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FOREWORD

This report presents an analytic assessment of the modal
analysis method for predicting the noise environment for space
vehicle payloads in the low frequency regime. Two experimental
cases are used to validate the analytical results, and recom-

mendations are made to further improve the prediction model.

This report was prepared by Wyle Laboratories, Scientific
Services and Systems Group, for the George C. Marshall Space
Flight Center, National Aeronautics and Space Administratiun.
The work was performed under contract NAS8-33193 entitled
'"Space Vehicle Acoustics Prediction Improvement for Payloads."
Administration of this study was provided under the technical
direction of the Systems Dynamics Laboratory with Mr. Stan

Guest serving as the technical monitor.

The author would like to express his appreciation to Mr. Stan
Guest for his guidance in identifying the main problem areas

to be investigated, and to Dr. Ken Plotkin, of the Wyle Research
Staff, for supplying much valuable information and assistance

in this study.
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SUMMARY

The modal analysis method developed by Wyle [1] has been extensively modified for
the prediction of space vehicle noise reduction in the payload enclosure, and

this program has been adapted to the Marshall Space Flight Center IBM 360 computer.
The predicted noise reduction levels for two test cases were compared with experi-
mental results to determine the validity of the analytical model for predicting
space vehicle payload noise environments in the 10 Hz to 250 Hz one-third octave-
band regime. The prediction approach for the two test cases generally gave
reasonable magnitudes and trends when compared with the measured noise reduction
spectra. The discrepancies in the predictions could be corrected primarily by
improved modeling of the vehicle structural walls and of the enclosed acoustic
space to obtain a more accurate assessment of normal modes. Techniques for
improving and expanding the noise prediction for a payload environment are also
suggested.
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1.0 INTRODUCT ION

The use of orbiting and interplanetary space vehicles to place various payloads
into space has been growing, and this growth will increase sharply when the Space
Shuttle becomes operational. Payload utilization will greatly increase because
of the relatively low laurch cost that will be available with the Space Chuttle
and because of the increasing space applications for scientific research, communi-
cations, energy, and for many other areas in which the application of the space

envircnment may be beneficial to man,

In addition to an increased number of payload launches, there will also be an
increase in payload complexity. These sophisticated payloads will also be sensi-
tive to the acoustic environments to which they will be exposed. Therefore, it
will be important in the payload design stage to consider the acoustic environ-
ment surrounding the payload. Also, the definition of these acoustic environments
will be needed to allow an accurate a.sessment of the test limits for qualifica-
tion testing of the payload and its components. From these considerations, it

ran be seen that an accurate prediction of the payload acoustic environment will

be an important factor in the success of the payload missions.

The purpose of this program is to improve the technology base for defining the
acoustic environments for space vehicle payloads. One goal of the study is to
improve the acoustic environment predictior accuracy in the low frequency range
where considerable acoustic energy is gencrated by the engines at liftoff. A
computer program is also desired that will efficiently compute the space vehicle
internal environments for any given external excitation and payload configuration.
The program should also be flexible in order to incorporate state-of-the-art

techniques in noise transmission analysis.

A review of the current prediction techniques for determining the interior
acoustic environment of space vehicles has been performed, and the results are
discussed in Section 2.0 - Literature Survey. The survey of the literature on
this subject will provide a basis for choosing the best techniques available to
improve the accuracy and efficiency of payload acoustic environment predictions.
Since one of the goals in the study is to imprcve the internal noise predictions

in the lower frequency regime, a classical modal analysis approach is taken.



» =

Yﬂa’: - el I & TR S 0 TS ES TR

An analytical model using the modal anclysis techniques developed by Plotkin,
Kasper, and Glenn {1] was selected as a logical starting point for this study.
Earlier work done by Cockburn and Jolly (2] provided the basis for the more
recent deve!opment by Plotkin et al. The computer programs [!] were utilized on
the present contract to provide a computaticnal tool for predicting noise reduc-
tion levels. Incorporation of state-of-the-art improvements to provide greater
efficiency and accuracy for these computer programs was also applied.

The initial step in the modal analysis formulation is to express the interior
sound field and structural displacement in terms of normal acoustic and vibra-
tional modes. To facilltate the analysis, these modes are determined by approxi-
mating the actual structura! geometry with a cylindrical shell with rigid end
caps. Unique features incorporated into the model include the capability of
treating independent shell pane! segments of the structure, such as the ’
Shuttle payload bay doors, and the capability of accounting for payload volume
by the introduction of an internal concentric cylindrical payload. Application
of boundary conditions requiring compatibility of the sound field with vibration
of the structure at the bounding surface allows a determination cof the acoustic
energy coupled into the structure and ultimately radiated into the interior.

The classical approach is theoretically an exact analysis from the physical
standpoint, The degree of accuracy is dependent on the approximation involved
in modeling the actual configurations in terms of simple geometric forms. Sec-

tiocn 3.0 discusses the modal analysis approach in more detail.

A major practical limitation usually associated with modal analysis calculations
is that calculation time and cost become very large as frequency increases due
to the large number of modes involved. The computer program used for this study
inco porates an innovative summation scheme, which minimizes computation time.
The program is described in Section 4.0. The calculation begins with modes
nearest a frequency of interest. Summation then proceeds through a sorted list
of modes, with logic subroutines selecting the next modes to be included in the
series. The modal summation thus considers the most important terms first, so
that convergence is achieved with a minimum of wasted time due to calculation

of unimportant modes.
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Three versions of the computer proaram were prepared to calculate noise reduction
(NR) at a single excitation frequency or aversged over an arbitrary bandwidth.
The basic program computes the NR from a discrete exclitation frequency input.
This program is usad when no structural or cavity resona:ices occur in the fre-
quency band of Interest. To obtain a band-averaged NR with thls program, the
response !5 calculated, at sufficient frequency intervals, and summed to arrive
at a band averaged value of NR. The other two versions are bandwidth programs
that analytically approximatz an integration factor for each resonance within the
band of interest. One version of the bandwidth program applies this method to
acoustic resonances only, and the second version applies it to the structural
resonances only., The total NR is then obtained by combining the two bandwidth

NR calculations.

Section 5.0 describes a test on the Shuttie orbiter OV-10] at Edwards Air Force
Base, where two -104s were run-up to generate a simulated launch noise source.
Predictions for this test ..se were made and compared to the measured test
results. Also, a prediction case for the introduction of a payload cor.figuration
on the change of the empty payload bay NR levels is compared with a model test

case.

The conclusions of the study are arrived at in Section 6.0. The accuracy of the
noise reduction predictions is discussed. The applicability of the modal analy-
sis method to the orbiter payload acoustic environment predictions is also

reviewed,

Recommendations for improving the modal analysis approach used for this investi-
gation are given in Section 7.0. Techniques for impioved analytical modeling of
the structure and payload bay configurations are suggested. Modifications for

improving the generaiity and flexibility of the computer program are also given.

Appendix A gives a complete description of the computer program. It describes
the three versions of the main program (PURTON, ACOBAN and STRBAN) and their
subroutines. User instructions for the imput parameters are given, and a compu-

ter program listing of a sample run is also shown.
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2.0 LITERATURE SURVEY

Several methods that c»velop the noise transmission analysis for predicting the
noise levels within an enclosure subjected to external acoustic excitation have
been found in the literature. Generally, the nethod for computing space vehicle

interior noise levels follows one of these approaches:

Classical modal analysis
Architectural acoustics
Statistical energy analysis
Finite element methods

Empirical analysis and/or extrapolation.

Each of these approaches will be briefly discussed next while noting their
respective references in the literature. Dowell [3] presents an extensive
bibliography in the general area of vehicle interior noise prediction, which

lists the available literature on each element of the problem.

2.1 CLASSICAL MODAL ANALYSIS

Classical modal analysis as applied to the sound field inside an enclosure, such
as a Shuttle payload bay, involves modeling the response of the vehicle structure
and interior sound field in terms of the structural and acoustic natural modes.
To obtain tractable results, the geometry must be idealized so that the mode
shapes are simple analytic functions. Application of boundary conditions requir-
ing compatibility of the sound field with the vibration of the structure at the
bounding surfaces allows a determination of the acoustic energy coupled into the
structure and ultimately radiated into the interior. Apart from the approxima-
tions involved in modeling the actual configuration in terms of simpler geometric
forms, the modal approach is mathematically an exact treatment. The damping
factor for each mode is also critical to the accuracy of the structural and
acoustic response. The modal analysis method is generally the most useful at

low frequencies where the modal density is low. The applicable frequency range
is where the ratio of the acoustic normal mode wavelength to its corresponding
cavity dimension is from about one-third to three [4]. At higher frequencies,
computer time increases greatly due to the increasing number of modes involved

in the summation process. i

e s
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Recent developments in modal methods of sound transmission analysis are developing
along two lines. Taborrak [S] has recently advanced the variational formulation
(see Cragges [6]) of the principles underlying structural-acoustic problems. The
formulation is intended for use in finite element analysis of the combined struc-
tural-acoustic problem. The method is powerful and especially of value for the
analysis of irregularly shaped cavities and of complicated structures. The prin-
ciple limitation being the computer storsge and calculation time required, which
Increases geometrically with the siz. and complexity of the problem.

The other line of development has been the extension of the method of Cockburn

and Jolly [2). Many authors have built on this model, which is based on

Lagrange's equation for the structure and Green's theorem for the acoustic field
{1, 7, 8]. A versatile formulat:.on has emerged from the work of Dowell (9],
Vaicaitis [10], Cragges [11], Wolf [12] and Petyt [13]. The model is based upon

a knowledge of the uncoupled, ''In vacuo' structural modes and the rigid wall acous-
tic modes of the cavity. Given these modes, the model allows for full coupling

between the structural wall and the acoustic cavity. Due to the component mode

synthesis methdology employed in this model, multiple connected cavities may be
considered. Any exterior acoustic excitation is theoretically allowed, including
random noise with a specific correlation function [14]. This case, however, has
not yet been actually computer coded and run. The acoustic and structural modes
can be determined by any method, including the finite element calculation, in that
"(1) By judicious selection of components, the appropriate component modeling may
already be known without further analysis or, at the least, much easier to deter-
mine than that of the overall system. (2) In the synthesis when components are
combined only the essential aspects (modes) of each component need be retained.
Hence, the representation of the component in the total system may be much

simpler than its original representation when treated separately.''[3]

Component mode synthesis means a component of the responses system is most effi-

ciently represented in terms of its own (natural) modes. In the cortext of the
present problem, an obvious distinction can be drawn between structural (wall)
and acoustic (cavity) components. Their uncoupled normal modes are easier to
calculate separately and then combined to obtain the overall coupled behavior of

the system.
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2.2 ARCHITECTURAL ACOUSTIC ANALYSIS

This geometrical acoustic analysis method, coomonly referred to as the archi-
tectural acoustic approach, is based on the ideal!ized assumption that the sound
field enclosed within an arbitrary volume can be represented as an assemblage of
an infinite number of plane waves traveling in all possible directions. By inte-
grating the acoustic intensity over the volume and performing an energy balance,
a simple relation can be derived between the incident sound power, the total
acoustic absorption, and the resulting uniformly distributed sound pressure
field. Since the sound field in an enclosure approaches the diffuse field ideali-
zation at sufficiently high frerquencies due ts thea presence of closely spaced

and overlapping resonances, this simple acoustic relationship has been found use-
ful for many applications. Since the assumption of which architectural acoustic
is based requires that the sound pressure be uniform throughout the enclosed
volume, the method ceases to be valid at low frequencies where individual acous-
tic resonances become prominent. It is, therefore, a suitable method only for
the evaluation of interior noise levels at high frequencies where the ratio of
normal mode accustic wavelength to its corresponding cavity dimension is about
one-third or less, [4]

2,3 STATISTICAL ENERGY ANALYSIS

Statistical energy analysis (SEA) is a technique, developed in the 1960s, that
treats the interaction of coupled dynamic systems in terms of their collective
modal prope:.ies. The technique is based upon the modeling of each dynamic
system as a group of modes with the energy of the system within a given frequency
range assumed to be uniformly distributed among the modes within that range. The
time-averaged power flow between the coupled system is then determined as a func-
tion of a general coupling factor and the difference in time-averaged modal
energies of the system. SEA has been used extensively to predic: the response
and noise reduction of complex structures excited by random pressure fields.[15-
18] Many complex aerospace structures can be considered as being built up from
elementary structural elements such as simply support beams, plates, etc. A
typical example is a shroud and payload assembly. A study that shows the appli-
cation of the SEA to predict the response of this type of assembly to a rever-
berant field is presented by Conticelli [19]. For more complex structures, a good
estimate of the modal density can be obtained by adding the modal densities of
the various elements composing the structure.

6
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When a multimodal system is excited in a band of frequencies its modes can be
divided into resonant and nonresonant frequencies within the band. The energy
transmission batween nonresonant frequencies and between resonant and nonresonant
conditions cannot be predicted by the SEA. For energy transmission between reso-
nant modes, however, a power balance equation is given by Conticelli and Cockwurn
[18]. Some recent work with the SEA method can be found in References 20 through
23.

The major advantages of this approach is that the computations are relatively
simple, and fine details of the system are not required. The primary disadvantage
of the technique is the inability of the formulation to account for the specific
characteristics of the dynamic systems. Also, the dampinq value specified for
each frequency band significantly affects the response of the systems. Empirical
means are usually required to obtain coupling parameters between the groups of
structural and acoustic modes, and it is also assumed that the resulting motions
are statistically independent, with energy equally partitioned among all modes in
a givan group. These assumptions are not necessarily valid at low fr- uencies
where rather distinct modal coupling exist. In general, the assumptions on which
SEA is based are valid only at high modal densities, corresponding to the fre-

quency ranges commonly used in the architectural acoustics approach.

2.4 FINITE ELEMENT ANALYSIS

Finite element analysis can be described as a systematic numerical technique by
which a continuous system can be modeled as an assemblage of elementary elements,
expressing the state of the system in terms of parametric values at the element
connecting points, The structure and acoustic cavity must be well defined in
order to obtain an accurate modeling of the system. From the standpoint of
variational calculus, the approach requires expressing the element properties

in terms of a functional relatienship and finding a optimal solution for the

total assemblage.

The computer implementation of this technique over the past ten years has reached
a high level of sophistication, particularly in relation to structural analysis--
as evidenced by the development of NASTRAN and other similar user-oriented compu-
ter programs. Finite acoustic elements have also been applied to the calculation
of the acoustic field within ducts [24]. The generality of the basic finite

~4
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element technique makes it a logical approach to consider for application to the
analysis of the acoustic field within an enclosure. Applications of this tech-
nique have already besn used by Wolf and Nefske [25, 26], for example, to deter-
mine approximate acoust.ic resonant frequencies and '‘ode shapes for an automobile
body interior. Also, the major aircraft manufacturers have developed Finite

element programs to analyze the structural vibration of fuselages.

Finite element analysis of a structure coupled with an interior sound field
constitutes a major task in the development of the necessary equations, and the
computer storage and computation time required also involves a major computa-
tional task. The finite element method, however, has been used effectively in
conjunction with the modal analysis method [6, 8, 25, 27] for obtaining the
normal modes of the system components, as mentioned in component mode synthesis

in Section 2.1 - Classical Modal Analysis.

2.5 EMPIRICAL ANALYSIS AND/OR EXTRAPOLATION

Because of the complexities inherent in the analytical methods, considerable
efforts have been made to develop empirical techniques for the prediction of
vibration response [28-31]. Initial developments concentrated upon the normalized
response of Tital and Jupiter space vehicles [28] to predict the induced interior
noise of the vehicles. Subsequent developments [30, 31] have been limited to
Saturn V-type structures, and response information has been summarized in the
form of data banks. The most significant disadvantage of these empirical
approaches is the fact that response data are presented for limited types of
structures, and littie attempt has been made to review all the vibration data

with a view to deriving a generalized response prediction curve,
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3.0 DISCUSSION OF THE MODAL ANALYSIS METHOD

When sound waves are transmitted through the walls of a cavity all wave motion is
standing wave motion, and the acoustic energy content of the cavity is determined
by the nature of its walls., For cavities with a ratio of sound wavelength-to~
cavity dimension between one-third and three, it will be most convenlent to
analyze the acoustic response in terms of normal modes of the enclosure. This
ratio corresponds to a normal mode frequency range of about 6.2 to 233 Hz for the
Space Shuttle orbiter payload bay cavity. The lowest longitudinal normnal mode of
the empty payload bay cavity is about 9.3 Hz, and the lowest circumferential mode

and radial mode are L1 Hz and 85 Hz, respectively. These normal cavity modes

were based on the payload bay geometry shown in Figure 3-1.

Figure 3-1. Dimensions and Coordinates of Concentric Cylindrical Cavity
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Considerable external acoustic energy at these lower frequencies will be generated

by the Space Shuttle engines, shown in Figure 3-2, from Reference 32, to excite
the payload bay internal acoustic modes. The data in Figure 3-2 was measured at
Jocation 018 as shown in Figure 3-3. The payload bay doors will also have low
frequency resonances that will couple with the external noise field to allow
increased transmission of external noise into the payload bay cavity. For the
case where the excitation frequency wavelength is much larger than the dimension
of the cavity, the air in the enclosure can only exhibit stiffness reactance,
expanding and contracting in phase, in response to the driving external pressure.
This response is similar to a Helmholtz resonator condition. The introduction of
payloads will also affect the lower order acoustic modes of the payload bay more

than the higher order modes, because the acoustic wavelength will be smaller

than the individual payload components in the higher frequency region. Therefore,

the preceding factors indicate the usefulness of the normal mode analysis that
allows a detailed description of the internal noise field surrounding the payload
in a space vehicle.

The modal analysis approach has the advantage of permitting a detailed descrip-
tion of the enclosed sound field while providing a methodology for determining
the interaction of the sound field with the vibrating structure. Although the
moda! approach is an exact analysis in the classical sense, its practical appli-
cation requires that the structural shape and enclosed volume be modeled in tarms
of simple coordinate geometries. For application to space structures, the modei
is based on approximating the enclosed volume ac a right circular cylinder, and
the surrounding structure is consequently treated as a cylindrical shell. Apart
from simplifying the overall shape of the structure, the model itself is suffi-
ciently gener2] to account for orthotropic structural properties as well as an
arbitrary distribution of the shell surface into panels with different structural
characteristics. An important feature of the model is the incorporation of a
payload within the enclosed volume. In order to maintain a tractable mathemati-
cal solution, the payload geometry as shown in Figure 3-1 was taken as a circular
cylinder positioned concentrically within the enclosing structure. Since the
present analysis is intended for application in the low frequency range where

the acoustic wavelengths will normally be large compared to individual payload

components, it is not critical that full geometrical detail of the payload be

10
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Figure 3-3. Micrcphone Locations on Upper and Side Surfaces
of 6.4% Model [32]

included. The cylindrical model simulates the most important payload gecmetry
factor -- the volume -- that can affect the enclosed noise field. The general

treatment of the analysis is discussed in the following paragraphs.

The physical process involves the interior sound field exciting the shell, which
in turn excites the interior cavity. The analytic development logically follows
the inverse order, beginning with the interior sound field. Determining the
interior noise field consists of finding a solution to the acoustic wave equation
in terms of the normal acoustic modes of the containing volume, requiring the
solution to satisfy appropriate boundary conditions at the structure wall surface
[4]. Several acoustic mode shapes are shown in Figure 3-4 for typical circum-
ferential and radial wave patterns. A corresponding circumferential structural
wave pattern is also shown. The boundary conditions are that the acoustic parti-

cle velocity at the containing surface match the vibration velocity distribution

12



Figure 3-4. Typical Circumferential and Radial Acoustic Wave Patterns
and the Corresponding Circumferential Structural Wave Patterns

of the structure. A Green's function is developed that relates the spatial
distribution of the internal acoustic field to the vibrating structural surface.
The acoustic response is derived for an arbitrary motion of the structure. In
addition, for application to configurations containing a payload, it is required
that acoustic boundary conditions be met along the su:face of the payload. The
payload is considered as a rigid solid that establishes the boundary condition
of zero acoustic particle velocity along the surface. The effect of the bound-
ary condition associated with the presence of the payload is to raise the reso-

nant frequency of interior acoustic modes with radial components.

The vibration response of the space vehicle structure is then considered. The
formulation begins with the equations of motion for the forced response of an
orthotropic thin cylindrical shell. Solutions are developed for the response

of the shell as a whole structure and for response of independent shell panel

13



segments. Figure 3-5 illustrates the geometry of the structural mocdel. The
vehicle structure is modeled as an orthotropic thin cylindrical shell using the
Donnell-Mushtari shell eguation found in Leissa [33]. Figure 3-6 illustrates
several examples of cylindrical shell modes. The analysis is arranged so that
individual panels bounded by shear diaphragm boundary conditions along circum-
ferential and longitudinal coordinates could be permitted to respond while the
remainder is held rigid. This permits separate transmission calculations for any
panel location and for panels with significantly different properties. Coupling
relations between normal shell modes and the internal noise field are developed,

and then the response of the coupling of the shell to an arbitrary external pres-

sure field is derived. A weak coupling assumption is made which states that

Figure 3-5. Geometry and Coordinates of Shell and Panel
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interaction between the structural and acoustic response will not change the
structural modes calculated in a vacuum condition, and the interaction will not
affect the rigid wall acoustic modes. Therefore, coupling between the structure
and cavity can be calculated using the ''in vacuo' structural response and rigid
wall acoustic response of the cavity. The assumption of negligible structural
damping coupling is also made due to the light damping occurring in the space
vehicle structure [34].

The structural excitation by random acoustic fields is developed next. It is
shown that the frequency-dependent coupling between the structure and a random
exterior field is described in terms of the narrow-band spatial correlation func-
tion (also called the cross-power spectral density) of the exterior noise.
Coupling relations are derived for excitation by jet noise and by a reverberant
fieid.

The spatial correlation of the exterior noise field at a given frequency is
particularly important in that it determines the manner in which structural modes
are excited. For example, random noise fields are correlated over distances com-
paratle to a wavelength. The net result is that the structural modes with wave-
lengths comparable to the area of in-phase excitaztion are strongly coupled to the
noise field. At higher frequencies, the area over which the pressure field is
correlated becomes smaller and the structural response is characterized by the
local response of individual panels or panel groups rather than that of the
entire shell. It is shown in Reference | that this behavior results in struc-
tural modes being statistically uncorrelated for noise excitation. This provides
a valuable simp!ification since cross terms between modes, which are important

for coherent excitation, may be neglected.
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L.0 COMPUTER PROGRAMS

The basic computer programs used in this study were developed by Wyle [1]. These
programs have been modified to improve their efficiency, application, and accuracy
to the problem of predicting payload environments. The programmed analytical
model predictions were compared to test results as described in Section 5.0.

This comparison was made to gain an ides of the model's accuracy and to determine
feasible methods for improving the computer programs and the analytical model.
Techniques for improving these noise prediction computer programs and the analyti-
cal model! will be discussed in Section 7.0 - Recommendations, and a complete
description of the programs is found in Appendix A. A general description of the

computer program is given in this section,

The expressions derived in Reference | provide for the calculation of noise
reduction at a single frequency, as a multiple summation over cavity acoustic
modes and shell structural modes. The total expression for the ratio between
interior and exterior pressure at a given frejuency w may be written in summary

as

Gi ‘ -
<P—=é-> - mzn {1} ([Zs: Q2 (K b) Hﬁms] [“:‘ ng Yao rgq ' |q]z, (4-1)

where the terms in { } and the summation variables are defined in Reference 1.

The amplification functions HZ and H2 are written in terms of modal resonant fre-
quencies and associated constants as well as direct physical data (dimens’sns,
material properties, etc). Calculation of noise reduction, therefore, ccisists

of first computing these modal resonant quantities and then applying the following

relationship to obtain the noise reduction in decibels:

=
10 <—";;"—> : (h-2)
P

A set of computcr programs has been developed that performs this calculation. The

NR = 10 log

primary version of the program computes the noise reduction at a single frequency

17



as given by Equation 4-2. This program is described in detail in Section 4.1.

Of practical interest is the noise reduction of broadband sound, described in
terms of octave or onerthird octave bands. While the puretone respcnse could in
principle be integrated numerically, this would require calculation of response
at an enormous number of frequencies -- at least several around each resonance --
to be reliable. An exact analytic integration of the NR equation (4-2) was also
not practical; therefore, two alternate ''bandwidth'' versions of the program were
prepared, which mak.. use of an approximate analytic frequency integration. These
are described in Section 4.2. The computer program's computational details,
input and output parameters, and a listing of a program run case are given in
Appendix A,

4,1 STRUCTURE OF PROGRAM

The greatest practical limitation to madal analysis techniques is that the number
of modes grows geometrically as frequency increases. The number of terms to be
inciuded in the summation in turn grows geometrically with the number of modes.
The highest frequency amenable to a modal calculation is limited by practical
constraints of computer size and computation cost. For maximum practicality, a
program must avoid computations that include modes not substantially contributing
to the net response. Programs that deterministically compute all modes and func-
tions within a specified range of indices have a domain of applicability that is
seriously limited.

The computer program developed her® was designed to avoid these limitations as
much as possible. The main feature is that summation is performed in a selective
manner, seeking the most important terms. The summation begins with the mode
whose resonant frequency is closest to the excitation frequency. Successive

terms are added by summing through an ordered list of frequencies. Summation con-

tinues until a convergence criterion is satisfied.

Figure 4-1 shows a flowchart of the program. This program is PURTON, which com-
putes the response to a puretone. Overall, it is divided into two parts: calcu-
lation of modal frequencies, and the summation represented by Equation 4-1. To
avoid repeated calculation of modal fregquencies on successive runs for the same
structure, ail required cutput from the first part may be saved on a file. The
option of computing or reading an existing file is separate for acoustic and
structural modes.

18
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The user specifies a range of modal indices for the first part of the program.

The program modifies this in order to obtain a list of modes that is complete in
frequency space. For example, if acoustic indices are specified from mns = 0,0,0
to M,N,S, the list of computed modes would not be complete above wM,0,0' Refering
to Equation 6 from Reference |, there are modes (m,0,0) with m > M such that the
frequency is less than for modes with m < M and n,s > 0. To avoid skipped fre-
quencies, the m loop is innermost, then n, then s, with the n and s loops termi-
nated when ©ons exceeds “y,0,0° In addition to providing a complete frequency

list, this procedure minimizes the number of roots kns that must be oxstained.

A similar procedure is followed when obtaining the structural frequencies. It is
complicated slightly by the fact that mpq is not monotonically increasing with g
(as is W ons with each of m, n, s), and that there are three values of Yoq for

each pair p, q. The basic principle is the same, however,

4.2 CALCULATION OF BANDWIDTH RESPONSE

Equation 4-2 gives noise reduction at a single frequency; of practical interest

is noise reduction averaged over a finite bandwidth. Numerical integration of

the pure tone result would have been computationally very expensive. An exact
analytic integration of a band is possible in principle, but in practice would be
quite cumbersome. Each term in Equation 4-1 consists of the product of four
linear oscillator terms of the form 1/[(w? -mé)‘ + n2w?], together with poly-
nomials in w. Integration could be accomplished by expansion in partial fractions
of the sixteenth order demoninator. Subsequent evaluation at limits corresponding

to band edge frequencies would be unwieldly at best.

An approximate bandwidth result may be accomplished by noting that the strongest
frequency dependence is due to the oscillator terms, and that only one at a time
will be important if there is littie modal overlap. Further, if the width of a
resonance is small compared to the bandwidth of interest, then the integration

may be taken over o rather than just over a bandwidth. [t is also assumed that

the remainder ot the expression is approximately constant over the width of the

20



resonant peak of interest, and may be evaluated at the resonant frequency. The

linear oscillator term is thus replaced by

N hl
= wdu = 3 @ du - n/n . (h-2)

h "
band [("o ) w:)z ) nzw:] oo [(w; - wt) - nzwi]

Applying this approximate integration to each resonance within the band of

interest would uive the complete rasonant response. There would be a possibility
of error, however, in that there could be duplication in case of overlapping

modes. Also, nonresonant response would be neglected.

In order to avoid (or account for) these possible errors, two separate bandwidth
programs were developed and used in conjunction with the puretone model. One
version applied Equation 4-3 to acoustic resonances only, so that it considered

a resonant acoustic field driven by nonresonant structural response. The other
version applied Equation 4-3 to structural resonances only, so that it considered
a nonresonant acoustic field driven by structural resonances. These two programs

are described in the following subsections.

After modal frequencies are computed, the acoustic and structural frequencies

are each sorted into lists in order of size. To retain identification of modal
indices, arrays containing mns and pg are sorted in parallel to the frequencies.
The structural constants Cpq are also sorted in parallel to the structural fre-

quency list,

The summation of Equation b4-1, the second part of the program, begins with the
acoustic mode with wmnsclosest to the input frequency w. Summation first takes
nlace over s. After th: rirst term is computed, one term with hiuher frequency
(""up' the list) and one with lower frequency (''down'' the list) is computed. The
summation over § continues, addino terms up and down the frequency list unti!
convergence is obtained in both directions. The convergence criterion is that
the ratic between the newest term and the running sum be less than some small
amount., The next term added mavy be either up or down the list, depending on
which of the last up and down terms was larger. Summation proceeds in the dJirec-

tion of the last largest term.



The summation over p,q is then performed in a similar manner, beqinning with wpq
closest to the input frequency. The program does not place any distinction on
which of the three wpq is used, but does keep track so that modes are not

inadvertently counted more than once.

The summations over s and over p,q together with the quantity denoted {} are then
multiplied together and added to the cumulative summation. The m,n summation
then advances uo or down the acoustic freguency list to the next mode with dif-

ferent m,n,

The nature of the functions y, I, in the structure/cavity coupling term, and |,
in the joint acceptance term, are such that many of these may be zero. Inclusion
of a zero term would give a false indication of convergence. The program, there-
fore, tests for such zero terms, and if one is encountered, calculation advances
to the next mode. To avoid errors due to rounding errors in floating point
arithmetic, a zero condition is taken when the araguments of sine and cosine are

terms within 0.01 radian of a zero condition.

The calculation of Equation 4-1 gives the spatially averaged noise reduction
ratio. To obtain some indication of the spatial variation of the interior noise
field, a parallel summing is performed where each acoustic modal coefficient is
muitiplied by the square of the mode shape, Equation | from Reference |, evaluated
at a point of interest. The program includes four such points, with location of

the points specified by the user.

A third possible case is a nonresonant acoustic field driven by nonresonant
structural response. This is a case readily handled by numerical integration
of the pure tone program, since response in the absence of resonances would be

smooth over a band.

4.2.1 Acoustic Resonance in a Band

This bandwidth program, called ACOBAN, applies Equation 4-3 to H$ns in Equation
4-1. The summation over p.q proceeds exactly as in PURTON. The summations over
m, n and s are combined into a single deterministic summation over all O lving
within the band specified by the user. The band is specified in terms of width

(fraction of octave; for example, one octave, one-third octave, etc) and center

ta
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frequency. At each acoustic mode in the mns summation, w for use in other
expressions is set equal to Lins Figure U-2 shows the flowchart for this
program,

4,2.2 Resonant Structural Transmission in a Band

This bandwidth program, called STRBAN, applies Equation 4-3 to one resonator term
in ﬁgq in Equation 4-1. The other two resonator terms, and the numerator, are
treated as weak functions of w to be evaluated at the resonant mpq' The order of
summation is changed, with the m, n and s summation performed first. These are
done as in PURTON. The p,q summation is performed last, and is done as a deter-
ministic sum over all resonant “oq in the specified band. At each structural
resonance in the band, w for use in the other terms is set equal to mpq' Figure

4-3 shows the flowchart for this program.
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5.0 TEST CASES FOR ANALYTICAL PREDICTION MODEL

Test cases to be compared with the prediction methods were necessary to determine
the validity of the analytical model, and to ascertain what improvements on the
mode! might be necessary for better accuracy. Tests with the Space Shuttle
orbiter with an empty payload bay [38] and Shuttle orbiter model tests with pay-
load configurations [34] were used for these comparisons. Section 5.1 begins

the information about the full scale acoustic test comparisons on the orbiter

and Section 5.6 starts the discussion of the Shuttle model test comparisons with

a payload configuration.

5.1 ACOUSTIC TESTS ON ORBITER OV-101

The acoustic tests were performed on the Space Shuttle Orbiter Vehicle (0OV-101)
at Edwards Air Force Base in California. Two F~104 jet aircrafts were used as
the acoustic noise sources. This jet noise source provided a propagating exci-
tation with spatial correlation characteristics similar to those expected during
launch and with an intensity similar to the launch environment. Reference 38
gives the complete details and results of the tests, while the main test factors

are summarized below.

5.1.1 Test Configuration

Figure 5-1 illustrates the basic test configuration at Edwards AFB. The two
F-104 jet aircraft were located aft of the orbiter to generate an acoustic field
similar to that anticipated during launch. Two sets of tests were performed at
the two aircraft distances of 100 feet and 250 feet. The 100-foot distance for
tests 2 and 3 are of concern for this study. The two tests differed only due to
the microphone locations for the test measurements of the payload bay interior

noise levels, as discussed in the next section.

5.1.2 Microphone Locations

The eight interior microphone locations for tests 2 and 3 are shown in Figure 5-2,
The microphones in test 2, which were designated location A in Figure 5-2, were
suspended on ropes that hung vertically down the payload bay centerline. In

test 3 the microphones were pulled to the side, off the centerline, and into
positions identified as location B, also shown in Figure 5-2. Exterior micro-

phones were located on the orbiter surface as shown in Figure 5-3,
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£.1.3 Exterior Noise Source [evels

Since tests 2 and 3 were basically the same except for the location of the
interior noise microphones, their exterior measurements were averaged to provide
the forcing input on the structure. Noise transmission into the payload bay was
primarily through the payload bay doors, especially in the low frequency range of
excitation. Therefore, the test resuits for the doors alone will be used in the
test and analytica! comparison. The average exterior sound pressure levels (SPLs)
measured on the doors are shown in Figure 5-4, along with a corrected door level.
The corrected door levels were obtained because of a strong circumferential
gradient at certain frequencies. Tables 5-1 and 5-2 list the measured cne-third

octave SPLs at each microphone location for test 2 and test 3, respectively.

5.1.4 External Noise Field Description

The correlation function for the convected excitation pressure field was repre-
sented by an exponentially decaying cosine function. Fcr the longitudinal direc-

tion, it is given by

k
{r X | -
o (g, w) = exp|- = lel | cos (k&)
X
where kx = 5L , wave number at frequency w,

X

U = phase (trace) velocity over surface of vehicle,
a = correlation decay factor,

E = x' - x, longitudinal distance between two points on
surface of vehicle.

The circumferential correlation function is of the same form as the longitudinal

function:
k
o, (g, w) = exp |- =+ lg!lcos (kz) ,
Y a Y
Y
where ky = wave number at frequency w,
Uy = trace velocity in circumferential direction,
ay = correlation decay factor,
S = y' -y, transverse distance between two points.
30
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TABLE 5-2.
ONE-THIRD OCTAVE-BAND SOUND PRESSURE LEVELS ON DOOR
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The correlation decay factors and trace velocities were detnrmined experimentally
from the test between microphone pairs, and their averaged values are given below

for the payload bay doors:

- = ¢
k kCO/Ux 0.92k,

X
where k = m/CO, and Co = speed of sound,
a, = 34. 4,
K = 0.26k,
Y
= . h'
a, 3.7

From Reference 32, the AMTF values for the longitudinal factors are
kx = 0.90k,
a, = 31.C.

The values of a and k were assumed to be the same for tests 2 and 3.

5.1.5 Determining the Measured Payload Bay Noise Reduction

The exterior sound pressure levels on the payload bay doors measured in tests 2
and 3 were averaged and weighted for circumferential gradient. These values are
shown in Figure 5-4. Tables 5-1 and 5-2 also list the individual SPL for each
microphone location and their average value at each one-third octave band.

Interior SPLs measured at location A (test 2) and location B (test 3) were space-

averaged by the following equation to determine the payload interior noise levels:

L,/10 L, /10
COIL 10910[0.33(10) A 4 0.67010) B ]

where <<SPL:> = space averaged value of sound pressure level,
L

A = the average SPL measured for microphones at loca-
tion A in test 2,

LB = the average SPL measured for microphones at loca-
tion B in test 3,

Figure 5-5 gives these space-averaced SPL results. Tables 5-3 and 5-4 give the
SPL at each microphone location in the bay and also list the average one-third

octave-band SPL. The SPLs at location B were weighted double those of location A
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TABLE 5-3.
ONE-THIRD OCTAVE-BAND SOUND PRESSURE LEVELS INSIDE PAYLOAD BAY (ALONG CENTERLINE)

<) 1007 RPM [34]
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TABLE 5-4.
ONE-THIRD OCTAVE-BAND SOUND PRESSURE LEVELS INSIDE PAYLOAD BAY (OFF TO SIDE)
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because of the payload bay symmetry. By the symmetry factor, the noise levels on
the other side of the bay were assumed to have the same values as those at loca-
tion B. This situation can be easily seen in Figure 5-2.

To determine the payload bay noise reduction (NR) from these one-third octave-band
measured data, the space averaged interior noise levels were subtracted from the
exterior door levels. Since the dominant noise transmission at these low fre-
quencies is through the doors, little accuracy is lost on calculating the NR by
considering only the transmission of the exterior noise through the doors. These
noise reduction levels are plotted for each one-third octave band from 10 Hz to
250 Hz in Figure 5-6.

5.1.6 Spatial Variability of the Measured Noise Reduction

The spatial variability of the empty payload bay measurements is shown in Figure
5-7. The scatter of the 16 measurements from tests 2 and 3 are given relative to
the space-averaged level. The largest variation can be seen in the LO-Hz band,
where the full range is about 20 dB. For bands below 100 Hz, the data scatter
becomes more prevalent as the frequency decreases. Except for the 63 Hz band,

all the measurements are less than 5 dB above the space-averaged value. But since
16 measurements is a relatively small sample within the entire payload bay space,
there are undoubtedly some locations where the low frequency levels exceed the

space averaged levels by more than 5 dB.

5.2 INPUTS FOR THE ANALYTICAL MODEL PREDICTIONS

The following section describes the data that were used to model the Shuttle
Orbiter payload bay structure, the payload bay enclosure, and the payload geom-
etry. These inputs for the analytical representation were used with the basic

computer program developed by Wyle, which is described in Section 4.0.

5.2.1 Absorption of OV-101 Payload Bay

The interior absorption of the payload bay was measured by exciting the bay with
loudspeaker sources and determining the reverberation time. From the reverbera-
tion time, the volume loss factors in one-third octave bands were computed and
the average wall absorption coefficients were estimated. Figure 5-8 shows the
reverberation times used to compute the acoustic damping in the analytical model

of the computer program.
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5.2.2 Structure of the Orbiter

Figure 5-9 shows a general view of the Space Shuttle orbiter. Figqure 5-10 shows a
typical cross section through the cargo bay that is approximately 60 feet long
with a roughly circular usable cargo volume approximately 16 feet in diameter.

The side walls and bottom are essentially flat, with truss frames (shown in

Figure 5-10) at about 5-foot intervals. The doors, which have a roughly circular
cross section, consist of five pairs that open in two pair of units as shown in
Figure §=11,

For the purposes of matching the orbiter structure to the cylindrical coordinate
geometry of the analytic model, the payload bay structure is modeled in the fol-
lowing way:

° The structure is modeled as a cylinder, 16-foot diameter by 60~
foot length, with rigid end walls.

° The doors are considered to comprise a 180-degree full length
panel, joined to the fuselage by shear diaphragm boundary

conditions,

Detailed structural and vibrational properties of the doors are discussed in

Section £.2.56.

5.2.3 Payload Bay Doors

The payload bay doors consist of five pairs, as noted above. Figure 5-11 shows the
structural arrangement of one of the four main door halves. The structure con-
sists of the skin, end frames, seven intermediate frames, a torque box at the
hinge line, and a center beam. The skin is a graphite-epoxy sandwich with nomex
filler. The frames are graphite-epoxy with hat-section intermediate frames. The
fifth pair or doors (rearmost) is about one-eighth the length of the others, and
has no intermediate frames. Not shown in Figure 5-11 are various latches, skin
doublers, hardware, etc. Table 5-5 lists all components of the doors together
with their weights [39]. Table 5-6 summarizes the material propertie:. of the skin
and frame materials [40]. The five door pairs are joined into two unit pairs

that open and close separately. The joining is done with shear pins. When
closed, the doors are latched with a combination of shear pins and latches.
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Figure 5-10. C(Cross Section of Space Shuttle Carao Bay
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TABLE 5-5.
SUMMARY OF ORBITER 001 PAYLOAD BAY DOOR WEIGHTS

Component Weight (Ib.)

Forward Honeycomb Panel Skin 373.1

Core 87.1

Bonding 100,2
Aft Honeycomb Panel Skin 383.2

Core 84.9

Bonding 100.7
Intermediate Frames 549.5
Closeout Frames 260.0
Torque Boxes 134.6
Centerline Beoms 106.4
Hingeline Closeouts 51.0
Lotch Backup Structure Right 75.8

Left 72.8
Expansion Joints 202.9
Miscelloneous Hardware 99.1
Lightning Protection 90.9
Linkage and Hinges 58.0
Door Hinges on Coor 195.4
Sealant 20.0
Seal Supports 116.4
Seals 293.0

ke
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TABLE 5-6.
PROPERTIES OF PAYLOAD BAY DOOR MATERIALS
-ER/E Skin
Thickness: 0.016" (each face sheet)
Young's Modulus: 3.5 x 166 psi (90°)
12.8 x 106 psi (0°)
Density: 0.057 1b/in’
Nomex Core

Thickness: 0.6"

Cell Size: 1/8 inch

Density: 0.3 lb/ft3

The door structure for the flight operational orbiter also includes two pairs of
space radiators that open on 2 hinge line almost in common with the door hinges.
When closed, the radiators are secured to the doors by a system of latches and
ball joints. No strains from loads on the doors are transmitted to the radiators.
The radiators were not installed on the OV-101 vehicle during these noise

tests [38].

The structural properties of the doors as needed for the stiffnesses are summa-
rized in Table 5-7. These were computed on the basis of the properticy in Tables
5-5 and 5-6 and dimensions obtained from assembly drawings provided by NASA.
Masses concentrated at the door/fuselage hinge line (torque boxes, hinge hard-
ware, etc) were neglected in computing mass density because these are at a node.

Representation of the doors as a single 180° panel is not entirely satisfactory
because of the pin connections between halves at the top centerline. Figure
5-12a shows the cross-sectional mode shape for q = 3 for the 180° homogeneous
shell and the actual s*pe for the two-piece door with center hinge line is shown
in Figure 5-12b. The t.ue boundary conditions are not amenable to representation
by an analytic expression as convenient to work with as Equation 30 from Refer-
ence |. The main difference between Figures 5-12a and 5-12b is that b is con-
siderably less stiff. The center hinge was, therefore, handled by reducing the

L7
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TABLE 5-7.

STRUCTURAL PROPERTIES OF PAYLOAD BAY DOORS

QUANTITY sYMBOL|  WHOLE DOOR PANEL aererch
e —————————————
Length ] 60 feet 1.5 feet
Radius b 8 feet 8 feet
Circumferential Extent « 1890° 90°
Stressed Skin Thickness Ag /1 ]0.00267 “eet 0.00267 feet
(both layers) s
Skin Filler Thickness te 0.050 feet 0.050 feet
Shell Density o | 0.0989 slug/ft2 | 0.0128 slug/ft2
Longitudinal Young's Modulus Es | 1.843x107 1b/ft2| 1.843x10% 1b/Ft2
Circumferential Young's Modulus ES¢ O.SOloxIO9 lb/ft2 O.SOthO9 lb/ftz
Frame Young's Modulus Ee |.8lo3xlo9 lb/ft2 ---
Frame Area A. | 0.00986 ft? ---
Frame Moment of Inertia e 0.!83x30-3 Ft“ -=-
Frame Spacing Le 1.58 feet .--
Frame-Skin Centroid Distance 3 0.109 feet .-
Poisson's Ratio \V 0.3 0.3
48




b. Door Structure witis Center Hinge

Figure 5-12. Circumferential q = 3 Mode Shape for
Homogeneous and Hinged Doors

circumferential bending stiffness to compensate. For a force directed downward

at the center, the split semicircle (12b) will be displaced approximately 30 times
as far as the whole semiciccle (12a). This was determined by applying the calcu-
lation procedure in Section 80 of Reference 4! to both cases. A relaxation

factor of 30 is probably too great for the doors, however, as the driving force
will not be concentrated on the centerline. For purposes of calculating low
frequency vibration of the doors, the circumferential bending stiffness was
divided by a factor of 20.

5.2.4 Payload Door Resonant Frequencies

Table 5-8 lists the payload bay door modal frequencies and indices through the
50 Hz one~third octave band. Table 5-9 shows the frequencies for eight of the
first ten symmetric modes calculated from a finite element analysis of the door
structure {42]. The finite element calculation is based on a structural descrip-
tion much closer to actual than the ''relaxed' shell used here. The symmetric
modes correspond to odd values of the circumferential modal index q. The first
finite element frequency of 8.17 Hz corresponds well with the 1,3 mode of 9.3 Hz.

The sequence of finite alement frequencies increases in general with the
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STRUCTURAL MODAL FREQUENCIES AND INDICES

TABLE 5-8.

