)

i . It may, for example, be shown that

parameters Aik) and B

fiiink}(x)iadx ) [(Ai“)ilm‘ikhzl
I} ik
x [Haa sty + i»[siuz(aimkfi~d§’“’> + sin2d 0]
2
flizyik’(x)]4ax - {(A£k>)za*;(3§k))2]
0 ik
x [Ha ) + f%[sinz(aimk[i"dik)) + sinzg ¥]
+ i—[cos:;(aiwk{i—dgk))sin(aimkli“dik)} + cos’{M 510 (0]
e erreeeeanae. (I1-2)
where

A(k)
(x) _ -1 i -
di = tan ;?;;‘ (IX-3)

1

The evaluation of the integral inmvolving the cubic term !Yik}{x)fs
appearing in Hq 2.36 uses an algorithm which may be observed in subrou—

tine IMODE, and will not be discussed here,
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APPENDIX XTI -~ MODIFICATION OF DAMPING RATIO BY FLUID

One of the imput parameters for NATFREQ is ZETA, the fraction of
structural critical damping in air, The medium is specified as air as
it is considered that tests to determine this value would be performed
in air, rather than in the fluid where the cable system would ultimately

be located.

However, a correction can be made to this value to allow for the
prescence of the fluid. As the input parameter is an Paverage” value
over the whole cable, the assumptions used in this approximate analysis

produce a modified value of a comparable order of approximation,

Consider the equation of motion for a forced single degree of free—
dom oscillator vibrating in a fluid of density P Fluid damping

effects are not considered for this discussion. The equation is written

LI -

HMx +c¢x+ kx = F(t) (IXi-1}

where x is the displacement of the mass, incloding added fluid mass, M.
The viscous structural damping coefficient is ¢, and k is the spring
stiffness. F(t) is some applied force as a function of time. This

equation may also be written

" ¥ L] 2 _ F
x + szmnx tex = “%fl (III-2)
where
2
o, = k/M (111-3)

and
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tf = ;;;;§z7§ (111~-4)

tf is called the fraction of critical structural damping in the fluid.

The corresponding value in air is defined as

L. = —f— (I11-5)
air z{km)lfz

where m is the mass of the body excluding added fluid mass, . That is
m = M- me (I11-6)
The added fluid mass is given by
m, = K m' (I11-7)

where m’ is mass of the fluid displaced by the body, and K is the added

mass coefficient. For a cylinder, K may be shown anglytically to be 1.

Te convert from tair to zf, the following expression is used.

- m]1/2
% o= T (I11-8)

or

- —m
o= L [m " mf] (II1-9)

Now, for the cable system, the values m and m, may be replaced by
the corresponding mass values for the entire cable system, or by using

the average density of the cable.
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1/2

P
- —lye -~
tf Zhir {p . ] (111-10)

ave £

where Pave is the average density of the ocable.

Equnation III-10 is the expression used to modify the input value of
ZETA to allow for the prescence of the fiuid, The correction is applied

in subroutine READ,
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APPENDIX IV - COMMON BLOCK STRUCTURE,

A description below is given of the common blocks used in NATFREQ. Tt
is considered that this may be useful in making additions or alterations
to the program. In most cases, the contents of a block are grouped
according to.the nature of the data it conmtains., For example, all the
information related to plotting is contained in the common block called

"PLTINE",

Common Block C1

General segment data as input or calculated.

CL(I) : cable segment lengths, in feet,

D{I) : cable diameters, in inches,

WC(I) : weight per unit length of cable segment, in pounds per foot.
TC(I) { tension in cable segment, in pounds.

AW(I) ! attached weight at end of segment, in pounds.

NZX(I) : number of zero crossings calculated in segment.

ALP(I) : parameter a; for cable segment, in seconds per foot.

S(1) ! total arc length to end of segment,in feet.

NSEG : number of cable segments for problem.

Common Biock €2

Calculated modal coefficients, amplitudes, and phases.
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A{I), B{I) : coefficients Ai and Bi , in Eguatiom 3.
AMPL{I} 1 amplitude of mode shape in segment.
PHAS(I1) : phase of mode shape in segment, in radians.
RAQ?{I) : strumming amplitude of cable in segment, in inches.

Common Block C3

Drag coefficients, projected areas, ete. {input and modified).
CDC(I) : coefficient of drag input for cable segment
CDA(I) : coefficient of drag input for attached weight,

DEFF(I) : effective diameter of attached weight at end of segment, in

inches.

PRA(Y) : effective projected frontal ares of attached mass, in square
feet.

Ch(I) : coefficient of drag for strumming cable segment.

CDAR(Y) : coefficient of drag on attached weight for strumming cable.

Common Block C4

Mode shape coefficients in double precision.

AD(I}, BD{I} : coefficients Ai and Bi » in double precision.

o

Common Block C5

Sprung mass data.
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STIF(I) : stiffness of attached spring at end of segment, in pounds

per foot.

STWT(I) : sprung mass at end of segment, in pounds.

OMNAT(I) : spring-mass natural freguency, in rad/sec.

Common Block C6

This block contains the integrals of the mode shape, raised to variocus

powers, as needed for ?(k) and dﬁk), as required in Equations 26 and 33,
respectively.

E2 1 integral of mode shape squared.

F3 ¢ integral of mode shape modulus cubed.

F4 : integral of mode shape to fourth power.

BG : integral appearing ipn Eguation 2-32.

PIM : gquotient of F4 and F2Z,

Common Block C7

Fluid properties, damping, shedding diameter, and general model parame-

ters.
CP(I) : parameter indicating whether a segment is active (= 1) or
not (= G},
bBSs : diameter of strumming segment, in inches,
ZETA : fraction of critical damping for cable in air, later

modified for fluid




ZETAE

RHOW

RMU
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: effective fluid/structure fraction of critical damping.

: weight density of fluid,

(k

effective mass parameter, B

Common Bloek C8

in pounds per cubic foot,

). defined in Equation 31.

Averages and related parameters for drag coefficients.

CPRA

PRASUM

cpT

chroT

CDOWT

CbCAV

CDAAV

: projected area of whole cable, in square feet.

total projected area of attached weights, in square feet.

average drag

only.

average drag

weights.

: average drag

only.

: average drag

coefficients,

: average drag

input datsa.

Common Block CONST

coefficient for

coefficient for

coefficient for

coefficient for

coefficient for

Mathematical and model constants,

P

: ¢onstant .

stromming cable, based on cable

strumming cable, cable and

strumming cable, added weights

cable, based on input drag

attached weights, based on
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STRHN t Strouhal Number, set as 0.21 in program.

Commop Block DEVICE

The parameters described below are set in the "BLOCK DATA” subprogram.

Initially supplied values are

set as IIN=5, IOUT=6, and YADF=8., When

the program is installed, these may need to be altered for a specific

site before compilation.

1IN : device number for
1ot : device number for
IADF : device number for

Common Block DIAM

Distinct diameters stored for

pu(I) : array of distinct

input device.

output device,

asxiliary data file output.

calculating active segments,

diameters, in inches.

NOD ¢ number of distinct diameters in array DU(I),

Common Block MODE

Details of mode search information.

MIMDS : maximum number of

modes sought.

OMSTRT : lower limit of search interval, in units specified by UNITS,

OMSTOP : upper limit of search interval, in units as above.

DELOM i frequency search increment, in units as above.

ACC : desired accuracy of convergence (see Chapter 6).
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ITCT : namber of iterations required to comverge to particular

frequency.

IAPROX : code for outputewhich specifies if approximations were made

+

due to lack of convergence.

IBCODE : "right hand end” boundary condition code. Either fixed end

{= 0), or free eand (= 1).

Common Block MXAMP

This block contains the details of maximum amplitudes within segments,

and over the whole cable.

SEGSIR(I) : maximum strumming amplitude within a segment, in inches.

SEGSIZ(I) : maximum modal amplitude within a segment.

MXSEG : number of segment where maximum amplitude occcurs.

BSTZE : maximum modal amplitude for whole cable.

BPSIZE : maximum modal amplitude over specified plotting range.
BSIZER : maxrimum strumming amplitude for whole cable, in inches,
BPSIZR : maximum strumming amplitude over specified plotting range,

in inches,

Common Block OUTILOC

Variables controlling the output are stored in this block.

SPLLOC(I) : array containing specified locatioms, in feet from "left

hand end” of cable, where printed output is given,
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I0UTCD : output type specification code (see Chapters 4 and 5).
NSPEC : number of specified locations where output is given.

Common Block PLTINF

Plotting control information.
IPLTCD : plot type specification code (see Chapters 4 and 5).
PLEN : length of abscissa of plot, in inmches.

IPSPEC : code indicating plotting over a specified range (= 1) or not

(= 0).

1, gives segment number for beginning of plot

H]

IPSTRT : if IPSPEC

range.

1, gives segment number for end of plot range,

it

IPSTOP : if IPSPEC

TITLE : title read on first input line, and plotted on graphs.

Common Block SRCPAR

Parameters used or generated while searching for natural frequencies.

OMCD : natural frequency, in radians/sec and double precisiom.

oMP : "previous estimate” of OMCD, before oscillating comvergence
o¢curs.,

BP : "previous estimate” of the end boundary condition,

associated with OMCD,

B2 : "upper estimate” of boundary condition when gscillating
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convergence occurs.

X2 : "upper estimate” of natural frequency, associated with B2.

*

ISERCH : flag indicating whether or not a previous boundary condition

estimate exists,

Common Block VELPLT

Arrays containing data necessary to produce a plot of mode number versus

Strouhal velocity, if required.

V(I} : array of Strouhal velocities associated with mode numbers

given below, in units specified by UNITS parameter input.

MODNO(I) : array of mode numbers found within search limits,
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APPENDIX V -~ SITE SPECIFIC INSTALLATION INSTRECTIONS,

This appendix contains information for system operators, or users,

involved in the installation or editing of NATFREQ on the host computer,

V.1 Double or Single Precision

As discussed in Chapter 6, it may be necessary to run the program
in double precision to overcome convergence difficulties. The program
contains blocks in (almost) all the subroutines with commented lines
necessary to make the program double precision., To make the conversion,
simply scan the program file for these blocks and replace the "C" in the
first column of the executable statements with a space character., 1Ip
subroutine READ, the REAL statement must also be changed to DOUBLE
PRECISION to be compatible, Recompile and link in the normal way. The
program should now run in double precision. Do not attempt to perform

this procedure on only one subroutine, as linking will not be possible.

V.2 Dimensioning of Arrays

NATFREQ deoes not use dynamic allocation for dimensioning arrays,
As supplied, all arrays are dimensiomed for a maximum of 400 segments
i.e. dimensioned to 401. If it is not envisaged that such large
problems will be run, these dimension statements may be altered so as to
use less total storage. Remember that the dimension must always be omne
more than the maximum number of segments, To make this adjustment, sim—
ply use the editor to scan for all the common blocks or dimension state—

ments and change to the desired value.
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V.3 Program Defaults

Some defanlts for input parameters are included in NATFREQ. Two
others, namely the coefficients of drag for the cable, and attached
weights, were included in commented form only. It was not felt
justified in making them 1,0, as some users may specifically require
0.0, If the default of 1.0 is desired, "uncomment” these lines in sub-
routine READ, Thereafter, to enter a zero value, simply input a small

aumber 1ike 1x10°,

V.4 Width Specifiers

NATFREGQ outputs 130 columns in the main output file, Make sure
that the specific host system is set up to prodmce output of this width,

or some of the output data will be lost.

V.5 (Output Files

NATFREQ writes three types of output file, These are the main
output file, the zuxiliary data file, and the plot file. The default
units for the first two files are assumed to be 6, and § respectively.
These may changed in the routine BLOCK DATA., The plot file unit number
will depend on the site, and should be checked with the operator. When
running the program, make sure that all the necessary units have been
opened. Regardless of whether or not a main output file is to be
written, open the appropriate unit, as program error messages are

written there.

V.6 Input Files

NATFREQ accepts two input files : the standard input file and the

aunxiliary data file, The default unit (which again may be changed in
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BLOCK DATA) is 5. The program automatically determines which type of
file is being sent. Ensure that unit 5 is opened for reading before

running the program.

V.7 Mode Number Correction

At the end of subroutine ZEROX, there are several commented out
statements. These are included as an option for large problems when
mode number counting problems arise {see Chapter 6). Although it is not
guoaranteed that incorporation of these limes will solve the problem, it
has been found to work in some cases. Simply uncomment the lines as
described in V.1 and recompile the program to put the modification into

effect.
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APPENDIX VI- PROGRAM SOURCE LISTING.

The following pages contain the FORTRAN source code for the progranm

NATFREG,
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*UECK NATFRED
PROGRAM NATFRER( INPUT,QUTPUT, TAPES = INPUT , TAPES=CUTPUT, TAPER §
C
C.... HAIN PROGEAM
c

C*sﬂtl***iWk**ikiﬂ*i#li*ﬂti*iiiﬁﬁ******it*#****!***iﬁt*l*!!i**ﬂk*tt*t&!tk**i*

C.....HEMOVE COMMENT CARDS IN THIS BIOCK FOR DOUBLE PRECISION OPYRATION
c

< IMPLICIT DOUBLE PRECISION (A-H,0-2)

c

Ct*tkﬂi*#ti***!**iwt**tﬂt*****!**fﬁ*#***K*ﬁ*ﬂﬁ#*iitiktt***!ti*!*********it*ik

[
DOUBLE PRECISION OMCD,OMP,EP,B2 X2 ,BX

INTEGER WNITS,TITLE

CURMON/CL/CT{401 1, D(401 ), WC(401), TO(401 ), AW 401 }LNEX{401 3,
1 ALP{401;,5(401),NSEG

COMMON/CT/CP(401),DS, ZETA, ZETAE , RHOW, RMU
COMMON/DEVICE/IIN, IOUT, LADF

COMMON/DIAM/DUL401 ), NOD
mzmgm,m,m&nm.m,rm.zm&mzm

CIMMON/OUTTOC/ SPLOC(401 3, IOUICD | NSPEC
COMMON/ PLTINE/IPLICD, PLEN, IPSPEC, IPSTRT, [PSTOR, TITLE(S )

COMYON/ SRCPAR/OMCD, OMP , BP, B2, X2 , TSERCH
c

C**ﬂ*it***k*ﬂ**k*****tﬂ**ﬂ**i*#******ﬂ*kiﬂﬂ*k*************ﬂl**i*t**ﬁ***ikﬁ

C..... REMOVE COMMENT CARDS IN THIS BIOCK FOR DOUBLE PRECISION OPERATION
ABS{X) = DABS(X)

~
i

c
C*tﬂ!*lt****tt**!**kl***i*W**kt**tt*k**t*tikﬂt*****t*****ﬂ**ﬂi***tt****k****k

AKx

C.o..n. SET FUNCTIONS AND CONSTANTS
c

JELTHD = 0

&D =1

c
C..... READ TITLE. PRINT TITLE, DATE, AND GENERAL INFORMATION
Cc

10 CALL TITLRD(IEDF,ND,IDAT)
IF(IECPE 0.1} 80 TO 9999
IF(IDAT.EQ.0) GO TO 15

o4
C..... ERANCH FOR ANALYSLS DATA FILE PROCESSING
c

CALL NATALIX

GG 10 10

c
C.... READ INPUT DATA
<

15 CALL READ{UNITS,DMAX,DMIN, TAUX, NMASS }
IE(IOUCD . E0.0 .AND, IPLICD.EQ.O AND . IAUX EQ, 0 J30TO 60

Cooll, FIND NO. OF DISTINCT DIA AND STORE

CALL DISDIA
<
Cooaa. WEITE ARJLIIARY DATA FILE (GENERAL INFO., SECMENT DATA
c

HOOUNT = MBS *N0D
TE{IAUX B3, 3 KCALL WRTAXL{(NCOUNT )

C
TAPROX = ¢
NEGOT = 1
C
C..... BEGIN SEARCH FOR NATURAL FREQUENCIES
c
OMp = ~1.0D0
ISERCH = 0

M OMSTRTY
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20 IF (OMCD.GE. (OMSTOP +DELOM/10.D0 ) K0 10 50
CALL SEARCH{NSEG,OMC,BX}

g.. o CCALDVLATE N0, ZEROKINGS AND IDENTIFY MIDE NO,
- CALL ZEROX{OMTD, MED BX |

g“ . WRITE AUKILLIARY DATA FILE (MODAL DATA)

