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A COMPUTER PROGRAM TO PREDICT ROTOR ROTATIONAL NOISE OF A
STATIONARY ROTOR FROM BLADE LOADING COEFFICIENTS

Ramani Ramakrishnan
The George Washington University
Joint Institute for Acoustics and Flight Sciences

Donald Randall*

) and Robert N. Hosier .
Langley Directorate, U.S. Army Air Mobility R&D Laboratory

SUMMARY

A digital computer program is presented. The program calculates the rotational
noise of stationary helicopter rotors based on multiple sets of measured or hypothetical
high-frequency blade-loading coefficient data. The programing language used is
FORTRAN IV. A description of all main and subprograms is provided so that any user
possessing a FORTRAN compiler and random access capablhty can adapt the program
to his facility. :

In the proper format, empirical or hypothetical blade surface-pressure spectra are
used by the program to calculate: (1) blade station loading spectra, (2) chordwise and/or
spanwise integrated blade-loading spectra, and (3) far-field rotational noise spectra. Any
of five standard inline functions describing the chordwise distribution of the blade loading
can be chosen in order to study parametrically the acoustic predictibns.

’ The program output consists of both printed and graphic descriptions of the blade-
loading coefficient spectra and far-field acoustic spectrum. The results may also be
written on binary file for future processmg

Examples of the application of the program along with a descr1pt1on of the rotational
noise prediction theory on which the program is based are also provided.

INTRODUCTION

The studies reported in references 1 and 2 demonstrated that the far-field rotational
noise generated by a stationary (no forward speed) rotor can be accurately predicted from

*Computer Sciences Corporation.



measurements of the fluctuating surface pressures on the rotor blade surface. In these
references, it was also shown that accurate predictions were achieved only when fluctu-
ating surface pressures up to ffequencies of 500 Hz to 1 kHz were considered. This
report documents the computer program which was developed as a part of those studies.
The prdgram uses the measured spectra of the fluctuating surface pressures in the theory
of references 3 and 4 in order to predict the far-field rotational noise spectra. The pro-
gram is called a Stationary Rotor Rotational Noise Prediction Program, hereafter abbre-
viated as SRRNPP,

SRRNPP is written in a version of FORTRAN IV currently in use on Control Data
Corporation (CDC) 6000 series machines at the Langley Research Center. It is written
for the user with a basic familiarity with references 1 and 2. In addition to the rotor
geometry and performance parameters, SRRNPP requires as input either measured or
hypothetical blade surface-pressure spectra (amplitude and phase). These inputs are
used to calculate: (1) blade station loading spectra, (2) chordwise and/or spanwise-
integrated blade-ioading spectra, and (3) far-field rotational noise spectrum. The station-
loading spectra describe the frequency content of the fluctuating blade surface pressures
at the measurement points on the rotor blade. The integrated blade-loading spectra
describe the summed frequency content of a number of chordwise and/or spanwise mea-
surement stations or points. The far-field rotational spectrum describes the predicted
frequency content of the rotational noise at any far-field point. Any of the five inline
functions shown in table I may be chosen to study parametrically the acoustic predictions.

The SRRNPP output consists of both printed and Calcomp Graphic descriptions of
the station and integrated loading spectra and of the rotational noise spectrum. At the
user's option, these results may be written on binary file for future processing. The
SRRNPP is designed to run economically and efficiently through job-stepping and rigid
formatting. '

The format for this paper is to present an overview of the main and subprograms
in the main body. The overview includes program application, subroutine usage, input and
output guides, program test cases, and concluding remarks. Appendices A to G present
details of the program. Such details include the theory and equations used, transducer
épectrum-data management, random access file usage, plotting guides, numerical sub-
routine usage, and program usage and listing.