FOR PAYLOAD BAY DOOR MODEL THROUGH 50 HZ BAND

Py q f Py 9 f

1, 2 7.5 L, 6 39.5
1, 3 9.3 4, 3 39.8
2, 3 14.9 5, b Lo.o
1, &4 16.0 5, 6 b2.5
2, 4 17.6 3, 2 b3. 4
1, 1 17.7 6, 5 43.9
3, &4 22.4 6, 6 L6.6
2, 2 23.1 1, 7 b9.6
1, 5 25.1 2.7 49.9
2, 5 25.8 2, 1 50.5
3,3 26.0 3, 7 £0.5
3,5 27.6 6, 4 50.7
4, 4 30.2 b, 7 51.6
4, 5 31.3 7, 6 51.8
1, 6 36.4 7, 5 52.0
2, 6 36.7 5, 7 53.4
5,5 36.9 5,3 54.6
3, 6 37.7 6, 7 55.9

p = number of longitudinal half waves.

q = number of circumferential full waves,
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TABLE 5-9.

COMPARISON BETWEEN DOOR RESONANT FREQUENCIES FROM FINITE
ELEMENT MODEL AND PRESENT MODEL SYMMETRIC MODES

FINITE
PRESENT MODEL ELEMENT
MODEL

P, q f f
1, 3 9.3 8.17
2, 3 14.9 9.65
3, 3 26.0 10.85
b, 3 39.8 17 .69
5,3 54.6 20.04
6, 3 69.2 23.11
7, 3 50.5 26.07
8, 3 96.6 31.50

longitudinal modes p and with the odd q modes. The first and second symmetric
modes are shown in Figures 5-13 and 5-14, respectively.

At high frequencies, when the wavelength is no longer large compared to the spac-
ing between ring frames, the individual response of panels between frames must be
considered. These are taken as independent panels, of circumferential extent 90
degrees and longitudinally between rings, with properties corresponding to the
skin properties in Table 5-7 and supported by shear diaphragms. Table 5-10 lists
the first few frequencies calculated for a typical skin panel between frames,.

The lowest frequency is over 400 Hz, so that these modes are of little importance
for the present study.

TABLE 5-10.

RESONANT FREQUENCIES FOR DOOR PANELS
BETWEEN FRAMES

MODE FREQUENCY
P, q f

421,
43s.
h58.
490.
528.
573.
623.
679.
739.
0 805.

e e @ w w e e =

—~ 0 00~ OV oW PO —
VI OO ENNOU —
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5.2.5 Structural Damping

The structural damping values, in terms of the loss factor Af/f, for the payload
bay doors is taken from Reference 34 to be n = 2/f, where f is in hertz.

5.2.6 Payload Bay Resonant Frequencies

The interior of the payload bay was represented as a cylind-ical cavity 16 feet
in dianeter and 60 feet long. Payloads were modeled as a concentric inner cylin-
der. For this test case comparison, the noise reduction was computed only for
the empty bay case. Figure 3-1 describes the bay geometry.

Table 5-11 lists acoustic modal frequencies up to 112 Hz (this is through the 100
Hz one-third octave band) together with their modal indices. The first radial
mode (i.e., s ¥ 0) occurs in the 80 Hz band, so that (except for damping and
volume effects) the empty bay calculation should give the same result as would
calculations with payloads. Since low frequencies are the primary interest in
the present study, there is little loss of generality in considering only the
empty bay.

The payload bay normal acoustic modes were also calculated with the cavity
idealized by a rectangular parallelepiped with one surface deformed to represent
the payload bay doors. This is a perturbation technique used in Reference 34 to
model the payload bay and the geometry. The dimensions of the analytical model
are shown in Figure 5-15. Table 5-12 compares the normal modes from this compu-
tation with modes calculated using the right cicular cylinder idealization.

5.2.7 Acoustic Losses

There are two ways in which acoustic energy can be lost from the payload bay:

° Absorption by hardware inside the bay. This includes the effect
of payloads, of frame trusses, of structural textures, etc. At
low frequencies, these may all act as porous materials.

° Transmission of sound out of the bay through the structure.

This is the inverse process of transmission in.

5h
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TABLE 5-11

ACOUSTIC MODAL FREQUENCIES, EMPTY PAYLOAD BAY,
THROUGH 100 HZ BAND

i sl B

m, n, S f m, n, s f m, n, s f
0, 0, 0 0 2,2, 0 70.3 1, 3,0 93.7
1, 0, 0 9.3 3, 2, 0 73,3 7, 2, 0 4.0
2, 0,0 | 18.6 8, 0,0 4.4 2,3, 0 95. 1
3,00 ! 279 7,1, 0 76.9 5,0,1 1 97.0
4, 0,0 - 37.2 4, 2,0 77.3 3,3,0 1 97.4
0, 1,0 | 40.9 5,2, 0 82.2 4, 3,0 | 100.4
1, 1,0 ! 41.9 9, 0, © 83.7 8,2,0 i 100.7
2, 1,0 | 4b.9 8, 1,0 85. 1 10, 1,0 | 101.6
5,0,0 |  46.5 0, 0, | 85.1 6, 0, 1 ! 101.7
3, 1,0 ‘ 49.5 1, 0, 1 85.6 11, 0,0 - 102.3
4, 1,0 1 55,3 2, 0, | 87.1 5,3, 0 104.2
6,0,0 | 558 6, 2, 0 87.8 7,0, 1 1 107.1
5,1, 0 ; 61.9 3, 0,1 89.5 9, 2, 0 107.7
7,0,0 ., 65.1 4, 0, | 92.8 6, 3,0  108.7
0, 2, 0 i 67.8 10, 0, 0 93.0 1, 1,0 | 110.2
1, 2,0 | 8.4 9, 1, 0 93.1 12, 0, 0 111.6
6,1,0 | 69.2 0, 3, 0 93.3

B LA

m = number of longitudinal half waves.
n = number of circumferential full waves.

s = number of radial full waves,
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Figure 5-15. Deformed Parallelepiped (from Reference 24)

TABLE 5-12.

COMPARISON BETWEEN SOME ACOUSTIC MODES
FROM THE PRESENT MODEL AND
A PERTURBATED RECTANGULAR PARALLELEPIPED MODEL

PERTURBATED
RECTANGULAR
PRESENT MODEL PARALLELEPIPED
MODEL
m, n, s f f
0,1, 0 Lo.8 27.07
1o 41.9 28.60
21 0 44,9 32.77
3’ " 0 h9-5 38‘73
4, 1, 0 55.3 45.80
| 5 1.0 61.9 53.53
5 0. 2.0 67.8 61.50
: 1, 2,0 68.4 62.19
6 1 0 69.2 61.67
2,2,0 70.3 64,22
3’ 2, 0 7303 67-1‘6
7' ‘, o 7609 70.09
56
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The lcss factor may be represented by the empty payload bay reverberation test [34]
mentioned in Section 5.2.1 as

2.2
ﬂ‘?’;’ (l)

where { Is in hert2 and T6 is reverberation time from Figure 5-3.

0

The second factor, retransmission of sound, is explicitly neglected in the formu=
lation of the coupling equations. It is assumed that the she!l is driven bv the
exterior sound field alone. This is correct only if the interior sound pressure
is small compared to exterior, that is, NR is large. If NR is small, the effect
of interior oressure must be considered. This is equivalent to calculating the
inverse problem.

Calculation of transmission from 'nside to out is just as complex as the outside
to inside analysis treated thus far. An approximate allowance can be made, how-
ever, by noting that the process is essentially linear. The interior and exterior
pressure are related by

(pi) = Ap (2)

where ()v denctes in vacuo shell response; that is, the effect of interior pres-
sure is not considered. Counting interior pressure,

p, = A [po - (p,)v] . (3)

Equation 3 assumes the process is reversable. If only a single mode is considered,
this is true. Since the present approximation has structural modes uncorrelated
with each other, and acoustic modes are uncorrelated in the spatial average, this
is a reasonable assumption. At low frequencies, there are few modes presant, so
that Equation | is resasonable from this viewpoint as well. At high frequencies,
where there are many overlapping modes, an equation similar to 3 but in terms of
intensity p° rather than pressure would be more appropriate. This is the archi-
tectural acoustics regime, however, and is not of direct interest.

un
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The computer programs includes this second factor as an adjustment to the noise
reduction calculation. The NR was calculated initially in terms of (p;) . Equa-
tions 2 and 3 were manipulated to relate this ''true' interior pressure Py 8

(*1),

p, = . (4)
i
I+ (P;)v//6°
In terms of an adjustment to noise reduction, NR = =20 log p'/po.
-(NR) /20
NR = (NR) + 20 log, {1 + 10 . (5)

The equivalent expression for the architectural acoustics case would have 10 in
place of 20 in both cases.

5.3 PREDICTION OF PAYLOAD BAY NOISE REDUCTION

The inputs for analytically determining the orbiter emnty payload bay noise
reduction (NR) were submitted to the Wyle computer models for computation. All
three versions of the computer program were required to calculate the total NR
from the 10 Hz to 250 Hz one-third octave bands. The NR due to acoustic reso-
nances was modeled by considering the nonresonant structural response of the
doors driving resonant acoustic responses in the payload bay. The acoustic ver-
sion of the program is called ACOBAN. When the NR was governed by the structural
resonances occurring in the frequency band of interest, the response was con-
sidered to be a resonant structural response driving a nonresonant acoustic field.
This program is called STRBAN. The noise reductions obtained by these programs
were then added to obtain the total! NR due to resonant acoustic and structural
transmission by the following equation:

NR = "0 10910 NR + NR ’
10 =2 10 =
10 10
where NRA = resonant acoustic NR,
NRS = resonant structural NP,
58
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If no resonance of the doors or payload bay cavity existed for a given octave
band, then the PURTON version of the program was used to calculate the NR from
the response of rionresonant structure driving a nonresonant condition in the pay-
load bay cavity. The NR was computed at discrete frequencies in the desired one-
third octave band and was then integrated by summing the individual NRs to obtain
a total for the band.

The predicied one-third octave-band nolse reduction levels are shown in Figure
5-16 for the empty payload bay case. At each one-third octave band, the values

of space-averaged NR corresponding to the type of noise transmission are plotted.
For example, the 10 Hz band from Figure 5-16 shows about the same noise transmis-
sion for both resonant structural and acoustic response. Thes: two values of NR
calculated by ACOBAN and STRBAN are combined to give the total one-third band
level. At 10 Hz the puretone response integrated over the bandwidth by the PURTON
program glives approximately the same result also.

A nonresorant condition is noted in the 12.5 Hz band since there are no structural
door or payload bay resonances. This can be seen by Tables 5-8 and 5-11, respec-
tively, Therefore, the PURTON version was used to compuie the NR for single

frequencies within the band and then integraied to obtain a one-third octave-band

hR level.

In some frequency bands, it can be seen from Figure 5-16 that the noise trans-
mission is dominated by either acoustic or structural resonances. For example,
with the 20 Hz band, the NR is low because the noise transmission for the acous-
tic resonant case is very much greater than the structural resonant case due to
strong acoustic responses created by the structural vibrations of the payload
bay doors. This condition can be seen by looking at Tables 5-8 and 5-11. The
20 Hz band containing the 18.6 Hz acoustic longitudinal mode, where m = 2, can
be excited by several matching structural modes with an equal wave number. These
structural modes also have resonant frequencies close to the acoustic resonance.
The 22.4 Hz door structural mode, on the other hand, with a longitudinal wave
number p = 3, has only one close acoustic mode to couple with., That mode is at
27.9 Hz, which is in the 25 Hz band.
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in the 16 Hz band in Figure 5-16, here is a case where the structural resonant
response alone is responsible for the noise transmission becaise no payload bay
acoustic modes exist. The 16 Hz door mode with a longitudinal wave number of one
will couple well with the random external noise field because correlation lengths
are typically comparable to acoustic wavelengths. Since the structural wavelength
of the p = | mode Is the length of the bay cavity (60 feet), and the 16 Hz acous-
tic excitation wavelength is about 70 feet, the payload bay door strustural
response is expected to be strong due to these comparable wavelengths. At the
higher one-third octave bands in Figure 5-16, the noise transmission is about
equally divided between the acoustic and structural resonant condition.

5.3.1 ngg::iso: Between Measured and Predicted Noise Reduction for Empty
Figure 5-17 illustrates the NR curve from the measured data (Figure 5-6) plotted
along with the NR predicted from the analytical model! (Figure 5-16). The pre-
dicted NR curve seems to follow the measured NR trend, that of the NR decreasing
with increased frequency in the 10 to 250 Hz range. Generally, the predicted

NRs are fairly close to the measured levels, except at several one-third octave
bands. In Figure 5-18, a plot to readily indicate the differences betweer. the
predicted and measured noise reduction levels is given. The predicted NR spectra
is subtracted from the measured spectra to show these relative differences, and
the 0 dB level is the measured NR used for this refcrence in Figure 5-17.

Approximately 87% of the predicted NR values are within 5§ dB of the measured NRs,
and approximately 602 are 3 dB or less from the measured levels. Bands of 19
and 12.5 Hz seem to have the best ~greement with the test NRs. One important
reason for this is that the door structural model! modes  'osely match the more
accurate finite element values as listed in Table 5-9. Also, the lower order
longitudinal acoustic modes are easier to model at these frequencies, both in
their mode shape and resonant frequency.

The worst discrepancy occurs in the 16 and 20 Hz one-third octave bands where the
predicted NRs are about 6.5 and 7.5 dB less than the measured values, respec-
tively. At 17.7 Hz, the payload bay door mode with p,q = 1,i (from Table 5-8)
would be highly correlated to the random noise field, both longitudinally and
circumferentially, for the reasons mentioned in Section 5.3. Therefore, this
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predicted structural mode would couple easily with the external noise field and
would transmit the noise more efficiently.

i
In the 20 Hz band, an acoustic resonance (18.6 Hz, m = 2) in the payload bay can
be excited by several structural modes having the same longitudinal wave number ;{
and having close resonant frequencies. These low order structural modes are also
well counled to the external noise fleld in this frequency range. Therefore, the

.

dominant factor, in these frequency bands of more predicted noise transmission
than the test results, seems to deal with the calculated door modes. The present
model of the door modes does disagree somewhat with the higher finite element
modes calculated in Table 5-9.

The acoustic modes are more easily modeled at lower frequencies, so more confi-
dence can be placed in their accuracy. The modes for the present model of a
cylinder were compared to the acoustic modes calculated for a perturbated
rectangular parallelepiped mode! of the orbiter payload bay, as shown in Figure
5-15 and Table 5-12. The longitudinal modes were found to be the same for each
model, and from Table 5-12 it can be seen that the resonant frequency of the n
wave number modes for the present model are greater than the parallelepiped model
modes in the lower frequency bands, but they become more closely matched as the
frequency increases. The mode shapes will be slightly different for the n and .
modes because of the different modal geometries representing the bay cross sec-

tion. The m modes will have the same mode shape for each model.

Another factor that could significantly affect the prediction accuracy is the
structural and acoustic damping factors. Possibly the damping values specified
in the analytical model may not be entirely representative, which could easily

lead to errors in the NR estimates.

5.3.2 Damping Effects on the Payload Bay Noise Reduction

The effect on the noise reduction of varying the structural damping factor can
be seen in Figure 5-19. A smaller damping factor tends to reduce the noise
reduction in the payload bay, and this same trend is also true for the acoustic
damping factor effect on the ncise reduction. Therefore, it can be observed
that the damping value specified for the structural and acoustic normal modes is

very important in an accurate modeling of the noise transmission problem.
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5.3.3 Spatial Variability of the Predicted Nolse Reduction

To fllustrate the spatial characteristics of the acoustic response in the payload
bay, the calculated NR at one point in the bay is shown plotted in Figure 5-20.
The point was taken cn the centerline of the bay, 15 feet from the front of the
enclosure. At this particular point, the NR varies greatly from the space-
averaged value in most one-third octave bands. The NR at the point is generally
larger than the average NR for the cavity. This trend can also be seen with the
measured data in Figure 5-7, where the NR can vary greatly on the high side in
the lower frequency bands. A node point is also noted at this location in the
20 Hz band due to a very high calculated NR. Also, the NR for some other loca-
tions can be expected to be much lower than the average value.

5.4 ACOUSTIC ENVIRONMENT FOR A PAYLOAD CONF!GURATION FROM MODEL TESTS

Acoustic tests were performed on the Rockwell International (RI) one-quarter
scale rlexible model of the Space Shuttle orbiter with model payload configura-
tions [34]. A one-quarter scale model was constructed by Rl for low frequency
dynamic experiments related to problems such as flutter and ''pogo,' and was
designed to represent the full scale dynamic characteristics of the orbiter. The
dynamic characteristics associated with noise transmission may not be scaled with
a high degree of accuracy with this model! though, particularly for the payload
bay doors. However, it is believed that the model is accurate enough to deter-
mine the changes in payload bay acoustic levels when payloads are introduced.

These tests involved the measurement of space-averaged sound pressure levels in
the empty bay and when one of three payloads was present. The exterior noise
field was generated by five loudspeakers located at the rear of the model, and
the field had the properties of acoustic plane waves propagating in the forward
direction. For the empty bay tect, noise levels were measured at a total of 42
locations, and the data were reduced to a space-averaged one-third octave-band
spectrum. When a payload was introduced in the bay, space-averaged spectra were
obtained for each of the several subvolumes surrounding tke payload. The differ-
ences between these spectra and that for the empty payload bay determined the

effect of the payload on the bay noise levels.
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5.4.1 Payload Configuration

The payload configuration, designated as ''Delta-D,'" does not simulate any real
payload, but was designed as a diagnostic payload because of its creation of
interesting acoustic subvolumes within the payload bay. This payload configura-
tion consists of a series of five cylinders of different diameters plus an aft
pallet. Figure 5-21 illustrates a top and side view of the payload configuration.
The large diameter cylinders are of considerable interest because they have a
major impact on the payload bay acoustics [34, Vcl. !] and constitute a challeng-
ing situation for any analytical model.

5.4.2 Measured Data for the Delta-D Pay. oad Effects

The space-average one-third octave-band levels for each of the seven subvolumes
were subtracted from the average empty bay levels to obtain the relative effects
of the payload introduction into the bay. These relative levels to the average
empty bay levels are shown in Figure 5-22. From this data, it can be seen that
large variations in levels occur in the low frequency range below the 31.5 Hz
one-third octave band. The curves also show that empty bay levels are generally
not affected significantly by the payload firom the 31.5 Hz band to the 250 Hz
band. The one exception is with the 95% diameter payload, where the levels above
the payload are higher than the average empty bay levels.

5.5 INPUTS FOR THE ANALYTICAL MODEL OF THE PAYLOAD EFFECTS

The noise reduction results obtained with the computer program for the effects
of a payload were based on the analytical model of the full scale orbiter OV-iCl
tested at Edwards AFB [34], as described in Section 5.1. The full scale data
from the OV-101 test were used in the predictions hecause large differences were
found to have occurred between the 0V-101 and the one-quarter model noise reduc-
tion levels for an empty paylnad bay below the 63 Hz one-third octave-band
region {34, Vol. V]. These differences demonstrated that the one-quarter scale
orbiter model does not exactly represent the OV-101 acoustically. Therefore, no
attempt was made to scale up the one-quarter model to predict the effects of the
introduction of a payload on the empty bay noise levels. The predictions are
compared to the model test data on a qualitative basis to obtain trends and rela-
tive magnitudes. The analytical inputs of one payload configuration are used in
the computer programs described in Section 4.0 to obtain a space-averaged noise
reduction spectrum for the entire space enclosing the payload.

68

P

L e

[



S 14

o

TOP VIEW —_ —
Pallet
30% dia. 80% dia, 60% dia. , 4s :
l cylinder cylinder cylinder 15 dia. 23‘:?,3::'
Forward AR
Bulkhead Bulkheod
o —
(¥ ¢]
SIDE VIEW
30% dia. 80% dia. 60% dia. 10% di 95% dia.
cylinder cylinder cylinder ia. cylinder
Pallet

[ o

Figure 5-210.

Diagram of the Delta-D Payload Hodel (From Reference 34)




Change in Sound Level When Payload Introduced, d8

+]0

AROUND 30% OIAMETER CYLINDER

~ IP.
0 ’ N \ - -JA

'l

VAL

-10 V

+101 AROUND 80% DIAMETER CYLINDER

+10

|

8 16 31.5 82
One-Third Octave-8and (enter Frequency, Hz

Figure 5-22. Effect of Delta-D Payload on Subvolume
Space-Averaged Sound Pressure Lavels

70

250

—— Moasured
- = = Predicted



Y

5.,

.

Change in Sound Level When Payload Introduced, dB

+10

ABOVE 95% DIAMETER CYLINDER

=10

+10

ABOVE PALLET

N\
)
~

L

=10

+10

BELOW 95% DIAMETER CYLINDER AND PALLET

1 1l ‘ !
8 16 31.5 63 125 250

One~Third Octave-B8and Center Frequency, Hz

-10

Figure 5-22., (Concluded)
7

Measured

- = = Predicted



N

5.5.1 Payload Delta-D Configuration

This payload configuration, shown in Figure 5-21, was modeled by a single
cylinder placed concentrically in the cylindrical mode! of the empty bay (Figure
3-1), with a volume equal to the total volume of the payload. This cylindrical
payload simulation had a radius of 4.82 feet, and a payload bay length of 60 feet.

5.5.2 Structure of the Orbiter

The orbiter structural properties are the same as described in Section 5.2.2 for
the OV-101 used in the acoustic tests [38].

5.5.3 Payload Bay Door Resonant Frequencies and Structural Damping Factor

The introduction of a payload configuration does not change the door modes or
damping factor, so the value for these inputs are the same as given in Sections
5.2.4 and 5.2.5.

5.5.4 Payload Bay Resonant Frequencies with Payload Present

For the introduction of the payload into the orbiter bay, Table 5-13 lists the
bay modal frequencies and indices through the 100 Hz one-third octave band. On
comparing the empty bay modes in Table 5-11 to the payload present modes, it is
seen that the first three modes are the same. But the payload case brings the
first circumferential mode (n=1) of the empty bay (40.9 Hz) down to 28.0 Hz with
the introduction of the payload. The payload also increases the first radial
mode (s=1) from 85.1 Hz of the empty bay to 177.8 Hz. Generally, the payload
present case will not affect the empty bay longitudinal modes (m), but it will
lower the resonant frequencies of the circumferential modes (n), and raise the
resonant frequencies of the radial modes (s).

5.5.5 Acoustic Damping of OV-101 Payload Bay with Payload Present

The payload bay acoustic damping factors due to the payload being present was
estimated to be greater than the empty bay values. The acoustic loss factor was
based on 350 Sabins in Refersnce 43, and it is given by

n = Af/f = 1,27/f

where f is in Hz.
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TABLE 5-13.

ACOUSTIC MODAL FREQUENCIES FOR PAYLOAD CONFIGURATION ''DELTA-D",
THROUGH THE 100 HZ BAND

m, n, S f m, n, s f

0,0, 0 0 8,1,0 79.5
1, 0, 0 9.3 0, 3,0 83.2
2,0, 0 18.6 9,0, 0 83.7
3, 0, 0 27.9 1, 3,0 83.7
0, 1,0 28.0 2, 3,0 35.3
1, 1,0 29.5 7, 2, 0 85.7
2,1, 0 33.6 3, 3,9 87.8
L, 0, 0 37.2 9, 1, 0 88.3
3, 1,0 39.5 4, 3, 0 91.2
5,0, 0 46.5 8, 2,0 93.0
b, 1,0 46,5 10, 0, O 93.0
5,1, 0 54.3 5, 3,0 95.3
0, 2,0 55.8 10, 1, 0 97.1
6, 0, 0 55.8 6, 3,0 100.2
1, 2, 0 50.5 9,2, 0 100.6
2, 2,0 58.8 11, 0,0 102.3
3, 2,0 62.4 7, 3, 0 105.7
6, 1,0 62.4 11, 1, 0 106.1
7, 0, 0 65.1 10, 2, 0 108. 4
4, 2,0 67.0 0, 4,0 110.2
7, 1, 0 70.9 1, 4, 0 110.6
5, 2, 0 72.6 12, 0,0 111.6
8, 0,0 74.4 8, 3,0 111.6
6, 2,0 78.9 , 4, 0 111.8
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5.6 PREDICTION OF THE NOISE REDUCTION OF PAYLOAD BAY WITH A PAYLOAD PRESENT

Figure 5-23 depicts the noise reduction (NR) calculations for the Delta-D payload
configuration. As with the empty payload bay NR levels, several one-third octave
bands have their noise transmission governed by either structural or acoustic
resonances. Reasons for this situation are discussed in Section 5.3 for the
empty bay NR results. Also, as the modal densities increase with increasing one-
third octave band frequencies, the structural and acoustic resonant responses
share about the same amount of the noise reduction.

5.6.1 Comparison between Empty Payload Bay and a Payload Configuration

In Figure 5-24, the NR curve from Figure 5-16 for the predicted empty bay NR
levels is shown with the Delta-D payload configuration NR curve. The two curves
seem to follow the same NR trend with frequency. The payload introduction causes
the empty bay NR levels to decrease, which means, of course, that more noise
transmission has occurred and the ~.:,!oad acoustic environment has increased
noise levels over the empty bay levels.

Figure 5-25 shows the differences in NR between the two curves from Figure 5-24
more graphically, The difference between the empty bay NR and the payload pres-~
ent NR is equivalent to the change in the empty bay noise level when the payload
is placed in the empty bay. The 0 dB level is the empty bay space-averaged
noise level in Figure 5-25. As noted in this figure, the empty bay noise in the
lower frequency bands (<40 Hz) seems to be affected more by the addition of the
payload. The largest change is in the 25 and 31.5 Hz one-third octave bands.

A possible reason for this condition is that the payload addition causes the
empty bay circumferential acoustic modes in the 40 Hz band to be reduced in
frequency where they now fall into the 25 and 31.5 Hz bands. This can be seen
by comparing Tables 5-11 and 5-13. For the empty bay case, no acoustic modes
exist in the 31.5 Hz band, but with the addition of a payload configuration,
several acoustic modes are created in this one-third octave band. These acous-
tiz modes are then excited by structural modes, resulting in transmission of
more external noise into the bay cavity than with the empty bay situation,.
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5.6.2 Comparison of Measured and Predicted Payload Effects on Empty Bay Noise
Levels

From the one-quarter scale orbiter mode! tests, changes In the empty payload noise
Jevels due to the introduction of the payload configuration Delta-D are shown in
Figure 5.22. Also on the same figure are the predicted values due to the payload
effects. Only qualitative results should be gained from these comparisons, as
explained earlier in Section 5.b4.

The predicted changes seem to have about the same trends as do the measured data
for most of the subvolumes surrounding each of the payload components. Even the
magnitude of the changes in noise level is fairly similar for both the predicted
and test cases with the 30-, 60- and 80-percent diameter cylinders. The most
significant trend difference lies in the 20 Hz band with each subvolume. Although
the mode! and the full scale OV-10! are not acoustically the same, the trend for
the analytical model should probably be a little c!ser to the test mode! results
at 20 Hz. In moust subvolumes, the 20 Hz band for the model results is greatly
affected by the payload introduction. It is likely that the normal acoustic
modes of the empty bay were changed by the payload addition in such a way as to
increase the noise reduction in the 20 Hz band. The measured changes above the
large diameter cylinder of 95 percent show the most disagreement with the pre-
dicted results, as also noted in Section 5.4.1. Here, the measured changes are
consistently higher above the 31.5 Hz band. The noise levels above the 95%

cylinder, near the doors, are about 5 dB higher than the empty bay levels,

5.6.3 Spatial Variability of the Payload Noise Effects

As with the modal nature of the empty bay acoustic response, shown in Figure
5-26, the spatial variability is characteristic of the noise spectra for the
subvolumes around the Delta-D payload components. The prediction method is also
applicable for the payload present noise reduction computation, as demonstrated
with the empty bay test case. The addition of the payload volume changes the
acoustic normal modes of the empty bay. This in turn either couples or decouples
their response with the structural modes, thereby changing the noise transmis-

sion characteristics relarive to the empty bay levels.
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6.0 CONCLUSIONS

Results of the comparisons between the test cases and the predictions of the
analytical mecdels are summarized in this section to give an indication of the
prediction method's applicability and accuracy for the estimation of a space
vehicle's Interior noise level,

} The noise reduction (NR) predictions f. .he empty payioad bay differ within ¢5 dB

» from the measured NR levels for 87% of the one-third octave bands in the 10 Hz to
250 Hz range. About 60% of the predicted NRs are within +3 dB of the meas:.red
levels. For most frequencies, the analytic calculations give over conservative
NRs (lower NRs), as shown by Figures 5-17 and 5-18,

The greatest difference in the predicted and measured results is in the 16 and

20 Hz bands. Modeling of the payload bay door normal modes is believed to be

in error for these frequency bands when compared to the finite element calcula-
tions. The questionable accuracy of the structural modes in the 100 and 125 Hz
bands may also be responsible for more predicted noise transmission than measured.

Acoustic normal modes for the cylindrical model of the payload bay seem to agree
fairly well with the modes calculated by a more representative payload bay shape
of the rectangular parallelepiped with a curved upper surface to simulate the
payload bay doors. The greatest disagreement in the model's modal characteris-
tics occurs in the 25 Hz to 63 Hz bands. This may partially account for the
discrepancy in the predictions at 40 Hz and 50 Hz one-third octave bands. The
acoustic modes appear to be mores closely modeled, with the exception possibly at
40 Hz and 50 Hz bands, than the door structural modes. This may be the primary
reason for the discrepancies in the predictions in several of the one-third

octave band mentioned above.

The modal nature of the low freguency response in the payload bay can be seen in

the spatial variability characteristic of the measured noise levels. This spa-

e
s

tial variability of the measured data for both the OV-101 acoustic tests and the
mouel payload effects test can be seen in the experimental results. This spatial
variability of the noise spectra can also be predicted by the programmed analyti-
cal model as shown in Figure 5-20. The abiliLy to calculate the noise reduction

at any given point in the payload acoustic environment may be important in
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certain cases where the localized noise level may greatly exceed the space-
averaged value. In terms of noise reduction, this means that the noise reduction
may be lower than the average noise reduction fur the space surrounding the
payload.

The modal characteristics of spatial variability in the payload bay noise spectra
at low frequencies makes the modal analysis method well suited to determine the
noise reduction. This noise reduction is primarily dependent on individual
structural and interior acoustic modal responses.

The simple modeling of the Delta-D payload configuration by a concentric cylinder
with an equivalent volume gives reasonable predictions around most of the payload
components. Similar magnitudes and trends for the payload =ffects are seen from
the measured mode! data and the full scale predicted data, although the predicted
payload NR for the 20 Hz band in every case is too high. This discrepancy could
be attributed either to the math model or to the one-quarter scale model not being
completely similar acoustically to the full scale OV-10l. The worst payload sub-
volume prediction is above the 95% diameter cylinder component of the payload
configuration. Here, the trend ir the predicted changes in noise level between

the empty bay and with the payload introduction are lower.

The noise reduction prediction model is shown to give reasonable results for most
frequencies and payload subvolumes for the two test cases given in the study. The
main discrepancies could probably be eliminated by better modeling of the struc-
tural normal modes and, of lesser importance, by a more detailed representation of

the payload acoustic cavity to obtain more accurate acoustic normal modes .
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7.0 RECOMMENDAT IONS

A modal analysis approach has been improved to predict the noise reduction in a
space vehicle with payloads. Generally, reasonable results were obtained for
most of the one-third octave bands of 10 to 250 Hz. Several additional improve-
ments could be made in the area of modeling the structure and acoustic enclosure
to obtain more accurate normal modes. Also the computer programs could be
improved for more efficiency and flexihility. The following recommendations
will be investigated for their feasibility and incorporation into the work on
NASA contract number MAS8-33379 to further improve techniques for predicting the
acoustic environment of space vehicle payloads.

The principle of component mode synthesis could be used with finite element tech-
niques for determining the structural/acoustic system natural modes. The finite
element method could be used to define the structural modal response. This
method is also the most accurate analytical method available. These normal mode
properties could then be incorporated into the present computer program, or pos-
sibly a finite element program could be added as a subroutine to the main program
to directly compute the structural modes. The Donnell-Mushtari equations for
determining the structural normal modes for the present model! could also be
modified to obtain another shell theory that may yield more representative normal
modes of the structure walls,

The predicted acoustic resonances with the present model seem to be reasonable
for the payload bay with and without a payload configuration. An improved model
of the payload enclosure may be found in the perturbation technique applied to a
rectangular parallelepiped where individual wall surfaces may be deformed to
simulate the cavity shape. Finite element methods could also be employed to
determine the mode shapes and frequencies of the payload enclosure, especially
for irregular volumes. The subvolumes surrounding individual payload components
may be used to determine the natural modes for their respective cavities. Then
these modes could be coupled to adjacent subvolume modes until an equivalent
normal mode determination for the entire cavity was obtained. This more rigor-
ous treatment of the payload cavity might be necessary for complicated payload

configurations and for large diameter paylnad components.
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The major computational improvement for the computer program would be to combine
the three versions of the present program into one program with the logic to apply
the proper version to the noise reduction calculations. Also, plotting routines
that would present the noise reduction as a function of frequency could be incor-
porated. Also, by applying the calculated noise reduction to the measured or
predicted external noise spectrum, a plot of the internal noise spectrum for the
payload enclosure could be generated.

The statistical energy method could be used to expand the frequency range for the
noise reduction prediction program. This method would be more efficient to use
in the higher frequency region than the modal analysis method because the higher
modal density of the responses are more uniform over a one-third octave band and
the calculations are more simplified.
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APPENDIX A
COMPUTER PROGRAM NESCRIPTION

A.1 PROGRAM STRUCTURE

The basic computational structure is that shown in flowchart form in Figures 4-!
through 4-3. Acoustic and structural modal quantities are either computed or

read, then a summation is performed of the various modal combinations contributing
to interior noise. Details of the summation vary among the three programs, a

also shown in Fligures 4=1 through 4-3,

Flow through each of the three programs is cintrolled by a main program. The
main programs perform the following operations:

° All input (except for stored filas of modal properties) is to the
main progarm,

) All generally used parameters (nondimensional shell quantities,
conversion factors, etc) are computed.

° Subroutines are called that calculate (or read previousiy computed
values of) acoustic and structural modal quantities.

° The outermost loop(s) of the summation over m, n, s, p, q is con=
trolled by the main program. Referring to Equation 4-1, the mn
summation loop operates through the main program. In the two
bandwidth programs, ACOBAN and STRBAN, the s and pgq summations,
respectively, are controlled by the main program s well.

The bulk of the calculations, including convergence testing and identifying the
next mode to be considered, are performed in subroutines. Significant differ-
ences in summation logic among the three programs are handled by the main programs
and specialized subroutines. This structure permits all three main programs to
use the same subroutines as much as possible. Mojor subroutines, that is those
that calculate the vibroacoustic response functions, differ among programs only
with regard to whether the pure tone or bandwidth expression is of interest.
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A.2 MAIN PROGRAM AND SUBROUTINE DESCRIPTIONS

Figures A-] through A-3 show subroutine-calling heirarchy for the three programs.
Each program calls the subroutines to the right of its block. The function of
each program is listed below. The three main programs are described first, fol-
lowed by subroutines that differ among programs.

User instructions are presented in Section A.3, and listings are presented in
Section A.4. In addition to the routines described below, there Is a block data
subroutine.

PURTON - This is the basic main program, which calculates the noise reduc-
tion for a single frequency. It reads input data, calls routines that
obtain frequency-sorted structural and aco.stic modes, then computes

noise reduction as described in Section 4.1. The final results are pre-
sented as the level of the interior noise relative to exterior.

ACOBAN - This main program computes band-average noise reduction for the
case of a resonant interior acoustic field, as described in Section 4.2.1.

STRBAN - This main program computes band-average noise reduction for the
case of resonant structural transmission, as described in Section 4.2.2,

AMODES - Computes the acoustic resonant frequencies. It first obtains

the needed roots; kns of Equation 3 from Reference 1, then computes reso-
nant frequencies from Eyuation 6 of Reference !|. The frequencies are
sorted in numerical order. Frequencies and modal indices are then saved
(in double precision) on a file on logical unit 1, and printed on the main
output file (unit 6). |f specified by main program input, calculation

is skipped and previously computed modes are read from unit 1.

BESSEL - Controls computation of Bessel and Neumann functions, following
the methods described in Section 4.3.1.

BLJDEF - Computes Bessel functions from a power series.
BLYDEF - Computes Neunann functions from a power series.

CAPGAM - Computes the square of the quantity an as defined in Table A-1,

A-2
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Subroutine Heirarchy for PURTON
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COPYC - Copies structural modal quantities into temporary working
arrays.

CUBIC - Obtains the roots of a cubic algebraic equation.

D08 - Computes the quantity QA; used in the solution of Equation 3 iIn
Reference |, by false position.

FNONST - Searches & sorted list of modal frequencies for the next mode
to be considered. See comments in the program listing for specific
application.

FNONXT = Similar to FNDNST. See comments in the program listing.

FRSFND - Searches a sorted list of modal frequencies for the one closest

to a frequency of interest. Essentially selects the first term in the
summation.

GAMA - Computes the quantity Ymp as defined in Table A-1,

. - . 2 .
HSGMNB - Computes the acoustic response function Hmn inteqrated over a

bandwidth, for use with main program ACOBAN.

S

- . . 2
HSQMNS - Computes the pure tone acoustic response function Hmns'

MCMAHN - Obtains roots of Equation 3 in Reference 1 using McMahon's
asymptotic series.

MNCALB - Maintains the cumulative summation over mn. Used by ACOBAN.

MNCALC - Controls the summation over mn. Maintains the cumulative sum-
mation, tests for convergence, ant identifies the next term. Used by
PURTON,

MNSUM - Similar to MNCALC, used by STRBAN.
NXTMN - Similar to FNDNST and FNDNXT. See comments in program listing.

PCALB - Computes the joint acceptance times the bandwidth structural
response function, for use with main program STRBAN.

A-6
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PCALCC - Controls the summation over pq. Maintains the cumulative
summation, tests for convergence, and identifies the next term.

ey | ons St

s\ PQJ - Computes the jet noise joint acceptance function, Equation 58 in
E [ Reference 1.
E"
l

| PSQS - Computes power series needed for Bessel and Neumann function
¢ asymptotic series.

- 2 . »
QsQ - Computes Qn(knsr), defined by Equation 2 in Reference 1.

RECUR - Applies the recursion relations for Bessel functions, Equation
! 4-8.

RLGFAL - Applies the method of false position in the solution of Equation

3 in Reference 1, as described in Section 4.3.2.

o —

ROOT - Controls the solution for roots of Equation 3 in Reference 1, as
described in Section 4.3.2.

[Ov—

SCALC - Performs and controls the summation over s of the acoustic ampli-

fication functions.

Fr—

SCALCB - Used in ACOBAN to obtain the acoustic amplification function.

SMODSC - Computes the structural modal frequencies for an orthotropic
circular shell segment. After computing and sorting the modes, they are
; written on the output file (unit 6) and saved (in double precision) on
logical unit 2.

SORT - Sorts a floating point array into numerical order, and scrts a

parallel integer array into the same order.

STAMFB - Computes the structural amplification function ﬁgq integrated
over a band. Used by STRBAN.

STAMFC - Computes the pure tone struccural amplification H2 times the
2 'I\Z

joint acceptance (Equation 58 in Reference 1) times y2_ nq’
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A.2.1 Algorithms

The acoustic response of the cavity, Equation | in Reference |, includes Bessel
functions of the first and second kind. All arguments are real and non-negative.
Also, it is necessary to solve for the roots kns of Equation 3 in Reference 1}
this is a transcendenta’ equation involving Bessel functions and their first
derivatives. The Bessel function calculations are described in subsections
A.2.1.1 and A.2.1.2, Subsection A.2.1.3 describes the procedures used to test
for convergence in the various summations.

A.2.1.1 Bessel Functions

For arguments x < 10, Bessel functions are computed from the following series
expansions:

o (_')m me

Jplx) = ) 2 Im+

X i
m=0Q 2 m! (n+m)!

()

n=-\ m
- (nem=1)1! 2/
Y (x) = =(x/2)7" mz-:c T m!(" L~ 4+ 2/n 1og (x/2) J, (%)

R S @

Values of the psi function, y(k) are stored for 0< k< 60.

For arguments x > 10, the functions are computed from asymptotic series and
recursion relations. For order n < 8, the following series are used:

Jn(x) = V2/mx [Pn(x) cos (arg) + Qn(X) sin (arg)] , (3)
Yn(x) = /2/7x [Pn(x) sin (arg) + Qn(x) cos (arg)] , (4)

where

o 2m=1
P = 1+ 3 —LDD Tt - (2sen)2]
n m=l (2m)!(8x)°™ s=0

2m
@ (_”m
(x) = [4nZ - (2s+1)2] ,
&t m‘v.'% (2me1) 1 (8x) 2™ Dé; " °

arg = x -1 (n/2 + 1/4).
A-R
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For x > 10 and n > 8, the functions are obtained from the recursion
Byy(x) = 2n/x 8 (x) -8 ,(x), (5)

where Bn - J“ or Yn. The recursions are begun with values of 37 and 88 computed
from the asymptotic series, Equations 3 and 4.

Derivatives of the Bessel functions are obtained from the relation

B\ (x) = -Bn+,(X) +n/x 8 (x) . (6)

Equations | through 6 (or equivalent alternate expressions) may be found in
Chapter 9 of Reference 35 and Section 8.4 of Reference 36.

A.2.1.2 Roots of Equation 3 in Reference !

The roots kns are required which satisfy

' J‘(knsb) '
Jn‘(knsa) - T'Wyn(knsa) = 0. (7)

Let x = knsa and 8 = b/a, so that knsb = gx, Then the sequence of roots Xns is
required which satisfy
Y
Ixag) Yalex ) = 9t (Bx ) Yi(x ) (8)
For large values of s, McMahon [37] developed the first four terms of an asympto-

tic series for the roots:

-c2 - 3
¢ c C C3 bclcz + 2C1

ST 1 jod 1
e T FAT YRt ~ v ()

where k = 2x(2n+bs-1), m = bn2

¢ - m<+ 3

1 88

¢ = Am?+ 46m - 63) (8% - 1)

. 3(88)3 (8 - 1)

¢ = 32(m® + 185m” - 2053m + 1899) (85 - 1)

3 5(88)5 (8 - 1)
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This expansion becomes less accurate at small values of s, The procedure used
in the program Is to compute the first roots by applying the method of false
position to Equation 8. Roots computed from the series (9) are compared

with those from false position., After both methods agree, the series method is
used for higher values of s.

A.2.1.3 Convergence Tests

For a sequence of terms f‘, convergence may be defined as

f
| - ¢ < —%:l <l +¢, (10)
i

This definition of convergence (as opposed to |f;*‘ - fil < ¢) ensures that the
sequence will converge to an accuracy in terms of a desired number of significant
figures. For the Bessel function calculations, € = 0.5x10°8, which provides six
significant figures. For the main calculation of noise reduction, ¢ = 0.0005,
which gives three significant figures. This provides a tolerance of about 0.002
dB, which is negligible,

Although the convergence criterion for the noise reduction calculation is quite
conservative, the terms in the summation are not necessarily monotonically
decreasing. An anomolously small term could give a false indication of converg-
ence. This is somewhat unlikely, as it would have to occur simultaneously in
both summation directions. ldentically zero (and close to zero) terms are also
appropriately handled, as discussed earlier. To check against false convergence,
however, an option was incorporated into prograns PURTON and ACOBAN wherein con-
vergence would occur only when Equation 10 was satisfied a consecutive number

of times. The number of times was specified as input data. Identical results
were obtained with this convergence test as were found with the single test.

A-10
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A.3 USER INSTRUCTIONS
A.3.1 Hardware

The programs are written in Fortran IV, and they are operational on the MSFC IBM
360 computer. The programs exist on punched cards and magnetic tape. Virtual
core of 800K words is required. The following 1/0 devices are required:

1. A read file, 80-character records, on logical unit 5. for general
data input.

2. Awrite file, 80 or more character records, on logical unit 6, for
general output.

3. A read/write file, 80-character records, on logical unit 1, for
saving calculated acoustic modal quantities.

b, A read/write file, 80-character records, on logical unit 2, for
sav.ng calculated structural modal quantities.

A.3.2 Input Data Files

The following input data cards are read from unit §:

Card
Number Input Description
] Title card. Format A80.
2 Bandwidth desired (ACOBAN and STRBAN only).
Enter 1. for octave bdand
3. for one-third octave band, etc.
Format F10.0 (No input card for PURTON).
3 Mode parameter. 1| = calculate new acoustic and structural

modes .
2 = calculate new acoustic modes only.
3 = calculate new structural modes only.

L = read previously calculated acoustic
and structural modes from tape.

Format 1|1,

A-11
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‘ Card
i Number

S T g ety W
W

10

11

input Description

Cylinder length L, segment length |, segment location zZ,
inner radius 2, outer radius b, speed of sound. Dimensions
in feet, speed in feet/second. Format 6F10.0.

Longitudinal Young's modulus (1b/ft2), circumferential
Young's modulus (1b/ft2), Poisson's ratio v, thickness
of stressed skin (ft), skin filler thickn.ss (ft), area
density of skin (slugs/fc2). Format 6F10.0.

Frame Young's modulus EF (1b/ft2), frame cress-sectional
area AF (fe2), frame moment of inertia e (ft"), frame
spacing (ft), displacement between skin and frame cen-
troids (ft), circumferential extent of panel a (degrees).
Format 6F10.0.

Radius locations of four points at which interior noise
is desired, feet. Format 4F10.0.

Axia) locations of the four interior points, feet. For-
mat 4F10.0.

Coefficients a and b for ng = afb; coefficients a and b
for n, = aft. Formar 4F15.0.