¢ IP(TARCED. L )CALL WRTAXZ{OMC MO}

gmop FOR ALL DISTINCT DIAMETERS

20 40 K = 1,000
55 = DK}

(Cl‘ ..... FORM QOUPLING ARRAY
© D036 1 = §,NSEG
CP{Iy = 0.0
IF{ABS({D{I DS }/DS).LT.5.0D-4 )CP{L) = 1.D0
30 CONTINUE ‘
Co.... CAIEUKA’E"E' IM FACTOR AND OTHER INTEGRALS
CALL IMODE(OM)
ool CALCULATE EFFECTIVE DAMPING FACTOR AND MASS
CALL DAMP{NSEG )
CALLULATE TRUE RESPONSE AMPLITUDE FOR EACH SEGMENT
CALL, RESAMP(NSEG}
JWRITE AUXILIIARY DATA FILE {AMPLITUDES)
IF(IAUX.BED, 1 jCALL WRTA{S{K, NSEG)
-+ CALLULATE CD/CDO FOR EACH CABLE SEGMENT

CALL SEGDRG{OMC }
. JCALLULATE TOTAL DRAG COEF

o0 N0 caa oo

CALL: TCORG
CALL TWORGINSEG )

...... WRITE OUT RESULTS FUR THIS MICE
IF(IQUTCD,GT.0 JCALL WRITE(OM, MO, STRVEL, BX, NMASS )

(C: ..... STCRE MOGE NO AND FREQUENCY FUR PLOTTING

¢ IF{IFLICD.GE. 3 )CALL STORE(OM:, MNO, NROOT, IS, UNITS K}

G e

Coo.s. PLOT RESULTS IF SO DESIRED
NEOOTK = {NECOT-L)"N0D + K
IE(IPLICD.ER.O OR. IPLICD.ED.S KEUTG 40
IE(IPSTRY B .0 IPSTRT=1
TE{IPSTOR . EQ.O0 ) IPSTOP=NSEG
CALL CONVRT{UMC, DS HOMC , VELFT , VELCM, STRVEL)
CALL PLTCTL(OMC, MO DS, STRVEL, HROOTK, JPLIND )

40 CONTINUE

e
Coous RESTART SEARCH FOR NEW MODES
<

BP

B2
vy 2

X2

EI F
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OMCD = OMP + DELOM
NROOT = NROOT + 1
IF(NROOT . LE  M00S 30 TO 20

<+, PLOT MODE NUMHER VS STROUHAL VELOCITY

IF{IPLTCD.GE.3 )CALL MODPLT(HROOT , NROOTK, DMAX, DMIN, UNITS , JPLTND)
..... SEARCH OOMPLETE READ NEW DATA SET

S ND 2 ND ¢ )
G3TO 10

C
50 WRITE{IOUT,2061)
2001 PORMAT(//," EXECUTION TERMINATED...NO OUTPUT OR PLOTS REQUESTED...
ICHECK INPUT DATA FILE*}
Co.... CLOSE PLOT IF PLOT WAS PRODUCED

c
9999 IF{JPLTNO.NE.O )CALL PLOT(1.,}.,999)

SToP
EXD
C
i e e e e e vt . 720t 1 et st et e
c
BLOCK DATA
c
Coonns DEFINES CONSTANTS AMD INPUT/CUTPUT DEVICES
C

NSRRI KRR RN AR KK I A 5o ko o o
Colt REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

c

o IMPLICIT DOUBLE PRECISION (A-H,0-Z)

<

C*ﬂ**t#*l*****t*)\‘*‘k****kt*****9{****ﬂ*t**i**k**!!i*****itt*lﬂ'ﬂﬂtlt*i**kl*!tt**

c
COMMON/CONST/ PT, STRHN
COMMON/DEVICE/TIN, IOUT, TADF

c
DATA IIN,IOUT,IADE/S.6,8/
DATA PI/3.141592653589793D0/
DATA STRHN/O ., 2100/
c
END
c
C ___________________________________________________________________________
<
SUBROUTINE AMPH{OMC,I}
C
c, ..%mmmmmmmmw&zmmwmm
c
CHRRARACRAR RIS NN RK ISR KRR KA A 36 K o oo o
Coavnn REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
C
c IMPLICIT DOUBLE PRECISION {A~H,0-2)
C
CHEHEA KRR AN KKK AR KRR KRR KK 000 0o ok 0o
c
DOURLE PRECISION AD,BD,08C
c
OOMMON/CL/CL{40L ), DI401 ) WC(40L ), TCI401 1, AW( 401 § NEX{401},
i ALP(40G1},5(401 } K5EG
COMMON/CZ/A(401 ), B{401 } , AMPL(401 }, PHAS{401 ), RAMP( 401 )
COMMON/C4 /ADE401 ) BD{ 401 }
COMMOH/CONST/PL  STRHN
COMMON/ MXAMEP/ SEGEIR{ 401 }, SEGSTZ (401 ¥ MASEG  RSIZE, BPSIZE,BSIZER,
1 BPSIZR
m/mTih’F/IPLTCD,M,IPS?&E.IPS’I’RI‘,IPSI‘EP,?IT{E{S)
c

AMPLIT) = DSCORT(AD{II**2  + BD{I }**2)
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PHAS(I) = DATAN2{AD{I},BD{I}}
c
C..., FIsD THE MAXIMA{ AMPLITUDE OF RESPONSE
c
PHIL = PHAS{I )/ALP(I )/OMC
IF {PHAS(I} .LT. 0.DO) GUC 10
P (CL{Iy (GE., PHILY GOTO 20
GG 30
10 IF (CL{I} GE. (PI/ALP(I}/OMC « PHIL}) QOO 20
QU1 30
20 SEGSIZ{I)
GOTO 40
30 SEGSIZ(I) = DABS(HED{I+1})
~E(DABS(BD(I}}.GT.DASSIBD{I+1)) SEGSIZ(L) = DABS(BD{(I )}
40 IF(SEGSIZ{I).LE BSIZE YXND S0
HSIZE = BEGBIZ(I)
MASEG = I

Coons FIND MAXIMAM AMPLITUDE OVER SPECIFIED PLOTTING RANGE

#

AMPL(T G

50 IF{IPSPEC.EQ.0)G0TO €0
IF(I.LT.IPSTRT OR. I.GT.IPSTOPIGOTD 60
IF(I.EQ IPSTRT )BPSIZE=DABS(BD{I )
IF(SBGESIZ(I).GT.BPSIZE BPSIZE = SEGSIZ{I)

60 CONTINUE
C
RETURN
END
C
e e e e e 5t st 1 e 7 B 0 et ottt st
c
SUBROUTINE AMPLOT{OMC,BSCAL, DELTY }
<
C.....SUBROUTINE TO FLOT AMPLITUDE VS CABLE LENGTH FOR TWO PLOT TYPES
C
CHRARAR AR K K KRR KA 50K A K1 o 8 kR 1
C.... . FEMOVE COMMENT CARDS IN THIS BLOXCK FOR DOUBLE PRECISION OPERATION
C
c IMPLICIT DOUBLE PRECISION (A-H,0-23
C
CHRHAR AR AR A AR IR KA KKK AR RN A RTS8 e oo
c
DOUBLE PRECISION QMNAT
INTEGER TITLE
REAL X,¥.,Z2 XSTRT,YSTRY,DELTX, BSCAL
c

COMON/C1/CLA401 },D{401), WC401 ), TC{401 ), AW{401 }, REX{ 401 ).
1 ALP(401),5(401),NSEG

COMMON/C2/ A 401 ), B(401 ), AMPL{401 } ,PHAS(401 ), RAMP{ 401 )
COUMMON/CS/STIF(401 3, STWI{401 ), OMNAT{ 401 )

QOMMON/ PLTINE/ I PLTCD, PLEN, IPSPEC, IPSTRT, IPSTOP, TITLELS )

-
C**ﬂﬁ****t*it**lﬁ***tt*ﬁ***it***!*n**k*k****kft*ttﬂtt*!*******tt***ﬂ!*i!**i*l

-+ JFEMOVE COMMENT CARDS IN THIS BIOCK FOR DOUBLE PRECISION OPERATION
COS{X} = DCOS(X})

e X ReNe

Cf*#*wi*nR*#i*i***ﬂ*kkﬁ#********i*t*wR*****iKi*ﬁ*ii!!**kﬂ*****tttt*!**ﬁ**tftx

[}

DIST = 4,00
IF{IPSTRT .ED.1)Q0TD 20
SSTRE = S{IPSTRI~L)/DELTX
ASTRT = - (RAMP(IPSTRT }*00G{ PHAS(IPSTRT ) }/BSCAL} + 1.D0
IF{IPLICD.ER.1 .OR. IPLTCD . BQ.3 KOO 10
YETRT = (1.DO-XSTRT)*4.D0 + 4.00
IF{AW(IPSTRT-1).LT.1.00-5 }GOTO 4
CALL, SYMBOL(G.,YSTRT, .07.11.0.,-2)

4 IFTOMIAT{IPSTRT-1).LT.1.00-5 1G0TO &
ChiL SYMEOL(O. ,YSTRT, .67,1,0.,-2)
Qo 20
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5 IF(AW(IPSTRY-1) LY. 1,005 }CALL SYMBOL(Q.,¥STRT, .07,13.0,,~2}
oo 20

10 IFCAW(IPSTRT-1).LY.1.0D-5)Q070 14
CALL SYMBOL(XETRT,O.,.07,11,0,,-2}

14 IP{OMNAT{IPSTRI-1}.07.1.00-5 Y3010 15
CALL SYMBOL{XSIRT,0.,.07,1,0.,-2;

GO 20
15 IF(AR(IPSTRI-1).LT.1.0D-5 )CALL SYMBOL(XSTRT,0.,.07,13,0. -2}

26 0O 60 I = IPSTRT,IPSTOR
SEG = 000
IF{ZI.GT.1) DIST = 5{I-1)

Coaven FIND ISCREMENT FOR THIS SEGMENT

STEP = (LT3 ((MEX(I J+13%7 D0}
30 SEG = SEG + STEP

IF(SEG.GT .CL{I})BEG = CL{I)

AMPLL = RAMP{I )*COS(SEG » ALP{I J*OMC-PHAS(I))

¥ =~ (AMPLI/BSCAL) + 1.0

IF(IPLICD.E0.2 JOR. IPLTCD.EG.4)Y={1.D0-X1% .00 + 4.D0

Z = {DIST+SES )/DELTX

IF(IPSTRT .GT.1)2 = Z-SSTRT

IF(IPLICD . BD.1 (OR. IPLTCD.ER.3v=Z

IF{IPLTCD . 53.2 OR. IPLICD.ED.4 X2

CALL PIOT(X.Y.2)

IF{SEG.LT.CL(I) ¥0TO 30

Coutn END OF SEGMENT DRAW SYMBOL. FOR MASS LOCATION

IF(AW(T) LY. 1.0D-5)0010 40

CALL SYMBOL(X,Y, .07,11,0,,~2)
40 IF(OMNAT(I}.LT.1.0D~5 )GIT0 50

CALL SYMBOL(X,Y,.07,1,0.,-2)

GOTO 60
50 TF{AW(I).LY.1.0D-5 }CALL SYMBOL(X,Y,.07,13,6.,-2)
60 CONTINUE

RETURN

c
o o o e e e e 0t b e e 5 e e et
c
SUBROUTINE BSCALE(BMAX, BSMANT, IBMLG, BSCAL )
..... SUBRDUTINE T0 FIND SCALE FOR PLOT USING BMAX

<
o BSMANT 1S THE MANTISSA OF MAXIMM PLOT ORDINATE
c IBMLG IS THE POWER OF TEN OF THE MAXIMUM PLOT ORDINATE

c BSCAL IS THE MAXIMUM PLOT ORDINATE

C

AR AR IRK IR KAKIR AT AT kKRR A KRR S0 18 905 oo
Cooll, REMOVE OOMMENT CARDS IN THIS HLOCK FOR DOUBLE PRECISION OPERATION

C

< IMPLICIT DOUBLE PRECISION {A-H,D-Z}

¢

CHAA AR KA SRR AR AR R KT AR 3032500 sk o608 o1 o 36 o
<
AL BEMANT, BSCAL
C
DM AERE AR AR KK AR KARR RS AR ALK AR R R KA 65 A

C.... FEMOVE COMMENT CARDS IN THIS ELOCK FOR DOUBLE PRECISION OPERATION

C

< AINTIX} = [HNT{X)

C ALOGLO(X) = DLOGIO(X)

<

CHERARKLRARKRAAK AR K AR AR AR IR KA KRR K8 Ao K 3 o
C

BMLG

= ALOGIO(BMAX
IBMIG = BMG
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BMRES = BMLG-IBMIG
IE(YBMLG LY. 0GOTC 10
IF(IBMLG EDL.O LAND, BMIG,LT.0.DOG0M0 10
GO0 20
10 IBMLG = IBMIG-1
BMRES = 1 DO +BMRES
20 BMANT = 10 DO**BMRES
HEMANT = AINT(BMANT }+1.DO
BSCAL = BSMANT*10 .DO=#IBMLG

c
RETURN
END
c
o o A R A 4 5 e
c
SUBROUTINE CONVRT{ X ,DIAM, HERTZ ,VELET , VELCH, VEIKTS }
c

... SUBROUTINE TO CONVERT SEARCH UMNITS (RAD/SEC) TO ALTERMATE WNITS,

ﬁ***ﬂtﬁ***t***k*i**tt***t*t*********ﬂ**!*t*tti*ﬁﬂ*Rﬂ#**li****ik!******i****t*

Couae REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

c
c IMPLICIT DOUBLE PRECISION (A-H,0-Z}
c

C***k*!w%***itﬂ********x***!**tik*i**ﬂit*kiﬁ*i**l****iﬁ****tk****tt*i*i******

c

CUMMON/ CONST/PL, STRHN
C
HERTZ = X/{2.D0*PL)
VELFT = HERTZ/STRHN*{DIAM/12.D0)
VELCHM = VELFT*30.48D0
VELKTS = VELFT*(.592100
c
RETURN
END
C
e o e ek R P R 1 B
c
SUBROUTTINE DAMP(NSEG)
C
Coinn SUBROUTINE TO SOLVE FOR DAMPING FACTOR
c

C***t*ﬁ*K#****k****t*i!*ﬂ****k********ﬁ#**k**i*********************k*ﬂ*tt*n**

Covve REMOVE (OMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

¢ IMPLICIT DOUBLE PRECISION {A-H,0-Z}
c

Ct*****!*!t**i!i*iﬂ*tﬁ**!ik*ﬂ**ﬁ**i*t****f****ﬂ**!*t**i*t****ﬁ#****iiﬁt*t*t**

C
DOUBLE PRECISION F4,F2,F3 ,FG,PIM

COMMON/C2/A{401)  B(401)  AMPL(401),PHAS (401 ) ,RAMP{401}

COMMON/C3 /CDC{401 ), COA{401 ), DEFF{ 401 ), PRA(401 ), CD{ 401 } ,CDAR{401 }
COMMON/CE/FZ F3 P4 ,FG,PIM

COMMON/CT/CP{401 1, D6 ZETA  ZETAE, ®HOW  RMU

COMMUN/CONST /PL | STHRHN

AN AR A F AR KA N AARARA A AR AR AANKANKARAAARANERNARKARAR RN RN AR R ANFAA LA AON R

... . REMNE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION CPERATION

C

"

<

ABS{X} = DABS{X}
KRR AR RO ko R 0K KRR R K AR K R K
v CALOULATE EXFECTIVE MASS RATIO PARAMETER
M) = 576 . D02/ PL/RHIN/DS**2 /TG

CAILULATE ADDED DAMPING TERM

.....