SYMBOLS

The values are given both in the U.S. Customary Units and in the International
System of Units (SI). The measurements and calculations were made in U.S. Customary
Units.



ag speed of sound, m/sec (ft/sec)

B , number of blades
c . blade chord, m (ft)
D observer distance from source, m (ft)
Dg total rotor drag force, L sin 8, N (lb)
F - force vector, N (lb)
J q(ZO) Bessel function of the first kind of order q and argument Z
j complex operator, V-1
K drag operati tant, —OF N/m2 (b/5t2)
D perating constant, RagMg’
Ki, lift operating constant, I\I;I;g sin o', N/m?2 (lb/ftz)‘
L load per blade per unit span, N/m (lb/ft)
Lg total rotor lift force, L cos B, N (lb)
Ly total rotor aerodynamic load, N (lb)
My tip Mach number, Sry /ao
Me effective Mach number, 0.8Mp
mB acoustic harmonié number
N rotor shaft frequency, Hz
P general blade pressure, N/m2 (Ib/ft2)
Pq,Ps amplitude of the qth or sth fluctuating blade pressure harmonic, N/m2

(Ib/t2) |



Tt
SP

SPmB

amplitude of the zeroth (uniform) blade pressure harmonic, N/m2 (lb/ftz)
acoustic pressure, N/m2 (lb/ftz)
limit of blade-loading coefficient summation (defined in eq. (A13))

mode number (q,= mB z s)
observer distance from rotor center, m (ft)
source point distance from rotor center, m (ft)

effective rotor radius, 0.8ry, m (ft)

blade tip radius, m (ft)

sound pressure, N/m2 (lb/ftz)

amplitude of mBth sound pressure harmonic, N/m2 (1b/ft2)
jump function, S =0 for q<mB, S=1 for mB=q
blade-pressure harmonic number .

time variable, sec

blade tip speed

observer coordinate vector, m (ft)

source coordinate vector, m (ft)

Bessel function argument, mBMg cos ¢’

P
qth blade-loading coefficient, P_q
' 0

P
sth blade-loading coefficient, P—S
0

effective blade force ahgle, radians

limit and directivity function, mBJ,(Z)



7,£ arbitrary phase constants, radians

0 observer azimuthal angle, radians

o' observer elevation angle, radians

T time period, sec

¢q’¢s phase angles of the blade pressure or blade loading harmonics, radians
XnB choxfdwise loading distribution spectrum function

14 rotor azimuthal angle, radians

Q angular frequenqy, 27N

Subscripts: '

m,mB éound pressure harmonic number

qa,s blade-loading or blade-pressure harmonic number

PROGRAM OVERVIEW

A concise explanation and derivation of the theory used in this study are detailed in
appendix A. The computational procedure of the SRRNPP uses the final equation
(eq. (A12)) of appendix A. It is clear from equation (A12) that in addition to general rotor
parameters, the prediction process requires a set of blade-loading coefficients called
a's. . These ao's are the Fourier coefficients of the rotor blade surface pressures nor-
malized by the uniform or static surface pressures. SRRNPP manipulates the given or
computed o's to predict the rotational noise efficiently. ’

A general review of the contents of the program is undertaken here. The function
of its main and subprograms becomes apparent in the program application section. The
SRRNPP package consists of five major parts; two are computational, the rest are effi-
cient data (input/output) manipulators. Table II shows the program interrelation. A
detailed description of the program usage and the various efficient techniques is under-
taken separately in appendix F for the benefit of the user. A periodic reference is made
to this appendix at various stages of the text and hence the user is advised to familiarize
himself with appendix F,



Program RAMANI

This program combines the upper and lower blade surface-pressure coefficients
at each location along the chord (or span). RAMANI converts the gage-referenced sur-
face pressures into differential pressures. The conversion takes one of the following
three forms: pressure data from upper-and Jower surfaces can be added; the data can be
weighted if surface pressures from only one surface are available; and the datum from a
particular location can be skipped if it is in error.

Program SPECPLT

The program plots the differential pressure spectra (both amplitude and phase)
against frequency,

Program TRANS

TRANS is a preprocessing program. The program preprocesses the differential
spectra output from program RAMANI by reorganizing and storing the output on random
access file for efficient use in RNPPE4.

Program RNPPE4

This program calculates the rotor rotational noise using equation (A12). It predicts
the sound pressui'e levels at sound harmonic numbers mB. The sound pressure levels
are then modified by one of five chord spectrum functions chosen by the user. (See
appendix A.)