Limits for modal indices n, s, m, p, q. (Lower limit
followed by upper for each.) .ormat 1015,

Relaxation factor to be applied to circumferential bend-
ing stiffness. Defined in Section 5.2.3, Format F10.0.

Pressure correlation decay factors for jet noise; kx/k, ay

ky/k. a. These factors are discussed in Section 5.1.4,

(For ACOBAN and STRBAN only.)

13
14

Bandwidth center frequency (Hz). Format FI0.

Next frequency

Enter ~1. to stop program.

A-12




Card
Number Input Description

(For PURTON only.)

13 Frequency Increment and upper value of frequency
limit (Hz). Fo: nat 2F10.0.

1h Lower value of bandwidth frequency (Hz). Format F10.0.
15 Same as 13 for additional cards.

16 Same as 14 for additional cards.

N Enter -1. to stop program,

Logical units | and 2 may contain only files created by prior calculations from
this program, For ACOBAN and STRBAN versions, the structurs! and acoustic param-
eters on cards 4, 5, 6, 10, and 11 must be the same as when the files on units |}
and 2 were created. For PURTON, cards 3, 4, 5, 9, and 10 must be the same. The
program will then compute noise reduction and print the results as a level rela-
tive to the exterior noise in decibels. Values for the volume average interior
noise reduction, plus approximate levels at the four specified interlior points,
are printed.

If structural or acoustic modes are computed, these are printed. Also, error
messages (either system messages or those generated by the program) are printed
with the output listing.

A.4 PROGRAM SOURCE LISTING WITH A TYPICAL RUN CASE

The following is the source listing of the program and all subroutines. Also, a
sample run is included.

A,. { 3
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e L ogbemion s capahar <

JUN 74 )

PILER OPYTIONS = NAME®  WATROPTS0Z,LIRECR T #3858 Lo~ Y,
SOURCEOEBC)!C'NUL!SToNﬂbhiK:LLAD.“AP NCECIT 9 I1J9NOXREF

SIYATER

FORTRAN H

c PURITLIY
th-!‘ntt“.ttlt.l‘--ttltt.‘it‘in..i‘t.“‘t‘l.‘Olitiiittl.t!.tttt'ic PURIIL2L
c o PURJINID
2“ se% MAIN PRCGRAM oes C PURICISL
T T e e T PURTIOST
o THIS PROGRAM CALCULATES THE PRESSULRZ SGQUARED RATIC BETWEESEN C PURZCCS?
c THE INTERIOR AND EXTZERIOR OF THY SPArT SHUTTLE PAYLUAC ®B2Y, € PURLIETTE
C THZ PROGRAM EMPLUYS MODAL ANALYSLIS TEZCHNISUESe THIS IS Nllh < PURC2BY
c PRIGAAM 'PURTUNYy WHICH COCMPLYES NCISE RECUCTICN AT A ‘ o PURDZCSC
c SINGLE FPREQUENCYe Tri2 COMPUTATICN CCCURS OVER FIVE WC AL c PUR 21T
TG TTTINDICES y THREE ACOUSTIT AND TRE™S » T PURDYTIT
c SUMS JVER ALL MODES DNTIL THF CCNVERuEACE uRlT‘RlA AQE c PURL 2127
c SATISFIED. C PURCS 13T
< C PURGJIL4C
c T AUTHCRS: " KENNETH Jo FLCTKIN € PURTTISC
c PATRICK Ko GLENN C PURSGC160
C WYLE UABCRATCRIES — -
< F:BRUARY 1977 c PURJJL180
; o+ e e e € - PURCMSC™
Cttttt‘ttttt.un*‘ttttﬁ a-t.tan‘.tntttaowttottotttttttn-tutttm--ttatc PURNC 2D
o T Tt g TPURDZ2YL
IMPLICIT REAL*E (A=DyF=r,(=1) PURJN229
- REAL NRFRTJZNRSUM
CIMENSION TITLE(12) PURSJZ23C
CIMMON /ACCEPT/ALEA - PURSTZ24C
COMMCN /8ESQR /82 PURLOZ5Q
"CCMMON /CONSTIPT B oo TPURYSZEL
CCMMON /EleNIS;TA.BgTAB.BETAS PURNN2TC
T MMIN 7R INAL 7GRIIUP P URNTC T » B IGSUY s B ST I SPGTCT T4 PURCC28C
COMMON /FREG/WSH PURL 29
" CCMMON /HALTZQUIT PURIYIZC”
COMMON /LEAD/HFTERM,8868 PURUC21L
" COMMON 7LETTRSZAVBYCyUKGCRATYDRAT -~ wmmms mmem e e o PURTH3I2,T
COMMON /MURLE/ WOLCPI PICER PURZG232
CTINMON 7NORMATC70ERT™ PURIOIRT
COMMON /RADII/RIN,RCOUT PURGS 25
"COMMON ZOTHER/ZRUTHRTRY yZOTHRUS) yCYLNTH R T UPURJCIEY
COMMON /STOAMP/STNDAMA,STOAMB PURLCATC
COMMUN 7ACDAMP/ACAMAGZADRME =~ 77 W o s s e oo PURCTIRYT
COMMON /STOPY/VCRITohSYV PURIDZOY
CUWNUW”7TIF§7TSIVS7NNUIH} PURCSTHEIT ™
COMMON /T2 RMS/RAT!O.$EGLTH.PIFYL024vPlCYLZcFlLSuoPlSEG PURNSL2
COMMON /VARSQ/CSQ,PTILLZ PURZ2427T
COMMON /VRBLS/PIOL4,RIN2yACCACC PURFNG3L
COMMON /JACUSTK/ZACHMODSL 300D JMNSTENC T NUMAT PURIC 4SS
C IMMON /SOLNS/SNK(Q'?‘oKNS(#C))ohhMK PURIL45L
T ""“"”p‘m [ ] ] [} - b
CXMFNS!DN PANSR(Q) PUR 3 460
C T e T m" PAGE 's - TPURINGTL
c OF POOR PUR L 48"
c ~ INPUT VARTABLES "~ — - '“““"”"”"uourv‘”" - PURJD4AST
[

PURDLZ SN
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l\-‘!‘!'s o!i -!'EE FURJb!lv
o RZAC(S.4”.3) IoN s e
ﬁ"f"ﬁi’ﬁiﬂl 1 ' o PUR )355¢C
2L 21 FIRMATILICAY, ) ~ PUF 2CE&C
T OWRITBLE 22N TITL: T ¢ T e rmmem T e PURTC 65
32342 FORMAT(LlHLy *JOY TITLESY 9y /70 cXsl2ABW120/)) PUR L &6
KEADT B, Lo IICYUNTR G SEGL YR o Lo RINGRCLUY o SFSND CETS
REACESe 1y L IESLeESTHIPOI SSR 9 SHLTHK yF ILTHK yRHCH R PUR > 687
LEFo FA FLyFSoFSOSPLyALFA PURYIESO
1)0Y FORMAT(6FL)e Y) PUR2ITLS
REACIB, 1332 MROTHRIJTR) yJTR 8] 44) Tomm T mmmm— PURTITIC
RESACIS) LI 3MLI0THRIJTR) yJTR 32 44) PUR 57272
TV T BIRAAYTGFI™. D) TPURICTIT
WRITE(692.CC) CYLWTHy SEGLTH 9 ZC oRINYRCUT ¢SHLTHK, F!L-FK.RPCH. PLRIITAL
1 732y ESTh.POlSSR.SPSND - " PYRANTES
SN2 FURMATILIX, ' INPUT DATAS *4//, PURSLTSL
1 LXp 'LENGTH UF CYLIMDER 8 ¢ ,T43) FlleSsT59,YFEET,/, PURJLCTT?
2 LIXe 'LENGTH UF SEGMENT 3 1 ,Tady FLl26359T89 o 'FZET Y/, PURICTSES
T IXy VScOMENT DISTANCEZ FROM GND CF CYLTRDER & T, ’ v PURTTTST™
3 VEZETY /o PURICBCC .
T4 IXyRADIUS JF INNER CTYLINDER 8 % ,T4dy FloeS T56,¢FZETs/y 7~ PURSISBLS
5 IXe *RADILS JF JUTER CYLINDER 3 1,T42, FLIe5,T8G,'FEET,/, PUR JC82C
6 IXe 'SHELL STRUCTURAL THICKANZSS = 0,748, F1Je5,T5G,VFE2TYy/, =~ PURZTSB3L
? 14, *SHCLL FILLER THICKh SS B 1 TE8 yFlCeS TS0 ,VFEET ,/, PURDC B4
T T T IR VSRELL T DENSITY 3 VT4, FLNe 5155y YSLUGS/FLCT RS2V "7, PURTCBS.
ALY 'LUNGITUUINAL YOUNGS MCDULLS 3 0 ,Ta3 115,759, LES/FTem2e,/, PURINBED
ALXy $CIRCUAFERENTIAL YOUNGS MCOUULUS 30 ,T48, D102 TEG'LES/FTm2¢,/,PURCZBTC
3 LXeLTHPGISSON'S PATIN & yTady Flle54/, PUR+< 288¢
C 3Xe'SPCED UF SUUND = 9,748,y Floe39T3C,'F=RT/SECCNCY) "PURLLE9:S
CWRITE(6yZuviE)FAWF I FSOSPL oF SoCF PURDLSOC
T Y S T EIRMAT IRy VFRAAE AREA ® VT4 E,, DI T 57159, "FCETY¥2 V7, PURTDISTT
L IXy*FRAME MOMENT OF INGRTIA s ¢ ,T48¢C1lCe5¢T59,'FEETnN21,/, PURCIG2%
2 1Xo'FRAME=SKIN CENTROID OIST 3 0,743 ,010434TE9FEETY,/, - PURCIS3S
2 1Xe'FRAM: SPACING = '.TbBoDl?.S.T59o‘FEET'o/o PURCCS4AL
4 1Xo'FRAME YOULNGS MODULUS = ' ,T48,019%65 9159, fLuS/FTem20)" T PUREDIYSS
__eits FORMAT(/'1Xo'AuJL5T CIRCUMPERENTIAL BENCING STIFFNLS, BY 9, PURZUS ST
TR Re 17777 PURSES TS
R=A0t5p Jlu)STDAMA.STDAMB.ADAPA.ACAMB,BEB PURLOSE,
301 FORMAT(4F 156 ceF1le ) T " PURCTSSTY
REAC(541332) NSToN'NDolSToISENDoPST NCND.IPSTolPEbDoICST lsENB PURJLICE
192 FOKMAT(1915) " PURZSIGLZ
RekhD( 5, ZZZDRELal PUR™1C2.
T TTWRTY (6 2T EYRBLEAT - T TTTTPURTIVAT

REAC(591202) TVARJAACDF o TVYRZAYCDF
ALFA:ALFA*;317453’9"1994350'
66 REZAC(5910.3) LELTAFFRCAL
IF(CELTAFOLTe%e) 60 TG 9C¢

PURZLCE?

c PUR21V&’
TR ERE)E T
REACIE,1501) nb\bGA PURQ14GS.

167 FﬁRMAT(Flu.3) ’ ’ T T PURJ1.9¢

77 CONT INU*®
 FAE01mAOMEGA : . e e e e
WOMEGA=WOMEGAXT,DI*P 1

AR R e m—— B D
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o T DEFIN® MISCELLANEDOUS CCNSTARTS PURTTITIZC
c PUR. 1120
NENCMsROUT o T "TTPURSL140
81GSUMS (D0 PURZ115¢
GRNTOT= Q.00 PURS 116¢
__ KSVsQ PURL1ILTS
T B0 RATIENS S PURUTIZY
SPGTOT(19X)= 20D PURZ11S¢C
4. RGSMTIIUX)=Z,D2 PURZ12I?
C CHECK FOR THE HOLLUW FYLINCER CASE PURG12LC
IFIRINeFJeleDId) GO T § PURZ122C
BéTARRCUT/R IN PURJ123%
T TR R T A IR B ETAN Y - PURITSST
BsTA5-6&TA3‘BETA'6‘TA PURC125¢C
CENIMsR IN PURT126%
H nSQ'hDMFuA‘nQMEGA PURSL12TC
VCR ITa 45669803 ° = ™~ PURJ1ZBC
wiTe ]l 0. =VCRIT PURDL 290
T CSUESPSNDESPSND PURSIZVO
P!GLZ-PX'Pl/lthLTH*S=GLTH) PUR3Z131C .
82sROUTE=2 TTPURTYIIZY
f=p [OL 2282 PUR D122
SKINIs{SHLTHK®83] /434D J¢ SHLTHK# ( (FTLTHK¢SHLTHK) /240 ) 4252 PURJL134T
RIBFASFSCSPL/LFASSHLTHKSE S) PUR.125¢
T T Y A ER ESUOSPL=RS PURTTIEY
PNUFs ) 0C=PCISSR®POISSR PUR)!‘?’
Cll=ES2=35nL THK/PNUF " PURTTIIET
f’Z'(‘STH-SﬂLTHKOtF'FA/FS)IPhLF PUR2136C
DII-SKINI-CSZIPNuF ‘ ' o " PURSI&IT
D228 { ISKINI®SHLTHEK®R SR S)SE STHeEFS(FleFASKFE®RF) /FS) /FPNUF PURCL141.
D C"i ' 2¥TECAX PURJI&2Y
CRAT=C22/C11 PURCL1422
CRAT=aC22/011! PURTI44"
CakFOHSROUTSROUT/CLY PURZ245¢C
CKaD22/1C228RUUT*ROLTT TUPURGTI4&ST
As(1eDJ=POISSR)I/ 2,0 PURN147L
T T RRAT IO SFGLYR/CYCH TR PURSTEBT
PIOL4-P1'CVLNTH14.D’ PUR2L4SC
R{nesRIN®®Z  ~ B ST v PURT15"T
H’T‘RM-l(4.DL¢RLUT‘CR&T)I(Pl‘SguLTHORHGH))"” PUR®1EL
PICYLsPI/CYLNTH - IR 61 $ob §-7.404
PIOLLZSPICYLSPICYL PURG153°
PICYLZSFITL YL, PURTCIEST
PISEGEPI/SEGLTH PURJLE5?
T PILSUsIlJUC/IPISEG*ICeD-7SEGLTHY ) PURTLEEC
VOLUMEsF [=C YLNTH®({B =R IN2) PUR 1LETC
C THE FULLOWING ARE USED IN RUOUTINE PCJ purs1ss
WILC=({ SEGLTH®WCMEGA ) /SP SND PUR JL1663
“TTWICCPTEWOLC 791 PUR e
CBNSSP)ND/(ﬂubT#quEuM PUR 1610
PICFR’I.DGICBd ‘ ) o o CPURSGLE2C
C PUK.;1&2°
c i ) PURSLE4?
C CALCULATE ACOLSTIC MQDeS PURZ1ESS

A-16

e ————— -



e A e e e e e . AO————— o S ot V- O S ————p——~ W S

OF pog PAGE 4

Ity

TETUIJNGEGe D] GU TU 3927

CALL AMODES (NST,NENDoIST oI SENC VST MENCIUN9ES)L)

T —— ek M Ware I Ming s Mt ¥ § e

T T TIRTTIONGGY S 2G0T 2T
c WRITE ’IGENVALUFS
- ARITE[&,2302) T

PURGTEEC
PUR:JILET.
PURC1E8Q°
PURCL1£9C

TPURTITYT

2772 FURAAT(IHL,yT27'EIGENVALUE RCSLLTS'.//-B(’lthC’S'v~Xv'ClG:hVALUsSPUR‘171'

Y SYZA PURSITSL
KJUNT= 3 PURSLT3?
CO 29 I=sl NUMKy2 o e T PURIITAE ™
Ks[+2 PUR.,175¢C
ARITETE,EY37) (KANSEJ) o SNKTJT o Jsl oK} 77777 PURJTITES
2253 FIRMATILIH »2(1592X9D1CedelX)) PURILTTC
"“ TREUNTSRTUNTSY PURTTITEC™
[FIMOD(KUUNT,5%) hQ.nl hR(T:(éozoJ’) RIN, RcuT PUR*LT9%
) CONTINUE T o " PURZIELD
21 CONTINUE PUR 181"
of CALCULATE STRUCTURAL MCDES wuaclazc
CALL SMODSC (IPSToIPTNDIQSTyIQENDICN) PUR5283¢
¢62Z7 CONTINUE PURTTIZ%T
c INSURE QPPUSITE DlﬁFCTlaN SEARCH N=x1 7x~= PURT)L852
" GRNDOPP=1.,07> - PURTIE8D
C FINC ACOUSTIC MCD:Z CLOSEST TGO INPLT rR;QLE%L( PURCLET"
CALL FRSFMNOD{ACMODS ¢NUMAC XK} i - PURCTYE8BT
¢ SAVE INDEX LGCATION PURC)a9?
T ANDTRERK - PURCIS.Y
ISAVE= TABSIMNDIR) PURDIGLYS
¢ PURC:e2Z
C MAIN LDJ0P PUR?Z1927%
17 CALL SCALC (KoM yNyESTT) PUR 1G4
CALL PCALCC (MeN,ESYI?) PURC1GS
- T CALL MRCALT TNy I PURTIVET
c FINAL RESULT PURILISTY
RHOA = )e37238D) ‘ oo oo " PURZIGE".
ANSNERtl(CSQ*RHUA'ROUT‘HSQ)“’/(Z.D.OVGLUN:!)*uRNTbT PURJLS9T
AIMTGASWOMEGA/ 2,05 /PT ' o PURJZ27CT
ANSWER=]15eD323LCGLZ(ANSKER) PURDJ2217
T T RABCUNTEL G EF I YR AN SWER 727D
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STRCI48Z
STRQC4SC

S gt Saaaet  fegped e

| e |



B e TS . -

C INPUT VARIABLECS STROCS00

T STROCS510

_ REActs.sablaaANo STRILVEAS

8y61 FORMATIFLSG ) STROC55C

L _15C1 FORMAT(FLS .OD _ B STRIIEGD

READUS,230C1) TITLE STRO0ESS

REAC(5,4u>5)I0N STROCETS

43G8 Fﬁﬁnlftixt TThm e STRICES:

30C01_FORMAT(1048) . STRUVT I

WRITE(E,3002) TITLE STR: 715

. 2)C2 FORMAT (1M1, *JOB TITLE:*,//+1CXe10A84///) STROVT2:

. READ(S,LSCLICYLNTH SEGLTHoZOsRINJRCUT ySFSND STRIST73N

RbAO(S.luOISESloESTHoPOlSSRoSHLTHKoFILTHKoRHCH. STROU74C

1EF, s FSYFSDSPLYALFAY —— ™ =™ STRTLT7SS

f plop } FORHAT(bF;G.Ji STROU TS

REAC(E, 10923 )(ROTHRIJTR) yJTR =l 4&) STRIOT7v

READ(5913S3)(Z0THRIJITR) yJ TR =), 94) STROC 78¢

13C3 FORMATIGFIOeY) STR3C7S¢

WRITE(69200C) CYLNTH SEGLTH o223 ¢RINJROUT ySHLTHKFILTHK, STROCAGD

Y RHOH E ST ESTH PCISSRGYSPSNC ™ ~ " STRUQ817

2060 FORMAT(LX, ! INPUT DATAS ,//, STRSCE2S

1 TIX YCENGTH OF CYL!NOER 2 0,748y FLO S T59, 'FEET,/, STRCG82C

2 LXy'LENGTH OF SEGMCNT 3 9,T48, F10e59T59 ,*FEET,/, STRO0842

2 TLIXy VSEGMENT DISTANCE FRUM END CF CYLINDER = 9,748, Flde5,T759, STRIC8S5S

2 YFEETYy/, STRCJUBEC

[ TX, VRADIUS OF INNER CYLINDER ™ 0,743, FLlCe3,T39,'FEET,/, STRCSETC

€ 11Xy 'RADIUS OF OUTER CYLINDER = *,T4a3y F1lCe5¢T59*FEET 4/, STRCN880

6 TTULXy VSHELL STRUCTURAL THICKNESS = *,T48y Fl0e3,T59,'FEET,/, STR2CE9S

&  1Xe'SHELL FILLER THICKNESS = ',T48¢F1Ce5 759 )'FEET?,/, STRCCSOD

97 TIXYISHELL DENSITY 3 9,748y F1l0eS5¢T59,¢SLUGS/FOOT®%2 ,/, STRI0S10

A 1Xo *LONGITUDINAL YOUNGS MODULLS = *,T48, D1065¢T59,'LES/FTe®2¢,/,STR20G2C

TR ENENTIAL YSUNGS MCOULLS ™= *,T4390i%e5,T59,LBS/FTes21, /STRCOG3C

B o1XelTHPDISSON®S RATIO = ,Té8, FlCe5¢/» STR:2940

¢ TIX,YSPZED OF SOUND = *,T48y F10e5¢T59,'FEET/SECCNC?) STRCJI95C

WRITE(692005)FAFI+FSDSPL oF SoEF STRI0960

29C% FORMATILiXy*FRAME AREA = 1,T48401065¢759'FEETS=21,/, STRICSTI

1 1X,'FRAME MOMENT OF INERTIA = ¢,T48,010e5+ 759, 'FEETS®841,/, STRCJS83

g IX: VERAME=SKIN CENTROTU DI ST @ 7,7487010e5¢T59, 'FEET 4/, STR3099¢

3 1X, *FRAME SPACING = *,T48,D13e5+T59,'FEET,/, STRI1O9¢C

& 1Xy*FRAME YOUNGS MODULUS = *,T48,D10e5 759, 'LBS/FTHn20) STRI101C

230¢ FORMAT(/,1Xy*ADJUST CIRCUMFERENTIAL BENDING STIFFNESS BY *yFl0e  STRI102¢

1 4e/1771) STRO193¢

REAC(5+3019)S{DAMA,STOAMB JADAMA JADAMB ,BB8 STROH1C4C

30Y  FORMATTGF LS I FI3e 3y — 77 ’ STRJ155°

READ(5¢91092) NSToNENDIST oI SENDyMST yMEND s IPSTIPEND,ICST, IGENC STRO106¢

1362 FORMAT{1315) STRGLCT)

REAC(S5y)1C03)RELAX STRu1o82

WRITEl6,290¢)RELAX STRO109)
READ(S5:1C93) TVXR,AXCDF o TVYR,AYCDF

B ST STRZ112:

o CONVERT TO RADIANS STRS11ly

c DEFINE MISCELLANEDUS CCNSTANTS STRJI1122

ALFASALFALI®71745226251934320¢ STR3113¢

} c T e ' ’ STRU114C

: I A-25
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B

" q DENCM=ROUT o
TI¥SCONTINUE T
REACL S5, 1501 IWOMEG]
IFIWOMEGIoLES2¢3) GO TO 8CV
WOMEGASWOMEG[®2,00%P]
TOTALL=CLDY
CO o3 ICX=l,4 o _
- 4. POTALLTTIDORY=3,DY '
c CHECK FOR THE HOLLOW CYLINDER CASE
IFIRINGEQe0eDC) GO TO S
8ETA=RCQUT/R IN
dETA3=BETAS2]
BETA5-BETA3‘BETA‘BETA
T TTTTTDENONSRTINT T - e
S aSQUswWOMEGASWOME GA
" VCRIT= 5669500
QUITs],00=VCRIT
CSQ=SPSND®SPSND
PICL2sP IsP] /( SEGLTH®SEGLTH)
T BZsROUTEE? s
8=P [OL 2*B 2
T SKINIs{SHLTHK®®3) /48 D0¢ SHLTHKS ((FILTHK¢SHLTHK)/2,00)89%2
RSIFA‘FSDSPLI(FAOSHLTHK‘FS.
RFEFSDSPL=RS
ONUF=}],,00=-PCI SSR*PQISSR
T CTIISESZ¥SALTHK7PNUF
C22'(:STH‘SHLTHKOEFﬁFA/FSI/PNbF
DX1sSKINT®EST/PNUF
022'(lSKINI*SHLTHK‘RSORS)'ESTH*EF‘(FloFA'RFORF)IFS)IFNUF
" DeZ2=D22%RTLAX
CRATsC22/C11
T T DRATSUZZTOTL .
CsRROMSROUT®ROUT/C1]
CKsDZZ/7TC22%ROUTSROUT)
As(1sD3=-POISSRI/2,0C
RATIOSSEGLTH/ZCYLNTH
PIOL4=PISCYLNTH/4,D%
RINZ=sRIN#&2
HFTERM=( ( 2o DI®ROUTSCRAT) /(P ISSEGLTH®RHOH) ) »92
PICYL=PT/CYLNTH
PIOLLZ2=PICYL*PICYL
‘PICYLIsSPICYLSLC
PISEG=P[/SEGLTH
T T T P ICSAE LG DU/ TP TSEGHT 2 DD /SEGLTHY )
VOLUME'PI*CYLNTH‘(BZ-KENZ)
c T THETFOLLOWING ARE USED IN ROUTINE PQJ
HOLC'(SEGLTH‘&OMEGA)/SPSND
"WOLCPTI=WOLC/PT
CBW=SPSND/IRULT*WOMEGA)

EREBle X

-

CALCULATE ACOUSTIC MOCES
IFUION.EQe51 GU TO 9%27

C
¢ e e e
c

A-26

STRJ115s

STRO118C
STRI1190
STRJIL123Q
STRO121¢
STR2122
STRIL239
STRO1240
STR2125¢
STRULZ60
STRJ1270
STRC1289
STRJI129¢C
STRE133C
STRO1310
STRJY11220
STRS1338
STRO1340
STR,335%
STRG 46V
STRI1270
STRv138.
STR1N139C
STRul4O.
STRI141%
STRJI142y
STRS142C
STRC 144y
STRZ145C
STRO1l460
STRI14T)
STRO148C
STRG149C
STRJ15J¢C
STRI1512
STRJIL152¢
STRI153C
STRI1540
STRI155C
STRJL56¢
STROL157C
STRS1S8e
STRSU159C
STR.1é40
STRC161?
STRIle2L
STRT1é3.
5TRILESL
STRI165C
STR™1e6.
STRJ1E7.
STRI1é&8¢
STR.1é5C
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AMCOE S !NST;NENDLISToISEND;PST.PENColONoS?DOI

eNVALLES
xF‘!ONONEOZO‘NDO‘ONONEOI, GC 10 31
WRITEL692002)

SVRCL173s
STRS171e
STRS472¢
STRIL73¢

2772 PORMAT(iMayoT27,'EIGENVALUE RESLLTS//¢3(*INCICES®* 4Xy'EIGENVALUESSTRCLT4C

33121
KQUNT=Q

29733

00 20 Isl,NUMK,2

KsleZ ‘

WRITE(€92002) (KNS(J)oSNK(J) 9da] yK)

FORMAT(1H » 3(1992X9D10e401X))

KCUNTaKCUNT ¢}

IFEMOD(KOUNT s 52)eCUWel) WRITE(602202) RINJRCUT

39 CONTINUE

c

c

s 4 4

(g1}

3
*n

9927

CONT INUE
CALCULATE STRUCTURAL MODES
CALL SMUDSC (IPST,IPFND,IWST,IGEND,ICN)
CONT INUE
INSURE OPPOSITE DIRECTION SEARCH NEXT TIME

BANFACsZ O e# (T DG76ANSY
WSQB=WSQ/BANFAC

T WSQTSWSUSBANFAC

wSuC=WiQ

" DELTAWSOSQRTIWSQT)I=DSUR T( WSWB?

e - — o m—— 1 ———

MAIN LQUP
KTOP=Q

00 Tu Kel,NUMST

IF(STMUDS(K ) eGEoWSQT) GO TO 7C
IFIKTOP ¢EQe ) KTOP=K
IF(STMODS(K )eLTowSQB) GC TJ &0

T TTTSTCONYINUF T

T TGEMPUIRSYZIC0T T T

:Dy)

KBOT=K=1
IPIKBOTeLTeKTGPeORe KTUPeF Qe Z)SGC TC 7375
00 90 KSaKTQOP,KBOT

wSusSTMODS(KS)

[P=MOD(MPWIKS )y 10C%)

GRNOPP=1,D78

" GRNTOT=0,00

8IGSUM=(0.00
CO 1 I0x=1,4
SPGTOT(ICX)=0s00

1 BOSUTTIOX 1= LD) T T

12

CALL FRSFNDI(ACMODS+NUMAC oK)
MND [RaKk
ISAVESJABS(MNDIR)

CALL SCALCUK MoN,ES2ZI)

CALL MNSUMIM¢N,IP+INR,8E12)

SJ

CALL PCALBUKS, 1P, TQyTOTALL,PCTALL)
FINAL RESULT

RHOA = (,C023€D7

CUMVAR=1.00/0ELTAW

"ANSWER={(CSQ#RHOASROUT ) »#2/ (2. D0*VOLUME) ) *TCTALL#CUMVAR

A-27

STR3175¢0
STRILT6e
STRILTT?
STR4178¢
STRS117%"
STRC1800
STRv181.
STRSl42°
STR2183¢y
STR3184..
STRY185C
STRU1863
STRJL87C
STRO183¢
STRV139C
STR:16J%
STRI1GLA
STRI1G2S
STR®193.
STR3194%
STRJILG5D
STRI1Se.
STRG1G972
STRC1983
STRS169C
STRI200V
STR22010
STRIcO2¢
STR229z:C
STRI2v43
STRGC2L5¢C
STRJ206C
STRI237S
STRY2C8C
STRI2SG
STRO213J3¢C
STR32110
STR.2122
STRI213¢
STRY214C
STR< 215¢
STRZ216C
STRSZ217¢
STRSZ132
STRCC19C
STRY22IC
STRIZZ2Ll:
STRu2Z2v
STRYZ2230

JRIGINAL PAGE IS
“F POOR QUALITY



. __IFUANSWER oL Ee34001GO TO 8C1
T ANSRERS T OCSOCOCITTANSWER Y
ABCONTS 1o01%o®®(ANSKER /250 )
ANSREDSANSWER=22¢80L0G1 S(ABCCNT)
WRITE(6/4966)
4965 FORMAT(10X)
WRITE(6,2004) ANSWER o WOMEG]

20CH FORMATT2X,tusdVOL AVE AMPLIFICATICN = *,Clleéy! CBS FOR *yFTel,

1* HERTZ BANC*)
WRITE(€&y5002) ANSRED

SG02 FORMAT(1X,'VOL AVE AMP W/INTERNAL PRESSURE EFFECT s ',Fée2)

FACTOR® (CSQ®RHOASROUT)#92/2,0u*DUNMVAR

CO 50 IDXxsleé
T T PACPUTEFATTORSPOTALLITIDX) - -
IFLFACPOTLESQeDOIFACPOTE)D=-T7C
50 PANSR(ILX)=10eDJ*DLOGLAGIFACPCT)
WRITELE&,500C)

53C0 FORMATU11X, *RADIUS(FT) *,8X,y *LATH CCCROUFT) * 48Xy *FNT AMFL(LCES)?)

00 60 10Xx=]l,4

T T TWRTTETE s S00I T ROTHRITOXT,Z0THR(1DX) o PANSRIITX)

SOC1 FORMAT(12X0FTe3014X9sF602015X9ELCes)
¢9 CONTINUE
IONsS
GO TO 700
301 WRITC(650805) ANSWER
TS FORMATU Y ANSRER® ", 010 &7~
ION=S
GO YO 7CO0
820 CONTINUE
STop ’
c ERROR STOP
"V953~§TUF”53T~"“~-'_”-M'"" Tt
ND

T, - e v nm—————— — 5 © ¥

LOWIGINAL PAE 18
YL QUAm

e

STR. 2280
ST.2225¢C

STro226C
STRU227¢
$TRO228¢
STRY225¢
STRQ229Q

STRCZ221¢C
STROL22¢
STRI233
STRU234C
STRI235C
STR 226,
STRG237C
STRO2380
STRO2390C
STRI24)
STRC2410
STRC2420
STRQ2432
STRL2440
STRO245C
STRY246C
STRZ247C
STRU248C
STRO2433
STR325%0
STRS 2812
STRyU252C
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 PILER OPTICNS = NAMEs

0S.'36) FCRTRAN H
MAIN,OPTs02 o LINECNT 256 ¢5S12E=Q00CK,

OO0

-

|
cananacnn

o

SOURCE, E3CTDICYNOLISTYNODECK ¢LCAC s PAPoNCEDIT o ID NCXREF

~ SUBROUTINE AACOES (NSToNEND o IST oI SENDoMST (MENDy ICNo®)

‘ACMOCS,”

"-..““‘l?.“‘.“!““"“..‘..“".l‘.‘.“..“l“"““.‘“““"

Th1S SUBROUTINE CALCULATES T-E ACCLSTIC MCDAL FRECUENCIES,

NTV CALCCULATED 'HAS  THREE ASSOCIATED INDICES,y MoNyISe
ThE FREJQUENC IES SQUARED ARE CALCULATED AND PLACED IN ARRAY
"THE THREE INDICZS ARE PACKED INTC CME WCRC AND STCRED
IN ARRAY MNS #ITH THE SAME SUBSCRIPT AS ACMOCSe ALTHCUGH ThE

"INDICXS ARE PACKED IN THE CRDER MoNoIS THE CALCULATICAS ARE
PEIFORMED IN NESTED LOUOPS wlTh M CIKCULATING FASTEST FCLLOWEC
TTTBYTYS AND NS TRETTRUTCES ALL BEGIN AT ZERC.

CHoadsbastss it s8Nt L5000 008 440800005000 004008008 RERER S ERERRREE

“IMPLICIYT REAL®8 (A=D,F-H,C-1)
OIMENSION BLF(3)o1BUF(3)
ONST7P

; 1
COMMON /NORMAL/DENOM
"COMNON" 7VA:iSQ/CSQ,PI0LZ
COMMON /ACUSTK/ACMODS( 8000) 4 #NS(8090) yNUMAC

" COMMON 7SOLNS/SNKL407) o KNSUATT) o NUMK

GO TO (1009133C923C922C)ICN

OO

18

T o—— - ———. 3 7 -~

INSTIALIZE THE INCREMENT TEST VARIABLE FCR RCUTINE REGFAL.
"THIS 'VALJUE UF QERQ 1S PASSED THROUGH RCCT TO REGFAL FCR
JSE THE FIRST TIME REGFAL IS CALLED.
XNS#J,0C
CRIThs1,D29
1L

T

Jsl
"7 LOOP OVER THREE MODAL INDICES

~ NOTE THAT THE DEGENERATE CASE CF Ms)N=),153) WHICH PRCCUCES
W2MNS=3 IS ELIMINATED THRCLGH THE USE CF CRITL wHICK IS

AOOOn

o

"RCWAYS GREATE RaW TERQe”
N=aNST
ISsIST"

FIND THE NS TH cIGENVALUI:
CALL RUOT INoISeXNS,E5C)

NORMALIZE THE EIGENVALUE FOR CLR USE
NS7OENOMY 8 — — ~~ o 7 o
MsMST
" "CALCULATE MODAL FREQUENCY SQUARED ANC CHECK IF IT wilLL EE CF
CONSEQUENCE
" WIMNSaCSQ*{ XNSSQéM*MePICL2Z)
IF(W2MNSoGT.CRITH) GU TO 2%

SAVE FREQUENCY SJYUARED 'AND PACKED INCICES
ACMODS{ 1 )3n2ZMNS
IWORUSN®ISUE+1S
MNS(1)=mM®1JC0CCI+IN0ORD

YETAl T

A-29

c
C

COOOOOOOGONnD

AMOCO21d
AMO00C 2€C
AMOGGS A
AMOOQU4C
AMOS 2U5C
AMCCCR6S
AMQOUC TS
AMOGCO 80
AMCOOV ¢
AMOO0192
AMOGULLE
AMOCC120
AMOO0130
AMCOG140
AMOUO155
AMGIC 169
AMOGO17C
AMOCT18C
AMGOQL19C
AMOJO 2C8C
AMOOU21C
MOsG222
AMQQC23¢
AMOQD 240
AMISC2SS
AMOQU 260
AMOGO273
AMOCC 288
AMO2G299
AMUDC 26O
AMO. 210
AMODS 322
AMQUQ220
AMCI 24
AMOSG 25
AMOB026°
AMGGR2T73
AMO0U28C
AMGGCO398
AMOGVasSe
AMOCR4LC
AMUDC42.
AMC 2432
AMCO2 440
AMO o450
AMC2L 462
AMOQU4TS
AMOCU 43y
AMC J{ 49,
AMGOC 8D
AMGJUELD
AMQUUS2S



2D MspMe e,
Py Y 600 22
G0 TO 16
c IF MsMST HE-E THE NS TH EIGENVALUE WAS NCT USEC AND
c . SHOULD NOT BE SAVED
2 IF(MEQNST) GO TO 26
_c SAVE EIGENVALUES ANG PACKEC IADIC”S
22 IF((1SeEuelSTIioANDe INeEQeNST)ICR]I THE n2MAS
SNK{J)=XNS
KNS(J )= INORD
JsJel
GO0 t0 27
_C REDEFINE MAXIMUM IS VALUEe IF THE N LGCP MAS KICKEC CUT CN
¢ The FIRST VALUE OF M THEN THE VALUE CF IS AT THAT PCINT IS ThE
¢ MAXIMUM VALUF OF 1S WE NEED TC LCCK AT [N FURTHER ITERATICNS»
26 ISEND=1S
i1 15=1Se}
IFLISeuTeISEND) GU TO 30
. xs0 710 12 L )
AW NaNel
IF(NGGTJNEND) GO TO 31
GO TO 11
c NUMBER OF ACOUSTIC MODAL FREJUENCIES AND EIGENVALUES
21 NUMACs =]l
NUMKs =]
CAUT SURTTACMOD S MNS,NUMACY = '
WRITE(1,259INSTINEND o ISToISENDyMST ) MEND ¢ NUMAC ¢NUNMK
NRC1sNUMAC/ &
IFINRC1% 5oL TeNUMAC )NRC1=NRC1¢1
CO éJ JJJ=1,NRCI
INDL=S®(JJd=1)¢}
T T INDSEINDYRR T T o T
IF( IND2eGToNUMAC ) IND 25 NUMAC
WRITE(Ly250)(MNSIITE) 111 =INDY,IND2)
WRITC(1s35C)I(ACMCOS(TITL) o1 1=INDL o IND2)
€9 CUNTINUE
NRC1sNUMK/S
T IFINRC IR ST ToNUMK INRC T=hR ST o )
DO 61 JJJ=1,hRCY
INOI=E8{JJi=1)e]
IND2= IND1+4
IFL IND2eGToNUMK ) IND 25N UMK
WRITEC(Ly 250 M(KNSCIII),I11=INDLoIND2)
T ART T S S0 CSNKITITF , TITsINDL, IND2)
£l CONTINUE
2%, FORMATIAIL0)
250 FORMAT(5016612)
c WwRITE STRUCTURAL MODE FREGCLENCIES

TwOP [32,D %P |
TTARITE(EZ0R)Y T T T T
2770 FORMAT(1H1,T12,'ACOUSTIC MODAL FREQUENCIES AND INDICES'
1 777, (Y INDICES? 92X *FRZ LLENCIES 'y 3X)9//)
KOUNT=?
DO 49 I=1,NUMAC,3

A-30

AMOQCS30
AMOC . Sa
AMG085¢
AMOI0 560
AMOLC ST,
AMG )3%83
AMQAQ 9
AMOLY 6 )%
AMG3061¢
AMGOC 62y
AMQ v 63
AMUuC €40
AMCGUESC
AMO S 66
AMUOLETC
AMGCC680
AMOIC63%
AMO2CTIC
AMOGITLC
AMG0072¢C

AMQCOT74C
AMQUUO 750
AMO .S T6
AML3277¢
AMOCS78C
AMO YO T3S
AMO;98C¢C
AMOCJ81C
ANMQ )G B2Y
AMOCCB3C
AMOY5847%
AMGUL 85,
AMQ Jv 8060
AMQ Q873
AMQr 288.
AMO I ESC
AMGI092C
AMQBJ91:
AMODQG 2%
AMCC 993y
AMCCoS4c
AMG I(95¢
AMOZJS60
AMO 23S 7¢
ArMGCLSac
AMGGSS9C
AMCI1CO.
AMC21D1¢
AMOJl322
AMG9133¢
AMON134C
AMGCJla5%
AMOJ130:c



Srr e mmoem o 2r v

Ksl+2
WRTYE FREJUENCTES IN HERTZ
. L=l

00 25 Usl,kx
_ BUF(L )sDSQRT(ACMODS(J))/TWOPL

» 1BUF(L)ISMNS(J)

) 35 LsLe}l ] .
T TRRITE(S, 20T CYBUFTI) o BLFTJ) 9dsl 3)
25<c1 FORMATL Ik o.“9o3X|F30104X)l

' " KOU..(sKOUNTe¢l
IF(MOC(KOUNT95)eEQe0) WRITE(6,2C0)
4) CONTINUE
RETURN
e CO READIY 2 8ITRSTINEND o ITSTHI SEND o MST ¢ MEND » NUMAC s NUMK
NRC1sNUMAC/ S
IFINRCI®2,LToNUMACINRCI=NRCL¢]
D0 79 JJJ=1¢NRC]
INClsS%{JJJ=1)¢]
INC2= IND] ¢4
TTTTTTT TTIFUIND2,GToNUMAC YINDZaNUNAC 7 7
REACIL1,)250)(MNS(III)oI1I=INDLlyIND2)
"READI19350)TACMODS(III),ITI=INDLl,IND2)
79 CONTINUE
" "NRCISNUMK/S i
IFINRCL®E,LTe NUNK’NRCI'NRCI’I
DU TIT JIJ¥IZNRCY — T
IND1sE%(JdJ=-1)+]
T INCZ2s IND1e4 o
IF{ INC2eGTeNUMK ) IND 23NUMK
RZATC(1+250)IKNSITIIN»IIT=INDLIND2)
‘R=AD(1v35u)(SNK(IIIloIl!'lNUlolNDZ)

T T

RETURN
T RETURN 1
END

A-31

s s s BT ————

AMO01070
AMOC 108
AMOC109¢C
AMCO1107
AMOG111C
AMO21.2(
AMOOJ1130
AMOC1143
AMOC1150
AMO3116¢C
AMQ01170
AMOUL11389
AMOJ119¢C
AMO212)¢C
AMC. 1210
AMCGl22C
AMCJ123C
AMOZ 1245
AMOJ125C
AM031260
AMOC 1273
AMO01280
AMDJ129C
AMO31307
AMCG1310
AMOC1320
AMOJ133¢
AMON1240
AMOG1350
AMOU1360
AMO01370
Ar0Q1380
AMOJ1390
AMOG149C
AMD31410
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14 ) - . 0S/73860 FCRTRAN n

PILER OPTIGNS = NAMcs=_ MAIN)OPT=Q2,LINECNT®56,SIZE=CCIC K,y

o

SOURCE (EBCDIC,NULTSToNODECK ¢LCACyMAPoNCECIT o IDACXREF

r:r#rsr\rsrsrsryrmrscwcwcscyrwcwrucs

C

SUBROUT INE BESSEL (NoXXoBLJoBLY) c ezgegogo
8ESGw2e

SRS RSREREEER SRS SRR LSRR IELSEISE I 080009800 ERSN SRR ssnsnssdesn( BES I(D3S
o7 C BESJULLAED

THIS RCUTINE DECIDES AND CCNTRCLS WHICH METHCD WILL BY LSEC TC C BES 0038
" CALCUUATE THZ BESSEL AND 'NEUMANN FUNCTICNSe THE SAME CRITERIA ( BESO0LE0
IS USED FOR dOTHe FOR ARGUMENTS GREATER THAN TEN, THE C Bessocre
ASYMPTOTIC SERIES TECHNIWUE ]S LSEDe THE ASYMFTUOTIC SERISS IS C dESQOLLC
FOLLOWED BY A RSCURSION PROCEDURE JF THE CRDER SPECIFIEC IS C BESOCI9U
GREATER THAN EIGHTe FOR SMALLER ARGUMENTS THE ACTUAL SERIES C BESIVINC
__CEFINITICNS OF THE FUNCTIONS ARE LSEDe THIS TECHNIQUE IS USED C BESIOLLQ
FOR ORCERS UP TO =85, ABOVE THAT THE YALUES FCR SMALL ARGUMCATS C BESI129)
(L3SS THAN 10) ARE DEFINED TU BE LERO ANC NEGATIVE INFINITY. C BES2013¢C
THC RECURSION PROCZDURE MAY NCT WORK [F THE TRCHNIGUE IS USEC € BESIO14Y
TO FIND A RESULT wHICH SHOULD BE LESS THAN le-l. IN ABSCLUTE C BESSCiSe
VALUE DUE TQO SUCCESSIVE ROUNDCFF ERRCRS. C 3ES0ulny
L o | C BESOULTYC

(2 R T T T T I I I P R R T R T T T R P R R R R R R R R P Y P P PSR R EP FR PR EE R Y] c SES:., 1&:
S C BESJV19D
IMPLICIT REAL*8 (A=D,F=H,0~1) BESIC2CD
COMMUN /CONST/PI BESIC21D
CCMMON /RADII/RIN,POUT BES0022¢C
e o o BESIV23Y
ASYMPTOTIC SERIES EXPRESSICNS BES JU242
BSLY(TOTP,TOTQyARG)=DSQRT(2,DC/(PI®XX)) $(TCTF*DSIN(ARG) B8ESIN25C

1 +TOTQ*DCJIS(ARG)) BESCLV260
BSLJ(TOTP yTOTWsARG)I=DSQRT(2602/7IPI®XX) ) (TCTF*DCCS(ARG) BESQ027.