SRS RS O(’)f‘)a’}ﬁﬁ(‘)ﬁﬁ
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G.00
1, NSEG
ZADDED «CDA(I J*PRA(I }*ABS(B{I +«1 1%%3)

ZADDED
Do 101
ZADDED
10 (OHTINGE
ZRODED = DS*RHDW*(ZADDED +F3 /18 .00/PI/DSCRT(F2 )/DSORT(E4)

Coovs FIND STARTING ESTIMATE FOR ZETAE FOR ITERATION

IF{ZADDED LT.1.00~15 | AND. ZETA,LT.1.0D-15 }GTO 65
ZL = 1.0D-6
15 FZL = ZL - ZETA - ZADDED/(1.D0 + {9.6D0*{RMJ*ZL.y%*1 BDO})
IF{FIL.LT.0.D0 Q0 20
ZL. = ZL/10.0O
GOTO 15
202U = ZLA0.D0
E2U = ZU - ZETA - ZADDED/{1.D0 ¢ (9.60G*(RMUAZU %=1 §DO) )
IF{FZU*FZL}40,40,30
30 ZL = ZU
FZI. = FZU
3070 20
40 QONTINUE

ZETAE = ZL
Co..L SEARCH FUR ZETAE {HEWTON-RAPHSON ITERATION SCHEME )

IT =9
50 VAR

PAR

DZETA

W B H

(EMU*ZETAE %% 8D0
1.0D0 +(9.6D0*VAR)
1.600  + 17,2800 *ZADDED*HMI**1 8DO*ZETAE**0 800/ PARN*2
FLETA ZETARE -ZETA -ZADDED/PAR
ZETAEN = JETAE - FZETA/DZETA
IT = IT «1
IF{ABS{ZETAEN-ZETAE) LT.1.0D-4) GO TO 70
IF{IT.LE,100 G010 60
IAPROX = IAPROK+2
GOTO 70
60 ZETAE = ZETAEN
GO TO 50
65 ZETAEN
70 ZETAE

# how oo

.o
ZETAEN

EL I

SUBROUTINE DISDIA
Co..a. FIND NG. OF DISTINCT DIA, AND STORE

CHBAARF RS R ALEKIHA AR RERK A AR E RIS KR E AR AN KR A Ao
C.... REMNE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECTSTON CPERATION

c

c IMPLICIT DOUBLE PRECISION (A-H.0-Z )

[

C**tﬁl‘\'**ﬁtktl’*%*ktt**!i***it***‘ki’*i‘*‘!e***i;t***l&t**tit**!**ﬂ***t********ti**ﬂ**

C
COMMON/CL/CLI40L ), D{40L ), WCL401 ), TCI40L 3, AWL 461 ) MEX(401 ),
1 ALP(401},5{401 ), NSEG
COMMON/ DL/ D 401 1, 10D
[

C#tn*ﬂr*!‘i**’***’tkkt*t*lii*tti*****i***Wl**t*)\‘ki*?ﬁkil‘l‘**i*ﬂ***t*!!i***ﬂ***!*t**

C.o.... mmmmm&mmmmm&mﬂw

e

c ABG (X} = DABS{X)

(o

CRMARTARARK KRN KA R IR L RHKRE RS E KRR EHAR AR AR A AR 4 K0 o B
c

K = 1
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DL = DL
IF{NSEG.B).1 3070 30
DO 20 J = 2,HSEG

K = +1
DHK) = DOJ)
1L = Jul

piwlI=1,IL
15‘(388{(0{33 ~THIYI/DET).CT.5.00-4) G0 TO 10

K =K-1
GO 020
10 CONTINUE
20 CONTINUE
36 N0 = K
c
RETURM
EKD
c
£ s e e e 1 kA . R 0 S e e
c

SUBROUTINE IMODE(OMC )
C
Cooven SUBROUTINE TO EVALUATE INTEGRALS FOR MODE SHAPE FACTOR AND DAMPING
C

CK***t!tiﬁ***ﬁi*tﬂ#**t*t*t*ﬂ**t***R**#*************t****itk****t#*i**ﬁ**it***

Co.... REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

C IMPLICIT DOUBLE PRECISION {(A-H,0-2)
¢

c*t***t*t*ﬂi*kkﬂ**tR*#****lk*l!l*****k**ﬂk*****tﬂ***!***lk***tﬂ#t*****#**t*tk

Cc
DOUBLE FRECISION ¥4,F2,F3,FG,PIM,AD,BD, DAMPL

c
WIC}L/CLHOH D{401},WC(401),TC(401 ), AW(401 ), NZX(401),

M P{401},5{401) ,NSEG

(IMM/CZ/AMOU B(401 ), AMPL{ 401 ), PHAS(401 ), RAMP{401 )
COMMDN/C3/CDC{401 ), CDA(401 ), DEFF{ 401 ), PRA{ 401 },CD(401 ) ,CDAR{ 401 )
COMON/C4/AD{401 ), BD{401 )
QOMON/C6/F2 ,F3 14 ,FG,PIM
COMMON/CT/CP(401},D5, 2ETA, ZETAE , RHOW, RMJ
COMMON/ CONST/ PL , GTRHN

o

ctkkitIW*t**ti*!***tk****t**tti**!tn*t***t*kt******ﬁ**!**ﬂﬂ**#*t*********ﬂt**

C..... REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
c
[ ABS (XY = DABS(X)
C RINT(X) = DINT{X}
C s(X) = DXOG(X)
cC BIN(K) = DSINIX)
g*i*ltkﬂk*k*!**tt*t**tk*tt**tttl*#Kt***kt*l**ttl*t*l*t*ﬂkl!***ﬂi***t#lt**ﬂ**#
c

TWO o= 2.0

THREE = 3.D0

FOUR = 4.0

o= 0,00

o= 0,00

o= G0

B o= 6,00

0 Is1,NSEG

® ALPOSCL{L j-PHAS{I }
= ALPOFCLIL )/ TW0 «{SINITWOAARG) +SINCTWO*PHAS(T ) ) J/FOUR
DN*PL GSORT(AB(I )*AD(T } « BO{I y*BD{I))
F4 = F4 +(DAMPLY*4*{ {COS{ ARG }**3*SIN(ARG } +COS({PHAS(L } j##3*
1 SIN(PHAS{T }) 3/FQUR +0 TSDO*PARJ/ALPO PHWC{T ] «AW{I }*BD{I+1}%*4
F2 = F2 «(DAMPTAY2APARVALPC I *WC(T ) «AW(T P*BI{T 3 J2*2
PG5 = FG «CP{I J*DAMPLA*Z*PAR/ALPO
NPI = ALPO*CLAT 1/PL
EXTRAA = ALFO*CLII }-NPI*PI
GRMMA = PHAS(I) +THREE*PL/TWO-PI*AINT{{PHAS({I ) +THREE*PL/TWO/PL}
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TERML = SIN{EXTRAA-PHAS{I ) )% (COS{EXTRAA-PHAS(I 11%%2 +TWO)
TERMZ = SIN{PHAS(L) *{COS{PHAS(T ) )**2+TWD}
TERMD = (1.D0-CP(I) }*CDC{T 12DI J*DAMPL**3/36 [0/ ALPO

IF{EXTRAA .GT GAMMA) CO D 10
F3 = F3 +TERMI*(FOURANPL +ABS{TERMI +TERM2 1)
G2 70 20
10 B3 = F3 +TERMI*(FOURANPT +ABS{ TWO*SIN(GAMMA-PHAS( ) 3
1 (COS{GAMMA-PHAS(I })%%2 +TWD} +TERMZ-TERML )

20 CONTINUE
100 CONTINUE
PIM = F4/F2
c
FETURN
END
<
et e e e ettt e 2 1 e e e e o e
c
SUEROUTINE MODPLT{ NROOT, NROOTK, DMAX, DMIN, UNITS, JPLING )
<

Cooll, &Wmmmnmmmwmmwmm

CHRAAAAN A HIH KR KRR RK K30 R 0 8 5005 ook ok e oo ko
C.... .REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

<

c IMPLICIT DOUBLE PRECISION (A-H,0-2)

o4

C****ﬁt*******ﬁ!tiﬁ*K#***k*ti*******R****#**i*ﬁ**kktk**tk**klﬂ***k*****ﬁ*****

c
INTEGER WNITS,TITLE

C
COMMON DLAM/ DU 401 1, NOD
MI?L'X'IHE‘/IPL'I‘GD,M,IPSPEE.IPSTRI’,IPSTOP,TIHE(H }
COMMON/ VELPLT/VEL{ 400 ), MODND{ 100 }

<

Ct!*ﬂ*t*****k!***ﬂ*********it*****tR*ﬂ**ttk*******ki*w*t**t*#t*t*t***t*i****t

REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

Co....
C
C FLOAT{I)} = DBLE(FLOAT(I})
c INT{X) = INT{SNGL(X))
o4
CNREAIARNRIRERIRNHRR K H KRR IR, KRN RISk 2o oo
c
IF{IPLICD.EQ.5 C0TO 10
c

C.oonus ADVANCES TO NEXT PAGE FOR PAGPLT TYPE PLOUS
C

NADV = 3- (NROOTK- INT(FLOAT{NROOTK/3 }-0.1}1%3)
ADV = 2 BIGANADV
CALL PLOT(ADV,0.,-3}
GO0 20

16 CALL PLOTS(53,0,7)

20 NROOT = NROOT-1
CALL RANCE [ VEL, MODND, NOD , NROOT, DMAX, DMIN, WNITS )
JPLTHD = JPLTNG+1

c

RETURN

EHD
i
T
c

C
Co.. SUBROUTINE TO CONTROL PROCESSING OF AUXILLIARY DATA FILE
<

C**t*k#**ﬁ*ttﬁi***tikﬂ**i*k**t*****t*tﬁ*R***t#tix***#***!i**!***tt*!**tl***kl

Coo... REMOVE COMMENT CARDS IN THIS BLOCK FCR DOUBLE PRECTSION OPERATION
c

c IMPLICIT DOUBLE PRECISION (A-H,0-2)

o

c*k*ﬂ*x***ﬂix*t*tﬁﬂ**tﬁﬁ!*t*ﬂtk*Xﬁt***!***kt**ﬂ**tlQ#i*t**ﬁ#ﬁi*****t*t*iﬂt#t*
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INTEGER TITIE

COMMON/CONST/PL STREN
COMMON/ MXAMP/SEGSIR({ 401 ), SEGSIZ (401 ), MASEG, BSIZE  BPSIZE BSIZER,

1 BPSIZR

.....

10

20

COMMON/ PLTINE/ IPLTCD, PLEN, IPSPEC, IPSTRT, IPSTOP, TITLE(B )

IPSPEC
JFLTNO
J=0
HROOT = 0

READ GENERAL DATA AND PERTINENT SEGMENT DATA

1
O

# oK

CALL REDANL (NCOUNT )

READ MODAL DATA AND RESPONSE AMPLITUDES AS REIMIRED
CALL FEDAXZ (OMC MO, DS NRCOT )

J oz Jel

VELKTS = OMI*(DE/12.0D0)/(2.DO*PI*STRHN j*0,592100
BPSIZR = 0.10

DG 20 I = IPSTRT,IPSTOP

IF{SEGSIR(I}.GT .BPSIZRBPSIZR=SEGSIR(I)

CONTINUE

CALL PLICTLAOMD, MED, DS, VELKTS , NROOT, JPLTNO )
IF{J. LT NCOUNT )JGOTG 10

..... CLOSE PLOT FILE

CALL PLOT(1.,1.,999)

SUBROUTINE PAGPLT{MNG,OMC, IPLINO, VELKTS , BSMANT ,EMLG , BSCAL)

. ROUTINE T0 PLOT QUTPUT IN A PAGEWLISE MANNER, MINIMIZING LABELING

W kK 3k v ok sk A S S R sk o R R A A oK 0K S o ook o ok ol e o R

REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
IMPLICIT DOUBLE PRECISION (A-H,0-2)

SRR N3k koK A R T A Yoo T kORI o R R oo o O ok sk

C

INTEGER IHDR1{4},IHDRZ(4),TITLE,LABK(2 ), LABY(2 ), TITLE2 {4 )} HEADZ(4 )
REAL VELOC,PLEN4 ,PLEN2 PLEN] , YN, BSMANT , BMLG, DELTY, OMND

COMMON/CL/CL{40L },D{401 ), W0(401 ), TCI401 §, AW(401 J , NEX{401 },

1 ALP{401),5{401 ), NSEG

1

COAMON/ PLTINF/ TPLICD, PLEN , IPSPEC, IPSTRT, IPSTOP, TITLE(S )

JATA TITLEZ/IOHMODE NG.= [ 10H STR V,10HE#
10HKT , 4HS . /
DATA HEADZ /IOHRESPONSE A, 10HMPLITUDE v, 1GHS DIST ALO,

i IOHNG CABLE /

.....

DATA LARK  /1O0HAMPL (INH)*, 10KLO /
DATA LABY /10HARC LENGTH,10H (FT} /

TF{IPLTNG HE, 1 Q0T0 10
WRITE HEADING QHLY OMCE. SUBDIVIDE INTO TWO LINES,

OO 11 = 1,4
LHDRI{IL} = TITLE(D)
IHORZ(I} = TITIE(I+4)
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1 CONTISRE
CALL PLOT(8.5,0.0,-3)
CALL SYMBOL{7.80,1.35, .14, IHDRL 90,40
CALL SYMBOL(Y.75,1.25, .14, IHDR2, 90,40}

C
C.... DRAW BND LABEL X AXIS OF 2 IN. MAKING A TIC AT EACH END AND AT CENTER
c

10 CALEL NUMBER(G.,- .35, .07 BSHMANT 90,1}
CALL 5YMBEGL{0.,0.,.14,13,0.,-2)
CALL 5YMBOL{1.,0.,.14,13,0.,-2}
CALL SYMBOL{2.,0.,.14,13,0.,-2)
CALL NUMBER{L.,-.28,.07,06.0,90.,1}

CALL HUMBER{Z.,- .42, .07,-BSMANT 50, ,1}
CALL SYMBOL(D.54,-0.45, .07,LABX,0.0,12}
CALL NUMBER(L.38,-0.38, .07 BMLG,0.0,-1)
<
Sl DRAW Y ARG5S OF PLEN IN. AND LABEL
i
IF({PLEN.LT.1.0)PLEN=10.0
CALL PLOT{1..0..3)
CLNGTH = S{IPESIOP)
IF{IPSTRT.GT .1 KINGTH = CLNGTH-S(IPSTRT-1)
DELTX = CLMGTH/PLEN
PLENd = PLEN
PLEN] = PLEN-0.25
PLENZ = PLEN/2.0
CALL, SYMBOL{1,, PLEN2, .14,13,90.,-2}
CALL SYMBOL(1. ,PLEN4, .14,13,90.,-2)
N = S{IPSTOP}
CALL, NWUMBER(2.,PLENL, .07,YN,90.,1)
PLENL = PLEN2-0.25
™ = YN-CINGTH/2.0
CALL, NUMBER(Z.,PLEN1, .07,YN,90.0,1)
YN = S({IPSTOP)-CLNGTH
CALL HUMBER{2.,0.1,.07,YN,90.0,1)
PLENL = PLEN2-0.55
CALL SYMBOL(2,25,PLENL, .07 ,LABY,90,0,15}
c

C..... CALLULATE AND PLOT AMPLITUDES ALONG THE ENTIRE CABLE SEGMENT BY SEGMENT

CALL PLOT{1.,0,,3)
CALL AMPLOT(OMC, BSCAL,DELTX)

C
C.....PREPARE FOR AND DRAW HEADING
c
oM = MID
VELDC = VELKTS
PLEN]1 = PLEN2-1.33
CALL SYMBOL{-0,15,PLENL, .07, ,HEADZ ,90.,38)
PLENL = PLEN2-1.19
CALL SYMBOL(O. ,PLENL, .07 TITLE2,90.,34)
PLENI = PLENZ-0.44
CALL WUMBER{G.,PLENL, .07 ,0MND,90.,~1}
PLENL = PLEN2 + .49
CALL NUMBER(O, ,PLENL, 07 VELIX,90,,2}
cC
Coo o CADVANCING PLOT
<
CALL PLOTI2.515,-0 .65,-3
<
BETURN
9
o k8 8 8 0 S e st e
<
SUBROUTINE PLTCTL{OMC , MM, DS, VELKTS , NEOOT , JPLTNO }
C
Coivis SUBROUTINE TO CONTROL PLOTTING PROCEDURE
<

Ciﬁtkl{xiin**t*xﬂ*kﬁi*i***i#**tkﬁk***llf***i**%***ﬂ*k****ﬁ****#****t**!**tﬂ****
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(o REMOVE COMMENT CARDS IN THIS RLOCK FOR DOUBLE PRECISION OPERATION

<
€ IMPLICIT DOUBLE PRECISION (A-H.O-2)

<

Cﬂ*tt!***#l**i**ﬁ!ﬁi***tﬂlk*kttii***i*ﬂ*l*Z!i*ilt***kﬂ*kti*t*#!i*#&***t!!t*if

¢
INTEGER TITLE
REAL HSMANT ,BSCAL, BMIG

COMMON/ MXAMP/SEGSTR{401 1, SEGSIZ {401 }, MXSEG, BSIZE  BPSIZE, BSIZER,
1 BPSIZR
COMON/PLTINF/ IPLTCD , PLEN, IPSPEC, IPSTRT, IPSTOP, TITIE(R )

IF{JPLTHD EL). O }CALL PLOTS(53,0,7)
IF(JPLTNOG (GT.0 . AND . NROOT . BQ. 1 )CALL PLOT(1.5,0.,-3)
CALL PLOT(.32, .65.,~3}

Covnnn FIND MAXIMUM AMPLITUDE AND SCALING FACIOR FOR PLOT.

c
IF(IPEPEC.ED.1)BSIZER = BPSIZR
CALL HBSCALE{BSIZER,BSMANT,IBMLG, BSCAL)
c
BMLG = FLOAT{IBMIG)
IF{IPLTCD.BR.: (OR. IPLTCD.EQ.3)30T0 10
CALL SCROLL{MNO,OMC,DS, VELKIS, BSMANT  BMLG, BSCAL}
JPLING = JPLTNO+1
RETURN
c
10 CALL PAGPLT{MNO,OMC,NROOT, VELKTS , BSMANT  BMLG, BSCAL:)
JPLIND = JPLTNO+1
C
RETURN
END
c
e e 0 L 7 =
c
SUBROUTINE RANGE( VEL , MIDNO, NPTS  NCURVS , DMAX , DMIN , UNITS )
C
Co..os SUBROUTINE TO PLOT MODE NO. VS. STROUHAL VELOCITY
c

Ct*******ﬂi*ﬂ****tk*******!**k*t******k**i!****tﬁ******ii*k*****t*******!****

C.....REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
C

c DOURLE PRECISION OMSTRT,OMSTOP,DMIN,DMAX,PI,STREN,DU

c

C*tkl**it!t***l!ﬂ***‘*#**t**kt*i**t*tt**ﬂ*kll*k*ik!**t*t*l**ti*tﬂ**!ti**ttkﬂﬁ

C
INTEGER LABELX(2),LABELY(2),IA(4},IB(4),LABX2({1),5Y¥(2),TITIE,
1 TITL2{4 ; UMITS

COMMON/CONST/ PT, STRHN

COMDN/DIAM/DU{ 401 ) HOD

COMMOR/MODE/ MAM0S  OMSTRT , OMSTOR, DELOM, ACC, LTCT, JAPROX, IBCODE
COMMON/ PLTINE/ IPLTCD, PLEN, IPSPEC, IPSTRT, IPSTOP, TITLE(S }
DIMENSION VEL(1),MDENO(1)

TATA LABELX/ JOHVEIDCITY (,10H |
LABELY/ 10HMIDE NUMBE, LOHR /.
NCHAR NOHARY NALNB/ 17, 11,4049/,
LABYZ/1OH K75, /L HCHK2/6/,
SYM/IGHSYMEOL,  SH,ICHED, DIA  / NGYM/17/,
TITL2/10HMODE NUMBE, LOHR VS, STRO, LOHUHAL VELOC,
10HITY /L NTITL2/33/

G onft b (ol ok e

(9]

875

625

g,

7.
NPTS*NCURVS
HC o+ &

b
I TR I T
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MC ¢ 2
WORIG 8.25 - (YINCTH + YIWLET)
YORIG .25 « XLWLET

oo JCAIOULATE ABSCISSA LIMITS AND DRAW AXIS

HC2

Ho# H

a0

CALL PLOT{XORIG, YORIG,-3)
IF(UNITS .GT. 23070 10
XETRT = OMSTRT*(DMIN/12. }/{2 . *PI*STRHN }*0 5921
XETOP = OMSTOP*(LHAX/12. }/{2 . *PI*STRHN )*¢ 5921
GG 30
16 XSTRT = OMSTRT™M{DMAX/12. /{2 .*PI*STRHN}
HETOP = OMSTOP*(DMIN/1Z. 3/( 2 *PI*GTRHN )
TE(UNITS BQ.5 Q010 20
LABX2 = ICHFT/SEC
TEUNITS B3 GUT0 30
HETRT = XSTRI*20.48
XSTOP = XSTOP*30 .48
LABX2 = 10HOM/SEC
Goro 30
20 XETRT = XSTRT*0 5921
HETOR = XSTOP*3, 5921
30 VEL{NC1) = XSIR?
VEL{NC2) = (XSTOP-XSTRT )/ (XLNGTH )
CALL AXIS(YLNGTH,0.0,LABELX, -NCHARX, XLNGTH, 90 .0, VEL(NC1 ), VEL(NC2 } }
: = MINGTH/2Z. +.28
YINGTZ = YINGTH + .42
CALL SYMROL{YLNGT2,XINGT2, .14, ,LABX2 90, ,NCHX2 )

C.o... FLOT ORDINATE 28

CALL PLOT(0,,0.,3}
X=0.0
DO I =1,6
X=X+1.0
CALL SYMBOL(X,0...07,15,90,,-2)
35 CONTINUE
CALL PLOT(7.,0.,2}
YLNGTS = YINGTH/2.-0.84
CALL SYMBOL{YINGT3,-0.56,0.14 ,LABELY, 0.  NCHARY
MM = INT((FLOAT(NCURVS }- .05 }/ { YLNGTH-2. } }
MODHO(NCURVS €2 ) = ~FLOAT{MM+1}
MODNO{NCURVS+1 } = MODND(1} ~ MODHO(NCURVS+2 ) *INT( YLNGTH-2.0)
2051 = YINGTH
NYINGT = YINGTH-1.0
LO 40 I = 1 NYLNGT
s POS -1.
MG = FLOAT(MODNO(1) + (MM+L)%{I-1)}
CALL NUMBER(POS,~ .35, .105,FMNO,90.,~1)
40 CONTINUE

(LN |

(1]

CALL PLOT(0.,0.,3)

Y * 0.0

D441 =1,8

Y=Y+ 1.0

CALL SYMRGLAO.,Y, .07,1%,0.,-2}
44 GNTINE

CALL PLOT¢0.,9..2)

X= 00

045 1 1,6

X=X+ 1D

CALL SYMBOL{X.%.,.07,15,-90,,-2}
45 CONTTRUE

CALL PLOT(7.,9..,2)

u

[y

0O 60 I = 1,NCURVS




-166~-

0 J = 1 HPTS

FLOAT (MODHG{ NCURVS+1 )-MODNO (1 1)/ FLOAT{ - MODNO{NCURVS +2 ) J+1.0
X {VELLT {1~ 1 )*HPTS 3~ KSTRY 3/ (XSTOP- XSTRT JALNGTH
dLo= g1
CALL SYMBEOLAY,X, .105,01,%0, -1}

50 CONTINUE

50 CONTIRUE

ol
ol WRITE HEADING, SUBDIVIDE INTO TWO LINES,
c

03
v

(L A ¥

PO 701 = 1.4
LA(L) = TITLE(D)
IB(I) = TITIE(IH)
70 CONTINUE
STRT = XIMGTH/Z. - 2.1
CALL SYMBOL{.5,5TRT, .105,IA,90. ,NA)
CALL SYMROL( .7%,5TRY, .105,18,90, ,NB})
STRT = STRT - 0.15
CALL SYMBOL( .25 ,8TRT, .14, TITL2,90, NTITLZ )

C

C..... DRAW AND FILL KEY TO SYMBOLS

<
ANL = XINGTH - 1.0
KAN2 = Nl - 1.0
YINZ = YINGTH - 1.0
XINg = (N2 + 0,185
YIN4 = YIN2Z + 0.14
KING = XINL - 0.5
YINS = YLH4 + 035
XiN6 = YINS « 0,71
YING = YINS - 0.0525

CALL PLOT{YLNGTH, XINZ,3)

CALL PLOT(YLN2 XIN2,2)

CALL PLOT{YLNZ ,XINGTH,2)

CALL, PLOT(YINZ ,XIN1,3}

CALL PLOT(YLNGTH,XIN1,2)

CALL SYMBOL(YIN4 ,XIN4,,105,5YM,90. NSYM)
CALL PLOT{YLNS ,XINGTH,3 )

CALL PLOT(YINS XIN2,2)

D080 I = 1, NPTS

T = 1I-1

YING = YING + 0.14
YLNT = YING + 0,0525
CIAM = DI

CALL SYMBOL(YING ,XINS, . 105,11,90.,-1)
CALL NUMBER(YLN7 XING,.105,DIAM,90.,5)
80 CONTINUE

c
XORIG = 8.5 - WORIG
CALL PLOT{XORIG,-YORIG,-3)
FETURN
END
C
(o e 2 1 £ 2 2 e e 2 2 2 2 2 22 S e
<

SUBROVTINE READ{UNITS , DMAX, DMIN, TAUX, NMASS )
C.....SUBROUTINE TO READ/WRITE INPUT DATA
c

CRAZEHAARTRRRXERNA R IR R ARXTAE R IR A KR RARA KRR RR R AR AR TR AR AR R A AHR IO Tk R

I EEMOVE COMMENT CARDS IN THIS BLOCK FOUR DOUBLE PRECISION OPERATION

IMPLICIT DOUBLE PRECISION (A-H,0-2)

C

[

AR RKERAENARERA IR NRRA AN AT ARRERARARA AN NN R R AR R A A RN RN RN A AR A A AR N
c

[OUBLE PRECISION OMNAT
IHTEGER TITLE BCOMD(1:,UNTTS
FEAL KMSTRT , KMSTOP  KDELOM
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COMMON/C1/CL{401 ), D{401 } WC{40L ), TC(401 ), AW(40L ), NZX( 401,
1 ALP{401},5(401) NSEC
COMMON/C3/CIX{401 } ,CDA( 401 ), DEFF(401 1, PRAL401),CD( 401 ), CDAR( 401 H
COMMON/CS/STIF{401 ), STWI {401 ), OMNAT{401 )
COMMON/C7/CP(401 ), DS 2ETA, ZETAE, RHOW, RM)
COMMON/CB /CPRA, PRASUM, CDT , CITOT, CIWT , COCAV, CDARY
COMMDN/CONST/PT , STRIN
COMMON/DEVICE/TTH, TOUT, TADF
COMMON/MODE/ MOMDS , OMSTRT , OMSTOPR, DELOM, ACC, ITCT, IAPRDX, [RCOOE
COMMON/QUTLOC/SPLOC {401 ), TOUTCD , NSPEC
COMMN/PLTINF/ IPLTCD, PLEN, IPSPEC, IPSTRT, IPSTOP , TITLE(S |
<

Ctk*ﬁtiR#****ﬂtt*)*W*R*ﬁ*ti***i*ikki***i**i********#*t**!**l*f*t**tﬁ***i**it*

Covet, REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
C SORT(X ) * DEQRT{X}
<

CI!**X!R!*t#*kl****tx**t*Ri**ikﬁ**ti****lt**t***kﬁ*t******iﬁi***t****#ﬂ***i*#

C

PEAD(TIN, 1601 NSES, IBCODE , ZETA, RHOW

1001 FORMAT(215,2F10.0}
IF{RHOM LT.1.0D-6) RHOW = 64,000

J =0

0101 I = L,NSEG

IFP(I.LE.J)G0TD 101

FEAD{IIN,1002 )CL(I},KG
1002 FORMAT(F10.0,15)

IF{KG.LE.1)30 TO 101

Co.... GENERATE REPEATED SEGMENT DATA

Il = I+l
IKGL = I+KG-1
0O 102 J = I1,IKGL
IF{J.GT HSEG 3> TO 200
CL{T) = CLLI)

102 CONTINUE

101 CONTINUE

C
C.....READ SEGMENT PROPERTY VALUES (DIAMETERS, DRAG COEFF, ETC.})
C

J =0

DO 103 I = 1,NSEG

IF(I.LE. J)G0TO 103

READ(IIN, 1003} D{I},WC(I),TC{I,CDC(1}.5G
1003 FORMAT(4F10,0,1I5}
c IP(CDC(I}.LT.1,0D-6 }CDC(T )=1.D0

IF(KG.IE. 1530 TO 103

C
Co... GENEFATE REPEATED SECMENT DATA
C

L=

Tei
IKGL = L+KG-1
4 J

EG 10 = [1,IKGL
iF(J.GT NSEG Y30 TO 200
BJ) = I
COC(Ty = XL
WCO{J) = WCHI)
LIy = (1)

104 CONTINUE

103 CONTINGE

[
Cooa FEAD ADUED MASS/SPRING MASS INFORMATION
c

J® 0




.....

126
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00 105 I = 1,NSEG

IF(ILE.JGROTO 105

READ{IINM, 1004 }AU(I).S’?I?(I}.S’M(I),CDA{I),%{ILD&TEZ).KG
FORMAT{6F10.0,I5}

IF(CDALT ) LT, L.0D-6 XCDA( D )= . D0

TF{DEFE(I:.LT.1.006) DEPF(I=D(I}

IF{KG.LE 130 TO 108

GENEFATE REPEATED SEMENT DATA

Ii s f+]

IKGL = JelG-1

DOO106 F = I1,IKGE
IF{J.GT.NSEG GO TO 200

AWLT) = AT
CDA(J) = CDMI)
STIE(J) = STIF(L)
STWI(J) = STWI{I)
DEFF{J} = DEFF(I)
PRA{J} = PRA(I}
CONTINUVE
CONTINUE

READ FREQUENCY SEARCH PARAMETERS, FLUID DAMPING AND DENSITY

READ(IIN, LOOS 1MXMDS , OMSTRT , OMSTOP, DELOM, ACC, UNITS
FORMAT(I10,4F10.6,1I5)

- .READ QUTPUT CONTROL INFORMATION

READ{IIN, 1006 }JIALX, TOUTCD , NSPEC
FORMAT(3I5

FE(TOUTCD 82,0 G010 110

TF{IOUTCD.EQ. 2 .OR, IOUTCD.ED.4)GOTD 110
READ(IIN, 1007 ) (SPLOC(T },I=1,8SPEC)
FORMAT(8F10.0}

READ PLOTTING CONTROL INFORMATION

READ(IIN, 1008 YIPLTCD, IPSPEC, PLEN
FORMAT(2I5,F10.0)
IF(IPSPEC . EQ.O YETO 115

READ (5,1009) IPSTRT,IPSTCP
FORMAT(2I5)

CDCARY
CDAAY
SARC
DHAX
TMIN
IF{IBCODE B,
AWINSEG) =
CDALNSEG) =
STIFINSEG) =
STWI{NSEG) =
DO 1281 =1,
IF(AW(I}.GT,1.0D-6 JHMASS = NMASS+1
iF{AW(I.LE. 1 .0D-6 DALY ) = 0.D0

CPEA = CPRA + CL{I*{D{I}/12.D0}

RREkELy

P

fHccecoos
E e

N

B

L]

B oH U8 g 5 oa  H o
oy
o

grooo
HEEEE

PRASUM = PRASUM + PRA(T}
COAAY = CDAAV + CDA{I V*PRA(L
COCAV = CTCaV & COC(L P*CLIL j*(D{I }/12.00)

S(1; 0.0
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SARC 7 SARCWCLIL)
§(Iy = SARC
CMEAT(I) = 0.DO

G s 32,200

IF(STWI{I }.GT.1,.00-6 JOMNAT (I} = SQRT(STIF(I PG/STWIIT )
WRITE{IOUT, 2001 1,401,501, D(1),C0CIT ), W00 1 ), TCIT 3, AW( T ), COACL 3,
L PRA{I },DEFF(I),STIF(I),5TWI(1)