1 =TOTQU*OSIN(ARG)) B8253028)
BESLLE9C

eGTe1IT4UCI™G0 010 — 8ESCO30%
[FINeGTe55) GC TO 2 BESVO3L0
USE ACTULAL S&RIES DEFINITICNS BESSC222

CALL BLJDEF(N¢XX,BLJ) B8ESV03230

NO NEED T3 CALCULATE NEUNMANN FUNCTICAS FCR HCLLCW CYLINCER CASEBES-C242
IFIRINeEQeTeD3) RETURN BESQV3SC
T TTCAUTBLVYDEFIN,XXGBUJ,BLY) & BESQJ26)
RZTURN BES<I272

13 IF(N.GTe8) GO TU 22 BES0028¢C
USE ASYMPTOTIC SCRIES BESGC29C

CALL PSQS(NyXX,TOTP,TOTQ sARU} BES 0473
BLJ=BSLJ{TOTP,TOTQARG) B8ES 3041C

- CHECK HOLLOW CYI INDeER CASE  ~ BESIc 424
IFIRINaCWdeUedC) R:TLRN BES> 143,
BLY=BSLY(TOTP yTOTA v ARG) BES Jo4el
RETURN BESUL453
USE ASYMPTOTIC SERIES THEN RECURSICN BES I 460

<) CALL PSQS(B84XX,TOTP,TOTQARG) BESONATL
- SLIN=dSLI(TOYPYTO TR ARG )™ "~ 3F5304380
CHECK hOLLOW CYLINDER CASE BESUC4ST

IF(x INeEQe%eD>) GO TO 25 BESUCEI0
3LYN=BSLY(TOTP, TOTQ,ARG) BESJULELL
CALL PSQS(T+ XXy TOTP »TOTG9ARG) BESICE22

A-32
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D i

" 'END

5 e vy

BLJNML=BSLJ(TOTP,TOTQ4ARG)

CTTTTTBUYNMISBSLY(TOTP, TOTQWARG) T

CALL RECURIN¢XXoBLJUNoBLJINML 48LJ)
CALL RECURIN)XXyBLYNoBLYNML y8LY)
RETURN

nJLLOW CYL INOER CASE HERE
CALL ?SQéLZgX!QTUTP,TGTQ.ARG)
GALL RECUR(IN¢XXoBLJIN9BLUNML 3LJ)
RETURN
BLJ=C oD
BLYs=14D75
RETURN

- g - —— Ui n M A e

. M — o ——————— o+ . 5D sk D e e m e i o

- ——— e s

~ ————— e Ak At e e e

b em T W A e - ae S

BESCJ530
BES.cS4v
BESJICES50
BESCCS560
BESULSTY
BESI054C
BESUWSST
BES )L 6UC
BeSduéle
8eESGueE2C
BESLLEIT
BESVIEWC
BESCIESC
BESVJ66C
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" JUN 74 ) o 0S/7260 FORTRAN H
PILER OPTIONS = NAMEs MAIN,OPY=22,LINECNT=55,S12E=CDCIK, '
SOURCE 2 EBCOTC YNOLIST o NODECKoLCAC ¢MAPoNCEDIT ¢ ICoNCXREF
~ SUBROUTINZ BLJDEF (NoX,8LJ) c
C

; Cti“."tttl“.“t..i-t“‘tt‘t.‘.‘0.“0‘."‘.0.“"‘0“.‘.."..““‘.C
N ' ‘ ¢

' C THIS ROUTINE CALCULATES THE BESSEL FUNCTICN USING THE ACTUAL C

" c SERIES OEFINTTTIUN FUOR 'ARGUMENTS LESS THAN CR EQUAL TC TEN. c
S C c
% Ctt‘tttt‘t‘tttt‘#tttttt‘-t.'tt!“‘.“0!00'." I PII ST SI LI AR 12 1 211 od
. c

|

IMPLICIT REAL®E (A=DyF=H,C=2)
COMMON /CUNV/UP,,DN

TTTCOMMON /FCTRL/FACISTY P STt GS)

IF(XeEQe0eD0) GO TO 30

WATCH LIMITS OF STORED FACTORIALS
L=1,0C
MsST=N

M=57=N
3100
Lls Xe X
SUM=J4,D%
TOTAL=340C
Ei=l,

D B o 0 XL

Ksl=1

- VARZ2,D0%%({ 2¢K¢N)

o —

5

13

TOTALsSUMEJ®Z/FAC(I)/FAC(I+N)/VAR
IF(TOTAL<EQedeDI) GO TO S
CHECK CONVERGENCE

TVAUSSUM7ZTOTAL™
IFIVALeGT.DNeANDoVAL,LToUP) GC TC 2C
EJ==EJ

isl%27

SUM=TOTAL

CONTINUE

B s e ——— L ———— > -

T T BLIEX®ENETOTAL R

kle)

4C

s st -

RETURN

lF(N.GT.D) GO TO 40
BLJ=1.00

RETURN

BLJ=0e00

RETURN - T
END

A-34

8LJ 30010
BLJdGl 22
8LJa003¢
8LJO0040
BLJCOSe
BLJNVY6Y
8LJuOCTO
BLJuCJ8C
8LJI60S0
8LJO0L10V
8LJ ALY
B8LJI0L120
8LJ3U130
BLJVGL40
BLJOULSD
8LV JCLTS
8LJO0160
B8LJNULEC
BLJOALTC
8LJ0V18C
8LJ>ulS4
BLJOV2GC
BLJ 021D
BLJuC 223
BLJOV239
BLJU0249
BLJIUn 25
B8LJD0260
BLJGO2TC
BLJIC28¢C
BLISO290
8LJI0ZCO
BLJNBu2L1S
BLJIC 322
BLJOC323)
BLJCTC34C
BLJO0257
B8LJIG260
BLJOO3TC
BLJ 2380
BLJCC2SS
BLJSU4I0
BLJ svéls

D4 .

P

Weronecsoth

. “
el

e o e
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JUN.T4.) . _ - 0S/7263 FORTRAN H

PILER OPTIUNS = NAMEs MAIN,OPTSC2,LINECNT=56,51ZE=JC00K,
SUURCE y EBCOTC YNOLISTyNODECK LCAC o MAPyNOED Ty 1Dy NCXREF

. SUBROUTINE BLYDGF (N¢XeBLJeBLY)
gtgt*ggygp.gt:gy.:yytaa.tapattstt:0to.-o¢n."owo-:otntttot.tttttwvt--g
g THIS ROUTINE CALCULATES THE NCUMANN FUNCTICN USING Tré E
"0 ACTUAU SERTES DEFINITION FOR ARGUMENTS LESS THAN CR EQUAL TC 10 C
'gi.i-hi:ta-.-iht-ttttitnnttu--.‘otoattoot-.tttatt-ttt:tt-wttnttttt.wtg
C C

"IMPLIC LT REAL®E (A=DF=H,C~2)

CCMMON /CUNST/PI
TTTTTTCUMMONT/CONVZUP, DN

COMMON /FCTRL/FAC(57),PS1(6C)

— ke R

!le.EQ.u.03)
"TOTAL=QJ,.D<
CUM= D0
SUMNSTYOC
LsXeX/4e0)
IFIN.€QsD) GO TO 1%
1is1,00
TOOTIC TSN T T T
DIVeFACIN=[+1)/FAC(])
TUMSCTUM+DIVSZZ T
Ilsllnl
T19 CIONTINUE T T
15 213140V
=R Ejeye
M2 57=N
o CUO I = W T T
DIVaZl/FACLI)
CTOTAL=2SUMS{PSTIT)I#PSITIIeN))SEISDIV/FAC(I#N)
I1F(TOTALSEQedeDC) GO TO 20
C T CHECK CONVERGENCE
VAL=SUM/TOTAL
T T T IR IVAL SO T DNGARD VAL LT UPT G TC 437  ~
20 EJys=EJ
DY ¥4 ¥y A Y A
SUM=TQTAL
20 CONTINUE 7 7
40 DIVE( (24037 X)*%N} /P
o BLY={=-DIVI*CUM+T 2,
RETURN
E0 BLY==-1,D75
RETURN
€Y BLY=1,D075%
RETURN
eNL

GO TO 53

e s o e [

f
i
i B R e I
{

i

A-35

BLYJOOLL
BLYCGH2G
BLYQVO3C
BLYJC D45
BLYOU5¢C
BLY3306C
BLY v Te
8LY 30384
BLYJGESS
BLYZ)O1).
BlL.Y-Oll%
BLY2312¢
BLY 2,130
BLYJOL4Y
BLYJGU15C
BLYJO14¢
BLYSOLTY
BLYSO13¢
BLYOJOL1GS
8LY J024¢C
BLY 30210
BLYI0223
BLYJC239
BLYNG248
BLYJC25C
BLYZ226°
8LY L2735
BLYRD28C
BLY.Z 29
BLY?20307°
BLY20Z1C
BLYSJ32¢
BLYIO33¢
BLYSJ 240
BLY U35
BLY G360
BLYJO3TC
BLYou38C
BLYOC26C
8LYCN4&IC
BLYV04LC

SIPTYSDLCG(X /24D ) #BLU=(((X/2,D21#=N)/PI)*TOTALBLYID42C

BLY2C430
BLYUC @4l
BLY )C45C
BLYOZ46C
BLYC24T0
BLYZQ488



It dlat & Do it ok

R . o o T B

Bt

.

; JUN 764 ) . : o 087360 FCRTRAN H

-

IMPILER OPTIONS = NAMEs MAIN,OPT=02,LINECNT=356,512E=0CO0K,
{ SOURCE «EBCDICYNOLTSTYNCOECK +LCAD o MAP ¢ NOEDIT o IDoNCXREF

§
i e c cAP:0C2¢
{

_FUNCTION CAPGAM (N,IQ) CAPSGOLS
e e e P PP TP PR TY DR AT RYT I D R DY E DY DY 1 CAPOJ03%
[ ' o CAPSSC4C
C ACCEPTANCE SQUARED IN THE CIRCUMFERENTIAL DIRECTICN, C CAPAQU6C

e THIS SUBROUTTINE TOMPUTES "THE "STRUCTURAL™TC ACCUSTIC c CAPGIOS5C
C C CAP 4073
(RS RANRERBIERESEBEEBLL ISPV SHIBS DI IND VIS0 SIS0 CAP3CO8C
c c CAPQ095C

" IMPLICIT REAL®8 (A=DyF=H,C=2) CAPQ0192C

COMMUN /ACCEPT/ALFA CAPZU11C

TTTT T CAMMONZ CONSTZPYTT T T T capcliacs

8N = FLOATI(N) CAPCCL3T

9GPl = PIsFLOAT(1Q) ' CAPI 142

QPIA = QPI/ALFA CAPOO15¢

IF(DABSIBN=QP1A)eGTeleD-2) GO TO 1U CAPV16C

CAP GAMSALFA/2,00 CaPLILTS

G0 YO 29 Tt ‘ CAPCO18C

10 TSTANG=uP [+ALFA®BN capPl01S5° -
- ANGUMsCMOD{TSTANG.PI#2,D0) CAP L 2)C
IFCANGUM LT 016D =2 eORe (PI#2, DO-ANGUMIeLTelaD=2)6C TO 29 CAPQU210
PHIJs=ALFA/ 2,00 = CApP3C22C
IFLUIN/72)%2e53elQeANDeNeNESCIPHIS2PHIVOPI/(EBNS2,02) CAP%C23¢
TOABSTOMODTON®PHI T, PTIT=PI72eT 7l eLTele 0-2)GC TC 30 CAPGL 240
CAPGAM= (DCOS(AN®PHISZ)=DCCS(QPI+BN*(PHIQ®ALFA)) )/ (CPTA#EN) CAPJ25C
YT T {DCOSIBNSPHIC)=DCOSIGPI=BNS(PHIL ¢ALFAY ) )/ LQPIA-BN) CAPJQ26¢

CAPGAM=CAPGAM /2,00 CAPIQ27S

20V CAPGAM = TAPGAM=»2 ' CAPQC28C

RETURN CAP G029

T IT CAPGANET DT TTmm oo o CAPDI23S

RETURN CAPON210

ENDT T o ' o LIvivi¥ie

A-36
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JUN 76 ) .. . ... .. 0S/36) FCRTRANH

IMPILER OPTIUNS = NAMEs MAIN,OPT=02,LINECNT=56,S1ZE=0COCK,
) NOLT SYyNCOECK LCAD MAP, NCECTT , 1D NCXREF
SUBROUTINE COPYC (N).

T c
CONNBANEESRELENENAEREEERESBEBEEEE S22 09809989805 050ERESNINBREERSSESR(
- - e mrmn remmnm ¢
C ThiS SUBROQUTINE COPIES STRUCTLRAL MODES STMCCS ANC INCICES c
= ARRAYS FRCM WHITH THEY ARE CRCSSED OQUT AS ~ C
€ _THEY ARE USEDe THIS ROUTINE 1S USED BY MAIN PRCGRAMS *PURTCA* (
c ANC VACCEANY, ST ‘ c
c C
CEBRt BB RNBEARBEISRSSRE IR RSB ELEIB SN H AP IR IABUREBE RSB I SRS SRR BEREE
C C
T T TTINPUTIC Y REALET TASOZFEHL,C=2) T T T
__COMMON /SAMPLE/TEMP(1203)+LPCSI1200) ¢NUNTMP
COMMON /STRUCT/STMODSI120.) o MPUIL12D2) ¢ STMCD3(4) 2 93) ¢ MPC3 (40 )y
b NUMST.NUM3
c
L 00 19 I=1,NUMST
T T T YeRPTT)SSTNUDSTT oo T
LPQS(1)=MPQ(])
19 CONTINUE 7 T 1 T ‘
c NUMBER OF ELEMENTS IN TEMP ARRAY
o NUMTME S NUMST > B TETT g
RETURN
END I

A-37

CCcPQ0010

corPeoS2s

CCPLOG L
COP €47
COPJICC5C
CCPOOVGY
CoPuwCG7C
ccpiccac
coP3S0s9L
CcoPIN1IRC
COPLT1LC
copdciec
COPO013¢
COPIClac
CCPIVLSC
COPGO169
COPOCLTC
CoPQCO183
COPOS19¢
COP2323¢C
CoPJ0210
CCPo022¢$
ccPag23?
CoPIu24”~



JUN 74 )

(87360 FORTRAN n

INPILER OPTIONS = NAMEs MAINJOPT=G2oLINGCAT#564SIZE2QGIIK,

SOURCEEBCDICINOLISTyNCDECK ¢LCAC +MAPoNCEOLT ¢ ICoNCXREF

W -

[ )

, SUBROUTINE CUBIC(XP¢QeRy®) CUB2VCLS
' 14PLICITY REALSB(A=D Feoi,y0=2) cuBCuo 20
i DIMANSION Xt3) cuBlia.
| OATA P1/24141552¢53586726D38/ CUBL IS0
. A=Q=pPw®P/14D0 CUBuLIUSS

‘ B ( JoLI¥PERI=GIUCnP Qe 2T, DeR) /27eD8 cuB3LD6S
IF{(B®%2/4,00¢A%83/27,D0%)45Te5eD0) GG TC 10 cUBISCTC
RTA22033RT{=A/34D9) CUBI0080

] PHI2DARCGS(=B/1 2,D08DSQRTI=-A#23/27,00))) CUBGIL L
3 X({1)8240C8RTA28DCOSIPHI /2,DC) =P /3,4 DC cuedold:
|  X42)m2eCO*RTA24DCOS(PHI /340C+240C9P1 /34 Du)=P/34 D) cusenN1ld
‘ TTRE3TR 26 DCORTARBOCOSIPHI /3000¢4eDCPPL /34 CCI=P/ 236 0) cuatolae

RETURN CUBWilC

HEA e e

—t— e v o ——he L e - - e

12 WRITE(7,13C) CuBdvlal
150 FORMAT! iXs ! IMAGINARY ROOTS*) Chaduise
RETURN 1 ' CuBQd16Q

END Cuedvl7¢
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VJUN T4 ) . L 087360 FCRTRAN K

IMPILER

C o weiw s

OPTIONS = NAMEs MAIN,OPT=02,LINECNT=56,SI2E=0000K,
‘330Ft!"!§t61¢"hdtlsr.Naoecn.tcac MAPyNCEDITy IDyNCXRES
BLOCK DATA

_DIMENS ION FAC1(27).FAczl30n.Pstxtsoo.Psx213co
TCOMMON /CONST/P1
CCMMON /CONV/UP oON

"~ COMMON /O0IR/iSAME,10PP - -

COMMON_ IFCTRLIFAC(S?).PSI(bC)
EQUIVALENCE (FACI1)+FACLIL)) o(FACL28) ,FAC2(1))
- EQUIVALENCE (PSI(1),PSIL(L1))o(PSII3L)¢PSI2(1))
DATA PI/3,141562£6525867923D05/9LPoDN/1e00CO00500,7069599950%7
DATA [SAME, IOPP/1,~)/

STURED FACYORIALS —— ~— =~ 7
DATA FAC1/1400€ 90102680 )CC0¢C1,e2022090400401,
0600CIC000J000ECED+231+024200000002000000¢32,
, olZOOOOOOOOCOOOOOD*OS.o720000060000003000039
0 5C4S03CCCICCOUCLD+Q4 00 43329C000003C0000¢05,
0 3628800000C003000¢C6+436288000000000000407,

©359166066006000000+C8+e4790016C000000000+55
06227G2080CCCICTLD*#10+087178291279CC05 Y0411,
0130167436800000C0¢13,+020922789888C00000¢14,
03556£7428C96000C0+1500640237370572680000¢+16,
0121€451004088320D+18+02432902CC81766400¢15,
0513909421717C5440420,e11240007277776080¢22,

]
i

1
¥
1

salnrnensnnnse

o 25B520TET38684580+23+06204484017332394D¢24,
015511210043330G650¢26+04J329146112660560¢27/
DATA FACZ2/410E8886545741825029+03048883446117138030,
088417€19627357C%0¢31,426525285981219170¢33,
0822283865417752C0+34902631308269326934C¢36,
0863331761€6811E84D¢37+025523279503962400¢29,

e I033314T6E63BE14D+417.3719933267395011D+42,
013763753C51226340 04490 52302261746660C90+45,
- 02036788233115743D+¢47+¢8156152832478974D¢48,
0326452226€13163750¢50+0414050061177528790¢52,
060415263C63373800¢53902658271574788447D¢55,
0115622227 86548U10+57+4455726221598125850¢58,

0 25BEZITAISIITEEND+E01e12413915562536260+62,

06C82818645242671D¢&3903C41409320171335D0¢05,

-~ o155111£6753287381D¢67+08C65817517094361C¢68,

042T74883264060022047C1e23708436673392412D¢72,

01266€403353658256D4749071359856780486270+75/
STORED PSI FUNCTIONS

PR et nnraran

DATA Pbl1/-53772f3664901332§0t0o0.42278433539846710009

.92278433509&4671D006oC.1256'176684’18u¢00&1o
Je 150611 7€6€E431800D+0L 00e17061176684218CCC*)1,
DelJ37278433535846T0D+C1 ¢06201564147795561C0+01,
0.21406414779556100001o0o22517525890667200001.
0e2351752585C6672CD+51 1)e2442661675975811C+.1,

lnl<dQ4JC ®*nee

T 0e2525995C133091440¢01,0.2602918C902222210451,

2026743466€16607930401 40027410123282274590+31,
T T Qe 2802513328327459D40100428623363577392240+31,
Ce29178924132¢47790+01 40e2972523592242148D+01,
0e30205235922421470+11062068143039861155C+ul,

e e A-39

CATON010
CAT00020
0ATU0J3C
OATI004(
CATCLO5C
DATISC6S
CAT 2007C
CATICS8C
DATIOu9
CATSSiC0Y
OAT011S
CATIV12C
CATLUL3.
CAT014C
CATOulSC
DATX 16V
CATO017C
DATUO18C
CATCCG19¢
CAT 0200
CATOG21C
CATOL 225
CATOV23¢
CATY0240
CATu( 25.
DAT Q260
CATQQ27C
CAT3G28(
CATuO29C
CAT00330
CATGO210
CAT J9329
CATO033C
CATQ034(
CATI0353
DATUO360
CAYQQ37C
CAT o280
CATQU39"
CATAC40C
DATIU4L.
CAT Y0427
DATLO430
DATIC 44
CATCQ45y
CAT Suéél
QAT 2047
CAT 29487
CATSL4S0
CATICSS
CATICELS
CATIuE2D



Ce31135675853157430¢C1003157)75846108230350+01, 0ATQ022C
Je3198T4251285197200041 ¢ e52387425128519720¢4uly DATOUS40
, 3e3277204C51313510040) +)¢3314241)883525647C¢01, DATIS 550
r D¢ 3346555374C643330¢01 12¢33094381326855220401/ DATIUS6V
) DATA PS12/063417771466C18855D1 906345002953053498401 DATJCST¢
Co348127553C5349840¢°1,+2¢351158256828C150¢C 1, CAT.NEBC
Je35405943255438¢ T0001 10e35695657541153250401y CAT ICS59¢
Je 3597343531 8631030001 yue262437055892012CC+C1y CATIGECS
50365C68634839538140¢014)63676327374)2484(0+01s CATwuELL
Je3701327274U3484CD¢21 yue3T25717617927278C+C1y DATIC62C
03749527141 1646802D+)1 +106237727829557302500¢C Ly CATIVEIC
0e37655102284275630+01 ywedBLTTI2450649785C#)1y CATICEG.
03839471581 2845680401 ,Je38607481768292480¢040 CATIC0E3C
”””””” Te30315815131625820+71906439C19856734278880+01, DATCO663

Ve362163G£7342T68T0¢) 10e394:537516565142C+01, CATUOET.

303960820828576591 104U v0e29796962123242120¢01, CATOOES8C

03558214728842732D0¢35]1 406431 635654TU2455C0¢0U1, CATUCEI

De4)3425368958816930+01 y0e4051797549533815C+uly DATIGT20

Codu65C385288411600001 ¢704085988081383523C+01/ DATCOTL1L
- ooTTTrm o T CATOO72C

&8 8

L it LIRS

|

3
rranenies

L 28 N 2N 4N ]

T END

o ——— - r— - L
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AT

Rah 2

PO JUN T4 ) 0
IMPILER OPTIONS = NAMEs

C W e R G2 &

C$/36) FCRTYRAN A
MAIN)OPT=02,LINECNT=56¢SIZE=QCOCK,

SOURCE,EBCDIC,NOLIST,NCOECK o LCAD s MAF 9 NCEOIT ¢ IDoNCXREF
_FUNCTION DOB (N,RK)_

¢ c
COttt‘.ltttttit‘.t"tb“..““‘t‘.““O..““..‘tt.t‘t'tt.‘ttl“‘.“‘C
oo ot c

__c FUNCTION 008 EVALUATES THE EIGEAVALUE CQUATICA, WHICH IS TrE ¢

—C 3 HE CROSS PRODUCT OF "THE DERIVATIVES CF THE c
C _BESSEL AND NEUMANN FUNCTIONSe THE SIMPLE DERIVATIVE CF Jix) IS C
ALSO HANOLED FOR THE HOLLOW CYLINDER CASE. (

; c

C
Coesddn iRt b snt st ustnsnisss ittt 09400080000 Rtsissssststtsnens(

i,

c
E TTTUTTTTTTINGTICIT REALRE TASDF=H,C=2) T T

c
c

_ CUMMON /EIGEN/BETA,BETA3,BETAS
" COMMON /RADII/ZRINGRUUT

T AKNSN/RK T T

USE ThE RECURSION RELATICN TO FIND THE DERIVATIVES

CALL BESS ’ INGAKYNY  —— 7 7
C‘LL BESSEL ‘N’l!RK!AKJNPl"K'NPl.

T UCHECK FOR ™ THE HOLLOW CYLINDER CASE
lF‘RlN.&Q.O.DQ’ 50 TO 1c
‘"BK=RK&BETA

BXNsN/BK

T CALUTBESSEL Wy BXeBRKINGBKYNT — "7 "7 7"~

e

CALL BESSEL (N+1,BKBKJNPL,BKYNP])
T EVAUUATE EIGENVALUE EQUATICA
OOB‘(AKN‘AKJN-AKJNPII‘lﬂKN‘BKVN-EKVNPll“(EKh'BKJN-BKJNPI)‘

T T T TARN#ARYN<-AKYNPLY”

RETURN

1T CUOB« AN ARIN=AKINPY
RETURN
TTEND
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00300090
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0082011C
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LJUN T4 . _ . 0S/360 FGRTRAN H

IMPILER OPTIONS = NAMEs MAIN,OPT=02,LINECNT 256 ¢S12E=000C K,
SOURCE, EBCD I

CoNOLTSToNCOECK o LCAD s MAP NCECIT o ICoNOXREF

i
=i B
o AP S o g b

4

. SUBROUTINE FNONST (LoKeloISAVEINoIAINUM,s,8) FNCOQ21C
Cc C FNDQSO20
ccotttnttt‘--tnatncnta:ua-t-ao:onto.ot-notono0000o»t--ouato.-‘ooaattac FNOQJ2 3
c CTT C FNDSOCw?
_C 1+1S SUBROUTINE SEARCHES THE INPLT [A ARRAY FCR THE *AEXT® C FNC3GII5¢
¢ V] UF. THIS NEXT VALLE pAY Bt EITHER IN THC UFWARES C  FNDBJISU6C
c (DECREASING SUBSCRIPT) OR OCWAWARDS (INCREASING SUBSCRIPT) € FNDGOCUTE
C TIRECTIUNe THE INPUT IA ARRAY IS THE ARRAY CF INDICES FCR TFE C FNDJCLSBL
C MORAL FREQUENCIESe THIS RCUTINE 1S LSED IN *PCALCC', CALLEC C ENCIuESE
c 8Y MAIN PROGRAMS *PURTON®' AND *ACCBANY, C FNDOOL1YE
C € FNDJOLLC
TCATRNITRE P ARAIRANRNESTIRABANERSNIC SRR OS2SR SSUSESRIvASR St Reedn(  FANCIC12C
C C FND ol
IMPLICIT REAL®8 (A=DyF=H,0=2) FNC3014L
DIMENSION lALL) FNOGOL150
COMMON /ERRCR/LAST FNC Y162
C _ ENCILTC
d SAVE CURRENT TNDEX FNC2018C
LASTs | FNOWu192
c LK LESS TTHAN ZERO MEANS PRCCEZD IN DCwNwARDS DIRECTICN FNDOC2IC
IF(IL*K)elTed) GO TO 3C FNC2921¢
C 1F OPPUSITE OIRECTIUN, START AT INDEX LOCATICAN WE LAST USEC FNOu223
C IN THAT OIRECTICN. ) FNDLCR3D
IFTCecQe~1) [=TSAVE T T ENCQG4C
KKs -1 FNDvC25¢C
[F(KKelLTol) GU TO 15 FNDOw 261
c ~ SEARCh FOR MATCHING FIRST TwC (CR CNE) MCCAL INDEX FMDCO2TS
C IN UPWARDS DIRECTION FNOOLZBC
_ O 1. lls]l,KK _ _ FNCo029C
- JEaKK=1T+]) - T FNDIO2C2
IF(IALJ)eNESG55555) GO TO 20 FNDQO31Y
1) CONTINUE ' FNBIe32”
45 CONTINUE FNLCO23D
IF(KKeLTolaANDeL: cQe=1) 1SAVESLAST FNCAU 240
RETURN 2 FND - 352
¢ TF OPPOSTITE OTRECTIUN SAVE INDEX CF CTHZR DIRECTICN FNCSJ2éC
" IF(LeENe=1) ISAVE=LAST FNDCC2T0
KsJ o ) FNDDC 28,
I=J ENCLCL3ST
" RETURN T FNCI04C O
C ODOWNWARDS DIRECTION FNC..4l:
TOTTET s Tl o FNDC 422
C IF JPPOSITE DIRSCTION START AT SAVED INDEXel FNCGU43,
"IFl{LeEde=1) JUsISAVES] FNCIC442
IF(JJeGTeNUM) GO TO 45 FNC 5. 45¢
CO 47 11I=JdJdyNUM ) FNCOJ4ED
IFCIALII)eNE€599995) GJ TC 5C FNCUC&?.
T T T4 7 CONTIRUE - FNC2oN48¢
45 CONTINUE FNC2L49 .
T YFUJJeGTeNUMGANC oL e5de~1) I SAVEsLAST FNC 0SS S
RETURN 2 FNCooEL>
ECTIF{LeCde=1) ISAVEsLAST FNCcu525
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Ke=1]1 ENCOC %3¢
=11 i o ENDICS4Y
RETURN 1 - ENCSC 550
gNo T ’ ‘ ENDOJS6S
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CoUN 74 ) . . 0S§/7369 FCRTRAN W

IMPILER OPTIONS = NAMEs MAIN,OPT=02,LINECNT=56,S1ZEsCO00K,
SOURCE +EaCOTC oNOLTSY yNOOBCK oLCAD s APy NCEDIT » IO 9ACXREF
_ SUBROUTINE FNONXT (LoKol oISAVEINIAJNLN % ¢8)

D ) Do A
E T —

¢
.“‘..O"“‘..“...‘..““‘.“.'....‘ 029989V ENIRERTEE NSRBI IVERR(

c
¢ b datbeqasiitaarhi e
__C __THIS SUBROUTINE SEARCHES THE INPUT [A ARRAY FCR THE CAEXT!
T REQUESTET VALUE. YHIS NEXYT VALUE PAY BE EITHER IN THE UFPWARCS
c (OECREASING SUBSCRIPT) OR DORNWARDS (INCREASING SUBSCRIPT)

C T CIRECTYIONe “THE INPUT 1A ARRAY IS THE ARRAY CF INDICES FCR Tré
c
¢
C
"t
c

P U

MODAL FREQUENCIESe THIS ROUTINE 1S USED BY PAIN PROGRAMS
WPURTON'  ANO *ACOBAN'e

SENBETERINEONE RS UNSESE PP IR e NES 0093430080888 0808300t sdssdgninn

|
(a¥ulesXaleaNalaXaNalal

IMPLICIT REAL®8 (A=DF=H4,C=1)
DIMENSION 1A(1)
COMMON /ERRCR/LAST

C
(. SAVE CURRENT INDEX Tt T
LASTs |
c LK LESS THAN 2ERO MEANS PRUGCEED IN DCWNWARDS DIRECTICN
lF((L'K’oLT.J' GO 70 3C
C 1F OPPOSITE DIRECTION, START AT (NDEX LOCATICN WE LAST USEC
C IN THAT DIRGCTIONe B
eEQe™ s]SAVE T ot o -
KKs [=-]
1F(KKeLTel) GO TO 1%
SEARCH FOR MATCHING FIRST TuC (OR TNE) MCCAL INDEX
IN UPWARDS DIRECTION
00 1) li=s]l,KK
JsKK=11¢1
ITST=1A(J1/10CH
[FCITSTLEQWN) GO TO 27
1¢ CINTINUE
15 CONTINUE ’
IFIKKeLTo leANDoLoEQe~1) I“VE'LA‘Y
RETURN 2 "
C IF OPPOSITE DIRECTION SAVE INDEX OF LTHER DIRECTICN
2 LIF(LoEde=1) 1SAVEsLAST
K=y
Isy
RETURN 1
c COWNWARDS OIRECTION ~ 7777~
20 Jis e}
C 1£ GPPOSITE DIRECTION START AY SAVED INDEX+]
[F(LeEQe=1) JU=mISAVE+]
’ [E(JJeuToNUMY GO TO 45
00 43 lI=JJ,NUM A )
:‘ -y — —U—-——m mrm-gr—-———— ——— i r— - 45 P, .
, IFCITSTeEWeN) uU T0 58
45 CONTINUE
45 CONTINVE . . ORIGINAL PAGE 1%
- t §
IFCJJeGTeNUMGAND oL oeEQe=1) [ SAVE=LAS OF POOR QUAL“

o . NP

o0

A-bb

FNDQ0ULD
FNOCUO 20
FNOCVO3S
FNDICO4Y
FNDCICLS5L
FNBOJ06L
FNDOGC 7O
FNCuLl8L
FNORIG9C
FNDJOLIC
FNDCCL1%
FNDGO12¢
FNDOO13v
FNCI014$
FNDUU159
FNCJCL60
FNCOO170
FNDOCLBC
FNOeC19¢
FNCCO20C
FNOOQC 210
FNC)C 22¢
FNOJV230
FNCS0248
ENCLL 257
FNOCC26C
FNCO027C
FNDL026¢
FNCCC29¢
FNC20330
FNOCG21G
FNEIG225
FNCIV33C
FNCIG34C
FNCIUZ5C
FNCOC342
FNCQI37C
FNDQO38¢0
FNDSG290
FNCO040C
FNOCT4LC
FNCOu42C
FNBQC430
FNDZT 44
FNOQO457
FNCOC46C
i NCIuaTl
#NCIC48S
FNL3245C
FNCLGEDT
FNCIUSLL
FNCOGS23
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RETURN 2 i ‘ L
LI L li oEle~1) ISAVESCAST
Ke=11
- e R e
RETURN 1

| S
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FNDOG 540
FNO 0552
FNDJV56C
FNCOUSTC
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t JUN 74 ) 0S/7350 FCRTYRAN H

)F‘PILER NPTIONS = NAMEs MAINOPTsC2oLINECNT=56.STZESCCIZ Ky
SOURCE (EBCDTC,NCLISTINCUECK oLCAC+MAPyNCEDIT o ID)NCXREF

SUBROUTXNE FﬂSFND (AJNSIZEyK) FRSS2017

c C FRS0032¢
C‘l"ltt“l.‘tlt“l‘ttt‘t"‘tt..l.tt‘.‘.l‘0".‘l‘..'.IO‘.“."""“‘C FRSQOC 30
(4 C FRSJODGD
C THIS ROUTINE IS USED TO FINDU THE MCDAL FREQUENCY INM TrE INPUT C FRSOULSC
C ARKAY wHICH 13 NUMEBRTCATLY TLCSEST Tu THE EXTERIOR EXCITATICN C FRSCOCHY
C V»FREQUENCY.,,THE VALUE RETURNED IS THE INDEX CF THE LCCATION C FRSCIMTC
c IN THE ASSOCIATED INUICIES ARRAY, THE RETURN VALUE IS GIVEN C FRSOUuBS
c A NEGATIVE SIGN IF THE NEXT CLCSEST VALUE IS IN THE UPWARCS C FRSOII9%
C CIRECTION (DECREASING SUBSCRIPT) OR A PQSITIVE SIGN IF TrE C FRSIVLIVG
C NEXT CLOSEST valut IS lN THE DCkNuARDS DIRECTICN (INCREASING C FRSCILLS
T 7T SUBSTRTIAT . € FRSCT128
C C FRSULLISC
Cosatansnusibhnin SRR LSRN LRI R V0B SIS RSP RBR R IRRSSEBERER( FRSow 147
C C FRSDJOL50
IMPLICIT REAL#8 (A=D F=H,(C=1) FRSJIOL60
DIMENSION A(L) FRSIVLTS

Tt T COMMCHT JFREV/ WSS T T T FRS3J18¢
o FRSJYC1GC
C " NUM s CLOSEST EVEN NUMBER TC NSIZE FRS .9 2J¢
NUMs (NSTZE/2) %2 FRS Juwll

c SEARCH Tl AT A TIME FRS00220
00 17 Is1eNUM,2 FRSVG23.

T TFTATTT o0 e nSQeANDSATT¢#11e5Te WSC) GC TO 10 FRS 00245
c [F THE CRITERIA IS SATISFIED THE FIRST TIME START FRS U252
C AT TrE TOP OF THE ARRAY FRSAC263
IF(1eEQel) GO TO 73 FRSICZTC

c T FIND CISTANCEZ YO FREQUENCY (1) FRS 30280
TST1sDABSIWSQ=A(!)) FKSIC23C

T TIRCAT I L GTe WS GU T 2T T 0 T FRSCJ3G"
GO T0 20 FRS2S321L

10 CONTINUE FRSAN323

Cc START AT BOTTCH OF ARRAY FRS.L22C
GO TO 80 FRS 53473

C FIND DISTANCE TO FREQUbNCY BELCh FRIEIC3S5L
T U YA Y ZEDABSTWSR=ATIS1) ) T N FRSC5260
IF(TSTL=TSTZ) 49¢5C,5C FRS3C2TC

o FIND DISTANCE TGO FREQUENCY ABCVE FRSZSJ28S
20 TST2=DABS(WSQ-A({]+]1)) FRSLC36C
IFUTST2=-TST1) 65,70,7C FRSI042S

Cc DEF INE INDEX AND SIGN FRSIL4GLC
T 4Y RKE=T T o e FRSUN42T
RETURN FRSGC43L

€S Knl=1 FRS 44T
RETURN FRS JL45.

€7 Kz=(]+l) FRSCU467
RETURN FRSGLUAT .

0 K= - - FRSS%48%
RETURN FRS )049¢

EY K==NSIZE - FRSIGSETS
RETURN FRSICS1.

END T T FRSJDE2D
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{ JUN 74 ) 0S/369 FCRTRAN H

JMPILCR OPTICNS = NAM(C= HA!N.OPT'OZleNECNT'sboSllE'OOOQK!
SOURCE2BCDIC yNUCIST I NODECK oLCAD o MAF o NCEDIT o ICINCXREF

FUNCTION GAMA (M,IP) GAMOCO1D

c ’ C GAMOOC2S
cttt.n.t"“t.t.‘ﬁ!‘.‘.‘.‘..iO“‘t‘.‘ SN0 RNRIVSBINSLSREL DS ERER NS S G AM INC 3,
c C GAMO0)«C
_ ¢ THIS FUNCTION CALCULATES THE ACCEPTANCE FUNCTICN BETWEEN C  GAMODUSC
C TSYRUCTYURAU MUDE™IP AND ACOLSTIC MODE M, C  GAMYONGL
¢ C GAMOOOTS
C‘!“ttt.ittl.“l..titlti..‘l“t.““t.itilt"Ot‘tt"“n‘.""‘l‘.'.tC GAMCOQ 8¢
C  GAMSIS9Q

IMPL ICIT REAL®2 (A=DyF=HyC=2) GaM20170
CCMMON /CONST/PI GAMOIVL it

= CCRMON"/TERMS/RATIO y SEGLTHPICYL sZ0 +PICYLZyPILSS,PISEG GAMCO12¢

C GAMOO 43S
RATM=M$RATIO GAMIO14S

c CHECK FOR SPECIAL CASE OF INDEX CCMBIMATICN GAMP0150
IFLOFLOATUIP)oEQeRATM) GO TC 13 GAM( 2160

RATMP I=RATM®P | GAMCO17)
CeETEMSPICYCT T T Tt T GAMGO18(
F2= IPPISEG GaMSS16¢
F1F2sF2=-F1 GAM0C 200
FRONT= 140071 24D0*F1F2) GAMOG210
FRNT=a1.DC/( 2.DC*{F1¢F2)) GAMNG 227
ARG2I=F1l®2) GAM0G230

S 1-1c3 £7.1- 1 ¢ S GAMO0240
FamRATMP | #ARG2 GAMIC 25¢

ARG2= [P¥PI=F3 GAMOC 260

ARG4= [PeP 1 +F3 GAMOO27y
TSTANG=DABS(ARG1=ARG2) GAMC 280
ANGUMSDMOD( TSTANG 4P 182,D0) GAMCG29¢

o TFTANGUM LT Le0<Ze0R o0 ( 2 DC®PI~ANGUM) o LTo16D=2)GC TC 2J GAMD0300
GAMA=FRONT® (DCOS(ARG1)=DCOS(ARG2) ) *FRNT*(DCCS (ARG3V-CCCS(ARG4))  GAMOQ210
RETURN GAM0O0327

13 ARGlsIP*PISCGel0 GAM00 230

S INDsDSIN{ARG1) GAMO0 240
IF(OABS(SIND)eLTeleD=2)G0 TC 28 GAMG0350

sreem— e ——GAMAFSEGUTHESTIND/ 2.0 "~ o - GAMSU262
RETURN GAMOV3 70

2" GAMA=D,00 . GAMOU 28
RETURN GAMCL2GG

END GAMU04 XK

- stes mem . ———— m o emm o mEam W s ww W % oA - . -

A-47



a
|
:

JUN 74 ) e
qﬁ PILER OPTIONS = NAMEs

0S/736) FCRTRAN H
MAINJOPT=02, LINECNT =56 ¢S12520090K,

SOURCE s 28C0TC NOLT STVNCOECK oLCADyMAPoNCEDIT » 1D o NCXREF

~ _SUBROUT INE HSQMNB ( w2MNS o1 WORD yMoN JHCTHR yH2MNS ¢ %) HSQOOC1LS
c C HSQUCI20
CHERSSsBRUSLEANS SR ERRS ST SRIRSENISRIS 8030000000 stussssvssnnsnss( H53)0C30
c ¢ HSQI5Ced
_C__ _TrnIS ROUTINE CALCULATES THE ACCLSTICAL MCDE AMPLIFICATICA C #HSAVICST
c "FUNCTIGN SQUARSD, INTEGRATCD CVER A BANDWIDTHe THIS RGUTINE ¢ HSQOOCseS
c IS USED AY MAIN PROGRAM 'ACGBAN'e C MSQUOLTC
c C HSQOCaae
C‘t-tttitat-ttu‘t.ttt“-‘t“tt‘.‘.O‘OQ‘.t..‘tO'tltt't.t‘t“t.-tl#tlttc hsqgocqg

c C HSQuUlus
. IMPLICIT REAL®E (A=CyF=HyC=2)_ rSGCUllC
CUMMON™ 7*CDAMP/StDAiA.ACDAna HSQIG12¢

COMMON /3ESQR/8B2 nSQ V13l
CCMMON /CONST/PL HSGCU14C
COMMON /FREQ/aSQ HSQLCO150

COMMEN /NORMAL Z/OENGCM rSQeuloy
~ COMMON /RADII/RINJROUT o HSQJO17¢
COMMON 7VRBLS/Z7PIOLA,RTN2,AC0ACO ™ HSQ0G18C

~ COMMON /SOLNS/SNKL&J0) 4 KNSL4T3) o AUMK hSJJ419%

CCMMON /OTHER/ROTHR(4) ZOTHR(4) yCYLNTH HSQUG 200
CIMENSION HOTHR(4) HSQC0210
c rSQIvde
c FINC MATCHING SIGENVALUE nSGDO23¢C
NSSMODUIWORDy L2y~ ™77 HSG0324¢

00 13 I=1,NUMK HSQUI25¢
IFIKNS(I)eEQeNS) GO TO 29 HSQS0Z6G
1° CONT INUE HSWoC 273
WREITE(E,2300C) rSQICV28¢

20CY FORMAT(LXy*MATCHING EIGENVALUE INDICES NCT FCUNC FOR REGUESTEC COMHSQIIZ9:
TR INATICNTY, T HSQA02Cd
RETURN 1} HSQI03219
- 29 SQN=N=N H$SQJ0 327

EM= 1, HSQuU33:
IF(TWORDGLT1302207) EMsZ, HSQIN340
EN=1, HSQIO0350
T T T IFINGEdeJT ENET, - T HSQSC 26%
SQETA= (ACDAMA®®2/(2,DC#PI ) #% (2, COSACDAMB) ) #W2MNS*# (1, D0 +ACCAME) HSQJ27¢C
TERM=DSQRT( SQETA)/PI HSaQ338C
SNKNUR=SNK( [ ) /DENCM nSG:> o292
TFISNKII)eEQeleDC) GO TO 23 HSGoC 4L

NORMAL IZE EIGENVALUE FCR CLR LSE HSQ 324l l

) TTIB=RSA N, SNKNCRSRO0TY T T rSQ7 427
DIV=SQH/ ( SNKNCRE=SNKNOR ) RSQIR43"
c NOTE THIS EXPRESSICN TAKES CARE CF ITSELF FCR HSQOuh a4y

o THE HOLLOW CYLINDER CASE HSQ .. 45

, AGEMO=EMEZN*P IOL4*( (B2-DIV) #CR=(RINZ~CIV) =QSCINySAKACR,RIN)) HSQOC 46"
) o H2MNS=JB/(AGEMO®TERM) HSQIC&TL
‘ 60 YO &6 " CT rSUJo48s
2t AGEVOSEMSEN®PIOL4®(82-RIN2) FSQCS49S

c NOTZ CANCELLATICN OF THE QSQ(D) TERM HSQOO509
H2MNS=14D3/ {AGEMO®TERM) FSQIUSLL

5. 00 6y IDx=1,4 HSGIGS2S

A-48
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FORVR
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L RsROTHR{10X)
ESIOTRRTTON

HOTHR ( TDX )= H2MNS*(DCOS{PI *M*Z /CYLNTH) ) o902

17AGEMO

IFCSNK(T) oNEeeDSIHOTHR ( IOX) aHCTHRUIDX) 9QSQ (A4S NKNGR 4R )

€0 CONTINUE
RETURN
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HSGICE3L
HSSICE4D
HSGCUS55C
HSQOL 560
HSCGCO578
HSWOUS58C
FSQ 34597
HSQCCECC
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JUN 74 ) CS/7260 FORTRAN H