2001 FORMAT{1X,13,3¥,0PF8 31X, 0PF10 .3, 2K, LPELD (3, 2%, 0PFS 2, 2X, 1PELD .3,
1 3X,0PF7.2,2X, 1PEL0 .3, 2X,0PFS . 2, 2{ 2X, 1PELD 3 1, 2{ 2%, 0PF7 .2 1)

..... CALCULATE ALPHA(I }, S{NSELS ), AWT, TMIN, WMAX
AT = AWT & AW{I) +STWD{I}
ALPITY = SQRT(WC{I WG/TC(I N
IF {TCIE

} LT, TMIN) TMIN = TC(I}
IF (WC{I .GT. WMAX) WX = WD)
I8 (D(I) .GT. DMAX) DMAX = D(I}
IF {I .BD. 1) DMIN = DMAX
IF ({I} LT, DMIN) DMIN = D(I)
125 CONTINUE
IF {(AWT/S(NSEG) .GT. WMAX) WMAX = AWT/S(NSEG)
WRITE(IOUT, 2002 ) NSEG
2002 FURMAT {/* TOTAL NO OF SEGMENTS = *,I3)

Conl. CALLULATE INITIAL AVERAGE DRAG VALUES

CDCAV = CDCAV/CPRA
IF(PRASUM BQ.0 )G0TC 126
CDAAV = CDAAV/PRASUM

126 WRITE(IOUT,2003 }CDCAV,CPRA

2003 FURMAT{/* AVERACE CABLE DRAG COEF = *,0PF9.3," BASED ON PROJECTED
LCABLE AREA OF *,1PEIG.3," (FT**2)")
WRITE( IOUT, 2004 JCDAAV, NMASS , PRASUM

2004 FORMAT(/" AVERAGE MASS DRAG COEF = * OPF9.3," OVER" 14,
1 " MASSES AND PROJECTED AREA OF",1PEL0,3,“ (FT#*%2)%)

Coootl CHANGE FROM INPUT SEARCH UNITS 70 RAD/SEC
CALL WIT (OMSTRT,OMSTOR, DELOM, UNTTS, DMAX, DMIN )
c..... SET DEFAULT ACCURALCY TO 0,005 PERCENT,

1P (ACC LT, 1.0D-6 )ACC = §,0D-5
IF (OMSTRT.LT.1.0D-10)OMSTRT = 1.0D-10

C.oo... CALCULATE DELOM ~ FREQUENCY SEARCH INCREMENT

IF(DELOM.GT . 1.0D-10) GO 1O 130
DELOM = SORT(TMIN*G/ WX }/ S{NSEG 1/26 .DO

Co.... WRITE FREQUENCY SEARCH INFORMATION

130 WRITE(IOUT,2005 ) MXMDS
2005 FORMAT (/" MAXIMUAM HO OF MODES SOUGHT = .13}
BOOND = 10HFIXED
IF(IBCODE B 016070 135
BOOND = 1GHFREE
135 WRITE(IOUT, 2006 YBCOND
2006 FURMAT(/ " BOUNDARY COWDITION AT END OF LAST SECMENT v CLALDL /S
L ISK,™ MODE SEARCH LIMITS"/11X,” LOWER®,4X,* UPPER"/
2 OLIKY LIMITC 4X, " LIMIT*,2X," THCREMENT")

..... WRITE SEARCH PARAMETERS IN VARIOUS UWNITS

CALL CONVRT{OMSTRT, DMIN, HMSTRT , FMSTRT , CMSTRT , KMETRT )

CALL CONVRT{OMETOR, DMAX,, HMSTOP, FMSTOR, CMSTOR, KMSTOPR)

CALL: CONVET{ DELOM, DMAX, HDELOM, FDELOM, CDELOM, KDELOM )

WRITE{IOUT, 2007} KMGTRY, KMSTOP , KDELOM, HMSTRT , HMSTOR , HDELOM,
m,m.m,m,m,m,
OMSTRT, OMSTOP , DELOM

[
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2607 FORMAT(Y  KNOTS",3F10.4,/,"  HERIZY,3F10.4,/," FI/SEC,3P10.4,/,
1 *  CM/SEC* ,3FL0.4,/." RADJSEC“,3F10 .4}

oo WHITE INITIAL CARLE DAMPING COEF, AMD FLUID DENSITY
WRITE( IOUT, 2008 1ZETA, REOW

2008 FORMAT(//* FRACTION OF STRUCTURAL CRITICAL DAMPING IN AIR = °,
1 F7.4/7% FLUID DEMSITY = “,1PE10.3," (LB/ET*3)"./)

C
Coo. MOOIFY DAMPING FACTOR FOR FLUID EFFECTS
c

TOTHAS = 0.0

TOTWAT = .00

£0 140 T = 1,NSEG

TUTHAS = TOTMAS +WC{ 1 )*CL(T )

TOTWAT = TOTWATHMI DLI CL(I)/144.D0

140 CONTIMUE
AVEDEN = TOTMAS/S(NSED)
AVEWAT = TOTWAT*PL/4 . DO*RHOW/S{NSEG)

ZETA = ZETA*S{RT( { AVEDEN-AVEWAT )/AVEDEN )
WRITE{ IQUT, 2009 JZETA
2005 FORMAT(//* FRACTION OF STRUCTURAL CRITICAL DAMPING IN FLAGD = *,
1 F7.4)
WRITE(IOUT, 2010)
2010 FORMAT(1HL)

GG 999
C
Covnns ENFOR MESSACE IF TOO MANY SEGMENTS GENERATED
c

200 WRITE{IOUT,2011)
2011 E'C)RHATU//MOX ST{1H* )/ 10X, "CHECK INPUT DATA. NO., OF SEGMENTS®,

i * GENERATED EXCEEDS NGEG,"/10X,57(1H*)}
sTOR
< i
999 CONTINUE
FETURN
END
c
o 1 T 8 bt
C
SUBROUTINE REDAXL (NOOUNT)
c

Colen SURROUTINE TO READ GENERAL INFO AND SEGMENT DATA FROM AUX. DATA FILE
c

Cﬂ!t3'wtt**ki**ii***iwki****ﬂ**!**t**t*iﬂ**lk*t*t**#***#**ﬁ**it***t**tl!it*xt

C.....FEMOVE COMMENT CARDS IN THIS BLOCK FOR DOUHLE PRECISION OPERATION

e
c IMPLICIT DOUBLE PRECISION {A-H,0-2}
c
AR IR R AR AR RA KR EH AR AT AH KK RRAAXREIHIRKERKH KRR KR AN KR IRRIK AN IHE KK AR AN
c
INTEGER TITLE

COI"!W/C}./C' (401 ), D401}, WI{4013,TC{401 }, AW(401 ), NEX{401 3,
ALP(401),5(401 ), NSEG

L"“‘M/DW?E[I&N IOUT, IADE

OOMMON/PLYINE/ TPLTCD, FLEN, IPSPEC, IPSTRT, IPSTOP, TITLE(8 )

¢

READ{TIN, 1001 JHSEG, YPLTCD, PLEN, NCOUNT

1601 FORMAT{/IS 5X,15,4%,F6.0,6X,13}
FEAD{IIN,1002)

1602 FORMBT( )
0o 10 I o= L HSEG
FEAD(TIN, 1003 )KL(I1},8(I},D{1 ], ALP{L} AW(I)

1603 PORMAT(SX,5(5X,1PEI0 .3 })

10 CONTINUE
c

RETURN
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IR AR Y]

SUBROUTINE REDAXZ (OMC, MNG, DS, NROOT )
C SUBROUTINE TO READ MODAL DATA AND RESPONSE AMPLITUDES

2

C*tﬂ!i**x#*tti!i***ik*#***W’t*t!iﬁ*tk***tiil**tit****k*t**!*l**iﬂ***!it*ia’nﬁit

ool WWC&WIK%SMWWMﬁIWW@AﬁW
C
c IMPLICIT DOUBLE PRECISION (A-H,0-Z)
C
SRR AR AERANI A KA AR H KR HR IR ARTHK I AR AR K KA 0o A A
[
INTEGER TITLE
c

COMMON/C1/CL(401),D(401 ), W21 401 ), TC{ 401 FAW401 ), HZX{401 ),
1 ALP{401),5(401 } ,NSEL;
COMMON/C2/A(401},B{401 ), AMPL{ 401 ), PHAS (401 3 RAaMP(401)
COMMON/DEVICE/ IIN, 10UT, TADF
COMMON/ MKAMP/ SECSTR{ 401 ), SEGSIZ (401 §, MKSEG, BSIZE, 8PSIZE  BSIZER,
i BPSIZR
m&mmmmwxmm,m,wswc,zm,xm,nmw )

10 READ{IIN, 1001 NUMBER
10GL FORMATIIS
IF{NUMBER .GT'.0 )GOTO 50
READ{IIN, 1002 }MNO,0MC
1002 FORMAT(10X,I5,20X,1PE10.3)
READ{IIN, 1003 )IPSTRT, IPSTOP
1003 FORMAT(/2{I5,10%))
IF{IPSTRT .BQ.0)IPSTRI=1
LE(IPSTOP . ED .0 JIPSTOP=NSES
PO 20 T = 1,IPSTRT
READ(IIN, 1004
1004 FOFMAT( }
20 CONTINUE
DO 36 I = IPSIRT,IPSTOP
READ{IIN, 1005 )PHAS{I ) , NZX{I }
1005 FORMAT(10X, 1PEL0.3,50%,1I5)
30 CONTINGE
IPSTPL = IPSTOP+1
NSEGYL = NSEG + 1
00 40 I = IPSTPL,NSEGL
READ(TIN, 1004 )
4G CONTINUE
READ(IIN,1004)
NHOOT = MROCT+1

50 READ(IIN, 1006 DS
1006 FOPMAT(20X,1PE10 .3}
20 60 1 = 1, IPSTRT
READ(IIN, 1004}
60 CONTINUE
20 70 1 = IPSTRY, IPSTOP
BEAD{IIN, 1007 JRAMP{T 1, SEGSIR(I)
1007 FORMATISK, 2{5X,1PEi0.3})
70 CONTINUE
IF{IPETOP B NEEG JOT0 90
O 50 I = IPSTPL,NSEG
REMANIIN, 1004 )
80 CONTINUE

S0 COHTINUE
HETURN
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SUBROUTINE RESAMP{NSEG}

<
C
c***tti**!lwi**ﬁa*ﬁ*ﬁiti***!**ﬂﬁ*******ti***x*****ﬁtti*t**t#*tikt*!Ik*#*tii#t

Con REMOVE COMMENT CARDS IN THIS BLOCK FUR DOUBLE PRECISION OPERATION
C

C IMPLICIT DOUBLE PRECISION {(A-H,0-Z)
C

Chtt*t*it!*i*tx******i**tﬁ**ﬂ**********t*it*xk**t*lﬁ***!i*a*k****ﬁi*t*ﬁ**kt*ﬂ

C
DOVBLE PRECISION F2,F4.FG,F3,PIM

COMMONFC2/7A(401 3, B(401 }, AMPL{401 ), PHAS( 401 }, RAMP( 401 )

COMMON/CE/E2 F3 P4, PG, PIM

COMMON/CT/CP(401 ), DS, 2ETA, ZETAE, BHOW, RMU

COMMON/ MODE / MAOMDS , OMSTRT , OMSTOP, DELOM, ACC, ITCT, TAPROX, IRCODE

COMMON/ MKAMP/ SEGSIR{ 401 7, SEGSIZ (401 3, MXSEG , BSIZE, BPSIZE, BEIZER,
i BPSIZR

C

C

Cl*l*titnﬁlii*****kﬁ*i*it***x**k****ﬁ**x***kli**w*i**t******t*i**!**ﬂ*t**t**l

C..... REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATTON

C
C ABS(K} = DABS(X)
cC SORT{X; = DSQRT(X)
g***ttﬁnt*****ttt****ﬁrt*!***iit*ttt*nt‘k*t**t#*ﬁt*tﬁk*****ﬂttkit******tik#***i
[
AMAX = 1.00/{1,D0+9.6D0*(RMU*ZETAE 1%¥1 810 }
CORS = AMAODS/DSORT (PIM)
DO 16 I=1,NSES
RAMP{I) = CONS*AMPL(I}
A(L) = ABS{CONS*B(I})
SEGSIR(I ) = CONS*SEGSIZ(I)
10 CONTINUE
BSIZER = ARS(CONB*RSIZE )
BPSIZR = ABS{CONS*BPSIZE)
A(NGEG+1) = ABS{CONS*B{NSEG+1)}
c
RETURN
END
C
i o o e e e 0 ko 2060 e ot ot et ot e e e e
<

SUBROUTINE SCREL{&D,O!S.DS,VHKI’S.BSMANF,BM,BSCAL)

¢
C.ooo. ROUTINE 70 PLOT AMPLITUDE VS, DISTANCE ALONG CABLE
c

Cwn*i**n**i*#tt!ﬂl**l*t**lw*******R***tt****kk***t**i**#R*ktt**i#******tk****

REMOVE COMMENT CARDS I¥ THIS BLOCK FOR DOUBLE PRECTSION OPERATION

IMPLICIT DOUBLE PRECISION (A-H,D-2)

w***ﬂ*ﬁﬁKtw*ﬁ**ws*ﬂi#*t*****a*****x*k*kﬂ*k*k*i*it*i***t**k***t*kﬂ**itk***i*t

[SEaRe R Nela

INTECER LABLX{2 j, LABLY(3 ), DESCR(S ) HEAD2(4 ), SECHO(3 ) TITLE
REAL VELLC, DIA, HOMC, OMNO, BSMANT , BSMANA , BMLG | LGTH, X, PSTRT , PSTOP,
i DELTH, ADV

3]

COMMON/CL/CLA40L 1, {401 ), WC{ 401 ), TC{401 1, AW( 401}, NZX( 401 i,
1 ALE(401},5(401 3, NSEG

COMMON/CONST/PT, STREN

COMMON/ PLYINE/ IPLTCD, PLEN, IPSPEC, IPSTRT, IPSTOP, TITLE(S )

DATA LABLY/LOHAMPLITUDE | IOH (INCHES) ,10H{*10 } /
DATA LABLX/iCHARC LENGTH,1GH ({FEET)

DATA HEADZ/LOMRESPONSE A, 10HMPLITUDE V,10HS DIST ALD,
1 10HNG CABLE 7

DATA DESCR/IGHMODE MO .= 108 FREQU, 1OHENCY= .
i ICH HI. GHE,1GHD. DIAME | 1OH N,




2

.....

.....

.....
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10HSTR VEL= [ 40H KIS, /
DATA SEGRO/ 1OHPLOT RANGE,I0H: SEGMENTS, 10H i I

CALL PLOT( .98, .65,-3)
PLOT VERTICAL AXIS AND LABEL

HSMAN4 = BSMANT/4.

CALL AXIS(0.,0.,LABLY,26 8,00, , -BSMANT, RSMAN4 H
CALL NUMBER(-.38,5.55, 07,BMLG,%0,,-1}

CAIL PLOT(G. . 4.,3)

(HECK FOR PLEN = 0, IF 50, SET TO 20.

IF{PLEN.LT.1.DOPLEN = 20.00
LHGTH = PLEN

DRAW HORIZONTAL LINE THE LENGTH SPECIFIED ON INFUT, TICS EVERY INCH

CALL PLOT{O.,4.,3)

X = 0.6

ROTICS = IRT{INGTH)

DO 10 I = §,NOTICS

X=X 41,0

CALL SYMBOL(X,4.,.14,13,0.,-2)
CONTINUE

ORAW BNOTHER HCRIZONTAL LINE TO BE LABELED WITH WITS
CLMGTH = S({IPSTOP)

IF(IPSTRT.CT,1 }CTNGTH = CINGTH-S{IPSTRI-1}

DELTX = CLNGTH/PLEN

CALL AXIS(0.,0. ,LABLX,-20,LNGTH,0. 0. JDELTX )

WMATEM?LMMHMEA{MMMIREWSWBYSW

CALL PLOT{O,,4.,3}
CALL AMPLOT(OMC, BSCAL, DELTX )

FREPARE FUR AND DRAW HEADINGS

HOMZ = OMC/(2.D0*PI}
oMo = M0

VELDC = VELKTS

DIA = DS

PSTRT = IPSTRT

PSTOP = IPSTOP

CALL PLOT(O.,8..3)
X = PLEN/Z - 5.5
CALL SYMBOL{X,8.7, .14,TITLE,G,,80)

X=X+ 2.84

CALL mﬁ(x.ﬁ,gg,.l-i,ma,ﬂ..BB}
X X- 2.84

CALL SYMBOLUX,B .45, .14 ,DESCR,0.,79}
X=X +«3.33

CALL SYMBOL{X,B.2, .14 ,5EGND,0.,28 )
X=X - 2.07

CALL HUMBER{X,8.45, .14 OG0, -1
X=X+ 2.24

CALL WUMBER(X,8.45, .14 HOMZ,0. .4
X=X ¢ 3.22

CALL NWUMBER{X.8.45, ,14,DIA,0.,4)
X=X+ 280

CALL NUMBER(X,8.45, .14, VELOC,0. ,4)
X=¥X.37%

CALL WW(X.S.E.‘E‘LW,O.,"]&
K= X +0.98

CALL NUMBER{X.8.2,.14,PSTOP,0. -1}
ADVANCE THE PLOT




[
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AV = PLEN + 2.5
CALL PLOT{ADV,~1.3,-3}

SUBROUTINE SEARCH(NSES,OMT BX)

Covnn SUBROUTINE TO SEARCH FOR NATURAL FREDUENCIES

[¢EeNe

10

20

30

5¢

60

70

8¢

G0
100

DOUBLE PRECISION OMCD,OMP,X1,X2,B1,B2,BP,BC,AD,BD,DELW, DETML,
1 BCPREV, BX

COMMMN/C4/ D401 ), BD{401 )
CORMON/MODE / MMDS , OMSTRT , OMSTOP, DELOM, ACC, TICT, TAPROX, IACODE
COMON/ MXAMP/SEGEIR{ 401 3, SEGSTZ (401) MXSEG, BSIZE, BPSIZE, BSIZER,
1 BPSIZR

COMMON/ SRCPAR/OMCT), OMP  BP B2 , X2, ISERCH

ITr =0

CALL SOLVIOMD)

BCPREV = 8C

BC = BD{NSEG + 1}

IF(IBCODE.EQ), 1)BC = AD(NSEG+L)

BX = BC/BSIZE*100,D0

IF (DABS(BX/100.D0 ) LE.ACC)HED TO 100
IF(ITCT B0 )GOT0 20

LE{ DABS( {BC-BCPREV }/BCPREV ) .LT.1.00- 12 )G0T0 100
Qo 60

IF{ISERCH.NE.O0) GD TO 30

BP = BC

ISERCH = 1}

IE(BC*BPIS0,50,40

0P = OMCD

g = AC

oM =

B2
1
X2
ICT = ITCT +1

IF (ITCT.GT. 100330 TO 90
IF{BL*BC.LE.O.DO} GO TO 70
Bl = BC

X1 = OMCD

a 80

BZ
X2
DELW = {X2-X1)*B1/{B2-Bl}

DELWL = DELW/OMD
1F{DABS{DELMW: ). LT.1,0D-14 G0 TO 100
OMTD = XL - DEIM

GI 0L

HATURAL FREQJENCY FOUND OR SEARCH TERMINATED IF MO CONVERGENCE

H oUW onog

# o4

8

Ho

5?‘3

FAFRGX = |
QRTINE
OM> = OMZD

SUBROUTTHE SECGDRG(OMYS
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Cooln SUBROUTINE TO CALCULATE AVERAGE DRAG ON CARLE SEIMENT, ALLOWING
oo FOR. DRAG AMPLITUDE VARIATION ALONG SECMENT LENGTH

CR**l*i*ﬁk****k!tl‘*****f***ﬁtiiik********ktxiﬁi****t*tiiit**i*&ﬁﬁ*#i*t*i**k!

C. ... REMOIVE QOMMENT CARDS IN THIS BIOCK FOR DOUBLE PRECISION OPERATION
c
o} IMPLICIT DOUBLE PRECISION (A-H,C-Z)
C
(RO AR AAK AR I KRR N R RTNIR KR KT R KA KA R AR 0k ok
c
COMMON/C1/CLI40L ), DE401 ), W01 401 ), TCI40L ), AW( 401 3, NZX( 401 1,
ALP(401),5(401 j NSEG
COMMON/C2/A(401 )}, BI40L J AMPL(401 ), PHAS {401 ) RAMD{ 401}
COMMON/C3/CDE{ 401 §,CDA{401 ), DEFF(401 ), PRA{401 ),CD(401 3}, CDAR{401 )
COMMON/CONST/ P, STRHN
c

C******t!*ﬁ****!*ﬁ**ﬂ*k*#***ﬂ********ﬂ******i**w********i*ii**kﬁ*****ﬁ*t*****

C.... REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

c
C INT(X} = INT{SNGLIX])}
<

C*****t*****iﬁ*****tt**********l****i****ﬁh**tt!**W**lk#tt*****i*ﬂ****tk*****

c
B0 100 I = 1, NSEG

Ry = -1.D0 * PHAS(I
PAR = ALP(L) * OMD * CL{1)
RZ = PAR + Ri - INT(PAR/PY }*PI
C
CALL SIMP(R1,R2,20,AREA)
c
CHI) = {1,020+ 1.82024D0%(RAMP(X 1/D(1 ) )#* 6500~ ( INT(PAR/PL }*
1 2.2546D0 + AREA)/PAR*CDC(I )
100 CONTINUE
C
CTURN
END
C
o e o e e et e e e B 5 2t ot et oo
c
SUBROUTINE SIMP(RL,R2,N,ARFA}
c
C.... SUBROUTINE TO INTEGRATE FUNCTION P{X} BY SIMPSON 'S RUIE
C
Ci**tt#*tiiﬂﬂﬂi***ki***k**i***tt**ﬂﬁﬂﬂki****#ﬂ**ﬂ***litl*****!*ti*'k****i*il*
Cooons REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
c
C IMPLICIT DOUBLE FRECISION (A-H,0-Z)
c
< ABS(X) = DABE(X}
C QOG{X} = POOS{X)
c
DATHRAR KA RAIK AR HHTN KRR EIRK KA KRR T HHR KR KR4 Rk 6 A oo
cC
A} = (ABS{COS{X1))%*0.65D0
Ty = 2.00
¥ = {RI-RI/TWO/N
AREA = 0.00
X = Rl

AEXE 100 I = 1§
AREA = AREA  + {DX/3 .00 1% [F(X) +4 L DOE (X DK P { X+ TWOSDK 3 3
X2 X+ TWOrDX

106G CONTINUE
c
RETURN
ERD
C
o e e e e et et e e o
[

SUBROUTINE STORE{OMC, MNO, HROOT, IS, UNITS  K)
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C
C. .. SUBROUTINE TO STORE MODE NUMBERS AND FREQUENCIES FOR PLOTTING
C
c

*!!*ﬂi****l\t*****il**i!*ﬂi‘tt‘ﬁﬁk*ﬂ*****ﬁ*ﬁxﬁ**lt**!*ﬂ**!*k*#i*ﬂ*k*tl**#***ﬁ***

Cools REMOVE, COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

C IMPLICIT DOUBLE PRECISION (A-H,0-Z}
C

Ci***tt*t!ttl*t***r*!*!iti******iﬁl*ﬁk(!*it*t!t*ﬂ**t#***xK****Rt*tﬁRﬂt*****kt

C

REAL VEL
INTEGER UNITS
¢
COMMON/CONST/ P, STREN
COMMOH/DTAM/DU{ 401 3, 800
QOMMON/ VELPLT/ VEL{ 400 ) , MODNO( 100 )
<
IFNITS.LE.2 JOR, UNITS.ED.S YVEL({ {NROOT-1 J*N0DeK) = OMI*
1 {DS/12.D03/{2 . DOPL*STRHEN} *0.,532100
IF{UNITS.ER.3 VEL{ (NROOT- 1 )*NOD+K) = OMO*
1 {98/12 00 3/ (2. DO*PI*STRHN )
IF(UNITS EQ.4 WVEL( (NROOT- 1 )AN0D+K} = OMC*
1 (DS/12.00 )/ (2 DO*PI*STRHEN) *30.4800
MODHCH{ HRCOT) = M0 i
<
RETURN
END
C
e it T e
c
SUBROUTINE SOLV{OMCT)
c
Coonn SUBROUTINE T SOLVE FOR MODE SHAPE COEFFICIENTS FOR GIVEN OMC
C

CARH AR IR R IR AR AR H K AR KRNI KRR KRR KRN WA RH KRR H KK RN NN KR AK K
REMWE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

C
C
c IMPLICIT DOUBLE PRECISION (A-H,0-2)
C

Q**t**t*******i*l**ﬂ***k****t***t**tt*ﬂﬁﬁ***k**ﬁii*lkl*ittkﬁ*ﬁ***#****t**ﬁ*ﬁ!

DOUBLE PRECISION AD,BD,ARG,OMC,COEF,OMNAT OMPRD

COMMON/CL/CL(401),D(401 ), WC{401 }, TC(401 },AW(401 } ,NEX{401 ),
1 ALP(401,5(401) NSEG
COMMON/CZ/AL401 ), BI401 ), AMPL(401 ), PHAS(401 } , RAMP(401}
COMMON/C4/AD(401),BD{401)
CORMMON/CS /STIF(401 ), STWT {401 ) ,OMNAT(401)
COMMON/DEVICE/ TIN, IOUT  TADE
COMMON/ MXRMP/ SEGSTR{401 §, SEGSIZ (401 ), MXSEG  BSLZE,BPSIZE  BSTZER,
H BPSIZR

9]

¢

Cﬁ#x***ﬂ***ﬂiilti#*i***t**t*tk*****i***ﬁk#t*i**i****ktii***kkt#****k**!*it**!

SN REMOVE COMMENT CARDS IN THIS BIOCK FOR DOUBLE PRECISION GPERATION
e ABS(X; = DABS(X}
¢ SORT(O = DSQRT(X)

Cﬁﬁﬂkk*l*ﬁﬁ***%*t****ta****ﬁwi**!*ﬂ****k*itt*ﬁtt*#***ﬂ***!*t*k****kﬂi*!***ﬂ**

<
CMPRD = 1,00
PG 50 I = 1,NSEG
IP(OMNAT{I).GT.1.00-6 JOMPRD = OMPRD*{OMC-OMNAT(I})

50 CONTINUE
c
AD{Ll) = DEIGH(1.DO,OMPRL:}
A(Ly = AD{L)
EDiLy = 0.00
Bi:y = BD{1}

BSIZE 0.0
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BPSIZE = 0.00
TCIHSEG+L ) = 1.D0
= 1.0G

ALP(NSEG+1} = 1.
c
DO 100 I = 1 NGEG
ARG = ALP{L yOMCHCIA I
BOiI+1) = AD{I p*DSIN(ARG} +BD{I)*DCOS{ARG)
B{Tel} = BD{I+ly
OOEFP = STIF(I)/OMC/ (1,00~ (OMMAT(L )/OMT }*#2 - AW{ I 1*OM/32.200
AD(I+1) = (ALP(I p*{AD{T P*DOOSLARG )-BD(I POSINTARG ) ;*TC(1 )
1 OEF*BED{T +1)1/ALP{I+L HTC(T41)
A{T+1l) = ADB(L+L}
c
CALL AMPH{OMT T
c
100 CONTINUE
RETURN
END
o
et o e o 01 490 B 04 2 2 B oy
c

SUBROUTINE TCDRG
c
Coonn SUBROUTINE TO AVERAGE DRAG COEFFICTENT OVER WHOLE CABLE
[

LRk R R SRR R AR ORI 3k A K o R R K o 5 5ok R R AOR s Ak Ak

.., . . REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

c

[ IMPLICIT DOURLE PRECISION (A-H,0-Z)
[

™!
c

ook e ok Tk 3 o AR R SR T o ok AR R A R ok Aok T R R IR o R e i i O R e ok o O oM o o ke ok ol ok

COMMON/CL/CLI40L ), {401 ) WC(401 ), TC{401 } , AWN(401 ), NZX{401 },

i ALP(401),5(401 ), NSEG
COMMON/C3/CDC(401 3, CDAL401 ) ,DEFF(401 ) ,PRA(401),CD{401 } ,CDAR(401 )
COMMON/CE fCPRA, PRASUM, CDT , COTOT , COWT ,CTCAV , CDAAY

C
FR = 0.D0
016 I = 1,NSEG
PR = PR+ CL{IP*CD{IM{D{I}/12.D0}
10 CONTINUE
COT = PRICPRA
C
FETURN
END
C
i et B e e
c
SUBROUTIHE TITLRD{IEQF ND,IDAT)
c

Cooo SUBROUTINE TO READ/WRITE TITLE AND PRINT GENERAL: PROGRAM INFORMATTON

{:k*iﬁﬁ*!ﬂ**i*atl*#***ﬂk*ﬁﬁ**R!t*ﬁ*%*ﬂtkﬁ**i**t*tk*ﬁ**i***kﬁi*‘*i**ﬂ**i*t*#***

C.....REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

; IMPLICIT DOUBLE PRECISION (A-H,0-2)
%*ihkﬂak*ik*k*ﬂk*i*#ti**t****ﬂt*tt***ﬁ**t*iﬁﬁk*!ttﬂ*****ﬁ******i******iﬂ**xkl
¢ INTEGER TITLE

- COMON/ DEVICE/ TIN, IOUT, TADF

_ COMMON/PLTINF/IPLICD, PLEN, IPSPEC, IPSTRT, IPSTOP, TITLE(S )
é!l*i!l*ﬂt!ﬂlﬁ****!kﬁﬁ***ﬂ*ﬂ****ﬁﬁ##*k*tkt*i*i*t*ikk***!iﬂtﬂtﬁiﬁ*ii********t*

REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

C

c

& HPREC = 2
< SN0 1
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<

R o ek e oA R o e v i o o S ok e T o e ol O 9 ok SR e e

NPREC = |
READ TITLE INFORMATION

10 READ{IIN, 1091 :{TITLE(J),J=1.8)
[F(EOF{IIN} 999,11
1001 FPORMAT(2AI0}
1 READ{IIN, 1002 1DAT
1002 FORMATIIS)
IF(IDAT .EQ.1 010 9999

CALL, DATE{IDAY}
CALL TIME(ITIM)

<
Co., . WHITE TITLE INFORMATION
C

Ce

WRITE(IOUT, 2001 )/{TITLE(W),K=1,9} . IDAY, ITIH
2001 FORMAT{1IHIL,8A10//" DATE - ",AlLO0," TIME - ", A10)
¢

ool WHITE PROGPAM PRECISION

IF(HPREC.EQ. L WRITE(TOUT, 1997 )
IF{KHPREC .EQ.2 WRITE{ IOUT, 1993 )

1997 FORMAT(/" +++4+e+++PROGRAM RUNNING IN SINGLE PRECISIONG++++tes44"/ )

1998 FORMAT{/" s¢++++++++PROGRAM RUNNING IN DOUBLE PRECISIONt+++tete+"/}
WRITE(IOUT, 1999 )

1999 FORMAT{1X,128{1H-)//)

C
C..\ . WRITE CENERAL PROGRAM INFORMATION
<

WRITRE(IOUT,2010)
2010 FORMAT(/ 44X,"N O TES ON OUTPUT DATA"}
WRITE(IQUT, 2011}
2011 FORMAT(//" 1. ALL WEIGHTS ARE TOTAL EFFECTIVE WEIGHTS AND INCLUDE
LEFFECTS OF ADDED WATER MASS."}
WRITE(IOUT,2012)
2012 FOBRMAT(/" 2. MODE SEARCH VELOCITY LIMITS CALCULATED FROM STROUHALX
11K, "3 RETATIONSHIP USE MIN, DIAMETER FOR LDWER LIMIT/*® AND MA
X, DIAMETER FOR UPPER LIMIT AND INCREMENT.*)
WRITE(TOUT, 2013)
2013 FORMAT(/" 3. DRAG IS NOT CALCULATED ON SPRIAG MASSES,")
WRITE(IOUT, 2014 )
2014 FORMAT(/" 4, TABULATED RESPONSE AMPLITUDES ARE ONE HALF OF THE PEA
1K TG PEAK RESPONSE, ")
WRITE{IOUT, 201%)
2015 FORMAT(/" 5. IN THE CUTPUT DATA, AN ASTERISK (*) BESIDE A SEGMENT
INO. ISDICATES THAT THIS SEGMENT IS ACTIVE"/* FOR THE PARTICULAR
2 MODE AND FLOW VEIOCITY, I.E. IT IS BEING EXCITED BY VORTEX SHEDDI
365, )