MP!LER OPTIONS = NAMEs MAIN,OPTsC2,LINECANT=56,S1ZE=QCOCK,
SOURCE » EBCOTCyNOLISTINCOECK LCACMAPo NCEDTIT » IC,NCXREF

' ~ SUBROUTINE HSQMNS (w2MNSoIWCRDoMeNyHCTHR yH2PAS,#) hgdgggéc
! c HSQL v
CHESRSRERAPEBEBER LB SRR BRI SNBSS IR IR E0 RIS BN ISR BsabsRsussssneen(( HSQUUOIL
c o . nSGOU0 4
_C THIS ROUTINE CALCULATES THE ACGOLSTICAL MCDE AMPLIFICATICN HSQCSO5Y
TTTC T TTPUNCYTON SQUAREDS” "THTS 'ROLTINE IS USED BY MAIN PRCGRAMS rSQRJJ60
C 'PURTON® AND 'STRBAN', rSQCICTI
C o nSQ3CL88
CHEREEESLERERAEIRBERS RS E PSR SBE LRSI RN LB SNBSS SIBES AL SEBBESH BN HSQUCeU9C
c T T i HSQQOVL2
IMPLICIYT REAL®8 (A=DyF-Hy0=2) rSQJvlll
T T COMMUNT 7ACDAMP/ACDAMA  ACDAME HSGIJ12C
COMMON /BESQR/B2 HSQeJL3%
COMMON /CONST/PI rSQCCl4C
COMMUON /FREQ/wWSJ HSQUO015¢C
- COMMON /NORMAL /DENOM hSQIvléT
COMMON /RADILI/RIN,ROUT HSQO017¢C
- B VRBLS/PIOL4RIN2VACDACC HSQLU18¢C
COMMON /SOLNS/SNK( 4u0) ¢ KNS(4JC) o ALMK hSQIV1S?
COMMCN /OTHER/ROTHR (4) y20THR(4) 4CYLATH HSQ0020u
DIMENSICN HOTHR( 4) h5Q0V210
C ' ' - hSQJC22C
C FIND MATCHING EIGENVALUZ hSWUC23C
NSsMODTTWORD,, ICSOCCRY —— — & 77 HSQCJ24C
00 19 I=1,NUMK »SQoC25¢
IF(ANS{1),EQeNS) GO TO 2C HSQ29269
1% CONTINUE HSQI027C
WRITE(£,2300) +SQI328C
2200 FOﬁMAT(lxo'ﬂATCHING EIGENVALUE INDICES NCT FCUND FOR RECUESTECL COMKSGQI29C
T ' HSQQ0307
RETURN 1 HSQOC321C
20 SQNsN®N HSQLCL320
FM= 1, HSQJ33l
IF(IWORDGLT«10CI00C) EM=2, HSQLI240
EN=1, HSQJIU35Y
T TTFTNGEQWUT ENETZ, e T KSQTL36T
SQETA=Q,00 HSQo037<
IF(W2MNSeEQeOeDG) GO TO 40 HSQ3038°
SQETA=(ACDAMARSZ/(2,D2%P)#%( 2, CI®ACDAMB) ) *w2MNS»% (1,07 +ACTAME) HSQT .36
4C TERM={ WZMNS=-wSQ)##2+5ETA®WSQ HSQUT4™ T
SNKNOR=SNK( ] ) /DENOM HSQCU41 3
T T T IRUSNK T GETUS TS0 GDTTOTIYT T T HSQIL 427
C NORMALIZC EIGENVALUE FOR QLR LSE HSW2J43C
~ Q2=QSQ(N,SNKNGQR ,ROUT) HSQJU44<
DIV=SQMN/({SNKNCR*SNKNOR} RSQ 245"
o 7 NOTE THIS £EXPRESSION TAKES CARE CF ITSELF FCR HSQTQ46és
o THE HOLLOW CYLINDER CASE ASGuvaT.
ACEMUSEMYEN®PTULZAT (BZ=0OTVI#CB=tRINZ=-DI V) ®QSCINySNKACR,RIN)) KSQ2T437
hZMNSSQB/(AGEMO*TERM) HSQuUU4Se
GO 1O 5C HSQLOSJC
30 AGEMU=EMSCNSP[OL4*(82-RINZ) HSGJJELC
C ~ 77T NUTT CANCELLATION OF THE QSU(J) TERM HSGOS52V
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DAL . T wid st o

H2MNS=1,09/ (AGEMO®TERM)
z 60 IDX=1,4
.—..RE=ROTHR(1DX) =

Z= ZOTAR{ 10X)
. HOTHRUIDX)SHZMNS®(DCOS(PI®MSZ/CYLNTH) ) 992
17AGEMO
IFESNK(1)oNEoOeDC) HOTHR(IDX) sHOTHREIDX ) #QSC N SNKNCF 4R )
€ CONT INUE |
RETURN
END

B T
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HSQJIO53L
HSQOUS543
HSQIO53¢
HSGIU56C
HSQOLSTS
HSQJ0580
HSWJIL 599
HSQUC6Jy
HSQ 0613
HSQ J0&28
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| 'MPILER OPTIONS = NAMEs

R -

JUN 74 ) . 0S/7360 FCRTRAN H

MAINJOPTa 290 LINECNT =56 ySIZEsULTIK,

o o e a5

“SOURCE, cBCDICTNOLTS TyNCDECK ¢ LCAD ¢ MAF 9 NCEDIT ¢ I0 9 ACXREF
____SUBROUTINE MCMAHN {N,NTH,XMN)
JUTINE MCMA , c
“'.?“?“...“!“““i..“*“"“.“0 SOV PIN IS NSER R PES SRR SREN S SR

¢
c
c c
__c THIS ROUTINL LSES THE FIRST FCLR TERMS CF THE ASYVMFTCTIC c
¢ SERICS METHOD DEVELOPED BY MCMARCN TO FIND THE ZIGENVALUES c
C _OF THe ODERIVATIVES CGF THE CRCSS PRODUCT CF THE BESSEL AND ¢
C ~ NEUMANN FUNCTIONSe THE SECOND HALF CF THIS RCUTINE USES TFE C
C _ FIRST FOUR TERMS OF THE SERIES FOR THE DERIVATIVE CF J(X)e c
c ' c
cnt‘tttt'tttl“.t.U#tt‘ttt“t“‘t#Ott.‘“i.".U“O.‘tlt.t't.“.ltt'l‘C
, € - c
IMPLICIT REAL®E (A=D F=HyC=1)
COMMON /COMST/PI
~ CCMMON /EIGEN/BETA,BETA3,6ETAS
"COMMON “/RADII/RIN,ROUT
T IFINGNTSCT JsNTH*] T
RM= 44 D0UNEN
"RMSUSRMES2
RMCUBRRMSJ®KM
c CHECK FOR THE HOiL.LOW CYLINDER CASEe
IF{RINGEUeNDO) GO TO 19
T s JTTBETASTLOZY — ———~ ~~ -
c1-(Rnoz.ooo/(a.Do~aETA)
C2844 L0 (RMSQ¢46DC*RM=63,DJ)*(BETA3=1,C0)/
| (1536e0G#BETAZ®(BETA=1,00))
c=-32.0»-(aucusola EeDZHRMSU=2353,DI%RNM* 1895,C0) # (BETAS=1,CC)/
(1e65384D5%BETASS(BETA=1000))
‘”““'"“ttSU‘tIicx :
ClCUB=C15Q*C}
"RKCUB®RK®®3
RKF IF=RKCUB®R K®R K
TRM3=(C2=-C1SQ)/RKCUB
TRM 4= (C3=4¢DC*C 1#C 242, DJ%CLCLB) /RKFIF
B XMN=RKSCI/RK+TRM2¢ TRMG — "~ ~ =~ -
RETURN
1 JaNTHK '
o ZERO IS THE ZEROTH SOLUTICN IN THE HCLLCW CYLINDER CASE
c " ONLY FOR N=)e THEREFORE RE-ACJUST THE SCLUTICMN NUMBER,
RK=P [#(2*N+4%J+1)/4eDG
CTTmTT T RkC'U'BaRK#i; mrm T
RKF IFeRKCURSRKSRK
TTRM334,00%( 76 0C*RMSQ¢ 824 DC*RN=G,D0) /(15264 D *RKCUR)
TRM4232400%( 834DC%RMC UB #2075 0 I*RMSG=30394 DC®AM$352740C )/
1 " {4eS152D5%RKFIF)
XMN=RK=(RM+34DG)/(EeDS¥RK)=TRMI=TRMG
RETURN - -
ENC
A-52

MCMICCLC
MCNSSN2C
MCMO0Q3C
MCMUC04C
MCM . .50
MCMICDI68
MCMILSTC
MCMDue 8L
MCM3CA9S
MCMCIiuwo
MCMJC11.
wCMoula”®
MCMCO1 3¢
MCMeUl4G
MCM(COL 5
MCM20160
MCM201T74
MCMOO186
MCMGI16°
MCMCG 200
MCMOC 210
MCM3022%
MCMUOZ3C
MCMT 240
MCMO025¢
MCMZ0260
MCML2TC
MCMJ289
MCM o 29"
MCMC22Y0
MCM30321%
MCMCU225
MCMIG 33
MCM IC 240
MCMOND3572
MCMIC 362
MCMS02T7.
MCMIC38s
MCMOL 2GS
MCMJY433
MCMIC412
MCMS3420
MCMIT43°
MCMEC 440
MCMIV&S.
MCMT 348"
MCM L4470
MCMJS4ES
MCM 0497
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MPILER OPTIONS = NAMEs MAIN,OPT=02,LINECNT#56,S1ZE=OCNOK,
e S UURCESEBCOICINOLISTINGOECK o LCAC ¢ MAP ¢ NOEDCIT » 1C, NCXREF

i SUBROUTINE MNCALB (MyN) MNCCI0LQ
: c T ‘ C MNCD)22
Ct“‘it‘t“.““.“‘.‘t."..“’t“..‘.0“.0.‘.“l..‘.‘il‘llittitiitiiC MNCOCS3C
} c ot : C MNCUCCHO
; C TRIS IS THE SUBROUTINE THAT KEEPS TRACK CF ThE CUMULATIVE C MNCJILSC
LT TTTYOTAD (NOTHE SUM OVER THE M AND ‘N MCDAL INDICIES. g nncgoas:
¢ MNCIZC TS
" Ct.“‘l‘.l.t.“‘l“.“t“".““““.“'.““.."..““““."‘t“.‘tc MNCOQOQC
' ¢ C MNC3Z:93
“IMPLICIT REAL®8 (A~D,F=H,C-2) MNC3012¢
, COMMUN /DIR/ZISAME, 1GPP MNCCU1ly
| 7 T TUTOMMON T/ERROR/LAST "7 T . MNCiC125
: CCMMON /FINAL/GRNOPPGRNTOT BIGSLM,BGSMT(4) 4SPGTCT (&) MNC 20138
COMMON /FREQ/WwSQ MNCO140
COMMON /STOP/VCRITY MNC2L15¢C
CEMMON /TABS/ISAVE ,MNDIR,K MNCOC160
__ _COMMON /TOTALS/STOT,PTOT,SPTCT(4) MNCOO175
' COMMON™ 7ACUSTK7ACMODS (30000 »¥NS{80IC) o NUMAC MNCOC18C

; OIMENSION BSPRD(4) o SPCOSS(4) MNC2C19¢C -
f c S MNC0029¢C
¢ CCMBINE *P* AND Q' SUMS MNCI0221°
© PTYMSsPTGT#STOT#WSQ MNC0O22C
CO 63 IDXsl,4 MNCIU23)
~~——~E0 BSPRCTICXTESPTOT(TDX P TOT#LSQ ~ ' ' - MNC3524°
c CALCULATE THE CONTRIBUTICA MNC 2025¢
COSSUMsPTYMS MNCI026C
D0 7¢ IDX=1,4 ANCTe2T"
73 SPCOSS(IDX)=BSPRD(IDX) MNCJ028C
GRNTOT=BIGSUM+COISSUM MNCLC253
r e —— -——-—UU——W-—IUX-‘T'—r"'"—*—“—“ SoasT cmr meS o Aty meee s = o NNCQQE*’?
€3 SPGTOT(IDX)=BGSMT(IDX)¢SPCOSSIIDX) MNCIC2L13
BTGSUMsGRNTOT MNCI5325
00 90 10Xsl,4 MNCOO 230
63 BGSMTI IDX )=SPGTOT(10X) MNCOG342
RETURN MNCI035C
END o e . MNCOB 26

T A-53
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0S/736, FCRTRAN A

JAPILER OPTIONS = NAMEs MAIN,OUPT=C2,LINECAT=56,S12E=2CI00K,
SCURCEyEBRLDITINOLIST ) NODECK ¢ LCAD ¢ MAP yNCEDIT o ID o NOXREF
SUBROUTINE MNCALC (MyNe®)
C

C‘“.“U“‘-‘i.““."..l‘.“‘l..““““‘O"Q.“.‘.“““.U‘!““l“C

C

C THIS IS THE SUBROUTINE THAT KEEPS TRACK CF THE CUMULATIVE
€™ YOTAUTINTTHE SuM 'OVEU THE M AND N MCDAL INOICIESe THIS

C ROUT INE IS USED BY MAIN PROGRAM *PLRTCN'.
C
<
c

SESNINASEENNENES S RISREESSISERBES IV LN IRV PN NNNR SN SR SE RS SUBERTRSES SR

IMPLICIT REAL®2 (A=DyF=HyC=L)
©TTTTCOMMONT/OTRVISAME TOPPT T T

CCMMCN /ERROR /LAST

COMMON “/F INAL/GRNOPP ¢GRNTCTBIGSLN 186G SMT(4) +SPGTCT (&)
COMMON /STOP/VCRIT
" CUMMON /TABS/ISAVE MNDIR K

COMMON /TOTAL S/STOTPTOT,SPTCT(4)

TTTTTTTTTCOMMONT /ACUSTK ZACMODST8ICO) #MNSI80I0) oNUMAC
CIMENSION BSPRD(4),SPCOSS(4)

C
c COMBINE *P' AND °'Q*' SUMS
T PTYMSsPTOT*STQT
00 63 IDX=l,4
T RS BSPRUTIDXIESPTOTUIDXI®PYCT ™ ~ 77
C CALCULATE THE CONTRISULTICN
COSSUM=PTYMS
DO 7C iDX=)l,4
7% SPCOSSUIDX)=BSPRO(IDX)
< SUM TO GRAND TOTAL
*"TT"_'"“—T?'TfFH_FUUSYS"ZERU‘TGNUﬂE 184
[FICUSSUMeEQeDeD0) CALL NXTMN (ISAME, 540 ,85C)
GRNTOT=BIGSUMeCOSSUM
D0 80 IDXx=}l,4
80 SPGTOTIIDX)IaBGSMTIIDX)+SPCOSSIIDX)
C CHECK CONVZRGENCE CF MN SULM IN UNE DIRECTICN
T TFTT3TGSUN7GRNTOTY . GTe VCRTITT GC TC 2¢
B8IGSUMsSGRNTQT
DG 92 10X=1,4
S BGSHMT(IOX)I=SPGTOTLIDX)
(o FIND NEXT CLOSEST *MN' FREQUENCY SAME DIRECTICN AS LAST |F

C THE CONTRIBUTIGN IS GRCATER THEN THE CCNTRIBUTICN FrCM Tre

e T LAST TERW IN"THE "OPPOSTTE DIRECTICN
[FECOSSUMeGieGRNOPP) CALL NXTMN{ISANZ 4840 465.)
C RECEFINE OPPOSITE TERM CCNTRIBLTICMN VALUE
GRNOPP=COSSUM
6o TO 33
2" BIGSUM=GRNTOT
) CO ISC 1OXET4 o
1%u BCSMTLIOX)I=SPGTOT(IDX)
C ~ CHECK IF CONVERGENCE HAS CCCURRED IN B8CTH DIRECT ICNS
es lF(uRNUPPoFQo-l.D¢) RETURN
c "7 " INSURE SUM WILL CONTINLE IN DIRECTICN FCR WHICH

A-54
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MNCCYCLL
MNCOVG20
MNCOUC3C
MNCuu )&’
MNC 2205
MNCICCHL
MNCOIS T
MANCGCCal
MNCCUuSe
MNCC 120
MNCOCLLG
MNCJ212(
MNCOUl3y
MNCOC 140
MNC JUL5e
MNCuulél
MNCIULTL
MNCSU188

MNCULL19C -

MNCCC 230
MNCJuZle
MNCOU22%
MNCOL230
MNCSZ24%
MNCOU25%
MNCJIG268
MNC5C27.
MNC3o28C
MNC oL 263
MNCV 237
MNCGO219
MNCCD227
MNCSS33C
MNC 5 34°
MNCECI357
MNC I35 360
MNCM 3T,
MNCI( 238
MNCDJ35¢C
MNC.':JOV .
MNC 0«1 -
MNC 2042V
MNC. 42

MNCOD44C
MNCLJ4s.
MNCT346:2
MNCCO4TY
MNCCL 487
MNC’)’:QQ«
UNCICEC S
MNC'JJbl -
UNCOT S22



e TR TR A

€ CONVERGENCE HAS NOT YET OCCLRRED MNCQ0%130
- s=[0% - ‘ ) MNC)O54)
o FIND NEXT CLOSEST *MN® FREQUENCY CPPCSITE CIRECTICN FRCPM LAST MNCIQSS5C
40 TALL NXTMN (T0PP,64c,E59) MNCAOS6S
40 RETURN 3 MNCJOST.
0 CONTINUE MNC30%82
G0 70 2% ‘ MNC . 592
“END e MNCCGEST
1 e
E W e —— A ——— .
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; + JUN T4 ) 0S/369 FCRTRAN H

IMPILER OPYICNS = NAMEs MAIN,OPT=G2,LINECNT=56,SIZE=COJ0 K,
i T §OURCE s éBUDIC sNOLIST NCOECK o LCAC o MAP o NGED I T o 1C o NOXR EF

i SUBROUTINE MNSUM (M¢NoIPs1Q¢9) MNSJ00L%
f I - ‘ C MAS3CO2C
i ' Ct‘tt‘tttl‘.tt“..l-‘tt‘tt“".l‘O0“"‘..“.‘.“.'i.“.lt‘."..‘t"tc nusgagzr

P T € MNS)3240
| ~C____TrIS IS THE SUBROUTINE THAT KEEZPS TRACK CF THE CUMULATIVE C MNSICoS8C

LT T IOTAL INTTHETSLM OVERTHE M AND N MCDAL INODICIESe THIS C MNSOCC6oC

c ROUTINE IS USED BY MAIN PROGRAM 'STRBAN'e C MNSSOOTL

c ¢ MNSSCI8l

" c.ttlt-lt.“tt‘t.‘.'t“t‘t‘t.“‘.‘““‘..‘Ot‘Q‘tt“tlt.!.il.tl".‘.“c nusccgq.:
' ¢ C MNSCH1L
IMPLICIT REAL®8 (A=DyF=H,C=2) : MNSJCile

TT T COMMON JUIR/TSAME,IGPP T T MNS 20128
COMMON /ERROR/LAST MNSI313.

CUMMON /F INAL /GRNOPP ¢GRNTOT ¢BIGSUNM ¢BGSMT(4) oSPGTCT (4) MNS J014C

COMMON /STCP/VCRIT MNS CI15.

COMMON /TABS/ISAVE JMND IR 9K MNS G316/

CUMMON /TOTALS/STOT,PTOT,SPTCT(4) MNS 00170

T T T EIMMON 7ACULSTKZACMODS (8003 ) o MNST30I0) yNUMAC MASGG18C
DIMENSION BSPRD(4) o SPCOSS(4) MNS 5S15¢

c ‘ MNSJ029¢
c GET ACCEPTANCES SQUARED = NOTE CAPGAM IS ALREADY SCUAREC MNSOS2Z1c
PTCT=(GAMA(M, IP ) #82)=CAPGAMIN,1Q) MNSOu22°

c MULTIPLY *S® SUM BY ACCEPTANCES SCLARED MNSS023¢
"""" T PIYMSSPYOTESTOY T T MNS IS 260
CO €0 IDXsl,4 MNSLU25%

6 BSPROUIDX)I=SPTOTLIOX)SPTCT MNSZo 260

c CALCULATE THE CONTRIBUTICN MNS 2027,

COSSUMSPTYMS MNSS028L

D0 73 1DX=l,4 MNS *. 25+

Cem T rYTSPCOSSCTOXTEBSPROTCIONY & MNSG029¢
C SUM TU GRAND TOTAL MNSJC3LC
c IF TZRM EJUALS ZERO IGNORE I MNSAL 22,
IF(COSSUMeEJeColU) CALL NATMN (1SAME 4£49,E65C) MN3IC33C
GRNTOT=BIGSLM+COSSUM MNS 35340

00 89 IDX=1,4 MNSCC350

T ESTSPGTUT(TOXT=aGSMTTID XTI+ SPCOSSIIDX) -~ MNS 236
c CHECK CONVERGEMCE OF MN SLM IN CNE DIREZCTICN MNS U377
IFC(BIGSUM/GRNTOT)4GTe VCRIT) GO TC 20 MNS 5280
3IGSUMsSGRNTQOT MNS 236"

CO $C I0X=1,4 MNS 3342¢

62 BUSMT(IDOX)=SPGTOT(IDX) MNSCu4ln

¢~ ~ ~FYNONEXT CLOSEST "MN' FREQUENCY SAME DIRECTICN AS LAST IF MNSS242°
Cc THE CONTRIBUTIONL 1S GREATER THEN THE CLCNTRIBUTICN FR(M Tre MNS Jo 43,
c LAST TERM IN THE OPPOSITE DIRECTICN MNS NG44,
1F(COSSUMeGTeGRNOPP) CALL NXTMN(LISAME 4645 ¢650) MNS. " 45

c * REDEFINE OPPOSITE TERM CCNTR:IBLTICN VALUE MNSCO4 8.
GRNGPP=COSSLM MNSC 24T

T G 0 35 T MNS‘)U’&

DO ISC TIOX=Y,% Mnsoczca

1£) BGSMTIIDX)=SPGTOT(IDX) MNSUE]l.

c * ""CHETK IF CONVERGENCE HAS CCCURRED IN BOTH DIRECTICNS MNSSCE22

g . o - st
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25 IF(GRNOPPoFQe=1o0C) RETLRN
"‘“1?"""“1ﬁ3§ﬁ!’35ﬁ'ﬁ]Ct“tﬁﬁ11~ue iIN OTRECTICN FOR wHICH

© € _ _ _ CONVERGENCE HAS NOT YET CCCURRED
! GANOPPs=1,0"
c FIND NEXT CLOSEST 'MN® FRESLENCY OPPCSITE CIRECTICN FRCM LAST

33 CALL NXTMN (10PP,£4C,85C)
4 RETURN 1

-

£ iTINUE -
.. ...60 T0_2s5 .
i END
? g —— v— [o— -
| S —
b o A-57

MAS2C83C
MNSGO543
MNS J0554
MNSD0560
MNS 3057C
MNS TS5 80
MNS )C590
MNSSL 6L
MNS 5061 5
MNSJ0€2¢
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0S/7360 FCRTRAN H

.

JMPILER OPTIONS = NAMEs MAINsQPT=32oLINECNTSS50,SIZESOCOCK,

SOURCE; EBCOTT,NOLTSTyNCOECK sLCAD 4 MAF yACEC IT 10 NCXREF
_SUBROUTINE NXTMN (L,%,%)

C
SIS ESERPSHSSRTRESUR RS SEEEESSE R0 0IPSBEIN SRS HBENRERRESR(

___Tnls suanourxue SEARCHES THE ACCLSTIC MOCE INCICES ARFAY

NEX OSESY VALUE T80 "THE EXTERICR EXCITATICN
_gngqugggy_lggufhgﬁ FOUND THE PREVICUS TINE THIS SUBRCUTINE
wAS CALLEOD. "THE INPUT PARAMETER L IS NEGATIVE !F THE
SEARCH [S TO PROCEED IN A DIRECTICN IN ThE ARRAY CPPCSITE
FROM THE TIRECTION SEARCHED THE LAST TIME THE SUBRCUTINE wAS
CALLECe L IS POSITIVE IF THE SAME OIRECTICN SHOULL BE SEARCFEC

ESSRACUSSSAREERESESREESEPSESSEBE VBBV NNIC0 2D I 00900 RRASUSISESUSIBEES

nnﬁnnnnnqnnnn
. ‘ ,
cConnnmtanAO

IMPLICIT REAL®8 (A=Do¢F=H,C~2)
CCMMON "7JERRCR/LAST
COMMON /TABS/ISAVE yMNDIR K
T COMRAON 7ATUSTK7ACMOUSTBCCT) o PASIEICI) yNUMAC

c
C " SAVE CURRENT INDZEX
L‘SY-IABS(MNDlR’
c LESS THAN 2ERQ MEANS PRCCEED IN THE DCwNWARDS OIRECTICA
IF(LSMNDIR) 30,030,585
¢ T T T UPPOSTITE TIRECTION?Z — 7T T
& IF{LeEQe~1) GU TO 1<

C SINCE ARRAY IS SORTED THE NEXT CLCSEST IS THE PREVICUS
C ELEMENT IN THE ARRAY
KsMND [R=]
GO TU 29
-y RETSAVEST e
o SAVE LAST INDEX BEFORE ODIRGCTICN CHANGE
ISAVEsSLAST
K MUST BE POSITIVE HERE SINCE WwE ARE PRCCEEDING UFWARECS
2v MND[RsK
IF{KeGTod) RETURN 1
T RETURN 2 - tT
20 IF(L+Ede=1) GO TO 40
C NEXT FREQUENCY IS NEXT ELEMENT IN THE ARRAY
Kz={ JABS(MNDIR)#}1)
G0 TO S¢
40 Ks=( ISAVE+])
T TTTISAVesLASY oo .
C SINCe K IS USED AGAIN ANC MCDIFIED, SAVE IT'S VALUE

£% MNOD [R=K
IF{ IABS(MND IR JoLEoNUMAC) RETLRN 1
RETURN 2
END

o 3 A o ———

NXT IC010
NXTOC02)
NXTolou 3
NXT ICJ4¢
NAT JUCS¢
NXTuulo:
NXT3CCTC
NXT 0582
NXT 209
NXT301dC
NXTJCL1C
NXTSo120
NXTJwl3C
NXToU1l40
NATUviS,
NXTC016C
NXTY0173
NXTIC18¢
NXTQJ190
NXTQ0209
NXT 9217
NXT 20222
NXTL0239
NXTID240
NXTJIC252
NXT0S 2690
NXT 20273
NXTI(28¢
NXT 3825¢C
NXT 202303
NXTOS3L1C
NXTIOZ2%
NXT Q230
NXT 034
NXT5e35°
NXTOC36C
NXT 22372
NXT3228¢
NXT w398
NXT 2243
MNXTSw41?
NXTCo422
NXT*' 443,
NXT2344¢
NXT3C453
NXT 346"
NXT 5747

e “IRIGINAL PAGE I8
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LJQUN 76 ) _ . . _ 05/360 FORTRAN W
|

JMPILER OPTIONS = NAMEs MAIN,OPT=C2,LINECNT=564SI2E=003C K,
SOUHCEFBCITICINOLTS TyNODECK s LCAD s MAP ¢ NCEDIT o ID o NCXREF
SUBROUTINE PCALBIKS,IP,1G,TOTALL,FCTALL)

Ci.ti“‘“‘.‘.“i*.‘.“‘.‘“-“.‘.t““.‘."‘“.‘0"‘.““‘&‘.....‘.*

* c
o THIS SUBROUTINE COMPLTES THE BANOWIDTH STRUCTURAL AMPLIFI-
C"““"CAfiﬁN “EUNCTION TIMES THE JOINT ACCEPTANCEe IT IS USEC BY
C MAIN PROGRAM 'STRBAN'e
c
ctt‘tittt“tlltt‘ttt PRSESEEERSRS SNSRI VNS SR VRES RIS ARE SN EEESESES RS
PR SRRt EAE .
IMPLICIT REAL®8(A=0yF=H, 0=2)
T TTTTESMAON 78 INAC7 GRANOPP LGRNTOT ,BIGSUM BGSMT (4) ySPGTCT (&)
COMMON/FREQ /WSY
CCMMON /LEAD/ HFTERM,888
DIMENSION POTALLI4)
T CALL STAMFBIKS s H2PG,E2)
PRODSH2PQ*PQJ(IP,1Q,8BB)*wSQ
T YO TALLUSTOTALL ¥PROD®BIGSUM ™
; 00 1 1DX=1l,4
L1 POTALL(IDX)SPOTALLEIDX) ¢PRCO®BGSMTLIOX)
RETURN
T2 STOP 6%
END

- e e - e

DA o _ ‘St e

R it ont S

C
¢
C

c
C
C
C
c
C

PCAICOLC
PCAJII2C
PCACIV3C
PCAJDI4E
PCACI0OSC
PCACL 6
PCAGLCTY
PCAnCIaC
PCADCO9C
PCASC LIS

;s .L11C

ra32%
PCALS 13
PCAGOL40
PCAJC1SS
PCASCLSY
PCAQOLTC
PCAJO18S
PCALCY1SC
PCAJ02CO
PCAQ021¢C
PCA2022C
PCAG023S

e S NS
= e m— s g o B SO



1 JUN T6¢ ) . 0S/7267 FCRTRAN H

)MPXLER OPTIONS = NAMEs MAIN,OPTsC2,LINECATS56,S1ZEwQ00CK,
SOURCE ¢EBCDIC yNOLIST¢NGOECKyLCAD¢MAPoNCEDIT ¢ IDoNCXREF
SUBROUTINE PCALCC (MyNy®)

c

C“t“#‘.‘.?‘7“‘7‘7’".‘&“““‘.‘i.““0. SEHPSERSEI VIR RIS RNLR S eRR

C
. L THIS SUBROUTINZ PERFCRMS THE_SLM OVER THE STRUCTURAL MCCES.

c THIS ROUTINE IS USED oY MAIN PROGRAMS *PURTON® AND 'ACOEAN',
¢

CHSRESUIBLEERTREBEEE SR ISR SRBEBISS PSS IREIIIIIIERR SIS RSEEIR SRR EERES(

INPLICIT REAL®8 (A=DyF-Hy0=2)

COMMON /D1R /1 SAME , 10PP

_CGMMON_/ INFG/ INDE X

CJMMON /7STUP/VCRITKEV ™

COMMON /TOTALS/STOT,PTOT,SPTCT(4)

(OMMON /SAMPLE/TEMP(12030) +LPGS(1200) yNUMTMP

C
PSUM=( 402
. PTOT=Q,4,00 — e
KDN=D
. KuPs{
C CREATE MIN] ARRAY OF SELECTED Vi LUES

 CALL COPYC (N)
IFINUMTMP 46T} GO TO 1253
WRITE(6,330C) N

" T390 FORMATUIRD, "NO MODES 'FOR N & ¢,15)
RETURN
C  FIND CLOSGST FREQUENCY TO THE INPUT FREQUENCY IN THIS ARRAY
120 CALL FRSFND (TEMP JNUMTMP,K)
c INSURE NEXT DIRECTION wILL BE CPFCSITE
HSQOPP=1,D7C
T C T T STRIPSIGN FROM kT T T T
I=1ABS(K)
1Savesl
c CALCULATE STRUCTURAL AMPLIFICATICN FUNCTICN

1 CALL STAMFC (1,MyN,IQ,HGAM] ,E5C)
FGAM I=FGAMI®CAPGAM(N,1Q)

o TF HGAMI TeEe GAMA EQUALS ZERC IGNORE THAT TERM AND PRCCEFC
IF{ fGeonEQQOQD:,
1 CALL FNDNSTLISAME Kol s ISAVE gNsLPCSoNUMTNP,EL1D,E4%)
PTOT=PSUM+HGAMI
C " CHECK CONVERGENCT IN ONE OIRECTICN
IF((PSUM/PTCT)eGTeVCRIT) GO TC 64
T TTTTTTTIRTK GG e KUPESI T T T T

IF(KelTel) KDN=3
15 PSUM=PTOT

C FIND NEXT FREQUENCY IN SAME DIRECTICN IF THE CCNTRIEBUTICA
o ' " 1S GREATER THEN THE CONTRIBUTICN FRCM THE LAST TERM IN
C THE OPPOSITE DIRECTION

T T T IFTFGAMI G GT G HEQOPP T o
1 CALL FNDNSTUISAME,Kyl, ISAV:;N-LPCS.NUMT&;o&luo&43)

c ' REDEFINE OPPOSITE T" M CCNTRIBLTICN VALUE
HSQOPP=+GAMI
GO 7O 39
N A-60

PCALOCLC
PCAQQC2?
PCAQOJ3C
PCACCS4C
PCAQQCS0
PCAOQGbe
PCASCOTC
PCASCCAe
PCAYC1):
PCACOLL1C
PCAQUL2¢
PCAGW13L
PCACOl4s
PCAUOL5S
PCAGUL6C
PCAOOLTR
PCAQQL18C
PCAQOQLSC
PCAJ020%
PCAGOz1C
PCACO22C
PCAUY23N
PCAQU24C
PCAJ0252
PCAJJZE0
PCAQG27¢
PCASGL23.
PLAJCZSC
PCAQQ300
PCAZSZLS
PCACOz2C
PCAJL2AC
PCAZ)347
PCAQO2SC
PCAJC36C
PCADO03TC
PCAC . 328°
PCACAZYC
PCAJI4CO
PCAGDGLS
PCA 42,
PCACQG3T
PCASL G4
PCAJ¢4=

PCACL 4o
PCAZD&T.
PCARCA4S.,
PCASTA4AGC
PCACOSIC
PCACCELL
PCACOS2)
PCACLE3,



Y PSUM'PTDT PCAQOES4C

€ CH " DIRECTICNS PCAOG S5
25 IF(HSQOPP.EQ.-I.DOi RETURN PCATD560
(o INSURE PROGRESS wILL CCNTINUE IN THE DIRECTICN FCR WHICH PCAJOS?C
c CONVERGENCE HAS NOT OCCURRED PCA I58C
HSGOPPe=1,0C PCACCE90

__C FIND NEXT FREQUENCY IN OPPCSITE LIRECTIGA PCAOQGV:
TN TALL PNONSYTTOPP K91 3 SAVE SNy LPIS o NUMTME 4E1L ¢635) PCAICHL2

35 Ke=k _ , PCAQVE2D

4C CINTINUE PCALIE3L

GO TO 2% PCA64L

53 WRITZ(7015101 o MeN,ISAVE WK PCAGVESS

11 FORMAT('ERRGR RST FROM STAMFCe I='yI54' MyN=*,215, [SAVEs', PCACSEST

S CPL LN L PCA0ETC

~ RETURN 1 PCADCESC

€0 IFIKeGTed) GO TO 7€ PCAN0ESS
KCN=KDiNel PCAZLTI?
IF(KCNeGESKCV) GO TO 29 PCA20T1S

L GO TO 1% PCACOT720
} I KUPSKUP¢ L ' o PCACST3%
IF(KUP+GEKCV) GO TO 2¢ PCAJOT4C

TGO YO LY ‘ PCA30750

E@D PCALLTS:

-—— e e ma e m—— e At R

—— o i - ———> 1 = o— oo

=2 e
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3

-

. JUN 764 )
MPILER OPTIONS = NAMEs

0S/369 FCRTRAN H
MAIN,OPT=02yLINECNT=56¢SIZE=CCOC Ky

SOURCE,EBCOTC ,NCLISToNGOECK LCAD¢MAF yNCEDIT o IO ¢NCXREF

~FUNCTION PQJL1IP,1IQ.88)

¢

C

C.“‘ltt#“‘.’lt‘-.3..*.itt.t“‘.".“O.*““O““‘.‘.“#l‘.‘.‘.“‘tc

- C

C _THIS SUBROUTINE COMPUTES THE JCINT ACCEPTANCE FUMNCTICM FCR
C “JET AND ROCKEY NOTSE.

c

C
C
c
¢

CESEEREARER AR BN SSBREREEESAESEREB ISP VS IR ISR B RIS EBISRRRRES RS SEn(

c

IMPLICIT REAL®E (A=DyF=H,C=1)

"DIMENSION Al(2

__COMMON /ACCEPT/ALFA

COMMON "7CONST/PI

COMMON /LETTRS/A 48 9CoCKyCRATIDRAT
CCMMON /MORE/WOLCPI 4PICER

CCMMON /EPRCOR/TVXR,AXCDF o TVYR,AYCDF
2,2)eDELL2) oGAM(2) »ACPT(2)
DEL(1)=TVXR/AXCDF*WOLCP!

T DELT2)STVYRZAVCOFSPICER#ALFA/PL 7

GAM(1)=sTVXR®WOLCPI

CAM(2)sTVYR®PICEZR®ALFA/P]

00 10 Is1,2
Tl s 12-11mlPell-1)"]Q
FLJ = DFLUAT(J)

ONMT = DELT 12+ (GAM( T eFLJ) #%2

ONM2 = JEL(1)*%2¢(GAM(I)=FLJ)*»2

DELT = DELLI)

GAMY = CAM( )

FACT = DEXP(=DELT#Pl)#(=1,DJ)%»y

SNFT = FACT*DSIN(GAMY®P])

CSFT = FAUT#OCUSTGANY®PTY — ~ 7

Al(1ls1) = DELT®(1,0Q0=CSFT)*(1,03/0AML+1,00/CAM2)

T ¢SNFTe((GAMY*FLJ) /DNML+ (GAMY=F LJ) /CNM2)
AL(291) = SNFT®({GAMY*FLI)®(P1+2,D0*DELT/DONNML)/ONM
¢(GAMY=FLJ)*{PI+2,D0%DELT/DNNFZ)/DNMZ)
“CSFY*((PISDELT+(DELT#32=(GAMY+FLJ)*%2)/CNMLI/CNM]

LS N o

U e H

+{PTE0ELT+IDELT##2=TGAMY=FLJ)*32) /CAMI ) /CNN2)
*(DELT*%2=(GAMYSFLJ)*22) /(DNNM]L #82)
T «(DELT#%2=[GAMY=FLJ)##2)/(DNNZ#92)
vI1) = DELTESNFT#(1,00/0NM2-1,00C/0NM1)
- ¢CSFTe({GAMY=FLJ)/DNN2={GAMY+FLJ)/CAML)
+{ GAMY+FLJ) /ONM1=-(GANY=FLJ) /DONMS

AIL?

o ACTPTITIT = (PTATIT, TV=AI(Zy TV «AL(3,1)/FLJ)/ 2400

1

CONT INUE
PQJ = 4o %ACPT(1)%ACPT(2)/8B
PQU = (ALFA/P1)=#2mACPT(1)#*ACPT(2)/B

- RETURN

END

ORIGINAL PAGE IS
of POOR QUALITY

A-62

c

PQJV0010
PGJINL 22
PQJI0C3C
PQJIQV40
PeJdul 5
PudDOCHS
PGJCOOTC
PLJulis8L
PQJICO09C
PQJAR01C0
PQJ VLS
Ped95l12c
PCJCol3e
PQJQO14C

PGQJI015C

PQINS2IC
PQJCI21C
PQJIO22C
PQJQI23¢
PQJ5024C
PUJGueSe
PQJN26%
PQJIIV2T2
PQJCL28C
PGJCR29C
PAIGO3IC
PQJU031C
PQJoS322¢
PQJICZ30
PQJOU034C
PQJ 29353
PQJIA0ZEL
PQJCO3TC
PuJdJ38G
PGQuCCz9C
PQJ Jo4ie
PQJOC4LT
Peddi4a2
PQIIT 42
PQJI V430
PUJI. 44
PQJICL45C

g

-



CJUN 74 ) . . - 08/736) FCRTRAN H

IMPILER OPTIGNS = NAMEs MAIN,OPT=02,LINECNT=56,S12E=3000K,
SOURCE s FBCUICTNOCTSTINCOECK yLCAD yMAF ¢ NCEDIT » IC)NCXREF
__SUBROUTINE PSQS (NyXeTOTP,TCTGsARG)
c
t‘t?t“lt“t““‘ﬂ“.‘l.““.“““.“.““‘"‘I.““““‘l“..‘.l“C

Wl A - NS

C
c
C
C THIS ROUTINE CALCULATES THE P AND C SERIES wrEN USING TkE
c
C

YM YHOOD FOR BESSEL AND NEUMANN FUNCTICNS.
_NOTE:  THIS P AND Q SERIES IS NGT THE SAME AS THE MOCAL

P AND 4 INDICESe

[}

CRRARSARFRAERABEERARBSERRSEARASSESIIB BB I S SSABEEBSANBERBERERERSE" BRRS

e ¥z TolaNaRaXale)

c
TTTTTTTTTIMPUICIY REALFE TUASDF-HOC-ZY T T
~ COMMON_/CONST/PI
CCMMUN /CGNV/UP 4ON
__.COMMON_/FCTRL/FACIS57),PSIt00)

Us4oDOBNEN
ATEX=B4DURX
Eis=l,
TTUTYRMPEY GDO T T T
SUMP=1,00
SUMU=J40C
RJsl.00C
B ¥ CALCUULATE "PV AND 'QF SERTES SIMULTANECUSLY'
DO 10 M=2,5&2
TRK=RJ#2,00"
TRMQsTRMPR(U~RJ®RJ) /ATEX
TYRMPaTRIAQE (U-RK*RK)/7ATEX
TOTP=SUMP +EJSTRMP/FAC (M+])
—EJ==EJ e .
TOTQ=SUMQ+E JBTRMQ/FAC (M)
T T T IFITOTQLEQeTeDO) GO TO S5 o
c IF *'Q' SERIES HAS CONVERGED THEN THE *P* SERISS HAS
CTCT T TTTTTTALSO CONVERGED SINCE ONE MCRE 'P' TERM HAS BEEN CALCULATEC
VAL=SUMQ/TOTQ
[FTVAL G TeUNGAND S VEL LT, UPT GU TO 20— ~ 77 T
5 SUMQ=TOTQ
TSUMPETOTP T T T
RJaRK #2400
TTT1CCONTINUE T Tt T
C TERM USED IN ASYMPTUTIC SZRIES :XPR‘SSICA FOR BESSEL FUNMCTICNS
2% ARGEX=PI®(N/ 20702500 T
RETURN
END T I e e e

B

oo pamate .

b cure
1
t
!
|
'
E
>
'
O
w

‘l -tk
b
i
i
3
i

PSQI0C12
PSQUCG20
PSWI0G3C
PSQUOVLLC
PSQuiv5i
PSQRUR62
PSGuve T
PSaCICEC
PSQUT 9%
PSQICLIC
PSQIVLLL
PSQevlae
PSGII13¢C
PSQI0UL4C
PSQJvise
PSQoU1les
PSQLU17C
PSQ0018C
PSQuelsd
PSQ0220C
PSQGL21C
PSQoL228
PSQ0023C

- PSQuY240

PSQ30250
PSQ 0260
PSQZ52TC
PSQQ023T
PSJ0U29C
PSQIS337
PSQUG21C
PSQSL3290
PSQu23y
PSQUU024c
PSQI925C
PSQCC36D
PSQsu3TL
PSQCH28C
PSQUC350
PSQCU433
PSQ20C4l¢
PSaNC42°
PSQJ 43
PSQC0440C

Lo .
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SN Te . _ . 05/36% FCRTRAN H
AMPILER (/PTIONS - NAMEs MAIN,OPT=02,LINECNT=56 451 ZE=0007K,

-t ’
FUNCTION QSU(NsXNSoR)

T

yNOOETKyLOAT»MAF ¢ NCEDIT o ICNCXREF

¢

‘m;'l".“‘tt."t“t“'.“0““"‘@”"“‘.‘.‘-"“‘.".“O‘.‘l‘#‘.“t.C

——— L p—— -

.

¢ THIS FUNCTION CALCULATES THE *Q* FUMCTICM SCUAREDe THE
M 1S THE ACCLSTIC AMPLIFICATICN FUNCTICA

C FUNCT 1ON A
C

A L T T T L R T P PP NP IR PR RS LR R PR L R DD PL R 20 20

¢
T TRALTETT REALS8TUASD oF=H o 0-2)
COMMON_/RAD 11/R INoROUT L
T
RKNS=R® XN S

€T TTTCAUCULATE CERIVATIVE USING RECURRENCE RELATICN

___CALL BESSEL (NyRKNSs3JRNyBYRN)
(A TAKE CARE OF THE HOLLOW CYLINDER CASE
IFIRINeEQeleD?) GO TO 17
NSsROUTSANS T
O IVNSN/BKNS
" TCALLT BESSEL (N,BKNS+BJBN,BYBN)
CALL BZESSEL {(N¢1,BKNS,8JBNP1,BYBNPL)
TQERIRN={ DI VNSEJBN=B JBNPL) *BYRN/ (DI VN*BYBN=-BYENPL)
Q5Q=Q*=Q
RET Univ
17 QSQ=BJRN®*®2
T REYURN T T
END

(g

C
C
C
C
¢

e e s > e

QSQLG21C
Q5Qd0s2d
QSQS002¢
QSC)0CaAL
0SQISesC
QSGUUC6
45Q95C7C
QSq0Ca8L
GSQO0090
QSQ2013¢
eSQonN119
QasQiol12¢
QASQUC13¢C
Q5Q0014C
GSQ3el5¢
QSQuley
QSQlwl7s
Q5QlJlac
QSQOC19V
Q5Q3v 23C
Q5300210
QSQCL22¢
QSQ.0U23¢
<SACCa4c
Q5Qo025¢
wSQQo267
QsSQeg27s

-
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;& JUN 1) _ __ _ . 087369 FCRTRAN H

JVPILER OPTIONS = NAMCs MAIN,OPT=32,LINECNT=56,SIZEnCORK,
SOURCE yeBCOTCNOLIS TyNCOECK LCAC o MAPyNCECIT ¢ IC)NCXREF

e . e

_ _SUBROUTINE RECUR (N¢XyBSLNyBSLNML +B5L) RECICCLLD

C C RECICC20
Ctti‘l.l.“.“l“‘l"t“““‘l""“".“‘..".‘...“.“‘.‘l“""“.C RECIUu3S

c ot C RECIVJ4C
€ TrIS ROUTINE USES THE RECURSICN RELATICN FCR BESSEL ANC C RECIIu5.
¢ TNEUMANN FUNCTIONS TO FIND 'VALUES CF HIGH CRDER, c Recgcaaa

c C RECSITL

CERs AR ERESIRASSES RIS ISEEESB I8 090080000500080s0sn0snsnnsnnen( RECINWEL
C RECIISHG

IMPLICIT REALSE (A=D F=H,(=1) RECCOLILQ

N RECICLLY
B TTQY¥NT= e/ X T T ottt ot o R&CIL2C
KaN=1 RECOVL2)

" C T START RECURRENCE TO FIND CRDER 9 SINCE 38 AND 7 ARE KACWA RECIVLAL
DO 13 =g,k RECOCL5.