Coioss WRITE HEADINGS FOR INPUT DATA

WELTE{IOUT , 2025 D
2020 FUEMAT/ 1N, 128 (1B~ 3/ 1X, “INPUT DATA SET NO.“,I53//" ¥, 2X, "SEGMENT
I CEFINITION",4X," | 9%, "CABLE  SECMENT  DATA",8X,":",09%,
ZUATTRCHED  WEIGHT  DATA®,9X," ", 1K, “SPRUNG WT DATA",1X,* 1%/}
WHITE(IOUT  2021)
2021 FONMAT(/" SEG",5X, "LENGTH' ,3X, "ARC LENGTH",3X, "DIAM",6X, "DRAG™ ,3X,
LUWT/LENGTHY 3K, "TENSION" 4%, "ATTACHED" 3%, "DRAG", 3K, "PROJ AREA",
2 X, "EFTECT DIA®,2X, “BATT SPR",2X, "SPRMGY/
3 2K, NG BK ET TR, ET 16X, T(IN Y B6X, "OCEF™  4X, " (LB/FT }*,5X,
ANLB " 6K, "W (LB}, 3K, "COBF" 4X, “(FT**2 )" 6%, “tIN)" 5%, “(LB/FT )"
& VZA,WE {LB"/)
C
GOTG 9999
>
999 [EOE=
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9999 CONTINUE

RETURN

END
e
[

SUBROUTINE TWORG{HSEG
c
[SS SUBROUTINE 7O CALCULATE MODIFIED DRAG COEFFICIENT ON ATTACHED MASSES

Ctt*!xﬁ*kﬁ*n*ik***ﬂx*!ikt#ttk*k***&i*i**il**l***i****k**********iﬁ*****itktﬁi

o REMOVE QOMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
IMPLICIT DOUBLE PRECISION (A-H,0-2)

i**kﬂ***tikwu**k*ﬂi*Rﬁt****i*ﬁlti***k**t*ﬁ!***ﬂ**i*k*t**iti****l*iki**ti*ﬂ** .

oy

COMMON/C2/A(401 },B1401 §, AMPL{ 401 ). PHAS(401 ) RAMP{401 )
COMMON/C3/CDCT401 §,CDAL401 ), DEFF({ 401 },PRA{401 },CD(401 },CDAR{ 401 )
mfm/wm,Pmm.m,m,m.mv,mv

(9]

CoT
CDAW
eI
CDAR{I)
Chhw

10 CONTINUE
IF{ FRASUM.ED.0 1GITO 20
COWE = CDAW/ PRASUM

26 IF{CDCAV.LT.1.0D-6 .AND, CDAAV LT .1.0D-6 )G0T0 30
omor o= {{(CUP*C?R&@AW)/(CBCAV*CPRAKMV*PRASUH)}*1.90)*100.00

1

oo
gy

1 NSEG
{1.00+1.82024D0% (A{I+1 }/DEFE{L } }**0 6500 PCDA(T}
COMW + CDAR(I )*PRA(L)

B

4 ar

SUBROUTINE UNIT {AL,BL,C,UNTTS,DL,D2)
SUBROUTINE TG CONVERT FROM INPUT UNITS TG RAD/SEC FOR SEARCHING

C**k**x*ﬂ*k**iﬁ*ﬂ**ﬂﬂ*it**tt****t*ﬁ**k*t***ti**it*k!**tit***iﬁ*l*****ﬁ**at***
o, REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OFERATION

[

( IMPLICIT DOUBLE PRECTSION {A-H,0-Z

C
C*t:*1#*is****i**iWﬁt***#tt***w**tttitaﬂ*k***k*i*****k*t*tiR*****t*t*&k**i!*ﬁ
C

INTEGER UNITS

COMMON/CONST/PT , STRIHN
DIMENSION QMEGA(3 ), DIAM{Z )

BAL{ X} = X*2 [0#PT

[}

OMETIA(LG = AL
CMIXAL2} = B1
CMECA(3) = C
DIAMIL} = D1
DIAM(Z) = D2

GO T (10,20,30,40,50,NITS

o
oo, UNITS ARE RAD/SEC
[

10 RETURN

DI UNITS ARE HERTZ
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20 DO 25 J=1.,3
25 OMEUA{J) = RAD{OMEGA{J)}
&0 TO 100

.. UNITS ARE FT/SEC

(SRR

30 DO 35 I=1,2

35 OMEGA(L) = OMECGA(T %2 DO*PI*STRHN/ (DIAM(I }/12.00)
OMEGA(3 ) = OMEGA(3 %2, DO*PI*STRHN/ (DIAM{1 }/12.D0)
GC o 100

Coon, WNITS ARE CM/SEC
40 0O 45 I=1,2
45 OMPGA{L} = OMEGA{I }/30.48D0%2 DO*PI*STRHN/ (DIAM{I }/12.00)
OMEGAL3 ) = OMEGA{3 1/30 .48D0*2 DO*PL*STREN/ { DIAM(1)/12.00)
G0 T0 100

OO

50 DO 5% I=1.2
55 CMEGA(I; = OMEGA(I 1/0.5921D0%2  DO*PI*STRHN/ (DIAM(I 3/12.00)
OMEGA(3) = OMEGA{3 }/0.59231D0%2 . DO*PI*STRHN/ (DIAM{ 1 }/12.D0 }

00 AL = OMEGA(L)
Bl = OMEGA(2)
C = OMEGA{3)
C
RETURN
END
<
i o o o o e e e e e et ettt et et e e e e e e e
c
SUBROUTINE WRITE{OMZ, MNO, STRVEL, BX, HMASS )
c

Coui SUBROUTINE TO WRITE CALCULATED MODE SHAPE DATA

C
C*k*tx***hkt****t!*ﬁttk*i******tk*t***i**s**ﬁk****l*i****t**tﬂ*i*#****i*l!***

Cool, REMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION
IMPLICIT DOUBLE PRECISION (A-H,0-7}

ﬁ#****k***ﬁ*****#*k*tt**l************k**i*t*i#*ﬂ*#k*****k****t**i*ﬁ*i****k**

DOUBLE PRECISION BX,OMNAT

COMMON/CL/CLE401 1, DE461 ), WC(401), TC(401 ), AW(401 BNZX(401),
1 ALP{401},5(401 },NSEG

COMDN/C2/A(401 ) B{401 ), AMPL{ 401 }, PHAS (401 ), RAMP{401 )
COMMON/C3 /CDC (401 },CDA(401 ), DEFF{ 401§, PRA{ 401 ) ,CD(401 1, COAR{401 )
COMON/CS /STIF{401 1, STWI (401 | ,OMNAT (4013

COMMON/CT/CP(401), 06, ZETA, ZETAE , RHOW, RMJ

COMMON/CB /CPRA, PRASUM, CDT, COTOT, COWT , CDCAV, CDAAY
COMMON/CONST/ P STRHN

QOreON/DEVICE/TIN, IOUT, TADF

COMMOE/DIAM/ DU 401 ), NOD
mﬁmmmm.m,m,s&m,m,zm,zwmx,rma
COMMON/ MXBMP [ SEGRIR( 401 §, SEGSIZ (401 ), MXSEG,BSIZE  BPSIZE, BSIZER,
i BPSIZR

COMON/OUTLOC SPLOC{401 3, JOUTCD  HEPED

Ct*#x**x*****x!h*****iﬁt**R***ﬂkit**w*#!****ﬂiﬂi****ﬁ**tx**i****ﬁt*x**i*i*it*

T FRMOVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

C o OABS(X) = DABS(X)
C OOSIX) = DOOS(X)
¢ OSQRUK) = DSORT(X)

P

Ct#w*r#xiaﬁ*iilk****#*ﬁ*t*ﬂ*iuktﬁk**kww*#***i*tt******ti*****k*l*****ﬁ**ttk*k

C
CALL CONVRT(OMC, DS HOMC, VELET , VELIM  STRVEL )
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WRITE OUT CONVERGENCE FATLURE WARNING(S), IF APPROPRIATE.

[P Re R

IF{TAPROX EQ O X0 TO 10
TEUIAPROX.ED.L (OR, TAPRON,ED,3 WRITE(IOUT,2001}
IF{IAPROK.GE 2 WRITE(IOUT, 2002
WRITE(6,2003)
2001 FURMAT(™ #wwrx TNADEUATE CONVERGENCE FOR THIS MODE skl
2002 FORMAT(" wxwrx EXCESS ITERATIONS IN DAMPING CALCULATION wRRXXEL)
2003 FORMAT{* w***» APPROMIMATE RESULTS LISTED,..CAUTIONI!| EAERAN S
i bkl REFER T0 USER MANUAL, CHAPTER 6 KARRRELL
LAFROX = O
10 WRITE{IOUT, 2004 IMNG, OMC, VELET  HOMT, VELLH, 6, STRVEL
2004 FORMAT (/% MODE NO “.T4,//" FREQUENCY = “,1PE10.3," RAD/SEC",
L 3X." AVERAGE STROUHAL VELOCITY *,1PEI10.3,” ET/SECY/11X, "= *,
2 1PEL0.3," HERTZ", 10X, “BASED ON DIAMETER",5X,1PE10 .3,
3 " OMfSECT/3GX,"OF " 1PE10.3,% IN.",5X,1PE10.3,* KNOTS")
WRITE{IOUT, 2005 JZETAE , R
2005 PORMAT(/" EFFECTIVE FLUID/STRUCTURE DAMPING = *,1PE10,3,2X,
1 " EFFECTIVE MASS PARAMETER = “,1PE10.3)
WRITE(IOUT, 2006 JBSIZER, MXSEG
2006 FORMAT(/" MAX DISPLACEMENT = " 1PEL0.3,* OCCURING IN SEGMENT *,
LUMMBER * I3}
WRE TE{ IOUT, 2607 1BX
2007 FORMAT(/® ACCURACY ATTAINED (ERRGR IN EMD BOUNDARY CONDITION AS PE
1RCENT OF MAX, DISPLT....SEE USER MANUAL) = Y. 0PF%.3," &'}
c
IF{IOUTCD.GE.3) GO TO 120
WRITE{ IOUT, 2008 )
2008 FURMAT(/9X, “CABLE RESPONSE", 14X, "MASS RESPONSE" }
IE(NOD.GT 1) GO TO 20
WRITE(IOUT, 2009}
2009 FORMAT(/" SEGMENT®,3X,* MAX SEG “,2X%, “DRAG COEE™,
L 3X,"MASS RESP",2X, "DRAG QOEF“,3X, “SDRING MASS/
4 3K, "NO“,6X, "AMPL (IN)", 14X, “AMPL (IN)",2X,* ATT WEs. ",
3 IX,"NAT FREQ (HZ j"}
GO 10 30
20 WRITE({IOUT,2010)
2010 FORMAT (83X," SEGMENT"/“ SECMENT™,3X,* MAX SEG “, 2K, "DRAG COEE™,
13X, "MASS RESP",ZX, "DRAG COEF“,3X, “SPRING MASS,
2 10X, " STROUMAL VEIOCITY/
3 30, "NO® 60X, "AMPL (IN)*, 14X, “AMPL {IN}*,2X,* ATT Wrs . ",
42X, "NAT FREDR {(HZ )" ,5X, "FT/SEC" ,4X, “CM/SEC" 5K, “KNOTS"/ )
30 NSEGL = NSEG - 1
IF{1BOODE EQL 1 INSECL = NSES
IF(IBCODE.EQ.C .AKD,. NSEG,ED.L)QDTO 46
DO 100 I = 1, HSEGL

OMIATF = OMNAT(I }/2.D0O/PI
LF{MOD NE . 1 }30T0 40
IFECH{1).LT.0.5D0 3010 35
WRITE{IOUT, 2011 )1, SEGSIR(I),C0(1),A{T +1),CDAR(I 1 OMNATE

051 FORMAT (2X,13,¢ *",3K,1PE10.3,0PF9 .3, 4X, 1PE10.3, 0059 .3, TX,0PF7 .3
GO 160

3% WRLTE{ICUT, 2011 5T, SEGSIR(I },0DC1 1, AT +1 3, COAR{ T } ,OMNATY

2111 POBRMAT €2X,23,SX,i?EiG.Ei,OPE‘?.3,4){,1?816,3,D?N.S,?X,OPE’?.S)

GO 100

40 CALL CONVRI(OMC,D(I § ,HERTZ , VELET, VELCHM, VELKTS )

IFICP{I ;. LT.0.500 K300 4%
WELTE{IOUT, 2012 11, SEGSIR(T §,CD(L 3, A(T +1}, COARIT } , OMNATF,
1 VELFT,VEILM VELKTS

2012 PORMAT (2X,13.," **,3X,1PE10.3,0PF9.3,4X,1PE10.3 ,0PFY .3,
i TX,OPET .3 ,6X,3(1PEL0 .3 )
Qe 100

45 WRITE{IOUT, 211237 ,SEGSIR(T 1,CO{1 3, AL +1 7, COAR(I }, OMNATE,

1 VELFT VELCH, VELKTS

2112 FURMAT 12X, 13,5K, 1PE1D 3 ,0PF9 ., 3 4K, 1PEL0 .3, 0PF9.3,
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1 TA,OPF7.3,6X,3{1PEI0 .3}
C
100 CONTINUE
A"
IF{IBOODE ED . 1 5070 120
46 LE(ROD.NE, LG0 TO 110
C
TE(CPINSEGY.LT .0 500 1600 50
WRITE] IOUT, 2013 NSEG, SEGSIR{NSEG ), CIHNSEG §, A{NSEG+1)
2013 FORMAT (2X,I3," ** 3X,1PE10,3,0PF9.3,4X,1PE10.3,
1 3X, “BOUNDARY" , 4X, “BOUNDARY™ }
G0 120
50 WRITE({IOQUT, 2113 NSES, SEGSTIR{ NSEG ), CD{NSEG ), A{NSEG+1
2113 FORMAT (2X,I3,5X,1PE10.3,0PF9.3,4X,1PE10.3,
i 3X, “BOUNDARY™" , 4X, “BOUNDARY" )
Qo700 120
c
110 CALL COWVRT{OM:,D{NSEG), HERTZ,VELFT, VELCM, VELKTS )
C
IFICP{NSEG).LT.0.500 JGOTO 115
WRITE(IOUT, 2014 NSEG, SEGSIR{NSEG ), CD{NSEG)  A(NSEG +1),
1 VELFT , VELCM, VELKTS
2014 PORMAT {2X,I3," *° 3X,1PE10,3,0PF9.3,4X,IPEIC.3,3X,
1 “BOUNDARY™ , 4X, "BOUNDARY" ,6X,3(1PE10.3 })
QT 120
115 WRITE{IOUT,2114 NSEG, SEGSIR(NSEG ), CMNSEG },A(NSEG +11},
1 VELET , VEILDCM, VELKTS
2114 FORMAT {2X,I3,5X,1PEL0.3,0PF9.3,4X,1PE10.3,3X,
H “BOUNDARY™ ,4X, “"BOUNDARY™ ,6X,3{1PE10,3 ))
C
120 WRITE{TOUT, 2015 KCUT . CPRA
2015 FORMAT(/" AVERAGE CABLE DRAG COEF = *,0PF9.3,* BASED ON PROJECTED
1CABLE AREA OF “,1PE10.3,* (FT*%2)7)
WRITE{IOUT, 2016 YCDWT , NMASS | PRASTM

2016 FORMAT{/" AVERAGE MASS DRAG COEF = “ OPF9.3,“ OVER " 13,
1" MASSES AND PROJECTED BAREA OF",1PE10.3)
WRLTE(LOUT, 2017 )CD10T

2017 FORMAT{/" PERCENTAGE INCREASE IN AVERAGE DRAG COEF., INCLUDING ATT
1ACHED MASSES {SEE USER MANUAL) =",0PFF9.3,"%L")

IF(I0UTCD, B2 .OR, IOUTCD.ED.4)G0TO 300
WRITE{TOUT, 2018 INSPEC

2018 FORMAT(//" RESPONSE AMPLITUDES AT™,I3,“ SPECIFLED LOCATIONS . «,
1" DISTANCES FROM LEFT END OF CABLE ASSEMBLY" )
WRITE{TOUT, 2019}

2019 FORMAT(/" SPECIFIED",3X," IN " 3X," RESP, *,3X, "SEG RESP™,5X,
LYSECHMENT /" LOCN (FT)*,3X, "SEGMENT® ,3X, "AMPL (INI",3X, “AMPL (IN)Y,
2 3X, "DRAG COEF" )

C

Jo= ]
00 260 I = 1, NSPEC
SBES » 0.D0
210 IF(J.GT.1)SBEG = 5¢J-1}
SENDG = 5(J)
IF(GPLOC{Y ) .GT.SBEG .AMD. SPLOC(I}.LT.SEND IGO0 220
G 236
228 I3EG = J
X = SPLOCIT 1-8BEG
AMODE = ABS(RAMP{ ISEG )08 (X*OMC*ALP( ISEG - PHAS{ ISEG ) } )

LEVCPISES) LT, 500 )O0T0 228

WEILTE{ IOUT, 2020 18PLOCIT ), 1SEG, AMODE , SEGSTR( ISEG },CDIISEG )
4G40 FURMAT(F9.2,5X,13," #" 1X,2¢(2X,1PEL0.3), 4%, 0PF7.3)

GUTo 200
225 WRITE{IOUT, 2120 JSPLOC(T ), ISEG, AMODE , SEGSIR{ ISEG ), CD( ISEG )
2120 FURMATIFS.2,5K,13,3X,2(2%,1PE10.3),4X,0PF7.3)

GG 206G
230 J 7 Jel

GO 210
200 TINUE

300 WRITE(IOUT, 2021
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2021 FORMAT(//IH ,B{"** wevouuuen LEED TR L )
c
RETURN
END
c
¢
SUBROUTINE WHTAX1(NCOUNT )
o
C.....SUBHOUTINE TO WRITE GENERAL INFO AND SEGMENT DATA
C

AR e K RROR 30RO A KR R A T A ok O ok R TR N T Sk W S Rk e ok

<, . REMOVE COMMENT CARDS IN THIS BLOCK FOR [OUBLE PRECISION OPERATION

<

C IMPLICIT DOUBLE PRECISION (A-H,0-Z)

c

CRAAREA KN RN AR KRR KKK AR K Ko%K 3 830 ok ok O S 5k

C
INTEGER TITLE

c
COMMON/CL/CLA401 ), D(401 ), WO(40L ), TC{401 ), AW(40L ), MZX{ 401 },
1 ALP(401),5(401) ,NSEG
COMMN/DEVICE/TIN  IOUT, TADF
COMION/PLTINF/ IPLTCD, PLEN, IPSPEC, IPSTRT, IPSTOR, TITLE(S )

C

WRITE{TADE', 3001 J TITLE(J},J=1,8)
3001 PORMAT{BALID/4X,1HL)
WRITE({ LADF, 3002 JNSEG, TPLTCD, PLEN , NCOUNT
3002 FORMAT(" NSEG",5X, "NPLOT®,5X, “PLEN®,5X, "NCOUNT"/15,5X,I5,
i 4X,F6.0,6X,13}
WRITE({IADF,3003)
3003 FORMAT(™  IV,8X,"CL(I)", 11X, “S(I)",11%, “D(I )", 10X, "ALP(I}",
1 9X, "AW(I )
DO 16 I = 1,NSEG
WRITE(IADE, 3004 )T,CL4{1),5(1),D(F ), ALP(L ), AW(I}
3004 FORMAT(IS,S(5X,1PE10.3))

16 CONTINUE

C

END
e e e e e e e e
C

SUBROUTINE WRTAX2 {OMC, MND )
c
oo SUBROUTINE TO WRITE MDDAL DATA

¢ IMPLICIT DOUBLE PRECISION (A-H,0-2)

AR KRR AR KON O R T K 0 KRRt e o o e ko e o o o
C
INTEGER TITLE

>
A

COMOM/CLICLI401 ) 01401}, WC{401 ), TC(401 ), AW{401 1, N2X(401 ),
H ALPI401},5{401 }, NSES
COMMON/C2/AL401 ) BUAOL ), AMPL{401 ), PHAS (401 § RAMP{ 401
COMMN/CONST/ PL L STRHN
COMMON/DEVICE/ LIN, TOUT  TADE
COMUN/ MODE/ MAMDS | OMSTRT , OMSTOP, [DELOM, ACC, ITCT , TAPROX, IBCODE
COMMON/ PLTTHE/ LPLTCD, PLEN, IPSPEC, IPSTRT, IPSTOP, TLTLE(S |
c
WRITE({IADF,3001
3001 FORMAT(IH
WRITE{ IADE, 3002 JMNO,OMZ, TTCT
3002 FORMAT!" MDDE NO =" IS 5, "FREQUENCY =" 4K, 1PELL .3,
1 "WO. ITERATIONS = * 13}
WRITE{ LADF,3003 )IPSTRT, IPSTOP
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3003 FORMAT(" IPSTRE".9X,“IPSIOP/2(15,10K})
WRITE{TADE,3004)
3004 FORMATIAX, 1HD 8%, "PHAS(I )", 8X, "AMPLLI 1", 9K, "A(1 )", 11X, "B{1)",
1 GX, "HZH{T 1", 5K, TWAVL(T )
DGoLo0 o= LLNSES
WAYL, = 2,00 * PL/ALP{I/OMC
WRITE{IADF,3005 )1 PHAS{I ), AMPL{L J AL}, BeL), NEX({1), WAVL
3005 FORMAT{IS,5X,4{1PELD.3,5X},1%,5¥,1PELD.3)
100 CONTINUE
IF{IBCODE EQ. 160 110
WRITE{ TADE, 3006 jB{NSEG+L )
3006 FORMAT(40X,1PEI0.3)

GO 120
110 WRITE{LADF 3006 JA(HSEG+L)
120 CONTIRUE
<
RETURN
END
c
o e S e
c
SUBROUTINE WRTAXS (K, NSEG)
C
Coovas SUBROUTINE T0O WRITE RESPONSE DATA TO AUXILLIARY DATA FILE
C

e e kA A A S ok s N 3k ok o o o oA S O o K O ks sk e

c
Covnne REMGVE COMMENT CARDS IN THIS BLOCK FOR DOUBLE PRECISION OPERATION

&

C IMPLICIT DOUBLE PRECISION (A-H.G-Z)

c

CRRHKA SRR AR AR H IR AR K AR KK IR AR RSN IR R KRR A KA KRRk
c

COMMON/C2/A(401 ), B(401}, AMPL(40L) . PHAS{401 } ,RAMP(401)
COMMN/CT/CP(401 ), DS, ZETA, ZETAE, RHOW, RMI
COMMON/DEVICE/ IIN, TOUT, TADE
COMMON/ MAAMP / SEGSTR(401 ), SEGSIZ (401 ), MXSEG, BSIZE, BPSIZE, BSIZER,
1 BPSIZR
<

WRITE{IADF,3001 }i(,BS

3001 FOHMAT{IS/" EXCITED DIAMETER = *,1PE1D.3)
WRITE(IADE,3002)

3002 PORMAT(IX, 1HI,7X, "RAMP(I 1" 68X, "SEGSIR(L }*,8X, "A{I+1}")
DO 100 I = 1 HSEG
WRITE(IADF,3003 )1, RAMP{I },SEGSIR(I ), A{I+1}

3003 FCRMAT(IS,3(5X,1PEL0.3))

100 CONTINUE

<

RETURN

END
I
(T et e e S0 L S T ) T e ok
[

SUBROUTINE JEROX{OM: M80,BX)
(¢
... SUBROUTINE 1O COUNT ZERD CROSSINGS OF CURRENT MODE
I
? AR N A M ok R R Y M R e I I AR A R o e A A R K ok sk ok A R R K A R ok Rl e R e R kR R
T REMOVE COMMENT CARDS 1IN THIS BLOCK FOK DOUBLE PRECTISION OPERATION
C IMPLICIT DOUBLE PRECISION {A-H,G-Z2)
o
C*t*ik**t*ilik**ﬂﬂtk*#**ﬁiiﬂ****x*****k****iw***!!*kk**itt*tﬁ**#tiﬁk*t**ﬂt#t*
o

COUBLE PRECISION AD,RD,OMC,PR,PLD, PHASD, PH ARG, BX

i

COMONCL/CLI4A0L ), D{40T ) WOL40L ), TC{401 1, AW{401 } , HZX (401 },

1 ALP(40L},5(401 ) NSEG

COMRPON/C4/AD{40L ), BR{401 }

OO/ MODE/ MMES , OMSTRT , CMSTOR, DELOM, ACC, ITCT , TAPRCK, IBCODE
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PiDl = DABS(DATANZ{0.D0,-1.D0})
IFPIHSEG.GT.LE0T0 8

NZX(L) = IDINT{ALP{ L )*OMC*CL( L }/PID~0.01D0}
M0 = NZK(1}
QU 45
5 MZX{l) = IDINT{ALP({1*OMC*CL{1}/PID}
ML) = NZX{1)
NSEGL = NSEG-1

IF(MSEG.EQ.2) GO TO 40

O 30 I=2,N8EG

PH = ALP{I P OMCCL{I/PID/2.10

IF {BD{I)*BI{I 1) GT. 0.00) GO TO 10
MEX(I) = 2¥IDINT{PH) +1

GO0 2
10 KEXiT) = 2*IDINT(PH +0.500G)
20 MO = MO+ NEX(I)
30 CORTINUE
40 PHASD = DATAN2{AD(NSEG),BD{NSEG))
Ni. = {i +IDII~H(I}ABS(P‘HASQ}*2 DG/PID) /2
TF (PHASD LT. 0.D0} NL = -1*NL
ARG = ALP{NSEG OMC*CL{NSEG}
PR = ARG-PHASD +1,5DC
NR = {1 +IDINT(DABS(PR)*2,D0/PID}}/2

IF (PR LT, 0.D0}) NR = -1*NR
HZX{NSEG) = NL +NR
MO = MO +HZX(NSEG}
IF{IBCODE.ER.0 ) GOTO 50

45 M0 T MO+l
RETURN

50 CONTINUE
CORRECTION TO MODE N0, FOR NON-CONVERGENCE IN SEARCH ALGORITHM

IF(DABS(BX/100.00 ) .LE . ACC JRETURN

DYDX = AD{HNSEG )*DCOS( ARG - BD{ NSEG }ADSIN(ARG )
IF{BD(NSEG+1}.GE.0.D0 .AND DYDY, LT.C,DO JRETURN
IF(BD{NSEG+L}.LE.0.DO ,AND, DYDX.GT,0.DO JRETURN
M) ® MEO-1

-----

RETURN
END

b
g
5]
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ADVANCED TECHNOLOGY F. Moss, Op Cen Camarille, CA

CALIF., MARITIME ACADEMY Vallejo, CTA {Library}

CALIFORNIA INSTITUTE OF TECHNOLOGY Pasadena CA (Keck Ref. Rmj

CORNELL UNIVERSITY Ithaca NY (Serials Dept. Engr Lib)

DAMES & MOORE LIBRARY LOS ANGELES, CA

DUKE UNIV MEDICAL CENTER B. Muga. Durham NC

FLORIDA ATLANTIC UNIVERSITY Boca Raton, FL {McAllister)

HARVARD UNIV. Dept. of Archtectare. Dr. Kim, Cambridge, MA

WOODRS HOLE OCEANDGRAPHIC INST. Woods Hole MA {(Winget)

LEHIGH UNIVERSITY Bethlehem PA (Linderman Lib. No30, Fleckstemer)

MAINE MARITIME ACADEMY CASTINE, ME {(LIBRARY)

MIT Cambridge MA; Cambridge MA (Rm {3-500, Tech. Reporis, Engr. Lib ), Vandiver. Cambrnidge, MA

NATL ACADEMY OF ENG. ALEXANDRIA. VA (SEARLE, IR}

NEW MEXICO SOLAR ENERGY INST. Dr. Zwibel Las Cruces NM

OREGON STATE UNIVERSITY (CE Dept Grace) Corvallis, OR

PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE. FA (SNYDER); State College PA (Applied
Rseh Lab}

PLURDUE UNIVERSITY Lafayeue, IN {CE Engr. LiD)

SOUTHWEST RSCH INST King. San Aptonio, TX; R. DeHart, San Aatonio TX

STATE UNIV. OF NEW YORK Buffale, NY

UNIVERSITY OF ALASKA Doc Collections Fairbanks, AK

UNIVERSITY OF CALIFORNIA BERKELEY, CA (CE DEPT, GERWICK): La Jolla CA {Acy. Dept. Lib.
C-U75A0

UNIVERSITY OF HAWAIL HONOLULU, HI {(SCIENCE AND TECH. DIV.}; Ocean Engrng Dept

UNIVERSITY OF 1LLINOIS Metz Refl Rm, Urbana IL: URBANA, . (LIBRARY)

UNIVERSITY OF MASSACHUSETTS (Heronemus), ME Dept, Amberst, MA

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln, NE (Ross Ice Shelf Proj.j

UNIVERSITY OF NEW HAMPSHIRE (Corell) Durham. NH

UNIVERSITY OF NOTRE DAME Kutopa, Notre Dame, IN

UNIVERSITY OF RHODE ISLAND Narragansett Ri {Pell Marine Sci. Lib.)

UNIVERSITY OF SO. CALIFORNIA Usiv So. Calif

UNIVERSITY OF TEXAS Inst. Marine Sci (Library}, Port Arkansas TX

UNIVERSITY OF WASHINGTON SEATTLE, WA (APPLIED PHYSICS LAE)

AMETEK Offshore Res. & Engr Div

ATLANTIC RICHFIELD CO. DALLAS, TX {SMITH}

BECHTEL CORP. SAN FRANCISCO, CA (PHELPS)

BRITISH EMBASSY M A Wilkins (Sci & Tech Dept) Washington, DC

CHAS STARK DRAPER LAB Dahien, Cambridge, MA

COLUMBIA GULF TRANSMISSION CO. HOUSTON, TX (ENG. LIB)

CONCRETE TECHNOLOGY CORP. TACOMA, WA (ANDERSON)

FG&G WASH ANALYTICAL SERV CTR, INC Rockvitie, MD

EXXON PRODUCTION RESEARCH CO Houston TX {A. Butler Ir)

FURGO INC. Library., Houston, TX

GIANNOTTT ASSOC Aanapohs, MD

GOULD INC. Tech Libo Ches Instru Div Glen Burme MD

GRUMMAN AEROSPACE CORP. Bethpage NY (Tech. nfo. Ciuy

MARATHON OIL €O Houston TX

MOBIL R & D CORP Manager, Olfshore Enginesning, Dalas, TX

EDWARD K. NODA & ASSOC Henoluiu, HI

N ELECTRONICS APPLICATION, INC. (Softley; Key Biscayne, Fi

OPPENHEIM Los Angeles, CA

SANDIA LABORATORIES Library Div., Livermore CA

SEATECH CORP. MIAMI, FL {PERONT

SHELL OIL CO. Housten TX (R, de Castongrene)

TIDEWATER CONSTR, €O Norfolk VA (Fowler)

TRW SYSTEMS CLEVELAND, OH {(ENG. LiB)

UNITED KINGDOM NG, USA Merwdeom, Fort Bebvair, VA

WESTINGHOUSE ELECTRIC CORP. Annapolis MD (Ocesnic Div Lib, Bryan}

WESTINSTRUCORP Fgerton, Ventura, CA




WM CLAPP LARYS - BATYELLE BUXBURY. MA {(LIBRARY:
E3ARTZ. J Santa Barbary, A

F3ULLOCK La Canada

CERWICK, BEN ¢ IR San Frincseo, CA

CISBORN. IAS M. Ventuss, A

PALILT Siver Spring. MD

BROWN & CALDWELL Saunders, B MoCakland, CA