" BSLNPL1=QTNT=I=3 SLA-BSLNM] RECCGL6C
___BSLNM1s3SLN RECUOLTC

B - ¥ YT - 1 W T ‘ RECST18e

17 CONTINUE RECQALSS

©T gSL=BSLN T 7° ‘ ' RECBO207
RETURN RECJI21S
TUEND T T T ' ) ReCdaz22¢
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JUN 74 ). . __ .. ... . 0S/362 FCRTRAN H

MPILER OPTIONS = NAMEs MAIN,OPTsG2,LINECNT=56,S12E=0000K,
‘ SOURCE+EBCDIC,NOLTSToANCOECK s LCACyMAPoNCEDIT 9 ID9NCXREF
_SUBROUTINE REGFAL (NoXLy®%) REGCCIL0

c C REGOON2C
CRES2AsERRRTSRREN SRR LEEREERERR IRV 0858088008888 080s0es80008( REGICIIC
c C REGICO&C
c TFIS SUBROUTINE USES THE ReGLLA FALSI (FALSE PCSITICN) C REGSSGS
¢ TECHNIQUE TO FIND THE EIGENVALLES CF THE CRCSS PRODUCT CF C REGuweHD
c THE JER IVATIVES OF THE BESSEL AND NEUMANN FUNGTICANSe IN THE C REGI0STL
c FOLLOw CYLINDER CASE FUNCTION OCB IS THE DERIVATIVE CF J(X) c Rseoogec
c C REGICUYS
CHRSEESEBERSEELERAES SRR IISESS2 S008I0 00 00 RnRssnannnnenstnssnnn REGOCLICS
_c e o C REGUOLLY
TMPLICIT REAL®8 (A=DyF=Ho0=2) REGSO12C

CCMMON . “ALT/QUIT REGIULIC

CATA 173/ REGOCL14S

_ ~ IF(1eEQeN) GO TO § REGOOL6L
c START OVER AGAIN FOR NEW ORDER CF FUNCTICN R2GO0V170
s8N REGSILAS
XL=JeDd REGIC19C

c STGPSIZE IS Jel ; REGIC2XC
T8 XLs XL #0100 REGOO21C
VLFT=00B(NeXL) REGUO22C

10 XRsXL+0.10C REGUL 23¢
L VRT=DOB(N ¢ XR ) ) REGU0240
T IF(VLFTSVRY) 40,30,26  ~ — 7 =~ REGCO25C
o VLFTsWRT - REGUC26.
XLsXR B REGI027C

GO TO 17 REGI028C

30 IF(DABS(VLFT)eLEeQUIT) RETURN REGUC 291,

XL= XR REGI030"

RETURN ) o ST REGJO31D

c ~ CLUSE IN ON ZEZRO VALUE REGLVA2L
4, 0O &) J=1,23 REGOI23C
XTST(XLEVRT=XR2BVLFT) /( VRT=VLFT) REGD0340
VLTST=0CB(N ¢XTST) REGSSASC
IF(DABS(VLTST)eLESQLIT) GO TC 6) REGO036C
TFITVLETISTSVLF ) el T Ju0CY 5o YO 7FC — = REGUI3TI
XLsXTST REGOC38Y

T OVLFTsVLTST ' ] REGRC392

GO TO a2 REGIS4UC

€8 XL=XTST ' REGOG4LC
RETURN REGZ L4420
TV T XRSATST i o REGOD422
VRTaVLTST REGIC44D

8C CUNTINUE ‘ o REGIT45S
_RETURN 1 REGCO46C

END ) ’ REGICSLIS

e e e : A-66
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JUN 74 )

B i o T R e

MAIN,OPT=D2)LINECAT=56,S12i=0000K,

B L o

MPILER UPTIONS = NAMEs

€

387360 FORTRAN H

OTC NOLTST,NOOECK+LCAC yMAP ¢y NCEDIT » IDoNCXREF

_SUBRUOUTINE ROOT_ (NyNTH,XANS,®!

c C
Ct.‘t.i‘tl‘.ttittttt“ttiltis‘t‘t‘..‘tO..‘“..“‘.“'.“t“‘l.t"‘.‘tr
C D c
C THIS SUBROUTINE TESTS AND DECIDES WHICH METHCC (REGULA FALSI c
- MPYSYTIC SERTES) wiILL BE USED TC FIND THE NEXT CIGENVALUE C
c FOR THE DERIVATIVES OF THE CRCSS PROCUCT OF THE BESSEL c
C T AND NEUMANN FUNCTIONSe THE DERIVATIVE OF J(X) IS ALSC HANCLEC C
o IN THE HOLLOW CYLINDER CASE. c
C c
C‘.t‘tttt.nt‘lttttttt.t‘.“tt..tt."‘.t‘0‘t“‘l‘ﬁt.tl‘.?l"ltttt‘*tttL
e T c
IMPLICIT REAL®8 (A=DyF=H,C=2)
LOGICAL®] L/eFALSEe/
COMMON /RADII/RINJROUT
CAOMMON /5TOP/VCRIT
— DATA BIG/1e5003500/7,170/ L i
IF(1eEQeN) GO TO 5
R 1 ek
LeoFALSES
"B IFINTRGESLG)Y GO YO 25
IF (L) GO TO 19
7 CALL REGFAL [N, XNS,&37) o N ' o
MAKE SURE MCMAHN DUES NOT GST A VALUE CF 'NTH' EQUAL TC ZERC
T10 TFINTFGLEST) RETURN &
JaNTH
C 7 TTSINCEIERDO IS THE ZERCTH SOLUTICN AT JUST SCLUTICN ANUMBER FCR
c N NOT EQUAL TO ZERQe Ns=C BEHAVES DIFFERENTLY
CALC MCNMARN TNy J» XMN) ‘ T
IF (L) GO TO 21
c "USE REGULA FALST UNTIL THE MCMAHCN SERIES PRCVIDES GCCC
C AGREEMENT, THEN USE THE SERIES ALCNE FOR THL REMAINING RCOTS
(A "FOR " THIS ORDER OF THE FUNCTICN

c

3

~

<l

£

CIv=XNS/XMN
IFTDTIV.GTVCR ITSAND DI Ve LTeBIGT GC TG 20

RETURN EIGENVALUES

RETURN ™ 77
L'.TRUE.

“RNSEXMN -
RETURN

[

[ X1

2

3

€» J

CRECK FOR ROLCOW CYUTNDER CASE™ "™ "7 ™

IF({NeNCeC) GO TU 7 )

XNS= 2,00 T T

RETURN
WRITETE,20077

FORMAT(1X, *NO CONVERGE!CE WHILE LSING REGULA FALSI PRCCECURE? ,/)

END

RETURN 1

A-67

RCCCICLC
RCOJ0U2S
RCOLYV3C
ROCOAD4e
RCOUSV S
RCOSIVG
RCOOOLUTC
RCCACO8r
RCOJSVIEC
RCOSC1CC
ROC321L
RCOAI12C
ROGCL13C
RGCTIC 14c
RO0OGG15¢
ROOJJ16¢C
RCOQC1TL
RCNOOCISS
RCGCO019C
RODNI2)C
RGOws210
RCOGO2249
RO0OOJ23%
RCOQC24C
ROQGL25C
RQOIG260
ROOGO2T4
RCOSO287%
RUOC229¢
RCOSJ20C
ROOUI3L"
RO00G32¢C
RCOBQ33L
RO0DJ24C
RCOCO25¢
RC0I036%
RCOVS3TE
RCJ0038C
RGGSN293
RCOLO4OS
RCOCL 410
RODZ%422
ROCIC43.
RCOZ7T44°
RCCAD4S:
ROOSS45L
RCC:u&T.
RCO%%48%
RCOCR4S.

L A
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JUN T4 ) e . 0873269 FCRTRAN H

MPILER OPTIONS = NAMEs nAxn.opt-oz.anecnt-so.sxze-oooon.
SOURCE, LTSTINCOBCRyLCAD o PAP,NCEDIT IO NCXREF
SUBROUTINE SCALC (K'"'N"‘

SCAQRO0LE
£ SCAd3C2¢C
_COBEBIssesnsIsRESSERERSRBESBRSRISEIRS S 8084080808458 0 0800008000088 C  SCAYO I3

- ——

- C T C SCAQSV&C
c THIS ROUTINE PERFORMS THE SLM OVER THE 1S ACCUSTIC MCCE INCEXe C SCADQuSC
' ) OGRANS TPURTCN ' "AND "*STREBAN', C SCAJUI6D
T C SCAQCOT¢
CEBANRRASRAERREES RSP ABERBISEBISIIN 04085005000 snssnssnsnsatsssusns SCAGCCEL
: < . C SCAYOLSC
IMPLICTY REAU®8 (A=DyF=HoC~2) SCAOG10
COMMON /CIR/1SAME, 10PP SCAQU11L
COMMON 7ERROR/LAST - T SCAJC12% s
_COMMON /STOP/VCRIT SCACI13C |
COMMON /TOTALS/STOT,PTOT,SPTCT(4) SCACQOL4C
~_COMMUN /ACUSTK/ACMODS(8GO0) ¢MNS(8CI0) sNUMAC SCAJC15¢ ;
CIMENSION HOTHR(4),SPSUM(4) SCA00i60 .
C SCAQOL7C ;
C INSURE NEXT YERM wilil BE FROM CPPCSITE OIRECTICN SCAOG18¢C
nSQOPP=1,0745 SCAO019C -}
$SUMEQ D0 R SCAGD22C ;
$TOT=0400 SCAQ02135
00 1007 IDX=1,4~ =~ SCAJC22:
SPSUMLIDX) = 3400 $CAQ023C
Ts 000 T SCAQ024C
STRIP SIGN OF K SCA3)250
CIETARSTKY T T $CAG0269
1SAVEs] SCAG527C
C 7 TUNPACK ACOUSTIC MODAL INDICES AND COMBINATICNS SCAJD28C
NS=MOD(MNS( 1),13000089) SCA00290
NsNJ/Z71U0VU T SCASC2C
MNsMNS(1)/1GC3 SCANY21Y
T M=MN/ L3007 . $CA%022¢
c CALCULATE ACOULSTIC AMPLIFICATICN FUNCTICA SCAQ?33¢
10 CALL H3QMNS [ACMODS(I) ¢MNS{T) ¢MgNyHCTHR yH2MNS 9653 SCADJ349
CHECK FOR ZERQ CASE SCAOC3SS
T T IFTREMNS G ETe UeD T - SCACS36D
1 CALL FNDNXT(ISAME K¢l xsave.un.uus.nunnc.axc.a«o) SCAJ23T2
© STOTaSSUM+HZMNS SCACO38C
CO 20C IDX=1,4 SCAJL29C
200 SPTUT(IOX)=SPSUM( IDX) ¢+HOTHR (10X) SCAYT4)?
c CHECK CONVERGENCZ IN ONE DIFECTICN SCAID4LY
[FUTSSUMZSTOT o GTeVERTT) GO TCT 20 SCAG242¢
SSUM=STQT SCAL42;
00 30 I0X=l,4 SCAIG44:
383 SPSUM(IDX)sSPTOT(IDX) SCAJC45.
! [ " TFIND NEXT FREQUENCY IN SAME DIRECTION IF THE LAST CCNTRIEUTION SCACC467
= C FROM THIS DIRECTION IS GREATER THEN THE CCNTRIBUTICA FRCM SCAJL4TL
-~ T TRE PREVIOUS TERW IN"THE CPPUSITE DIRECTICN SCAJC48C
’ IFLFZMNSeGT o HSQOPP) SCALCH3:
‘1 CALL FNONXT{ TSAME K ¢I yISAVE)¥Ny¥NS,NUMAC,&1C ¢E4D) SCAD05Y:
C RECDCFINE OPPOSITE TERM VALUE SCAJ0512
T HSQUPPEWZMNS T T SCASUS20 %
OR :

A-68 OF POOR 0118 iy
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DA A i et o
o

GO 10 29 o )
s3TU7 T

_ CO 43¢ IDX=1s4

420 SPSUM(IDX)=SPTOT(IDX)

C_ _  CHECK CONVERGENCE IN BOTH DIRECTICNS
25 IFInSA0PPoEQe=1eD ) RETURN
__ ¢ INCURE %gurlNueo PROGRESS IMN THE OPPCSITE CIRECTICN
" s=]l, '
€ FIND NEXT FREQUENCY IN OPPCSITE DIRECTICAM
; 39 CALL FNONXT (10PP Kol o1SAVE ¢MNyMNSoAUMAC,EL0 635)
f 35 Ks=K
" 4C CONTINUE 7
. e ._...GO TO 25 , o
‘ & REYURN | ‘ ‘
END
§ -
* T } T A-69

SCANQS3C
5CA00 540
SCAJ0550C
SCAQUS6C
SCAQUSTC
SCASI S8y
SCAGOS5SC
SCAJ06)C
SCAJvéLL
SCAQ362¢
SCAQ9¢€39
SCAQL6LC
SCALVEST
SCAQGE6S
SCAUGETL
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JUN T4 ) . L
IMPILER OPTIONS = NAHE'

087365 FORTRAN H

HAKNoOPT'OZleNEChT-§6oS!ZE-OOC‘K
ffT'NUDECKoLCAD.ﬂA’oNCEQlTvleNOXREF

SUBROUT!NE SCALCB (K;HoNo‘)

®

C.“.“‘&..t't.-‘-...““‘.W.l““"‘t..0““O‘....‘t“““....'l‘l..C

S
¢
¢ FUNCTYICN, 1T IS5 USED BY MAIN PRCGRAM *ACOBAN'
€
Tce
c_

T IMPLICIY REAL®S (A=DyF=HyC=2)
COMMON /ERKOR/LAST

CONMCN 73TOP/VWRITY o o
~ COMMON /TOTALS/STOT,PTOT,SPTICT(4)
COMMON /ZACLSTK/ACMDOSEBCOC) ¢ PNS(8909) oNUMAC
. CIMENSION HOTHRL4) oSPSUM(4)
C ndd s h 5
, 1=K s
S'al‘aoﬁa
00 13" IDX=l,4
1¢0 SPTUT(IOX)isCeDO

c UNPACK ACOUSTIC MODAL INDICES ANG CCMBINATICNS
NS=MOD(MNS(I)o2CC0"2))
N=NS/1099 ,
- MN=sMNSTIYZ7 L300 — — ————— "~ "~
MSMN/1CUJ
C 7 " CALCULATE ACOUSTIC AMPLIFICATICAN FUNCTIGA
10 CALL HSQMNB (ACMODS(I) ¢MNS(I) ¢yMyNyHCTHR yH2MAS ¢E50)
C " CHECK FOR ZEROD CASE
STOT=H2MNS

U0 200 T0X= 1,4 R
27 SPTGT(IDX%)=HOTHR( IDX)
RETURN ‘
£C RETURN 1
END

A-70

THIS ROUTINE OBTAINS THE BANOWIOTH ACCUSTICAL AMPLIFICATICA

SESSERETREEZESASSSSE IR AUSSSENIE PPN IRESSSENS SIS ESESHSBESBERBIN

SCAQ001¢
S$CAXGG2C
SCAJOUIC
SCASC4C
SCACOCSC
SCA)GVEL
SCAQS37s
SCALuG8e
SCAZYL9C
SCAQCLIC
SCAuLJLLY
SCAdCl12l
SCAJVL3Y
SCAQCL4C
SCAQU15¢
SCAQUL 6V
SCAGCL78
SCACO13¢C

SCAVLL9L -
$CAQJ2)¢
SCADQ210
SCAc,220
SCAJC23C
SCAJQ24y
SCAUC25.
SCANQ28¢C
SCAGL27C
s§CAd28¢
SCAJ029C
SCAD3330
SCACG3LT
SCAQO32¢0
SCA)(323C
SCACU24C
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iMPILER OPTIONS = NAMEs

JUN. T4 ) . . . . 0S/7360 FCRTRAN H

MAIN,OPTSC2,LINECAT 56,451 2E=CCC Ky
SOURCE S EBCHIC,NULISTyNCOECR ¢ LCACyMABoNCEDIT o ICo NOXREF
 SUBRQUTINE SMODSC (IPSTIPENDICSTICENC,ICN) c

¢
C“‘....‘O.l“‘.“‘.“““‘.“.“..O“l"'.'.‘...“..“.“..‘..““.lc

C

C THIS SUBROUTINE CALCLLATES THE STRLCTURAL MCCAL FRECUENCIES
¢ TEORTAN ORYROTROPIC "SHELL "SEGMENT STIFFENED BY RINGSe THE

C CALCULATION 1S PERFORMED OVER TwO MODAL INDICIES, IP ANC IGe
c ZACH COMBINATION OF [P AND 1C HAS THREE ASSCCIATED MCLAL

C FREQUENCIESe THE INDICIES ARE PACKED INTO ARRAY MPQ IN THE
€~ CORDER IQ AND IPs” THE FREQUENCIES SQUARED ARE STORED IN

C ARRAY STMODSe IN ADDITION, THE THREE ASSCCIATED CCNSTAATS
"¢ TRZEDED FGR THE AMPLTTUDE FUNCTICN FCR EACH MCCE ARE CALCULATED
C AND THE SQUARES STORED IN ARRAY STNMCD3, THE INDICIES (SAME

C  AS FOR THE THREE FREWUCNCIES) ARE STCRED IN ARRAY MPC3,

C
c

SEEREEEEISEREBRE PSR ES L SIS ONSSH RN LIS INDYNIBISEURAS SIS SBESEE SN

COOOOOOOOOHOOMND

0 INPLTICTIT REALSY TA=DWF=HC=27) -

DIMENSION BUF(2), IBUF|3i03(3)

COMNON/ACCEPf/lLF‘

COMMON /CUNEST/PI

- COMMON JLETTRS/A,B9CHsCKyCRAT,DRAT

COMMON /STRLCT/S?NQDS‘IZOU'oﬂpu‘lzau'QSTHCD3(4°°03'QPPC’(QCQ"
1 NUMST,NUMZ

PNU'I.DU‘ZQDQ'“

cJd 10 ll”)o UbolCqu ) o ICN
140 Jsl
Kal
TR UAST w02 - T
FLASTI-FLAST
o T LOOP OVER P AND Q@ STRULCTLRAL MCDES
po 29 lP-lPST IPEND
RP2s1IPIP -~
P2Bs=8SRP 2
I TGS 1IqSY
3 RQ2=(IQSPIZALFA)®®2
TERI=P254P2B¢2, 0 %P 2B*RG2+DRATIRQ2#RQ2
TER2=( 1e00¢A 8P 2B +(CRAT+AI®R(C2
" TERS=PZREP ZB+{CRAT=PNU) SRG2*P2B/A¢CRATHRCZ#RC2
COF2sCRATSCKSTERL¢TER2
COFIECRATHRTT L. DUFA~PNLU&PNU/CRAT) sP2B+AMRC2) +CKHTER2STER]L¢ASTER3
COF“-A'(CK*TERS*TERI*(CRAT-PAU*PNU)'FZB‘PZB)
" COF2s1=-1,DC)*COF2
COFO=(=1,001*COFQ
CALL CUBICIXyCOF2,CUF1+COFD4E540)
STMODS(J)=sX(1)/C
IWORD = Q¥ ICCUFIP
MPQ(J)=IWIRD
S Jegey
STMCDStJ )= X(2)/C
TrMPRIIYETIMORDTTT O T T T

- — — P R -

S —— -t oW W

A-71

SMOOGILC
SMO3C020
SMOCIV2s
SMOJQuU&U
SMOGCCSSE
$MC00u6s
VMOO007C
$M0Q 3. 8¢C
$..02809%
SMOSU1d¢
SMOCvlle
SMoocCiav
SM0U0120
SMO)ulai
SMOQS15¢
SMOUGL160
SMC2I1TY
sMoCo18c

SMCI0190

SMOQG 267
SMOJC213
SM0QQ220
SMOu0234
SMOJ0243
SMC20259
SMOJ026C
SMOQC27¢C
sSMpJo2ar
SMOYL29¢C
SMOS8ate
SMO0L31C
sSMGonz2n
SMOGL33.
SM3C224C
SMOuQ35¢
SMGRC36T
SMGJ02770
SHOQVBEG
SMOLC 297

SHOOvéJu
SMO2%410
SMC2o42”
SMOCC43C
SMOQJC 442
SMQGC 45T
SMODC 462
SMOUC4T72
SMGU043”
SMGCOU49C
SMOQ05Q4G
SMOGUEL?
SMGIQ0522



- B A a adiht

B ——————— - T

JsJd ¢l SMOTJ53.

1 F?":,

iwwm« .-

1 A
N

- T T T T T eM00CE60
npchn-xuono ) o SM000S550
LR s o SMONCS6S

A STMOD3(Ks1)s(P2B+A®RQ2) /C SMOILS5TS
TSTMODI(K, 2)s(ASP 28 *RW2%CRAT) /C SMCCOSar,
STMOD3(K ) =i (P2BSRI2)®(1sDu=A)982)/C N ) SMOLUS9C
MPQ3(K )= [WORD ' - SMOSV6J
__Kskey o i SMOGCLC
FLAST2eFLAS T SMOOCE2¢
_ FLAST1sOMINL{STMODS(J=3) ySTMCDS(J=2) ySTFCDS(J=1}) $MOI(C63C
IFT1Q0eEQeIUSTIFLAST28FLASTY SMOCC 64V
. IFL(FLAST1oGEGFLAST)oANDSIFLASTLoGToFLAST2)) GO TC 16 SMOICE 5L
I3 3= T3+] SMOJIG66L
1F(1QeGTCIQEND) GO TO 16 SMUSCETS
6o T0 11 SMCJuéEaL
16 IFLIPoEusIPSTIFLAST=FLASTL SMON369C
€9 CONTENUE SMOCCTAC
c NUMBER OF STRUCTURAL MODES SMOOUTLO
NUMSYsJ =T T SMOCS72:
NUM3eK =] SMO3073¢
CALL "SORTISTMOD S JMPQ,NUMST) SMOCHT4C
WRITE(29250) IPST)IPEND ¢ 1QST o ICEND o AUMST oAUN2 SMOCC 758
250 FORMAT(BI10} ™ SMCOCT62
~aec-~unsr/- SMOCS772
(RECFESLToRUMSTINRECSNRECHY ~— ~ - = =~ = = ' SMCZC T8¢
oa 69 11181 ,NKREC SM0J079¢
INDIeS$({T1I=1)¢] B sMO0S08CC
IND 2= IND1+4 SMOL 81,
IF(IND2oGToNUMST) IND2=NUMST $M0J082¢
WRITE( 20250 ) (MP I JJJ) ¢ JJJEINDL»IND2) SMOCo83y
H 9T JIITZITISINDTI W TND2) SMC3s 84
€> CONTINUE $MOOC 850
NRECaNUMI/S SMGJ086C
IFINREC* 5oL ToNUM3 INREC sNREC+1 SMOOCETS
T D0 61 11Ts1,NREC SMGUO88e
INDI®=S®([I1-1)¢1 SMC0890
INDZ2= IND1¢& T SMOuUCS SO
IF(IND24GTeNUM3) IND 28NUM3 SMGIC91Y
WRITE(2,25))(MPU3EIJII) v JJIJ=INDL,IND2) SMOGIS20
D0 611 KKK=1,3 SMUJLS33
WRITE(20250)(STMOD2(JJJIKKK) ¢JJJIsINDL o INC2) SMO02S4C
€11 CONTINUE SMOJoS50
€1 CINTINDE - e ' SMG 205¢”
2850 FORMAT(5D16610) - SMOICSTL
 TWOP I=250C#*P1 SMGCJS8%
WRITE(E&,2002) SMOCC990
2000 FURMAT(1H1,T16,*STRUCTURAL MCDAL FREQUENCIES AND INCICES?, SMOJI1G)S
1 /77, (P INDICES* 93Xy 'FREGUENCIES 4 3X) o//) SMOCLOL"
- KOUNT=0 et SM0OJ1d2¢
0C 30 I=1,NLMST,3 SMGU153y
T U Kse2 T ‘ SMO3134"
c WRITE FREQUENCIES IN HERTZ SMUV1C5¢
ey T T ) T SMGJ195¢C
e N
e e o , Qfxf«sfe g

Pt



e rernggp——y

00 25 J-loK

—— el - -

. lWF“..’:E.’.Q.!-“ e .
T8 La(v]
o u%lTE(é-ZOOl! (IBUF(J)oBUF L J) 9dsl,3)
T 2041 FURMATULR S 3(19,3XeF8e1,4X))
KOUNTSKOUNT +1 R
!F("'ﬁn DIKOUNY» 500 EQed) WRITETE,2C00)
v CONT INUE
00 61TT KKKal,2"
WRITE(£&,2002)KKK

20027 FORMAT (LRI T11,* STRUCTURAL CCNSTANTS C*ylly* AND INCICIES®

Ve///

KOUNT=.)

00 40 Is1,NUM3,3

TKsfed T I

L=}

00 38 JAl, KT T T

BUF(L"DSQRT(STMOD‘(J.KKK)D/ThOPl
NavJd)

3( *INDICES ' 93Xy *'CONSTANTS s 3X)¢//)

35 =il

CTTTTTTTWRITETE CI0T Y TIBURTJ) oBUF T J) 9=l 43)
KOUNTsKQUNT ¢}

T T T YFIMODIROUNT s ST TLEQe ) WRITF (6492C32)

40 CONTINUE

1 CONTINUE

WRITE(E,2032)
T2YCTFORMATTIRDY T T T T T T

RETURN

2C0 RTADUZ,250TIPST,IPEND,,TQST,ICEND »NUMST,NUM3
NRECaNUMST/ £

T IFINRECWE T TSNUMSTINREUSNRET+] T
00 79 111=1,NREC

© T INCYISERTITI=17+1
IND2= IND1+4

T TTFUINDZeGT o NUMST) IND2aNUMST

READ(2925J) (IMPQ(JJJ) 9»JJJ=IND] 4 IND2)

T READUZy SENICSTMODSTIIIT » JUJ=INDT W INDZ) ™
73 CONTINUE
- NRECSNUMZ/S ~ ~ ~~~ ~ - o

IF(5*NRECaL ToMUM3 INRECSNREC*]
TDOTVTITEILNREC
IND1=5%(111l-1)¢]l
T TTTTTINDZEIND TR
IF(IND24GToNUM3) IND 2=NUM3
 REATUZy250)(MPQ3{JJJ) vIJJI=INDLINDZT
D0 711 KKK=1,2
TREADI2¢y 350V ISTMAOD2(JJIJ9KKK) 9JdJJ=IND1 ,INC2)
711 CONTINUE
71 CONTINUT
RETURN
CECOTSTOP €SS T T
END

BT Ty

SMOC10790
SMO01C8%
SMOU1C9C
SMO0113¢C
SMGGL11c<
S$MOO1127°
SMON1130
SMOO1140
SMO0115¢0
SMOQ1169
SMCU117¢
SMOQ1180
SMO3119C
SMG 1204
SMC0121¢C
SMOJ1229
SMOU1230
SMO0124¢
SMOv125v
SMOJ126Q
SM001278
s$MO0128C
SMGO129¢€C
SMOU130C
SMOUJ131l¢
SMOG1323
SM0013390
SMOT1340
SMOC1350
SMO01368
SMOU1373
sSMOC138°T
SMO0139¢
SMOC149°
SMO0141C
SMOC1420
SMOU143%
SMOC144¢C
SM0Y145C
SMOC1460
SMOL147,
SMO21448C
SM00149C
S"OU 4«»\1
SMGC1%1-
SMOJ152<
SMOC1E3:
SMCT1542
SMOG1550
SMUB1E6L
SMCUL1ET"
SMO158%
SMOT 159,
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( JUN 74 )
JMPILER CPTIUNS = NAMEs

S R ek IR

087367 FCRTRAN H

MAIN,OPT®)2, LINECNT=56,STZE=CON3 K,
SUURCE yEBCOTIC , NOLISYINCOECK sLCAD ¢yMAP yNCEDIT » IDoNCXREF
¢ . ..SUBROUTINE SORT (RAyla,NUM)

c

CrESEatRsE RSN ERARRE PR RINENIRININLOASRSRRR: PSS RESSEBICEREB R RSN

s e o  n  ———— -

¢
¢

e——————

c
- C

ThiS ROUTINE PCRFORMS A NUMERICAL SCKT CN INFUT ARRAY RA ANC
HE CUNTENTS CF ARRAY JA IN THE SAME GCRDER,

CRESERESENNSERRESSRRE ISR IBB I INIIPNNS RIS RNUBEN B IR NSRS B B%(

IMPLICIT REAL®E (A=D¢F=H,C=2)
CIMENSION IA(1),RALL)

=

B

[FINUMeFUel) RETURN

JKeNUM=-]

00 13 I=},JK

KKs [oy

CO 10 J=KK,NUM
VeGTRATINY GU YO {7 "7 ™7

XX=RA(.;

CRA(I)=RALJ)

RACJI®XX
t=galty —
1A(1)=1ALJ)

[AtJ)y=s]]
CONT INUE
RETURN

END

+

A-74

c

C
c

c
c

SORI911C
SORS0O320
SORIGCO 2
SORDIV4Gy
SCRSco3.
SCihQO0 &S
SURJIUCTC
SORZ:SS By
SOR 009N
SGRCGL10C¢
SCRuUVILL
SORJI12C
SORQVL3C
SCRCU L4
SORANLS5C
SCROI160
SORGCL17C
SORCO18C
SORQVL9Y
SCRGw20C
SORNN210
SQRGD22¢
$0:00230
SCRCUZ4C
SORCQ25C
SOROC264
SORJC27:

e

B &

[ o
%




v JUN 74 ) _..
IMPILER OPTIONS =~ NAME=

0S/36J) FCRTRAN A
MAIN,OPT=02,LINECNT=56 51 2E=00GO2K,

O

SOURCE JEBCDIC < NOLISTyNOODECK . .CACsMAPNOEDIT o ICoACXREF

. _SUBROUTINE STAMFB (1,H2PU,®) STAQOC 1O
C TTTTTmTT T o ' € STAJC02C
CORBREBASAERABABEEARVEELALASEEAIL ISR ERL BN IS RN ossununnsssssnssC STAJ0030
¢c - 0T C STACII4S
€ THIS ROUTINE CALCULATES THE STRLCTLRAL ANPLIFICATICN FUNCTICA C STAQ0QSC
C T T INTEGRATED OVER A BANDs  THI'S IS LSED BY MAIN PRCGRAM 'STRBAN', C s;Aoggeg
C € STAgA27
CESRARBESERERATSAEBLABILTELEIVSRAISRESR SIS SNAs Rt inssnsnssnssns STALCCSES
o C STAGOWSG
IMPLICIT REAL®8 (A=DF=H,C~1) STAQOLSC
COMMON /STCAMP/STDAMA,STDAMB STAGOL1lY
COMMON7CCNST7PI - STAGOL127
COMMON /FREQ/WSQ STAQOL3L
CCMMON 7INFOZINOEX STAGO140
COMMON /LEAD/HFTERM,BBB STAOO15¢C
""COMMON " /STRUCT/STMODS(L2C3) o MPQIY2S7) oSTMCD3 (400 93) #MPC2(40C), STAOO16U
NUMST o NUM3 STAQ017¢C

C o STARGI8C
c FIND INDEX FOR CONSTANTS STAQQ19C
’ 00710 UsfoNUM2 STAS0207
IF(MPQ3(J)eEQeMPQLI)) GG TO 29 STAV0210

1Y CONTINUE STAJu22C
WRITE(T7,2000) I STAGO23S

- X3 YCUNSTANTS NOT FOUND FCR™MODAL INCEX '919,/7) STAJN24C
WRITE(&,2702) STAQGZEC

"20C2  FORMAT(1HO, * INDEX?*y5X,* MPQ ' y5X*STMCDS',/) STAJ0z6Y
00 3000 JJJ=1.NUMST STACO27%
TWRITEL6320032)JJJsMPI(JIJ) 9STMODS (JJJ) STANC28)

2NC3 FORMATI(1H ol5'5X'1905x'Dluo4) STAZ:2S%
A¢CT CONTINUE T STANDzZOC
RETURN 1 STAJC210

c T EIND SECOND FREQUENCY AND DESTROY ITS INCICES SC THAT IT WILL STAJC320
C NOT 8€ USED AGA!N AS A FXRST FREQUENCY B8Y MISTAKE STAQOz23¢
T O2NTITST=MPQUY) STA3S9342
WePQl=STMODS(I) STANL 250

DO S0 JKETy NUMST T e - STAQQ3¢C
!F(%PQ(JK).EQ.ITSY.ANDQI.NE.JK) GC TC 40 STAOG3T.

20 CONTINUE— 7 7 STAL L2381
WRITE(7,2501) STACL39¢

T 20CY FORMAT(IX, *SECOND FREQUENCY NCT FCUND?') STAQQ4IC
RETURN 1} STAQR4]1L

- 49 WIPQZ=STMODSCJIKY o STAGO42S
C INDEX IS USED IN TH& ERRUR VESSAGE INDICATING MOCE EXRAUSTICN STALC43.
' TIUKKKEYK Y T T STAA44L
DO 70 JKK=JKKKyNUMST STAQU4SL

T TTIFIMPQUIKK J oEQe ITSToANDo To NEg JKK) GT TC 83 STACC 48"
70 CONTINUE STAQC4LT!
WRITET Ty 20CHT - T STACC48C

ZOC4 FDRMAT(IX.'THIRD FREQUENCY NCT FCUND ) STACL 49,
“~~"RETURN 1 o T STAOOSQ”

80 W2Pw3 = STMODS(JKK) AJCS1Z

TTTINDEX T=TMPQUIKRY T T

URIGINAL PAGEK I&T ACLS20

OF POOR QUALITY
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STRUCTURAL AMPLIFICATICN FUNCTICN

AFA AMA/TT2.098PT o8 TDAMPEY —
AFACt-AFAcr-AFAcr
T BFACT=s],0neSTOAMB

__SQETAlsAFACT*uw2PQL®sBFAC™
T SQETA2=AFACTSW2PQ2**BFAC)
SJUETA3sAFACT®n2PQ3%#BFACY

HPQ = RFTERM&( (WSQ=STYMODIT U111 %(wSA=STMCD3(Js2))
1 =STMOD2( Jy2) )82

H2PJ = HZPQ/((DSQRTISQETAL) /PI)

1 __*((W2PQ2=W5Q ) ##2+ SQE TA2#hSC)

3T TTE((W2PUI-RSQ ) %2+ SIE TAZORSC))

END T T T

A-76

STAJCS3C
STAUCS4C
STAQ0550
STAQQS6Y
STAQOSTS
STAUOS80
STACIS59C

- STAQU6YC

STAQQ6ELS
STAQ0¢&20
STAQ063C
STASOE&4C
STAJLESC
STAUQE6L
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[ (LJUN.74) . CS/7360 FORTRAN #

|

IMP

i

R I -

ILER OPTIONS = NAMEs MAIN,OPT=02¢LINECNT =55 ,,SIZEsCCICK,
SOURCE EBCOIC NOLISTINCDECK ¢ LCADoMAP9yACEDIT o IDINCXREF
SUBROUTINE STAMFC (1 MyNo1QoHGANI »#)

Cc c
C‘tlt.t‘tt'tlttttt#t“tt.““"‘t“.“‘O“.Ot‘t't‘.t‘t“#.t‘t‘.‘.‘ittc
c . ' C
(o THIS ROUTINE CALCULATES THE STRLCTURAL AMPLIFICATICN FUNCTICN €
c SQUARED TIMES THE ACCEPTANCE FUNCTICN FOR STRUCTURAL MGDES C
C  SQUARED TIMES THE ACCEPTANCE FUNCTICN BETWEEMN THE EXTERNAL c
c PRESSURE FIZLD AND STRUCTURAL MCDESe THIS IS THE TERM WHICPH c
c COMPRISES THE SUM OVER THE 1P STRLCTURAL MCDE INDICZSe TRIS (
c ‘ROUT INE IS USED BY MAIN PROGRAMS *PURTCN® ANC *ACCBAN', c
C c
T CERBANSERE RS AT R RERE RSN SRR SNBSS SIS P A A SR B VBB RSV IR RSB BERS R SRR AR
¢ C

IMPLICIT REAL®8 (A=DyF=HyC=2)

COMMON /STDAMP/STDAMA,STDAMB

COMMON/CONST/PIT

COMMON /FREGQ/NWSQ

T COMMON 7INFO7INDEX— " - & =~

COMMON /LEAD/HFTERM,B8B88

TCOMMON 7SAMPLE/ZTEMPIL122C) 4LPCSI12C)) oNUNTMP

COMMON /STRUCT/STMODS(12CC) o MPG(1200) oSTMOD2 (400 +3) y MPC3(403),
1 T NUMSToNUM3

c
" "€~ FIND ASSUCTATED THIRD FREGUENCY ~

DO 10 Js1l,NUM2
TFIMPAI(J)e EQeLPGSILIN) GC TC 23
10 CONT INUE
T WRITE(7,2903) 1
2980 FORMAT(1Xe*CONSTANTS VOT FUUND FCR PCDAL INCEX ' 9194/7)
WRITETG, 20021
2002 FCRMAT(1MU, ' INDEX®,5X," LPCS VoSXe'TEMP® /)
0O 29C0 JJJ=lNLMTMP '
WRITE(692002)JJJeLPQAS(JII) ZTEMP(JJIJ)
2003 FORMAT(1H o+ I5+5X916+45XsD1Ce4)
308C CONTINUE

,h ReTURN 1 T o
c FIND SECOND FREQUENCY AND DESTRQY ITS INCICES SC THAT IT wiLL
c 'NOT BE USED AGAIN AS A FIRST FREQUENCY BY MISTAKE
20 ITST=LPIS(I)
c  UNPACK THE IP INDEX

1IQ = LPAS(I)/1000

I £ [0 o] § 44703 8 @ FD £+1°2°) M

LPQSI1)=G6596G6
TW2PQLSTEMP(T)
CO 30 JK=1,NUMTMP
TFILPTS(JKTI «EQITST) GO TO 4C
3. CONTINUE

WRITE(7: 2001} i
20C1 FORMAT(1X,* SECOND FPEQUENCY Ncr FCUND ')
©O"REYURN'T T T
4N W PI2=TEMPLJK)
c T T INDEXTYS USED IN THE ERRCR MESSAGE INDICATING MCCE EXFAUSTICN

A-77

STASSJULlG
STALOC2C
STAD203C
STAXGG4S
STA JuuSe
STAQOC 6L
STASCUTS
STACOCSC
STAuwL Yy
STAR010C
STACUL11C
STAJO12C
STAVIL3L
STAD014¢
STAQI150
STAJCLéG
STAQOLTY
STAQO18¢0
STAUC19¢C
STAGG2)0
STAQC21¢
STAQG22¢C
STAUC23¢
STAG24C
STAUJ25¢
STALZL26&%
STACC27C
STAOQ28C
STAGS 254
STA202RC
STAUU21?
STAGCzZ2C
STAQU23y
STACZ 347
STAQQ235¢C
STADJC362
STASS3T,
STACO380
STAJG29¢C
STAZI4)"
STAQC41C
STASC42C
STADU43.
STAGO44Y
STALUQ4GSL
STASD4ET
STAQG4ATC
STAGC4S2
STALCS4GS
STAQCSIC
STAJCSLN
STALCS 2
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T s sk Wt e e w o — ——

LPQS{JK )8656666
- ’
IFILPQS(JKK ) eEQeITST) GO TO &C
T 70 CONTINUE™
v . WRITELT9 20040
20C4 FORMAT(IX, "THIRD FREQUENCY NCT FCUND')
RETURN 1

80 W2PQ3 = TEMP(JKK) ' T
INDEX = LPJS(JKK)
TLPQSIJKK ) = 969999
€ _CHECK FOR ZERO CASE
TTAMAGSGAMA (M, IP)
. IF(AMAGeEQedeDJ) GC TO 5C _
C — STRUCTURAL AMPLTIFICATICN FUNCTICN
~ AFACT=STDAMA/((2eD0%P1 ) #*STOANB)
AFACTSAFACTSAFACT
_BFACT=1,00¢STDAMB
SQETALSAFACT®n2PQLle»8FACT
SQETA2=AFAC T*W2PQ2%#BFACT

SQETAI=AFACToWoPQI*waFACT

H2PQ = HFTERM®({ (WSW=STMUD3(Js1) ) ®(nSQ=STMCD3 (Jy2))
«STMOD2(J92) ) ew2

F2PQ = HZ2PU/({( w2PQLl-WwSQ)*%2¢+SCETAL#WSQ)
ST (WPQ2-WSQ ) *%2+SQE TA2%wSW)
*((W2PQ3=WSY)*#2+SQE TAZ*WSC))

[ ] O" O-‘

DUMMYsPQJITIP, 19,888 : -
HGAM [= H2P U®AMAG S # 28D UMMY
TRETURN
€3 FGAMI=N4D2
" RETURN
ENC

~Ri-

TN page re

s
S - . i e
e
»."’ [ SN

A-78

STAUQSI.
STAUCS4U
STAQOS5Y
STAJUS6V
STAQ0S57C
STADCS580
STACJSSS
STAQQ6JL
STAS%6LY
STAQQ&2C
STADQ62(C
STAGC 64
STAQOe5¢
STAQC &6y
STAC(ET.
STAOUEdL
STAUU69C
STACC73¢
STAQC71)
STACGQ729
STAULTIC
STAUGT4)
STAQU75¢
STACGTEU
STAULLTTC
STACC78C
STAUW79C
STAY0EMD
STACG8LS
STACO82C
STALLUB3U

[ o—— [




|

i
)

c o mmmeow oes ks

{ JUN 74 )
JMPILER OPTIONS = NAMEs

Mt M W G a— S n— W

B 087360 FORTRAN H
MAIN,OPT=02,LINECNT=256 ySIZESCCOCK,

s EBCOIC,NOLTST NODECK s LCAD o MAPNOEDIT oy ICoACXREF

PPNOOD1

_____FUNCTION PPN m.xpp_wm
c C PPNJINC2
CHSBEBEESIMENLERRENITRRISEEIPSEIIRI 4200 IRISEIREBLISIES R SRS 2000 ¢ PPNOOLI
B T C PPNULOS
C THIS FUNCTION CALCULATES THE ACCEPTANCE BETWEEN THE EXTERNAL € PPNOOCS
C PRESSURE FIELD AND THE STRUCTURAL MODESe c Pmogoe
c C PPNIODSY
CHESR2BRRRERFRERERENISEESRIBRISSB 000300900800 B2 8R4I S888308888888C  PPNICLS

C PPNI3S
TOTIMPUICTY REALSS (A=DoF=H,C=2) =~ PPN201J
COMMON /CONST/PI PPNGC110
97 WST T e - PPNCL 122
COMMON /MORE/PFRONT ¢ WOLC ¢WOLCPI yRECIPCBWoPICER PICEFI, PPNIOL3S
1 " wOLCOSPICCOS,QCTERN PPNOOL14]
C PPNCC1S¢c
T pplislpept T PPNOCi6C
ZONEsWOLC ¢PP PPNOCL?
LTwlsWOLC=-PP] - PPNOC18
c EVALUATﬁ THE SI ANO CIN FUNCTICNS FOR THE *P' TERWM PPNOO19¢
' "CALL STNCOSI{ZONE, SINONE yCOSCNE) PPN0QO2)C
CALL S!NCDSllTNOoSINTNOoCCSThO) PPNCI21C
Cdsle00 PPNCO22C
11P=]P PPNQ0D23C
(of CRECK IF TIP IS EVENOR™ QOO ™ — '— ™ PPNCO24¢
IFIMOD{IIPe2)eNEQl) DUs=1e0v PPNUD 250
PTERM=PFRRONT®((P1/72,D0)«(SINCNE+SINTWC) ¢ (COSCNE~CCSTWO)/(24L0%IP) IPPNGI26)
c ~ CHECK FOR SPECIAL CASE ; PPNIU270
IFCINOLCP I=IP®IPSRECIP)eNEe"eDS) PTERNSPTERN=PFRCATS PPN3S23¢
1((1eD0=0J=WOLCOS)/(WOLCPI=[P*[P*RECIP)) PPNUI290

- PY-'P q T T T - PPNSO3IC

PP I22,DC%P [*N PPNSC21e
ZONE=sPICEPIePPI PPNQO220

LTnQ=P ICEP [=PPI PPNOU33¢C

(o T EVALUATE THE SI AND CIN FUNCTICNS FOR THE ¢Q* TERM PPN 340
CALL SINCOS{ZONE ¢SINONE ,CCSINE) PPNDOD3SC

T WO s SINTATL,CTSTRCY — ' ™ ' PPNCI36<C
QTERM=CBWS(PI®( SINONE+SINTWC)=(CCSCNE=CCSThC)/(2eCC%N)) PPN3L3T
TF((PICER=NSN#CBW) eNEeDeDCIQTERM=CTERM=CBW*(1,D0=PICCTGS )/ PPNCQ38C

1 (PICER=N=N#*CBW) PPNGIAISS
PPN=PTERM®QTERM PENIC4Y:

RETURN PPNIC4LC

¢ USE LIMITING FORM OF  FQ¢ TERM PPNOL42C
12 PPN=PTERM*Q{ TERH PPNIJ43
RETURN ~~ 77 T PPN {440

END PPEN(I 45"
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JMPILER OPTIONS = NAM¢s
‘ SOURCEZEBCDICYNOLISTINCRECK, LCIB.HAF.AC!DIT.IC.NCXREF

.5
&

T T UATATFE

3S/360 FORTRAN H
MAIN,OP T=N2,LINECNT =56 ¢SIZE=CI K

c

SUBROUTINE SINCOS {ZoSININT,COISINT)

c

C."‘.‘.tl‘.““..‘.Qt.“.Ol.“‘.“."““..‘O.‘.‘...“.‘l‘.“.‘.“‘C

c

C
c
c

T INTEGRAL FUNCYIONSe —
THE CIN FUNCTIONe
LESS THAN ONEe

THIS ROUTINE CALCULATES THE VALLE CF THE SINE ANC CCSIME
THE COSINE FUNCTICN EVALUATEC IS ACTUALLY C

, SeRIES TECHNIQUES ARE USEC FCR ARGUMENTS
RATICNAL APPRCXIMATICAS ARE CTFERWISE USEC,

c
C

C
¢
c

COERR SRR R SRS RS ES RS 05240 SB PSS VD IIB U RS RS RR IS SH B LER ISR ERR SBR[

C

e

TTIMPLUITIT REAUSS TA=D4F=H,C~2)

CIMENSION FAX(4)oFBX(4)oGAX(H) yGBX(4)

COMMON /CUNST/PI

CCMMON /CONV/UP DN

COMMON /FCTRL/FACIS5T)PSIL6R)

DATA FAX/3860272¢49265618733393356677329384102495/
Y743 7314337722, 624911 45774236280 +1576155423/
DATA GAX/420242855,302675786593524716498921.821899/

T T DATA GBX/486156527048244855849111464578885,4490690326/

IF({ZeEQUeCoDCY GO TO 4L
IF(CABS(Z)eGEelaDO) GO TO 30

XX&Z T -
gJsle

SUMSIN=Qd —

SUMCOS=)4D0

00 15 I=1,57

Kz2% =)

L=K¢
TOTSINsSUMSIN«(=J®XX) /L K*FAC(L))

CEJm=EJ

XX= XX®Z

O K=2&]

L=Ke¢]l

T T T TOYCUSESUMCUSFIEJ®XXT7UKSFATILIT

5 XXEXX¥T

(g X g

IF(TOTSINeEQe0sDI) GO TO 5
" IF YHE SIN SERIES HAS CCNVERGED THEN THE CIN SERIES
FAS ALSO CONVERGED

 VALaSUMSIN/TOTSIN

IF{VAL e uT eDNeAND OVAL.LT. upP) GG_IQ ZC

SLMCOS=TOTCQS
"SUMSIN=TOTSIN

10 CONT INUE
¢3 SININT=TOTSIN =

COSINT==TQTCOS

RETURN T

3T I2=1%!

CTlaw{e%lz T 0 T

le=lanl2

ALY A-LY ¥ A
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c

SINOOCLC
S INJDO2%
SINJCT2S
S IN20J40
SINSIIS5L
S INJRC6U
S INJCSTC
SINJIvaC
SINGICSS
SINJJ10S
SINJCLLD
SiN&llas
S INQOL1 3¢
SINCu14C
S INOC15¢0
SINOO160
SINGOLTS
S INOO180
SINQJ1SC
S INCC27C
S INUV210
SINSS223
S$INJC23¢y
S IN%C240
S INw9235C
SINQS260
SINGu2Te
SINOu28C
S INOD29C
SINGL3DE
SINGO21¢
SINQO32C
SINLL23Y
SINJY342
SINJO35¢C
SINTL26L
SINGE3TN
SINSC38e
S IN2v39”2
SINTI4)1
SINJC4LlD
SINZZ42C
SINSC43L
SIN3JC44l
SINJJ45C
SINGR46C
SINGC4AT.
SINCU48T
S INJC49C
SINSOSCS
SINJIS1C
SINCVE2C

P



N
:

PR o e )

ity

B ¢ e S W —— o o oo

RATIUNAL APPRO!!MAT!CN

FOFis(1. SFANTIISLCVEAN(Z) 260 FAX (3 )SL2¢FAX (&) )/
1 (lOOFBX(1)'460Fax(2)0140Fth3!‘lZ*FBx(h))l
GCOFZo (1007221811 2E*GAKILISZEIGAXI2) 924¢GAX(3)%22+GAX(4))/
1 ‘  (280GBXI1)®Z64GBXI2)%24¢GBX(3)22¢GEX(4)))
"SININTSP 1 /72,00=-FOF2eDCOSIZ)=GCFL*OSINIL)
CICFZ=FOF.®DSINI2)=-GOFZ*0COSIL)

ICGATIVE EULER VSTTCNSTYANT 7~
_COS INT==C JOFZ+DLOG(DABS(2))=PSI (L)
“RETURN

4 SININTaC DD
"COSINT=0,00
RETURN

END

3 —p —— i T e

s it - gt o

e e A-81

SINYEN
S INJDE4L
SINCQOSS50
S INSUS56(
SINC28TC
SINCOS AU
SINJL5SC

- S IN0O6IC

SINJO6LC
S INUQ62¢
S INQUé3.
SINCCE4C
SINLGESC
SINZCESL
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F88-LEVEL LINKAGE EDITOR QOPTIONS SPECIFIED MAP.LFT%LIST

ODEFAULT CPTION(S) USED - SIZE=(131072,32768)
. o MCOULE MAP
CCNTROL SECTION T ENTRY
“““““ -NAME "~ 7T ORTGIN T TENSTH  — 77T T RAME T LCCATICA NAME
MALIN 00 T 187A T
AMCCES 168) 82c
RESSEL 2180 508
_BLJOEF_ 2783 246
BLYDEF T~ 7T 243% ETY - 0T
CAPGAM 20C8 A0
coPYC 3le8 iz
cuslc 32a8 364
CONST 361C B -
. __CcNn 3618 10
oIR 2629 I R —
FCTRL 3630 2a8
DO8 39C38 200 T
FNDNST 3CA8 208
FNDNXT IF8Y T E
FRSFND 42990 36
T UTTGAMATT T TR TAC T T
HS QMNB 4818 SFA
HS QMNS 4E78 T eCA T
MCMAHN €488 4AQ
MNCALB 5928 1EA~
MNCALC 5818 2F8
TTTUUENSUM T TR RIS TTIAE - T
AXT MN €1C0 16C
PCALB €362  Tele
PCALCC €589 480
PQJ 6AC0  s&C T
LT %gg 214 &Rlop«l.
1 S5z P, .
RECUR 74FC 18E Poog OU“ )
REGFAL 768¢ 58 Aryry
ROCT 7950 27&
SCALC 78¢8 432
SCALCE 8000 254
TTTeM00SC 8285% FT% T e
SGRT 91Co 266
ST AMFB s3cs T sEC T
ST AMEC 99(8 71€
PPN AOE8 ~  TIAE
SINCCS 2498 5S5E
TTTTTIHCUSEN T T ASEFR 2¢C - ’
DCOS ASFS DSIN
IHCLLCG *  AC&B 203~ ~
) i CLOGL3 AC&8 DLCG
A-82

st it s

LCCATICA

AAl2
AC8Y



D -

- B

- ms

NAME ORJGIN _LENGTH__ . . NAME  LCCATICN
IHCLSQRT®  AE68 158
OSARY
L JHCFCPT =  pFC8  23C& _
’ ERRSET AFCS
. IMCFCxPD=  82CY _ 1A2 .
‘ FOXPD # 8200
[HCFOXP Is 3476 140 ) o
FOXPIw 3478
IHCECCMHs  85CO  Fél
18C0OM# 85C0
IHCCCMM2* €528  &50
SEQDASD c8aA3
... .SDump = (B3B8 1% e e
IHCFCVTH® ~ CHAG 1189
AOCON ¥ CRAS
FCVIOUTP D1ES
IHCEFNTH® D060 _ €42
’ ARITH# D06S
e JHCLASCN® _ E2AE 24F « e
DARCDS E2AB
IHCLEXP =  E4FE 288 ] B
DEXP 24F8
IHCEFIOS*  E78¢ F2e _
FIOCS#H €782
.. JHCFIOS 2= FoAe s2¢ e
[HCERRM & FBp® €CC
L ERRMON FBD8
IHCUOPT = 1n188 A3
IHCETRCH® 17558 267
' o IHCTRCH 125%¢
IHCUAT3L* 1C7E8 628
T T ACCEPT 1TEZS € e
8RS GQR 1028 8
L IGEN 1083 ie
FINAL 10548 £g
FREQ LOEAD”™ ;T 8,
HALT 10€48 .- 8
TTTTTLEAD T T 7T TIGEED 8] - -
LETTRS S 2Cy 33
MCRE 17EFY 9
NCRMAL 10F4) 8
RADII 10F48 15
____ CTHER _1JFs8 43 ,
STCAMP [CFRD ) T
ACCAMP 12F83 1u )
sTOP 19€CH ¢
TABS 16FO0 C )
TERMS 10FE0 T ag
VARSG ___ins 1y
TTOVRBLS T 11928 18 o
ACUSTK 11340 17704
SCLNS 28748 TICq T -
e ey g

NAME

TAESR 7T T

ERRSAV

-

FOICLSH

FCVACUTP
FCVECLTP

ACJSnTCH

"DARSIN

FICCSEEP

IHCERRE

ERRTRA

LCCATICN

81¢C2

867¢C

ccC52
06F:

EYFC

- E2QY

2786

FBF)

10569

R 358 55

It

Ft
Fr.
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1
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R T

NANE QRIGIN. LENGIR .. . NAME LOCATICN

29419

STRUCT _
cor

SAMPLE
ERRQR
TOTALS
INFC

€408
<3

dFELT

2FE38 3344
3368) 4

33¢88 30
23688 4

— s —— e 12 X 25 B —

ENTRY ADCRES
TCTAL LENGTH

seeeMA LN

S

33¢C€3

20

DOES NOT EXIST BUT FAS BEEN ADOED TC DATA SET

e e e —— e R
e m—— . — . AW
- -
e ——— S —
e wo——
L i o - et e o R/ < i m— R . < ot <

B
- e - S 5
— s o -
— i 51" . S s i <. o ¢

A8k

NAME

LCCATICA

!

Whentpin:



e

JC3 TITLE: e e
BEN TEST NOs 2 ANO 2 ]

; — D o e

_INPUT CATAS e

i

| _LENGTH OF CYLINCER = _ 60e000CO FEET
LSNGTH OF SEGMENT = 6Je 30000 FEET
SEGMENT DISTANCE FRCM END OF CYLINDER = Soo FEET
RAUIUS OF INNER CYLINCER = Je0 FEET

i RADIUS CF OUTER CYLINCER = 8400300 FESY
SHELL STRUCTURAL THICKNESS = 0eCC4CO FEET

| . -SMELL FILLER THICKNESS = _ CeC5309 FEEY

I 7 TSMELL DENSITY = Ce o985 SLUGS/FOCT®»2
LCNGITUDINAL YCUNGS MODULUS = 0184328 1C LBS/FTes2
CIRCUMFERENT 18L YOUNGS MLOULLS = e534C3E 09 LBS/FTes2
PCISSCN'S RATIO = o , Ce33dui
SPEED OF SOUNC = 1116080000 FEET/SECCAD

. _FRAME AREA_s= . _S86100-C2 FEET®s2

* "FRAME MOMENT CF INSRTIA = 0 1838CD~C3 FEETOns

; FRAME-SKIN CENTROID OIST = #109C0C CC FEET

: FRAME SPACING = «158C00 31 FEET
FRAME YOUNGS MODULUS = 018432E 15 LBS/FTes2

i

! ACJUST CIRCUMFERENTIAL BENF .y STIFFNESS BY  0e050)

-

A-85
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235090509 279.¢ - 22021¢€32 278.9 248C6C0)
2302351 278, 2 29032300 27801 15038000
L 2326001 277e¢ 27€31231 277.6  _18302(C2
. 21024355 277t 29vlB0Cd 21744 16335CC1
15006001 27¢e6  28(338d0 276e & 25CC20C1
1)001993 27¢4C “15¢95¢8¢ 21%1 17€30¢C2
12¢:3%32 27585  9c1c0ue 2744 28C90C0:
9C 1601 273017 T Te8I1893 273.3S 2$301930¢
__2197M0) . _272.& 25005050 2721 264033CC2
210 11042 R1ET T 1Y EcTL T27%:.1 T TITna2cea2
11293002 27165 18868089 271e8 8:19CCY
19024901 2716° 22€J3C¢1L 271e2 14Co9C€C0O
232136730 2711 86l 271 16009203
82r 1002 27Ce2 2500038¢ 26567 7313€80
_ _26C013C1 26562 28092639 2691 26006000V
196321 2680 € IOLIAGITT T TZeseS T T 24(-.22%
2 19n3 2675 _ 27003C00 _ 2679 1405001
6L1G000 2672 13€0SCL) 2666 8 16€32002
8076071 26€e4  1T7C3EC00  266e2 FRDI [
8CC 1uo3 2650 ¢ 29901062 7 T 265.5 18224C01
__15C93¢3_ 265.° 90028062 26505 $310C00
T27508ud1 268, I alYe FITPS - B PRl 11 ]
23093002 26406 21302001 26462 5¢21€03
4013009 264eC T TTT220C6CI0 T 26348 28031 6€9
4336951 26242 - 13305001 26360 3cli0e.
1202909¢ 262417 8€c2692 26267 4C01333
3306001 26249 2616S0u 26260 15262€02
B o3 U] 1o BN ) 5 S Tvie b © [+ ) RERNT 3 Y S § 14 1]
2106901 26162 25001001 26569 16038002
25004950 - 26De @7 T 14000003 26Ge 7 1036601
23292)01 26Je€ 2001¢93 26%e 0 6031
2873003¢C 289647 T UTCRACH2 26962 27¢CC2€40
107903 262, 1 1003 2%9.9 16607060
) i ST L5 . L 7Y $ 11} St ]
1122952 - 2%8e5  l20€54C1 258,9 €503002
225)33¢01 25744 22885C32 7 2571 23005030
149272002 25€o8 21006033 25607 26529001
13723563 25662 T TTBEQ2002 T 28662 152¢8C0¢
19000 25%.4 11¢60%¢ca1 255, 3 4333002
2TILING 7T ToB4eh  TEN04AUIYT  2%4&.7 T TYalCTtuy
3013302 25344 2288250 253,¢ 18C01002
240u1r01 28246 TTTTR2CI2032T7 7 2%246 24554830
13302902 25242 SC3SC00 252.1 1383¢352
12200503 2516 T TTT3TIZ T 25169 13875001
26532980 2%1.1 2700¢030 25161 1sCe3csl
TTTTI4AC88YY 2%0e ZESUICOe T ZEC.S T TzIngnciz T
2373633 2497 2200527 245e3 acsssen
15C54001 248,57 TTTGUUSTOYT T 26486l 11203583
12552002 2475 256CC001 24746 17€37¢30
17321802 24E, 67 TTTIEDGCON T 24666 133280735
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T NEICES '~ FREGUENTTES

S me L e memeaseam . weke T8 s s

ACOUSTIC MOOAL. FREQUENCIES AND INDICES

V— o

INUICES  FREQUERCIES ~ INDICES ~ FREQUENCIES

27865
277e7
2775
27669
2760}
2757
273.9
27248
2722
27240
2T1e7
271.1
27045
2663
2654}
26843
267e%
26607
25642
265,5%
26544
26467
26447
26366
2623
2625
261le6
26163
26048
26vue?
26ue5
26361
25548
2551
25867
2573
25603
25546
2540 6
25346
25249
25245
25201
251.4
25Ce8

24548

24942
24840
24765
24549

Pty  Sapeend  Beeeey el
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NCICES FPREQUENCTES INCICES  FREQUENCTES  INDICES™ —FRFQUENCIES ™

P

ACQUSTIC MOGAL FREQUENCIES ANO INDICES. .

2127231 24%e6 262801000 _ﬂza e2_ __8C0S5001 26%.1
T 23091001 2444 8 13003001  TT244.2 23504000 2643
6339569 24462 100CC0C3 24403 11¢52002 24348
1¢..TEZ1 i, voELlO 2424 8 2CLI0CYZ T T 24246
L. TI50N1 2424 5€330%0 24243 2s€32€88 24262
24023009 24145 26600000 2418 21GC5C800 24167
16037995 24le1 12€98339 24165  1€0°1902 26149
9353303 2495 4039806 24861 €CS5C¢S1 24Ce1
_1)9025¢2 24C o) 3886290 23%¢4  13uC4CUl 23849
248205951 "23846 2905599 338, 5 25¢2es 23843
5055031 - 238e1 17003391  228.C 1029C62 22849
99u¢ 237, 8 “8oCSE0a 2376 11088020 237e 4
"*zoﬂzv 23&e&_ 40uBSCI1  22ke5 22031401 23604
22954300 23¢e 2 18676036 2366l 259l 00° 23661
15007900 23¢el 15300802 23566 15001C02 23563
3035901 23%e2 1399003 35,1 12 7.4¢1 23444
20750C1 *zzq,,m____gggc;gpo _234¢3  1(05CO 223,7
5001 233, 8092%92 233,5 2c98cco 233,5
23903950 233. 5 24002000 23343 030683 23267
253920073 232, ¢ 160030¢1 222,0 156020061 23lel
132962 2306 7 14007000 2306 7 5005003 23066
2303539071 23Je¢é ol 1+ N - o of - { oo ls 23C e
14021032 22969 17006C00 2296 4393633 22849
13070022 228607  Z219010C1 22804 6302602 22863
21004209 22802 _ 3000883 227.6 - 16C358¢y 2270
24271958 22645~ 80%EC00 T 22667 2000093 22606
_ 53c2002 22662 15302901 22¢el 16C%4C01 22601
— 10C0003 22€ed 3 b4 55 IZTC7CCH T~ 7 22546
22523903 224¢S5  13J01€02 22448 4062002 22404
239029)) 224¢4 T TTYB002CCY T 22468 7508€02 22349
15v%5608) 222,32 24060000 223,2 3692¢¢82 22361
9234241 T22264 T R2COUETTETT T TT222.1 7 17009602 22169
2279301 22166 102002 22165 2022 221e3
6oI8ICY 2213 T2C07300 22T 7 "T&0TICOI ~ 77 22765
2:.M727 2205 22C34858 22543 12:%1¢¢2 2199
1839530) 21968 T TTTB0C8000 T 21562 8CC4CC1 2191
23101902 2176E€ 40C8C00 2174 153C6¢00 2172
172529201 217e2 7 T2ITCOY 7T 21¢e 4 11C37€CGC 2lee2
_T9u40C1  2léel 3¢Ces00 21669 220022802 21545
16336052 ' Te b 2154 I3C030C1 7 21Sel
25.8)07% 215.5 1248206 2l4e 4 8o 21442
23270909 21346 €toatol 21365 21090¢C¢L 21340
17935009 2128 15C01001 2127 15394C00 21245
13307000 211¢S TTTTIGTTECLE T T T 21le4 53247C1 211e3
129n12c2 211e1 16892891 21Ce5 1229348¢1 21Cel
4e34D01 209¢ 4 I c30%e T 22CCICIT 208,86
25093003 29861 9047000 208, 3¢540°%1 2y 8w
905 114C 2 20T TTTZCIRITY T 2TELT T T 213328C0 20667
1904321 20&e 2 4001 20¢el 160259897 23640
130926030 20%<E T TTIITII0OL T T T 20Te3 18331€01 20568
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ACOLSTIC MOCAL FREQUENCIES AND INDICES
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| 14000002 2026C 7¢517830 29143 1CCC3C0Y
} 1257 on4 200e 8 TS0I302 rb P PY 16073053
f 21331209 1995 15005000 1594 6C3700)
SN 20092999 19866 14052001 157.8 €0010C2
3 1797 1901 197¢5 17054008 15763 13300¢%2
: 9033001 19667 15000001 7 15661 5357¢C¢C¢C
P 110060C) 19%% 21006590 1553 5301002
‘ HesTICET 194 &Coldve 163,177 "7 1425002
} 309309} 1925 300760 15245 130¢2€01
{ 18923000 191e¢6 ~° T20UE002™ 16146 3¢351002
: 2927900 19162 13006680 155¢8 1307302
' 23001909 190. 4 7600 16064 2001002
169013C1 1901 16004000 18649 16012062
I6°2 ® v 905 IGJGZCOG’
1820001 187.8 13005000 18648 €c03001
9996300 " 1866 % TTTTLIVCUOLE T 18664 12022001
200990C0 186e0  5003GOL 16349 17603CC)
15831%1 183.0 T15004C00° T 182.7 - 80264600
4J330ul 18148 163€0002 181le 4 15001000
[20735000 1805  IICQ20CY — I83.7 — 18GnzCoe
3753301 189,11 17500001 1795 2003001
70609 0 T 1T8.8 T TIOYEANY T 17802 T 36001
9000902 17668 19089C00 17667 14001CCL
T 1420470 1TSS B TTTTTTECTEOUNTY T T 1756 6 1€£083C90C
A 12092001 17566 110050C0 17%:.4 L Iv] Xefefu]
T 8m00t? ~I72.¢ IB00I000 1723 ITCT2030
162701 17164 $002901 1778 42C682)
10035000 T178e1 T TTTTA0II00L T T T 1692 13084C0C
3606902 16869 70CCG02 16868 15€C35000
2006000 TT167e€ TTTIBICUORS T 16764 13Cs83e
600¢ 16665 80323801 166404 €0C00¢C2
TTT900%00% 0 T6%ec . T€Cu2GU0 TE3:5 TSCO000LT
172013869 163,22 - 129911401 1627 5c238C2
7702301 1862.% T2CN%4S00 7 TT1€205 8CCs5CCO
14003700 16062 4000002 16061 6332001
332000 " 1586¢ 7 ITOTHAJIC T T 15861 2423622
_7€05230% . 1564¢ 11001001 15645 11054000
100032 1YY BCIZCIT — I5&0 2
149359001 155,5 15002200 1551 16131CG9
4902901 T 1536s% T T EUUSCOD T T1%3560 13333000
. ; 3202001 1516 & 10001001 15065 18004000
iy 2002001 77 150 1T TTTTBETEVV0 T T T 148.8 13C20¢1
- 29C1 14869 16080300 143.8 13¢0uCCL
. 40735330 [4Te2 . 2003000
. 15921:3¢¢ 1485464 3885300 145.1 §G31601
T 9TILT0S V&G T T 2CUS000 T 143486 7 18US000
i 5303 1420 4 126G6C0I 14063 8001001
3 T 8004909 139, E T TTISOU00IC T TTUUUTEG.S 7 T 13892C8C

TR

e

 —NTICES — FRCIUENCTES TNTTCES — FREQUENCTES — TNOTCES ~ FREQUENCIES ~

2465
29366
290.8
1998
19804
197¢6
19762
19¢€¢3
19561
19367
1918
19166
19Ce7
190.4
18648

"189e3

18665
18661
183,6
18244
181e4

18006

17869
17840
17¢4$
17566
17249

17260

170e6
1690
16748
16648
16545
16304
162406
16Ce7
15590
156669
15642
155.8
154623
15267
15Ce3
149.2
147.8

" 1454

14542
14267
136,38
138.6

[ Wt o [ el

s

o

Pt




ACOUSTIC MUDAL FREQUENCIES AND INDICES

NOICES =~ FREQUENCTES  INCICES  FREQUENCTES ~INDICES  FREQUENCIES
1M 13844 140°12C9 12645 7001071 135,1
75064390 1348 711000¢01} 13361 16C93060 1317
. _60019C1 ___ 130eS 12€02030 130e 6 6054000 13046
1430035, 13GCe 2 1300139 1276 53u1CCL 12762
5704900 12665 13000001 126¢C 6502000 125.3
«C010u1 1240} 4004000 1238 11392900 12267
33210¢1 121s6  _ 3C04J0G 12143 129052530 129
2951901 11548 2034500 11Ge5 63000C1 1193
8003000 1192 126313¢¢ 11869  1Cu1331 10867
100493y 113. 4 1501 11ee % 4CGa 11861
19022000 1151 7CC2000 113.7 8000CC1 11349
12000890 1116 ¢ 11091000 11062 6203000 13867
9002999 107«7 7800001 1C7.1 5533C20 1. 4e2
11079200 104, 6€00091 i91e7 1€0331909 1)1e6
8002903 10Ce1 48C3000 100 4 3603000 9Te4
53%0730i 97eC 2003000 5.1 7¢52060 94ed
1253002 93,7 2230 6343 SCul0ae 93,1
13930909 9340 4C2J001 G20 8 3009¢01 89e5
6320092 87.8 _  2C00001 £7e1 1530001 6546
1 85.1 ~8so1290 Dive 9 $09200N 83,7
5002069 82e2 4C02000 7703 7¢2188¢C 76e9
8960093 Taed 3002000 7303 772002000 703
690120 692 159289 €8, 4 2000 6748
7350200 6561 - 831900 6le9S é330354 558
4301000 5502 ‘_3031300 46e5 souoco. 4645
4200093 3762 3390060 2749 zcaaooo 1846
1900309 9¢ 2 o) 3.0 ' TTTIIYIY XTI TTYT]

. e O

Qe 42?1
- % -
S
L ‘Q@
A-89

49159

i S S AT



»
b v A e

NCICES _ EIGCNVALUES

W resE a o weee smomme- x oo o iae

.. .EJGENVALUE RESULTS
INGICES EIGENVALUES

INDICES  EIGENVALUES

bad Dindd D o o

L I : m;‘

: ¢ 04) 1 0.28320 ¢l 2 Ce70168 21
P 3 0,1017D 92 100U GelB84iD N1 1601 2.52320 A
“ 1002 Je85360 $1 1833 TCl11710 G2 2CL0  0e3954C 01
2901 _ 0e6760 %1 2002 €e$57CD_C1 3CC8 Se4261C N
3551 T e89180 81 3092 Cell3S0 (27T 4CLO T 0453170 1
4301 1452820 €1 _ S3CC (e 64150 CL 5091 Cel0S2C J2
6300 Ue75)1D Q1 60C1 0e11730 32 7680 0. 85780 Ol
I35 1496470 11 9060 CelI7ID (2 10C¢0  (o1177C C2

A-90




LIRS L

i
L
P i AT e

e e STRUCTURAL MOOAL FREQUENCIES AND INDICES

T NCICES ~ FREQUENCTES INCICES FREQUENCTES  INDITES — FREQUEMNCIES ~ 7

- . i ——t a e - —— e

ot o e e e e i <

20020 5731e7° 2CC19 5816e5 20318 507247
203817 498947 2C0C16 49770 g 2Juld 496640
20914 495%4 ¢ 29213 45450 2 20C12 493660
20711 4927e % 2Ccal %45%Ge 7 2009 4912,7 °

_o2tes 49064 4 200  49CBe9 22006 489641
203CS 4892.¢ 200U 488867 20063 4896461
20902 @ 4884e2 000 20001 4883.2 15029 479562
19719 47849.¢ 15cis 47€545 B X-11 § 4 475148

o 19Me 473865 19815 47264 8 15014 471565
199013 4155e" 16012 %66%,3 16011 463663
1ou1s 467861  195C9  467%.8 19278 46644}
19707 465843 1500& 465342 19995 464540
19304  4E45,% 19C03 464208 1502 464069
195C1 463941 18C2¢ 456Ce 4 18019 454443
18718 4526018 18317 451446 18516 450160
13015 4488e ¢ 18Cia 4416e 3 18913 7 44652
18712 445445 18211 444504 1821: 443648
18509 4429, 18038 4422,°C 180987 44159

180C6 44106 ¢ 18535 4436e] 180C4 443204
130¢3 4396,5 18362 436745 18541 439662
17929 432667 17C19 430666 17018 4292.4
17917 4278e1 17C1E 4263 1 TUTLYCLS T T 425062

17014 423745 17013 4225.8 17912 421445
17901 429445 1724 4155.8 7 17C€89 418745
17308 418Jel 17007 41736 17066 416840
17395 41632 176064 TT415663 17¢03 415643
17732 415441 17¢91 4152. 8 1562¢ 409442
16519 4076e 1 160138 2958, 8 1601777 404246
16016 4027e2 16015 40129 16414 399944
16313 368665 16012 367504 156¢11 396448
16319 39551 160G C9  354¢&e3 16€C8 393865
16007 3931, T 16506 "T3925,6 16CCS 392C45
16.04 391604 16003 3913,1 16692 391568
16001 33055 15320 T 3BEILT T 15319 T 384369
15718 382565 15017 38C 861 15Cle 37918
15315 7 3aTTé.4 77T 15C1la T 37¢€2.1 15312 3748.8
15012 373644 15¢11 37251 15C1: 371468
15309 37054 77 7156087 T 36S7.1 15007 3686547

15X 3683,3 1535 36775 15004 3673.5
15453 T6TCe 1l 1002 AEETSE — — 15831 366662
14920 363462 14Cls 361304 14C18 359346
14417 3875650 7 T 145[€ T 355745 14C15 354149
14914 3525417 14013 3511.4 14812 349862
164311 348641777 TT40I0 T 347560 T 14C99 346562
1408 345660 14373 3448,1 1476 3441,3

LIRSS T 343565 T400% 153048 14602 T 3427.1
143C2 3424 ¢ 145401 342265 13022 24074
13519 T 3384 13718 33£3,€ 13517 3343,6
13516 332467 12915 32C7.¢ 13714 32930e4

T 13913 327SeC T TTTYIICI2 32688 7 T 12011 32477

A-91




pp— S BB MR S S e e ——— o PREMNE M. L o n e wo e e

- aTRUCTURAL_ MODAL FREQUENCIES AND INDICES

NTICES  FREQUENCTES INDUICES  FREQUENCTIES  INDICES ~~FREQUENCIES ~

N 13010 3235,@_”___ ;3ac5_m" '225.0W 13CcC8 3215.4
138¢7 32%665 13)06 '319% 6 13605 3193.3

12)C4 218862 12003 31846 3 12023 3183.4

13502 Py J ° TTTI2019 T 315940

12218 3135,5 12817 31142 12016 3093, 7

123713 307445 1i014 3085¢e 5 12C13 3039,9

: 12912 302465 12911 30103 12019 2997.4
B 3 12209 298%, 17 T1eCl8 T T267%.3 12007 296661
e 295340 12506 265842 1258 2951e4
1296% 2545.5 1<C03 25417 TTI123C2 T 293866

} 12201 293668 11219 263644 110i8 291162
, 11917 28874 11316 286549 11C15 284440
¥ 11014 2824e % 11C13 208C6e3 11012 2789.4
Livll 277440 T TICIY ~ 77 2758465 1o02¢ 27474
11309 274742 113¢8 27359 11007 272549
19919 2718.C TIOCE el Te2  — TI1005 273599

11006 270346 11363 2899e2 11652 269569

110N 269346 T 1IC18 T 2665062 " 10017 266449

)00le 262904 10C15 261¢e 3 13Cle 259447

16213 25747 T T T TITO12 T T 235¢62 1oa11 253942

9920 253861 10610 252347 13CC9 2509.8

9919 2%53%:. 4 ) Ju] oo} 24973 13637 248663

20326 247862 123v6 247648 c18 2474¢4

1CI55 2468.8 TTTTTLO00A T T T 246242 196C32 2457.1

19202 24534 10001 245162 23019 244761

9917 '2445;2“““”'”“'"9:16 o 24177 29C18 2417.°
_9Ms 23924C 2003 7 238801 19025 238648
9914  Z23¢8.w 20018 23€0:5 16019 2354%65

9013 23454 ¢ 8v20 23373 2'5C15 233461

9312  23285.2 7T 7T TTISC18 T T 222343 23014 2399,1

9311 230644 8C19 23006 4 18620 22960 4%

19917 1722933 TTTTTTTTGE1O T 228662 290C132 228545

93(9S 22731 8018 2265, 5 19Cis 226445

20912 228344 I8V1S 22€3,T TTTTT9098 225548

93C7 224741 20911 224248 9C06 2237.1

19°15 223761 T TTTTTESIT 223266 18C18 223Ce6

99C5 2228462 23910 22228 9Cdé 222069

995 221541 G0Ce T T 221103 19Cl4 221140

L IM1i 220868 17529 22C7.4 29099 220605

' 816 2201 ¢ 18017 2I5Se5 T2ICIB T 21908
19913 218664 20307 2176eS 176019 217267

8J15 T2 1266 J8CTEé — T 216546 273C%6 216467

119912 216344 20005 215442 7023 214863

: 239C4 21454°€ 8014 21456 6 15C11 214148
= 18115 21410 17418 213662 2elel 213561
2002 21345 L v} 21315 I9GTIY 212240

ﬁi 8013 212065 16020 2115.3 18014 211348
17017 2IC6e €& TTTIN1I9 T 21%56e3 15CC9 21038

8912 209744 18C13 208861 19€08 2087,2

207662 17¢16 20757

-ORIGINAL PAGE |S
OF FOOR QUALnyr

- 16019 T 208365 8011
/i o T T




e s —— 1 r——— s

- ..-—. STRUCTURAL MOOAL_FREQUENCIES AND INDICES

NCICES FREQUENCITES INDICES FREQUENCTES ~ INDYICES ™ FREQUENCIES
': H ‘{ e . st 8 - -
; 19007 207267 1018 20&ée4 18012 206440
Y 19726 255946 8713 235649 16018 204%,1
- ) 19005 2045.C 17315 20455 13811 2%1le4
o 19004 2340.1 38CC9  263S.5 15C20 2032,7
; , 16973 2)33e1 LIC1T 272867 19002 222860
N 199¢1 202%.¢ adce 202349 18319 202%e 6
t ; ] ) 17316 21T.&  1e0l7 _201%e 4 8067 201063
a8 18).9 23916 ELi6 155845 15019 199646
- 0 1993,2 17013 165Ce6 8035 198845
B 18908 1964e ¢ 16016 15826 80C4 198Ce3
- £)2. 15755 §.23 15740 8oul 19655
18207 196848 8001 156648 17C12 196543
| 153718 1960e 4 1015 156001 18006 195544
| 16215 195146 14024 1545¢3 13835 1963,9
. 1701 194146 18004 153404 7314 19291
619 1927 € 18003 is27.0 15C17 192544
; 16014 192242 _lece2 19217 17¢13 191Se7
; 1800} 19184 ¢ 14919 151266 7013 19984
17509 189947 16013 1854e3 15016 189146
‘ 17208 1861.% £318 1691e5 7212 1874eC
i 14018 18734 4 16012 18675 1382 186648
173C7 1865, 2 15015 1A59e1 7" "17606 18510
7011 18457 16311 184246 17835 183849
6n17 18377 14017 1837,C 17C34 152849
) 15014 182861 1318 1827 7 13619 182761
5023 182661 1706¢3 1821.1 16010 181566
R S #1Y - 18156 % 17001 18121 7039 13)749
’ 1416 1801.8 15¢13 1758s5 T 16€39 1798 4
6vle6 179€e 5 1008 17922 13C18 178843
1292 178601 T TTT16%%8 17792 7607 177446
15012 1770Ce € BECIT 177364 14015 176765
j 16307 1762457777 TTTIC66 T 17612 6015 175747
_ 13ul? 1750 e 4 Y L 174G, 8 16C06 174649
. 12919 174%. ¢ IECIT " I7&44e% —— — 7 1684 17486
14014 1735e2 16¢98 173461 7643 17334
72¢2 17282 77TTTTTICSL T T 172562 16826 172265
6Cl4 1721.¢ 15910 172061 5018 171669
16003 171% 2 777 TT71301¢ 17137 16602 170662
e § ¢ 8 17576 4 1601 17556 6 12€18 173503
4028 179%7 1313 17043~ T7TL5009 16977
6913 16881 ) 13015 167862 15608 167764
% 14912 1674¢6 TTTL2I1T 0 le635e8 5,17 1665e7
? 11619 166504 is27 165642 6012 16572
- 14ull 164763 77713014 164401 15996 16432
2 4015 1641 € 16822 163.e5 15275 162945
6011 162845 120%¢ Y6275 T 711918 162249
14317 1621et 15CCa 161802 3016 16170
3920 T161&4eT TTTTTTTI3G13 : 1611.5 15€33 16%9e4
o 6312 163242 15072 1802, 15261 1596,2
j 14309 15§75?”’““”“”'12615”""'159;.5 16C15 158765
]
i A-93




.

S v‘"u ek - b detin

D Bl it B

-STRUCTURAL MODAL FREQUENCIES AND INDICES

—Aegl

i NCICES ~— FREQUENCIES — INCTICES — FREJUENCTES " INDICES ™

11917 1583, 12012 158C.5 %318

¢)09 1580, 1 1408 157¢e 2 5C15

L 8)o8  15%9e¢ 14387 14%¢€48 9529
B 12914 TI%%Ge T 2320 15545 777 13211
’ 3319 1545, € 194918 1545, 3 11¢15
6537 15415 T 140C¢ 1535,8 5014

6106 152%.¢ 143C5 1525,2 13014

€17 152568 ~ 77 1220 1582765 12413
14004 1513.1 €55 151243 5019
11215 1234.¢ T400% "~ 18C3, 7" ~ 13C17

60C4 150201 13939 14568 14202

6903 14938 T T T1409) 14268 6002

12212 143767 £J)13 14877 6C3

2419 14818 TTTag20 148Ce 4 acls
13008 1475¢ € 5018 146801 11614
T 49167 T T 146834 T00T1¢ 146187 77  "1l2¢11
13507 145%.1 5012 1450, 7 1c19

133¢6 T 143665 T T 019 143660 11013

12913 142748 S217 14251 13C€15

13C65 14212 77777 TTEQLIYL 0 T 141667 3017

2’18 1409632 “Q15 14C8.4 13404

DR ) 1.1+ B T 11D SR 9~{-1v] EEMNEE ¥ To{>/N- A & T¢e) ]
112312 139667 €018 136266 138862

13.71 A38E,FT TTTTTTTRILY 1386&,7 GCis

10214 1382632 124¢C8 137662 1918

11311 136369 "7 7 7 7319 7 13¢€le9 5€C9

414 1356ec 12u? 135461} 8017

R 1} V- T §-73-7') ITCIY 1384~ %5815
2017 1337,2 1230¢ 132445 5Cc8

1112 1333, T TEGY © 132762 7€C18

129C5 131767 sCC7 131263 15Q12

4213 13071 77T TBI1LE T T 1308, 7 110¢S

L 12%4a 1303241 $1il4e 12559 117
S4C6 T TTI293.8  12CT3I T T T12%2.7 T T AkQ1S

12902 128441 3015 128549 12601

5205 127862 117587 127766 7217

Mule) DU 1273,1 2916 1265, 8 5004

8015 11262647 T T TTAIYE T T 126164 $013

£0C3 125%,6 11507 128462 5¢9¢

T TRy ) I YN T SU2C T T TTI243,9° T T T T 6C18
13019 124Ce & 11006 1232.,9 7¢16

1216 122Z2.,70 7 77T 68127 T T 122156 8Cl4a

4011 1216632 3014 121347 1iCC5

12509 12994 TTOTTSRTI9 T 120369 6017

113C4 119944 2C15 116469 113533
T 11870 SOIT TI84e8 3 S+

163C8 1180,¢ 11892 11788 8013

11901 TIITIGE T T USRI T 11634 4 cl3

616 11566¢ L7 1155,1 4029

QJ13 114G ———I¢1S ‘1147 & 43209

FRECLENCIES

158Ce4
1574eu
1555,1
1551.3
1543,5
152748
152400
152244
151145
1503.9
1496695
148749
148444
14778
146704
145668
14457
1431463
14215
1410.8
14C 865
139861
129048
12826
137169
1258.3
134962
1340.8
1333.8
131844
13079
130443
1290.’0
128543
12799
12746
126567
126061
124649
1242.8
125063
122%e3
121446
11999
11374
1131.0
117867
1158,8
115461
114446



I i et ot SO

DL 3 it A

RS

S d - — 8

- ~_ STRUCTURAL_MOCAL_FREQUENCIES AND INDICES

NCTCES  FREQUENCTIES  INCICES  FREJUENCTES  INDYCES ™ FREQUEMCIES -

P e — A A — ¥ t——— 2k

1014 1142e°% 8612 112862 19606
2014 ll2409 .17 11222 ) ¢S
4338 1116ec 4819 1115. ¢ 6C15
13005 1112 ¢ 3012 [141.8 7¢13
8l 109961 16374 1855.6 4C27
$3038 17856 7 15003 7T 138268 5C16
«918 1977eC_ 1014 10735 190¢2
6014 176865 13801 77 106762 4o)6
. BC1C _1d61.¢ 302¢C 1G6le 4 7212
) 50C7T 187,71 2C13 (05508 777 7 7301
4205 10478 4517 1328ev 5015
80C6 1032,¢ 4004 19224 8609
6313 152%° 3819 102269 4C03
711 191668 T 4002 151261 9:C5
401 1207.¢ 1713 99945 «Clo
ERY ) CEL Y LIS 668, 0 T 80038
9004 99244 2012 68861 318
6312 "G8le4 T TTTTTTTEEIS T 97748 7010
202% S764¢ ___90c2 673 8037
$301 96 eS 4015 5806 3009
. s)3 951le 4 3317 9466 6 7009
6311 538e 2 <019 IELYT T T 80¢s
1912 9255 el 62262 4014
2. " 915ec T TTTANNE 913, ¢ 8ss
2016 50866 _sC12. 537e4 7¢C8
6319 8961 26138 85569 acc4a
3007 87868 44l3 87663 3acy3
1919 Y 4 PY 3015 Y- [ Y
5911 86364 §C02 8€leS 2015
2917 88662 6a09 85562 8Gul
1312 B52e¢ 3006 84562 7CC6
4J12 833,88 T T7TTA014T 7 23244 1¢18
IN03 3241 5C1¢C 816566 2216
6033 T B8ibel 7078 8116 T 3004
2399 7986 & 3013 793¢5 4C11
32C3 19%ee T T IC 798, 7 12017
1912 7795 2902 7754 60CT
2915 778,€ 5099 17¢e % 3C%1
763 1702 7%92 156 7 3s12
’ -1 U Y- Y Uil Y& & T T T 6006
1216 743262 27C8 74261 2814
5uG8 7344 T €0C5 B B E-T98 3C1l
1276 7o8eC 4039 70263 2Cc13
1)i5 1808 T TTTTTRERT 65441 2807
6004 68940 3610 67363 69C3
2u12 6644 ) O} X 888,89 T ° 809
€306 65604 €932 €5201 2086
6391 4244 T TTICTE TTE3Te 4 3C09
2" 11 62762 €325 622e U 1713
2308 C816eT T T TTUURETT T 6l4e8 5004
A-95

1132.1
111ée4
111268

7110064

108946
108Ce5
137360
1o66e9
175861
104862
103863
102649
102Ce5
1317e7

958646

" 6927

98407
97669
26241
95366
G38e7

"~ 7 93465

G179
910.4
90<e6
89060
87367
86961
85E47
854e6
83866
32848
81669
80560
79065
78543
T7%e4
773262
7547
T45.5
13Ge7
Tl4e6
7018
62345
€678

" 658}

65169
63067
6173
591.8




3

e S e R R s owe

STRUCTURAL MDCAL_FREQUENCIES AND INDICES

NCICES ™~ FREQUENCTES  INDICES™ FREQUENCTES  INDICTES ~~ FREQUENCIES

-

v e —

58963

20190 59002 2004 3008
1912 $76e 5% 4336 57360 2303
1,27 56848 £9J3 56649 2002
3109 L4 2Y sTve B4 ~ T etol T -
3no7 54242 5N %3606 1011
455 £33, TeUs8 $13.8 1006
40C6 49867 101 4STe & 3J¢h
2907 41317 TT4QOC3 T T 4688 1€0%
. 35 4534 ¢ 1025 b4 & @062
20020 1T Y el of &) %3862 777 "7 23318
20017 43165 ~ 4C0L 431.1 2€06
23316 42%e1 7T T 25313 42604 29014
13C8 42307 20013 42le? 2vel2
20ull “QITe8 T T TTT2CTI0 T T4YéeD) 290¢C9
27Ct8 4l3,1 3034 41243 22€CC7
T2y P ofs L3 Py 230C4 " -
20003 40867 254082 4C8e3 2JC01
1902, eV e TTTTITRLE T en.S 1938195
197138 39%,.4 19C17 56203 1607
19016 3394 T I1G6C1IS 3867 2008
15914 384,22 16513 382e4 198i2
)%= ) © SUNNENENN ¥ 8- Y I9CIT =N L-TY4 3093
16009 37407 150C8 37363 1303
19007 TU372. 1T T IGQNTE T T 3Tl 190C%
15304 16965 193C3 3€3,5 19C02
19481 TUT388e T TTTIBIZY T T T 364 8 138C19
18018 3575 123 38663 1vo2
TTTTTTY8CITT 3%t T8OTE X577 ZNSENNEES - 17) ¢ R
19C1 34765 183014 3466 8 ' 3002
182313 T X443 TTTTTTLECTIZT T 34262 18C11
2810 338.° 2004 327,38 18899
18908 335, 5 TTTTTUULREIT T 33443 18C3s
18305 332604 180C4 33167 18C03
187v2 I3 e 71 180J1 230 Y T2y
3401 32668 17219 32¢.8 17C18
13¢5 TTa2leé TTTTTTYITIT T T 31T%e4 17316
17118 313,¢ 17014 2111 17¢i3
17912 T30 ELE T TTTTITILY 384,86 17019
173CS 30162 17048 2598 17¢C¢C7
) & S T X Tvgrav] r41-7%: 17C005
1704 25%6e65 17C03 26%e4 175¢2
17001 T 29&e T T TTLETYIY T 29363 23083
levls 2895 16217 28662 12816
lubé 2836 €T TTTEOLY 2873 16C14
16C13 27%e < 16612 27366 15811
N ) 269e 2 TECTY 2575 “IsC2Y
16708 26661 16037 26469 16CCH
163C5 282G T ISCIY T 2823 16CCs
iboll 25161 16022 2€1le3 16¢C%1
C1SCY8 TR 8LET T TTTTROIT 25%e2 2002
A-96

58669
5694
5558
- 54748
53604
504e1
49Te b
45648
465, 7
43449
42949
42460
419 6
414,5
4l1e9
4793
4086l
39867
38965
28443
3759
"37%.8
37267
37Ce 2
26865
361.3
356670
34%9.1
34660
34ue
33669
3333
331,61
22SeT
32246
31664
30607
30208
26846

T 29866

295.)
29248
283,1
2776
2713
TR66e2
263248
26242
261le™
25340

ORIGINAL PAGE IS
OF POOR QUALITY

m— =

———

. i



e A -S—"

e ot syt

TTNCICES T TFREQUENCTES  INCYCES FREQUENCYES™ T"INDICES™
15016 28248 . 1f01% 2491 15014
15013 243,68 15312 2415 15811
14v2" 238,1 1561° zay,a 15C09
N2 238,73 15088 254 & 14019
1019 233,2 18567 233,3 15006
118 231, ¢ €25 221,23 15°
15904 23%¢ 14018 23C.1 15803
117 22947 &8e2 22646 153¢C1
ClTle. 22761 14417 22te6 1315
2301 2240( 14C1¢ 2292 1014
12013 226} RUMY ] 22%1 1403 4
2020 21661 1312 21666 14513
2919 21242 13629 2126 14€12
1011 21262 14011 210e1 2018
13019 208,2 14C1) 20382 10
TT1%0¢9 206e 8 e l7 553 7 140¢8
12018 204e2 14007 20367 14556
14095 2017 14694 20,9 2016
14703 200e4 _ 13017 203 & 14C02
14991 199,8 1¢39 155 4 13016
2015 195§ 3520 1543 13¢15
136014 T 195.¢F PR3 “I9Ses T TTTTTIZC2TT
1006 186, 8 3019 19961 13013
12919 185.2 13¢12 18%,2 2C13
3318 183,7 13011 18266 12018
1371) 180e5 13099 17%1 1802
3317 1775 13¢¢8 1775 1¢C7
B ¥ A & 7Y - T2 TG 6 ~13007
12706 175.C 12035 1746l 13CC4
4320 173.1 12016 17369 13003
13002 17244 12831 17262 316
11020 17Ce ¢ “12018 1694 2011
4019 166eS 12014 1666l 11019
2415 164.¢ 12013 T3 1 "11318
1506 160,45 4C18 1€Ce 4 12512
2012 15865 120il 0 157.9 3014
11017 15604 5622 155,65 1231
ico2¢ 5,4 TT12639 T 183.8 427
12008 15262 11016 15241 12007
10519 145, ¢ 12CJE 149,6° " ~ 3413
5219 149,1 1283 14846 11513
124 1475 T 2608 1474 12903
129¢2 14645 1231 14646 4316
11014 14465 B 1) ¥ l44e & 9020
6020 144 C 5018 14262 11013
30127 T TTTI9S.E ICTI7 I3%.4 T TTTT1085
415 138,65 11012 13841 8220
9919 138.C TUTC20 138,90 6819
11011 135.4 €017 1258 12216
2023 1340% 11010 123,90 3C18
A-97

o -z

s

STRUCTURAL MQOAL FREQUENCIES AND INDICES

"FREQUENCIES

24643
236,.,5
236eJ
23449
23242
23163
&3Ced
22544
22%¢5
eadel
21762
elbeb
21262
20Se¢4
20646
29560
26246
2JCe8
20060
19648
19365
19G.0
1877
1839
1410
17861
177.1
17662
17364
17248
171.6
16862
16546
16C,.8
16Ue4
157.4
155.,7
15346
1508
145e 4%
14862
14763
14665
14449
14162
13963
13¢el
137.1
13447
1322




e R -

STRUCTURAL _MOOAL FREQUENCIES AND INDICES

S e o 4 S
*

NOTTES " FREQUENCTES  INOITES PREQUENCTES “INDICES ~ “FREQUENCIES

- . — . rew W

e pai

8219 131,27 7019 131.2 acil 13169

! 16 1305 11639 " 130e8 100158 13062
P edls 13061 1291 13Je s - 111308 1290
5016 {2T. ¢ TIuCT T2~ 7 7 9017 1207

) 11306 ~ l26ec 10014 1261 8018 125.4
11005 1252 7018 12465 11€%4 12604

11003 122,8 ) 11C602 123. 4 11901 12362

6917 122,88 7 4013 12205 10013 12262

9% 121.2 2019 123e5 5C1% 12veld

23¢C7 TT119.8 8CiT T¥9e2 ° 7T 1aC12 11867

7117 1177 6C15 11662 6016 1158

10011 L1%e% 7 4012 1136 ¢ 15C4 11366

816 113.1 43Ci0 11267 5014 112.1

9014 1116457 7C16 111.C 12C09 11003

_ 3003 109.C 6015 10865 130C8 10862

8yl5 I8 Te € 5C13 1069 130387 10664

10006 10%.0 7€C15 1C4e 4 4¢11 10461

013 T 1344C7 7T 10005 1923,.8 20C6 103.2

cofe 103,2 ecle 10267 10003 1024

10902  101e5 " 16C01 " 101e7 8Cls 19166
 edla 101.1 5811 S8ed 7014 9748

B (AT J6e 6 TL13 Géel ™~ T TBGMT 95.6

9210 95,4 4010 She 2 6013 9367

D Tol) 9ceé4 77T TICYII T Sle3 8Cl12 91.0

908 8648 1 W 4 2877 5211 87¢3

6012 8é&e2 ’ BCI1 “ 86,2 9036 8642

712 85.C 2CCS5 B84e 7 93G5 84e6
TR - P-4 SCL® 8370 7 1603 8366

30C7 83,2 GNGC3 83,0 9692 82e5

9001 8202 7T BO1D 81,8 7011 T%.C

61l 7868 5010 782 82409 T7e9

8108 T The® T T T TR1I0 T T3 45038 730

83C7 Tle7 6010 Tle5 8006 6% 4

TTTTTTTTEX S T 8%z 3NTE €SeZ T T T TYCC9 6862

8)s 677 8504 6&e 5 8C3 657

8702 8%¢ 7 T 7 8ECY €4e 9 2904 6465

6909 6het 7Ce8 €363 4C37 6169

EN58 8% T T UIRITT T T T T 5862 6C38 879

7306 5545 295 $4e 6 7€C% 5364

TTTTNUTRI0T T T T8 ECI7T 8Te8 " T " TCC4 ’ S5leb

4326 577 7523 S2e5 1€J2 §0e5

7002 T 4968 T TTTTTTTIOYL T £Ge 6 &CC6 L4606

5006 4345 2¢03 43¢4 6CC5 4265

. 4ucsS T Gl T TICCRTT 358 6°C4 3965
= 6033 37617 €005 3669 60¢2 36.7
;e - ‘D Ied 3t 4 1T TIe3 ‘5004 3062
e 5)C3 27e¢ 2493 26€e 3 5¢C2 25,8
, 56C1 . 2%.1 777 2602 T T 2361 4CC3 2244
1001 177 4C02 17.6 4GC1 1660

3802 1466 T IOTLT T Se3 2¢1 Te5

L e s . | 6 oo m— & e~ nm s

? " - - - . o e —————— e 2 e = A-ga




s

H

- - wem e 4 s e Wt W ¢

STRUCTURAL CONSTANTS C1 AND INDICIES

T NCTCEs™ CCNSTANYS INUICES ™ CUNSVYANTS  INOICES —CONSTANTS™ ™

T 5K s ame— .

1001 13065 200 22660 3001 32804
601 4327 TTEIIY 7T 838, 6001 64366
— 70:} 749, °% 8nol 888,46 9N 961e7
T 10008 106Te% ) § [+ § [T74e2 TTTYZOCIT T T 128066
13231 138665 14801 146343 15¢31 159907
26902 17C¢.1 173814 181265 18001 191949
150C1 242544 20C¢C1 ‘2131.9 16002 18447
2J02 26161 T TTTTECLZ 383,64 *702 45247
. 5L 55346 £CJ2 €567 709¢ 75Ce8
80QG2 863, % [ BToe 5 T 1J3G2 10755
110C2 - 118168 12042 12872 13¢)2 1392.?
14002 1469e7 7T 15352 7 16C5,0) £6902 1711.1
17992 181762  lecc2 192344 19C32 202546
29ut2 2135, T TTTTICLY T T T 2826l 2CJ3 31548
ang3 39466 4¢3 482+ 5 5003 57867
TTTTTTTTOITY 578,07 TCO3 T 1183 T 78403 881e7
69253 - 985,.1 10633 1458%69 114603 1193¢4
12:%3 7 129862 TTTTUI3CTY T 140342 - 14003 €08e5
150C5 16126,$ i 16Co2 171Se 4 4 17003 1825%¢7
183C3 19308 7 T UTTINCYI T 203¢éeb 20002 214245
1.2e 325, 20 44 366,3 3cC4 43%e5
TUTTRING 52261 EUC4 €121 T 5C04 73668
7384 804e4 8834 9C4e 3 90Ch 10051
1. 204 S Tol PSRN § S4TSR -3 Py B §-1 of /1 131364
12304 1417.3 148%4 152166 15C04 1626.1
36084 7 1T730eSTTTTTTTTTITCES T T 183566 18404 164161
19224 2.46e% 297¢ }4 215168 1028 291,59
TN 433,1 30CY EILTY &CIA5 T T S69¢T
5GC5 €526 ¢ &J005 76261 098 83566
2305 931eS T TTTTTREINE T 7T T23%e3 13535 113741
11125 123160 12005 1322.8 13¢CS 1435,3
143CS 1538677 7T LB0YFT T l64kle8 16CC5 17457
173CS 184%e% 184058 198442 19435 205849
DY 21657 YOTE %8445 T T2386° T 50062
islel-) $544C 406 82le 6 5806 69849
&6oGé 78342 T TTICGET T 7T 87263 8Lch 9heH
9706  1760.¢ 1002¢ 1187, 4 110C¢ 125642
12086 135¢€el T T I300¢€ T T 145669 lacué 155365
153C6 16608 160C¢ 176345 L7€36 186¢€e7
TTTTTLeNCS 1877e ¢ YSUTE 24 — 7 20336 T 217861
157 €386 ¢ 20C7 56563 3007 6172
ax? 685 T TTTTTESLT T T536C 6C37 82%94C
77 $13e7 807 100245 SCa7 155465
13C7? 11884 " TTTIICET T T1285%.3 12807 128361
139C7 143261 140¢C7 1382.1 15Cu7 168269
YTt LT84, 3 ) o {4 T88¢:. 4 18097 -~ 19835
193¢7 2391, 8 20Ce7 21654 9 1608 61287
2003 T 636G T agee T T 682 8 428 73867
5 3 8,469 €ne 8 8792 7€C08 65942
80uC3 13447 7T THET8 T 113268 1JC8 1224463
URIGINAL-PAGE 5 — — - - == = -

. OF POOR QUALITY

A-99




RS PR

—-

-———

-

— e

——

STRUCTU%A% CONSTANTS €

. S S 7ol e e s

11998 1318, 1238 1413.6
~{;%§§ %aoa.a tsoc:* 11§%,g
GIJ Ilb: 25 [} ¥ o
- Z:JCO 22130§ 153: “687.1
S+ S+ Y-+ + 0
9169 117;.1 igf;: i;:;.z
1209 _ . J‘Q ® " o3 -
15C09 1736.1 xach 18340 6
18509 203‘.1_, 211 213448
1710 76167 2010 78248
4ol 86663 5010  §23e4
7). 106;.6 Qv:; :ggg.t
- 1')»‘)1‘)_ — ..__________L_l%. [ ] e
13910 "187&eS 14C10 1671e3
1651y 1863465 7ol vzsex.a
19512 21¢94C 23010 226321
2g11 856e 6 “'“”'”'"3€i§ lasg.g
5211 G3% 6 6. vhTe
801 11894 9011 1267e9
1icll 1;35.5 1201} is;a.c
14011 C1T7Y6e€ 15011  180Cle5
17921 119924¢C 18011 2C8Se3
26011 228604 _ 16.2  $lle3
3912 35546 4’12 1:3:.?
_ 6012  11u8e0 753 117247
9912 I31a.§ 16512 §3§7;9
12912 15660- Mlé:l o 654e b
15012 183644 fé6c12 152949
18212 2120e 4 19012 - 22iTe2
1712 93662 2cl3 1223, 4
R 1 ER v 1 v B f3ehet—— "
v 9
1;313 {isg:e o 11213 1527:9
i dmed ol
69 PY .
15013 2249¢¢ T 23613 2345.4
214 11%7.2 3Cl4 xxgigg_“m___
5314 11827 6Ul% 12
6314 xsse:s, . SCl4 1426:3
11714 1577e4 12014 " 165861
14014 18274 15G14 16153
17014 209662 18C1lé 21856C
2914 23775 1015 1136e4
015 117%. ¢ 4915 126%.,90
615 129Ge4 B 1751: t3$2.0
¢il5 148342 B et i | 15546 >
12915 1707.1 13015 179863
15915 1557¢5 160185 204%.8
_ 18315 22264 16518 231808
43“@( -
ﬂoOp p4Q - )
— ~°"4t%,, - R
A-100

R

13C08 151066
_1600. ‘1.9301
199C8 211261
203 71168
5CV9 86208
8379 108543
11C)9 135442
1409 . 163846
17899 1934490
23099 223661}
kY3 Y 81962
(Y% §¥) 98866
9010 12199
12¢1) 148443
15¢C1) 17670
18¢ls 206065
1011 83645
4611 $32e7
711 11155
13011 135Ce2
13011 16l4e%
16411 189546
19C11 218765
2912 92548
5vie 125Ce2
8012 126362
1iol2 148Ce7
1412 174445
17212 292466
20012 231468
3213 1d31e3
6013 117Ce5
9C13 1371e4
12613 16111
i5€i3 187448
18013 215367
1014 106163
4Clé 113867
TT 1014 129267
10014 149%9.9
13014 17415
16814 200867
13014 228209
2:15 115143
5015 125345
84915 14l6e%
11215 162848
14015 187204
17415 213543
i 2u0lS 241243

<=4



B o Al

e eyt

[

- s - — —

/!

Loy ) STRUCTURAL. CONSTANTS € A X

5 1216 121168 2016 12255 3C16
_&316 1279.8 50i6 131661 6C16
796 1416 ¢ 8CT6  Tarled T T90le
19016 162967 _  11Cle  1682.1 12C16
13216 183¢€e S 14016 1618,5 25C16
16016 20884 17016 2176e2 138016
19918 235665 20016 2644846 1C17
L 2217 12956 € 3017 1321e5 4C17
t 5917 1338, % &cI? 143277 TTT017
8017 1539%¢ __ sCl? - 1601.) 10217
11237 1737.€ l2017 183066 13017
14017 196648 - 1%C17 204848 16817
17217 221846 T 18017 2306e 7 15217
21217 24866 1,18 136108 2C18
| Tanie T T 13940 ¢ 40 [8 14233~ 77 3318
! 6218 15206 ¢ 7C18 15499 8013
9r:18 1662e1 = TTTILGI8 0 172567 11818
12718 186408 13018 163663 149138
15018 209¢6&e 8 TOTTT1eG18 0 217661 17C18
. .._18018 23495 15018 24372 2218
1916 18373 2919 T1%%8.8 T "3619
| 4019 149501 - 5019 15289 6019
; 7)19 161%eE ™ RIS T T 166763 6319
10119 178%5.¢ 1.Ca9 1851e2 12¢€19
13019 1592,97 7 7T T 14019 T 2C&8e3 15C19%
___1euls 222668 17019 235944 18219

) 15019 2430.C 2C0%9 2587 7 TToLeen
2320 152345 3020 154249 4C29
5920 15966€ T 802Y T 1638.3 7622
8320 17324 ¢ 9029 17874 1082%
11322 19152 "7 TTTT 12820 157763 13020
14020 2121.3 VEp2¢C 21675 16629

T TN T T 2a5¢8,.S YBC20 T T T243G9e 7 T TTTTTYIS02Y ¢
22020 261065 1209 2479 490

= =
A-101

e i |

1248. 4%
1365.6
1564163
175860
2202¢4
226546
128646
1351.2
148363
166790
1887.,3
213269
23966C
1374,2
145804
165340
1793.4%
201648
226344
252604
146863
156942
1726442
192Ce4
214644
239348
151263
15675
168267
184647
29478
227661

25243

4897



i e o e an A e

STRUCTURAL _CQONSTANTS C2 ANO INDICIES

NEICES ONSTA INCICES CONSYANTS INUITES  "CTASTANTS -
P 1061 24Tes_ 2001 4e9.7 aesl 732.9
40C) 976e 4 YY) 122%. 6cCl 146307
71 1737 4 8001 19*1.2 90Cl 2195
13901 2438, ilosl 2662, 5  12¢31 292603
132%1 317Ce2 __ __ 14CO1 341400 15CC1 3657.8
| 16001 39)1,¢ 17831 4la54 4 13C01 438962
? Lou¢l 4633.1 29001 487609 102 259 7
v 2 495, 8 o 3092 T3¢e S 4C02 G97%e %
L 52 12224 62582 146507 ~ 7002 179962
BuC2 T T 19%82.7 352 2166637 777 T 10Ce2 244Ce
112 2683,7  1lava2 2927 4 13392 317161
! xacoz 3414,8 15352 365866 16832 390244
: 17002 4lé6el  18C2 438669 156¢2 463307
2.2 48778 1oe3 278e2 2003 5357
__ N3 742,17 403 G84e 5 5023 122665
6083 1469.1 7305 IT712.1 777 78003 195563
X3 21986 ¢ el 2442, 11¢22 26855
120¢3 292501 i ””13303 31727 14063 341603
15003 3660e0 16003 39026 17¢03 414763
18303 4391,1 1323 462448 23233 487845
o Abta 302e2 2054 516e3 3004 753¢¢
R [ L) P L BT Y232:277°77 7 "8C34 147349
7)4 171661 8yl 195848 9254 2271.8
10004 244445 T 11034 26381 12804 2931.4
12604 21746 S 14084 341863 15004 366169
1634 390504 173% 41492 18054 439246
L _l9ul4 423662 25004 487%e 9 1€75 33Ce5
TR T TR ke 3 305 TE4e 8 TTT 4008 162865
5005 123964 6335 1475¢5 TCS 17214
3.05 1963, 4 9C28 226548 10305 24%8e5
11075 2691e 4 12005 2934e 5 13008 31777
14005 3421.C 15305 366463 16CC5 394 7.7
R YN 415162 18CJ5 42944 7 19005 463842
BT B T ST} Y| ICTE JEZL LT 2008 55663
26 77940 4GC6 101le 4 5500 124862
6306 1648743 B £t I 17277 3CC6 196943
906 22i0e8 1000¢ 24513, ) 11936 269545
12506 293862 13096 31311 14C06 342462
N 15’~6"m 36672 16306 361%.5 17006 @153.3
180&5 439742 1500¢ TeE4ale6 T T T 20988 4834e )
128 39662 2007 5751 agu7 795e4
4::7 132401 85837 12586 5 6837 149600
7367 17352 8CceT 15755 9037 221666
p 10007 2458 2 110¢7 275% 12007 294245
4 13,87 31852 14007 34275 13847 267168
. e &6:37'““““3§I378 177 F158657 " 7 T 18C07 0 44271
* 19G0 464304 20007 4886e 7 1008 43263
z)ce bUbe T 3378 8l4e” 4C08 173866
5053 127064 63C8 15659 7008 17423.38
8O8 198361 BT 1Y) 2223, 4 12308 24643

; o ———— . n e A - - - POReY

A-102

: wt

‘ . o a
R - e ]



AR SR
i *

AR A < S N

s e R abe L e

L e e s e

. STRUCTURAL CONSTANTS C
270%. 8 12048

110C8 29477 13C€908
14008 3432,2 15008 367469 16638
17558 416Le % Y : o) K435 19
209¢8 4689.7 __  1C09 465.8 2009
3909 834¢5% 40C9 13%4.8 5¢29
6739 151761 __TC09 17%2.4 ace9
9009 22131.¢ 1669 267162 1100%
12409 29526 4 13809 3165.2 14009
{s2C9 307995 16CTY 3928 TTTTTTLIICNG
189C9 449763 16809 4€5Ce2 23699
1012 5386 % 72010 6610 3901¢
4010 1372 € 501 1298.3 6C1y
7313 1764e2 7 7T BSLD 2001.1 9617
13319 247848 113910 271948 12219
R 4 ) B TF2ITE] T4J1T 42T T 15C12
16210 39266 8 17610 415%.1 18C13
19910 465443 2C010 48571 1011
2ull 691e5$ 3011 €006 9 4011
s)11 131407 77 7T 6011 1543.1 7011
) 811 21168 9d11 224847 13C11
11513 I Y R Y] ¢ SR 4 1-1- 7% A % 1+ §
14711 1448, 8 15011 36590.3 16011
17211 T @lT4el T TIBCIY 0 4416, 4 15C11
20011 490162 , 1012 5880 4 2012
312 90€&eE 7T TTTRI1Z T T 1112.7 5C12
, 6912 15576 7012 178869 8012
I v b &S .4 ) P TI0T2 r{31-7X3 11C12
12412 2S5 The & 13812 321448 14312
15012 369¢,5 7T 18012 3637.9 17812
18012 44216 ¢ 16312 466347 20012
1213 TT62%9eT T TTTTT2II 757.8 3513
@Ji3 1134,8 5C13 135Ce 4 ALl3
A £+ ) O SRR § : f¢ LY § 80172 r4eEp-r'y — 90T3
1013 250664 11813 274462 12213
13013 32285 7 14013 3462, 6 15C13
16013 394462 17013 4185, ¢ 18913
15013 46690 T T 723013 7 4Sllel 1014
2014 79245 334 56249 4Clé
R - ta) 3 1385, 9 1) X3 15%30:. 8 R £+) €
8014 204862 5Clé 228le7 1)il4
1114 275460 T T T2014 2952,.,C 13014
14014 347Ce4 15014 371065 16Cl4
17014 41926877 7T TUABCIE T 4433,2 19Cl4
2014 4916465 1015 T126 % 2015
T 3LE 9%t (TSN IT82:.5 " '501%
6918 16J8.8 7018 1833.4 8015
6 15 1229463 T T 10015 2%28.5 11015
12015 200166 12015 323Ge7 14015
15715 371863 77T 16018 355863 17C15
. i 13815 443G,8 19Cl5 468069 29C15%
ORI e e v
m gg‘L p4GE I e s o —
T Rou, I
T A-103

31899
39178

4646006

6317
128346
199146
271261
343762
416448
4893,2

85049
15295
22394
2656,8
268446
441146

54861
19169
177660
268763
20766
3652.1
465848

T24e3
133146
202248
2T35.1
3455,4
4179%9.0
4Go660

$23406
1573.8
226949
<98 3,0
379362
442762

6T%e6
115862
1817.6
251761
323C,.8
395160
46T74e8

82861
139Ce8
206263
276464
347867
419849
~922¢4




FRIRS

P

STRUCTURAL CONSTANTS €
754 4 2%16

1016 8646
__&C16_ 1208,7 5C16 1412, 8
R ) (' 18%0.1 [ ™%
: 10016 254047 119016 27756
| 13116 3249,2 14816 3487.5
16016 39666} . _ 17018 420602
19016 46875 20C16 4528,7
N 917 901.8 3C17 10%3,8
5917 1435, 5 6C1LT 1648,9
8V17 2093.%  s¢17 222149
11017 2787+ 4 12017 3022, 7
14017 34965 _ 15017 37352
17017 42144C 18017 4454, 1
_mr 493542 1518 825, 4
3118 1786, & YY) 12635
6318 16694¢ 7C18 188604
9318 233666 10018 25672
12918 333462 13C18 327060
15018 3% 4e? 6018 3683,2
. 18718 4461,.5 19C18 4702.0 _
1219 88242 2919 §78.1
4919 129263 _ 5319 14850
7019 1908.8 8219 21279
19919 258le% 11019 28130
Tante 3281,2 14019 351 7.4
18719 399244 17519 4231,
19919 4709, ¢ 25019 R85, 8 T
2025 10170 3020 1153.5
5?2? 151?09 ’ *ETZO 1713.7
8128 2145.1 90620 2366,0
11229 28266 7 12020 3C€55.1
_ 1472 352844 15020 376448
17020 42402 13620 4878,8
29020 4957.7 1200 4940

= e eyen s e

A-104

o . ——— i ——n

- %

3016
6016
9016
12€16
15016
18C16
1017
4017 _
7017
10817
13017
16017
19017
2618
5518
8c18
11018
14618
17018
25318
3019
6C19
9019
12019
15019

13019

1029
*02)
7727
10820
13020
16222
19029
400

102262
16279
23077
3C11.9%
372645
HG446,7
79668
123546
1867.8
2553,6
2259,3
3974e4
469445
939,7
146060
210S.6
2T75%.9
350669
422263
454244
1115.8
169049
235246
30460 %
375465
447061
9252
1322.9
1926461
2596,5
3293,1
261
471840
986l



T & S
B T

i st

T NCICEs"— CCRSYANTS —INDTUES —CONSTANTS " INDICES -

STRUCTURAL CONSTANTS C2 AND IMDICIES

1)1 490 2561 S8
@YC1 19661 5¢Gl 2451
701 déles 8801 3522
i | TTR9YeY T T TR T T3S, 3 T
12001 637e2 14001 6864
16001 784e 4 17¢01 833.4
19001? 931.% 20¢J1 68065
2002 196e1} 3002 254.2
5002 4906 2 6CS2 54983
- TeI0eT T T184.4 HeJ2TTT  BB2.5
LIN02 10786 ¢ 12002 11766 6
14002 137217 15CC2 14728
1732 16666 ¢ 18292 176449
20N02 1961.1 1003 147.1
) L2003 44162 4003 58863
60C2 “BE2.* P f ok 1826 6
9503 1323.,7 10003 147Ce8
12002 1764,5 13003 1612.0
15XC2 2206e: 16002 2353,3
187713 26474 15023 27945
0 _1W00s 196.1 o] o 3 29262
TenGe 78%e4 B-OI1Y $8%¢
1)X4 137267 8204 15¢868
103C4 19611 77 T 11CC4 21572
13¢6C4 254544 14304 274545
16°C4 2137.7 17C04 3333, 8
150C 4% 372¢€4C 20604 392261
BE-Tof o S -7« P N {vf ] SUERY & § 7%
5°C S 122%.7 625 147348
8ces 196141 9C05 220¢s2
110¢C5 269644 120¢S5 254146
1435 C3431,.6€ leens5 367Te?
1S 41672 18835 441244
20005 7 450 2. € ITC3 264,27
3306 882 % 4r26 1176e 6
6N06 176445 B £ of o1} 2059,1
93C6 26474 10006 294106
129¢C6 3526,5 7 7 139né ' 3824.1
15006 44124 4 16GC¢ 4TC¢e S
T T{80Ce T THe9G,E 15006~ 78538%9.3 T
12¢7 243,2 2907 68¢&e &
QA7 13727 15X 4 171%.6
7007 240242 6007 2745.5
12007 343168 11C37 377%.9
13:77 446104 14027 48C4e 6
T UUTVAACT TUTTTEGOTLT I7CS7 L1 LT S
192C7 652%4% Pl J o | 6863e7
2°"8 7844 T TTIQCE 11786
5008 15611 6Ci8 2353, 3
Ehlad:} 3137,7 ~ 7 9338 28526, 9

" A-105

CCASTARNTS

3¢l
601
9001
12821
15¢01
18001
1$2
4C2
7€02
13402
13502
16892
15€)2
22¢3
5€J3
8733
11293
14003
17€33
<0003
3004

-9

9¢C4
12€%4
15C04
18004
1CC5
4CN5
7205
13095
13C05
16775
150C5

™ 2€000

5¢0%¢
8CCo
112C6
14006
17006
2C0C6
N
6c07
9007
12CGC7
15027

18007

1¢C8
4008
7003
10008

1647}
29442
44162
58843
735.4
88245

98,1
39262
686e%
98 %
127467
1568.8
186340
294,42
T3%:.4
117666
1617.9
29591
252Ce3
294146
58863
11766
176449
235343
294146
352%.9
2451
G8Ce5
171549
2451.3
318667
3922.1
465765
58863
147% 8
2353,2
323547
411862
S00Ce7
58832
102646
2N59,1
3C68e7
411862
5147.,8
61773
39262
156848
274565
3922.1



——— % B - re

STRUCTURAL"EQNSTANTS L

112¢8 431443 12008 47C6e 5 13008 509867
%4395 56491eC 15028 588362 16CC8  6275.4
208 666 oﬁ 18003 7353, 8 ~19008 765260
. _2¢s___ 18 1009 44le2 2009 882,5
31909 1353*7 4639 176409 55P9 22%642
6P 264T.4 7009 3C88,7 8029 352949
9409 ~ 39711 10009 4412, 4 11009 485346
12309 529408 122¢9 573601 164CC5_ 61773
1829 6618, ¢ ) VYD) 7C5%. 8 1762977 TU1501e0
1189C9 7942,2 19009  8383,5 20009 8824e7
1610 490,232 2010 68l X ac10 14708
4317 196l.1 5010 245143 ) 60110 254166
™10 3431, —  8N¢C T 38221 ’ 9212 46124
T v ) 490246 11019 536269 12010 588342
1331577 TTTEIT A 1ACICT T EsES.T T T 1561 735440
16912 734402 _ 17€10 8334,5 18C18 8824e7
19310 9315.,0 TTTTT20046 $80C%8e3 1211 53943
2211 1:78e6 a1l 1617, 9 4011 2157,2
sC11 269604 T UTTEOLY 323%,7 7211 37759
8011 4314e2 sC11 4853, 6 ~1e011 536249
iT:11 5932 ¢ ) fr3xd § § (1%4 TS ] R & 5 BN £v} Sy |
14011 755061 15011  8C8Se3 16011 862846
17011 91576 ‘ 18011 " T 67€ 7.2 15011 1024645
29711 12785, ¢ 102 S8843 M2 117646
2012 17640€ 7 T L0Y2 T 2353,.3 5012 296145
N V1Y 352945 1012 411862 ac12 #73645 f‘
ko) V- 1T 7Y ) b 9] BIETZ 11312 T T6471e5 - "
12012 7059 € 12012 7648.1 14012 822644
15012 8824,7T T 16012 $413.1 17012 1000144 )
18012 1058547 18012 1117680 20512 1176642 J
1013 637e2 TTTUUTT2013 0 1274,7 3013 19120 .
4013 254%e 4 5C13 318667 6013 28241
SRR £ & | EI1ITLE 249 | ~¥ISELT 7 T GLI3 T 5T36el j
10013 637364 o 11012 701Ce 8 12713 764841 :
124013 828%5,%5 " T 14613 T 892268 15013 956Ce
16013 1019765 17012 12834, 8 16713 114722
19513 12109.% TTTTTUTUZ0013 0 1274¢.8 1014 68604
224 137247 3014 20591 4014 274545
' 14 3431,8 EC14 (39 §: /YA TTTTYRLG 48C4e6
8.14 5491.C  9Cl4 6177.2 12014 686367 j
11714 755008 7 T 12014 823664 13014 89228 |
14214 960942 15714 1026545 16214 1)981.9
17:14 1166863777777 18014 0 1235446 19014 1204160
o 2M4 137274 1015 725. 4 2015 147Ce 8
s 32%¢e e 015 Z2841.6 T T 50158 367740
6315 441244 7715 51478 8015 588342
9715 661846 7T 15015 0 135440 11015 808543
' 12015 882447 12015 556061 14G15 102955
. 15315 1173Ce$ — 14015 1176643 17515 125017
% 18015 13237.1 19015 1357245 29015 147079

bt et e % <t
- - —

~ A-106




RA———

|

P v e v

STRUCTURAL . CONSTANTS C .
T84e 4 eClé

-

1016 1568, 8 2016 23533
. 4116 313747 5C16 39221 4C16 4736¢5
- 18 P % TTTARTeT T T T056,.8
10916 784462 11Cl6 862866 12916 941361
120186 101978 14016 18581.9 135016 1176663
16016 12550e7 _  _  1701¢ 13325,2 18016 141196
19916 149046 0 20016 1568804 117 833e%
e an 166646 3017 250 3 4Cl7 33338
: yTe “6C17 BOLTeT  1CY7 T 583461
8217 666Te¢ 9017  (5C1.0 19€17 833448
11017 9i{e¢7.9 11T 18CCle & 13017 10834e8
14017 1166802 15017 i2501.7 15017 1333%,2
17217 14068, € 7 77T T18517 7 15C02.1 19017 15835.,%
%17 166894 1218 8825 2018 176449
35{8 56Tk *CY8 325,97 7 77 w18 441244
6318 £294.8 - %1s 6177.3 8C18 7059.8
9318 71942,2 10318 882467 110138 97762
12913 10589,7 13218 11647262 14018 1235446
15213 132371 77 feils 14119. 6 17418 1509241
18718 158844 & 15018 167¢7.0 2n¢18 17649,5
A - 5 ¥ AR ) ) 5. r4*) L) TBEISYT 77T 3919 0 27945
4319 372648 5319 £657.5 6Cl19 55897
7319 68520, 577 UTTTUTHEELY T T 7645%52,0 9019 8383,5
19015 9315.0 11€19 102460 5 12019 1117840
13019 TU12109:F T T UTTTTIACTY U T 13041.0 15219 135725
16019 149940 17C19 15835,5 18019 167670
R -7, ) - TS & 211 PY-] r{} &) T8€3Te — ~ 1020 9805
2320 1561s1 2020 264146 4025 39221
5322 49026 TTTTTTTTTEG20 7T E883.2 7822 6862,7
8320 T844e 2 5020 8824e 7 13¢20 96253
11920 1D7BS.E 7 U UTTZT2C T 1178&.3 13929 1274648
14222 13727%. 4 15029 147C7.9 16620 1568844
A & &} 18569.0C 18020 IT7849:5 " "TIV0Z0T 1863060
20320 1961065 1200 0e9 400 0.2
A=107

T T e—




——— T e s ame e

. = s son A e m————ca . el - PRI

gttvg% AVE _AMPLIFICATION = =,7567D J1 0BS FOR  1Ced HERTZ BAND
T VEL AvE Anp“u‘/"ﬁﬁmmu ECY & =10.09

e .. RADIUSIFT) LNTH COORD(FT) PNT AMPL(DBS)
L% 15,29 -s 85710 01

— .8 __20430 -s 78550 2
74900 £, 00 e 81750 C1

. 1300 20,€1 o =e7861D %1

]
S e s o I Yt 2 e . s e A

s#BYCL AVE AMPLIFICATION ® 0,82310 €1 D8S FOR  16e0 HERTZ BAND
VCL AVE AMP W/INTERNAL PRESSURE EFFECT s =2,85

RADIUS(FT) __ LNTH COORD(FT) PNT AMPL(DBS)
%) 15,00 -e37700 01
R 1Y | 2040¢ . __ Cell7D 2
70:05 15000 -.38120 ”1
76320 3C.CC Cel11870 02

sseyCL AVE AMPLIFICATION = =,271S0 52 D8S FOR 2%e0 HERTZ BAND
VCL AVE AMP W/INTSRNAL PRESSURE EFFECT = =37.31

- RADIUS(FT) LNTH _COORD(FT) __ PNT AMPL(DSBS)
ve)d 15,80 =e 72CJ0 G3
Ced . 2ne09 " ~¢ 70000 03
70700 1500 ~+35080 92
Te 3% o gc.o; =300 €2

e $USVOL AVE AMPLIFICATION = =412970 02 0BS FOR 25,0 HERTZ BAND
VCL AVE AMP W/ INTERNAL PRESSURE EFFECT = =144 73

RADIUS(FT) _ LNTH COCRDIFT) "ENT AMPL(DBS)

Yed 15.0¢ = 17460 N2

ved) .. 3038 -e11770 €2

7.”9 V o ' 15.60 -91438D0 02

s — _70000 ZCQOQ '9;1050 02

##8VOL AVE AMPLIFICATION = =42164D G2 DBS FOR  31¢5 HERTZ BAND
VCL AVE AMP W/ INTERNAL PRESSURE EFFECT = =22.33

RADIUS(FT)  LNTH COORDIFT) PNT AMPLIDBS
Ced T T 18683 ~e21640 22
e Qe0 20,00 -¢31720 03
14000 I%5.C0T T -421C20 %2
7.09@_ ?OQQQ '031650 53

seaVOL AVE AMPLIFICATION = =¢2062D OC D8S FOR  4Ced HERTZ BAND
VCL AVZ AMP W/INTERNAL PRESSURE EFFECT = =618

e RADIUS(FT) LNTH COCRD(ET) PNT AMPL(DBS)
0e% I500 ~ T T T T 2034290 01
09 - 30430 -¢36840 11
¢339 T 15433 -.19850 01
2000 120400 0462680 C1

- %esVOL AVE_AMPLIFICATION = -,32760 31 DBS FOR  £le) HERTZ BAND

3 VCL AvE AMP W/ INTERNAL PRESSURE EFFECT =~ =7,87 = ~ ° -

. RADIUS (FT) LNTH COORD(FT) PNT AMPL(DBS)
Qed T 1E,03 -e16730 02
0o 20430 ~e4391D €1
308 7T T 716,60 -.10520 01
790 20420 ~e36540 21

-—— o s . s e, e et i - - —

*#xVOL AVE AMPLIFICATION = =423170 01 D0BS FOR €3¢0 HERTZ BAND
VCL AVE AMP W/ INTERNAL PRESSURE EFFECT = =7426
RADIUS (FT; LNTH COORD(FL) FNT AMPL(DBS)
> R R

—y
e

- Sty

PO
P ey




h LU

e g A

sesyVOL AVE AMPLIFICATION = =,4300D0 31 08S FOR
VOL AVE AMP W/ INTERNAL PRESSURE EFFECT =

e [
el . . . . .. 15,88 -915510 22
f 33 30092 —e24380 93
7200 15000 026040 C1
— B At o g "= = == 113080 02

-8s 43

RADIUS(FT) =~ ~ LNTH COORDIFT) PAT AMPLIDBS)

R e upoQ o 15,00 ] _ ~e 82040 0}
Jed IW0T T T T =e19130 0}

70043 15,00 -063880 (C

16390 - 1,02 Je25260 %1

»eVCL AVE AMPLIFICATION = 3,32310 31 DBS FOR

130. 2 HERT2

_VCL AVE AMP W/ INTERNAL PRESSURE EFFECT 8 =44 8%
RADIUSTFYY UNTR™CIORDIFTY - "7 PNT AMPLIDYS)
Jed 15600 =0 44850 21
R0 o 2%. 30 -9 73320 Q1
74300 15,00 0e 20110 C1
T30 3C. 08 vel2760 £2

T TadnvOL AVE AMPLTFITATION & Us81280 01 DBSFOR
VCL AVE AMP W/ INTERNAL PRESSURE EFFECT =
T UNTH COORD(FTY)

RADIUSLETY
Je)

'.a S T

70333

e - e o

-3¢ 45
PNY ANMPLIDBS)

15.00 -e17590 02
10,09 -+13080 €2
15.5¢ | 0411320 02
00T Tt TT 3413570 22

TGN

seaVCL AVE AMPLIFICATIIN = 3,6778D J1 DBS FOR
VCL AVE AMP W/ INTSRNAL PRESSURE EFFECT =

16% 7 HERTZ
-3,28

RADIUS (FT) " LNTH COORDIFT) PNT ANPL(DBS)

Sed 15.00 '.7:260 Cl

) . P I0LUT ™ 77T =« 73010 03
7338 1500 012230 N2

76330 7 T T 30690 2 79560 01

*saV0OL AVE AMPLIFICATION = 7,1I1510 32 UBS FOR
VCL AVE AMP W/ INTERNAL PRESSJRE EFFECT s

T TTTTTRADIUY
Je)
Ced
7229

T R

T wewVQUTAVE ANPUTFTICATION 5 =o3280D ST UBS FUR ™ 257,77 HERTZ BAND
VCL AV<S AMP W/ INTSRNAL PRESSURE EFFECT =

-2025
TTTTTTTPNT CANPLLIDBS)

158 -e35220 01
"'3060% ~e 42670 N1
1509 015920 C2
30.09 0e7724C C1

-7.81

RADIUS(ETY)™ =~ " "ILNTH COORDIFT) ENT ANPLIDBY)
ved 15.00 Ne%2220 1
ey T T T 304 B0 -2 65750 0O
7.39: 15.03 ‘060610 01
- - T0T e - =2 85580 21
(M{b
}kx»:b7pxﬁﬂﬂzs A-109

. R ,4,«»«--,

R e e A ———- s O R

80s0 HERTZ 8AMND

8AND

1253 HERTYZ BAND

BAND

200s ) HERTZ BAND



	GeneralDisclaimer.pdf
	1981024426.pdf
	1981024426.pdf
	0001B02.jpg
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	0001B12.tif
	0001B13.tif
	0001B14.tif
	0001C01.tif
	0001C02.tif
	0001C03.tif
	0001C04.tif
	0001C05.tif
	0001C06.tif
	0001C07.tif
	0001C08.tif
	0001C09.tif
	0001C10.tif
	0001C11.tif
	0001C12.tif
	0001C13.tif
	0001C14.tif
	0001D01.tif
	0001D02.tif
	0001D03.tif
	0001D04.tif
	0001D05.tif
	0001D06.tif
	0001D07.tif
	0001D08.tif
	0001D09.tif
	0001D10.tif
	0001D11.tif
	0001D12.tif
	0001D13.tif
	0001D14.tif
	0001E01.tif
	0001E02.tif
	0001E03.tif
	0001E04.tif
	0001E05.tif
	0001E06.tif
	0001E07.tif
	0001E08.tif
	0001E09.tif
	0001E10.tif
	0001E11.tif
	0001E12.tif
	0001E13.tif
	0001E14.tif
	0001F01.tif
	0001F02.tif
	0001F03.tif
	0001F04.tif
	0001F05.tif
	0001F06.tif
	0001F07.tif
	0001F08.tif
	0001F09.tif
	0001F10.tif
	0001F11.tif
	0001F12.tif
	0001F13.tif
	0001F14.tif
	0001G01.tif
	0001G02.tif
	0001G03.tif
	0001G04.tif
	0001G05.tif
	0001G06.tif
	0001G07.tif
	0001G08.tif
	0001G09.tif
	0001G10.tif
	0001G11.tif
	0001G12.tif
	0001G13.tif
	0001G14.tif
	0001H01.tif
	0001H02.tif
	0001H03.tif
	0001H04.tif
	0001H05.tif
	0001H06.tif
	0001H07.tif
	0001H08.tif
	0001H09.tif
	0001H10.tif
	0001H11.tif
	0001H12.tif
	0001H13.tif
	0001H14.tif
	0002A01.tif
	0002A02.tif
	0002A03.tif
	0002A04.tif
	0002A05.tif
	0002A06.tif
	0002A07.tif
	0002A08.tif
	0002A09.tif
	0002A10.tif
	0002A11.tif
	0002A12.tif
	0002A13.tif
	0002B01.tif
	0002B02.tif
	0002B03.tif
	0002B04.tif
	0002B05.tif
	0002B06.tif
	0002B07.tif
	0002B08.tif
	0002B09.tif
	0002B10.tif
	0002B11.tif
	0002B12.tif
	0002B13.tif
	0002B14.tif
	0002C01.tif
	0002C02.tif
	0002C03.tif
	0002C04.tif
	0002C05.tif
	0002C06.tif
	0002C07.tif
	0002C08.tif
	0002C09.tif
	0002C10.tif
	0002C11.tif
	0002C12.tif
	0002C13.tif
	0002C14.tif
	0002D01.tif
	0002D02.tif
	0002D03.tif
	0002D04.tif
	0002D05.tif
	0002D06.tif
	0002D07.tif
	0002D08.tif
	0002D09.tif
	0002D10.tif
	0002D11.tif
	0002D12.tif
	0002D13.tif
	0002D14.tif
	0002E01.tif
	0002E02.tif
	0002E03.tif
	0002E04.tif
	0002E05.tif
	0002E06.tif
	0002E07.tif
	0002E08.tif
	0002E09.tif
	0002E10.tif
	0002E11.tif
	0002E12.tif
	0002E13.tif
	0002E14.tif
	0002F01.tif
	0002F02.tif
	0002F03.tif
	0002F04.tif
	0002F05.tif
	0002F06.tif
	0002F07.tif
	0002F08.tif
	0002F09.tif
	0002F10.tif
	0002F11.tif
	0002F12.tif
	0002F13.tif
	0002F14.tif
	0002G01.tif
	0002G02.tif
	0002G03.tif
	0002G04.tif
	0002G05.tif
	0002G06.tif
	0002G07.tif
	0002G08.tif
	0002G09.tif
	0002G10.tif
	0002G11.tif
	0002G12.tif
	0002G13.tif
	0002G14.tif
	0003A01.tif
	0003A02.tif
	0003A03.tif
	0003A04.tif
	0003A05.tif
	0003A06.tif
	0003A07.tif
	0003A08.tif
	0003A09.tif