Program SPLPLT

This program is similar to program SPECPLT, SPLPLT plots the output from
program RNPPE4,

PROGRAM APPLICATIONS

There are three different ways in which the blade-loading data can be provided to
the SRRNPP. The program operation for each method is illustrated by the following X
three examples. '

Example 1

In this example, the blade-loading data are obtained from an experimental setup
where it is possible to obtain loading information at a representative span location on a
blade of a hovering helicopter. o
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Manipulation of Loading Spectra

Figure 1(a) shows the location of surface-pressure transducers mounted at a rep-
resentative span location on the blade used in references 1 and 2. These transducers
measure the surface pressures for various rotor operating conditions. After digitization,
these data are then Fourier analyzed using a program such as the one in reference 5,
After the Fourier analysis, each transducer location has an amplitude and phase spectrum
associated with it; the associated amplitude and phase spectrum has been stored on output
" tape, in the format required by SRRNPP. (See section on "SRRNPP Input Guide.'")

Thus, after Fourier analysis the user has a set of gage-referenced (amplitude and
phase) pressure spectra at each upper and lower surface location along the chord of the
blade. These spectra are stored on magnetic tapes in blocks of 1500 points for efficient
operation. (See appendix B.) In order to convert the gage pressures into differential
pressures, a call to program RAMANI is made.

The conversion is done through complex addition., Let re be the amplitude and
7 be the phase of the blade pressure at a given frequency f. If the data from location
n (upper) is to be added to the one at location k (lower), the sum is formed by a point-
by-point (i.e., at each frequency) complex addition

i6 i0 i6 ‘
ropgexp DKL= r o exp nf 4 rsexp KE : (1)

where

rikf = r?ﬁ + r12<f + 2r 1) cos (enf - .ka)

rps Sin 6, + T sin O)¢ )

] = t
nkf = arctan Iy f COS O ¢ + Tg COS Opg
If only one set of the spectrum data is to be used at a location, then the data are
scaled. For example, in figure 1(a), the user desires to use the upper surface data only
at location 3, after finding the data at location 4 is unusable, The scaling is then

Ta4s = Wrgg

. (2)
0345 = 03¢

where W is the amplitude weighting factor provided by the user. (Note that the phase
is left unaltered.)



The user may choose to skip a particular chord location entirely. For example,
if locations 3 and 4 (fig. 1(a)) contain usable data, the user can omit the addition at loca-
tions 3 and 4. The user then would have differential pressure data at 3 chord stations
instead of at4 chord stations.

[

The user may input surface-pressure spectra in any sequence, keeping in mind,
however, that the spectra have both amplitude and phase. He must specify the combining
order using the two arrdys ISTN and JSTN. (See section on "SRRNPP Input Guide.")

For the present example problem, the user leaves program RAMANI with 4 differ-
ential spectra. The spectra consist of both amplitude and phase. '

The user then has the option to plot these combined data or to skip to the next éﬁb-, X
program, If the user decides to plot the data, a call to program SPECPLT is made.
Program SPECPLT is usually job-stepped (see appendix F) with program RAMANI,
although it can be run separately if the data from program RAMANI are stored on mag-
netic tape. Inthese plots, the pressure data are normalized by P( to provide loading
coefficients. '

The user controls the plotting of the differential spectra through the array NNPLOT.
NNPLOT() =0, 1, 2forI=1, 2, .. ., MTRACKS. For NNPLOT(I) = 0, no combined
spectrum plots are produced for combined position I. For NNPLOT(I) = 1, only a
blade-loading coefficient spectrum plot is produced for combined position I. For
NNPLOT(I) = 2, both a blade-loading coefficient spectrum plot and a phase spectrum plot
are produced for combined position I. The user can partially control the axis length and
can do some of his own scaling; however, he must conform to the restrictions of the
Langley Research Center Graphic Output System. (See ref. 6, and appendix D.)

At this stage, the user can immediately proceed to the next part of SRRNPP or can
store the data from program RAMANI on a magnetic tape. These choices enable the user
to check the output from program RAMANI before proceeding.

Data Preprocessing

The user enters the program TRANS either immediately following program SPECPLT
or with the information stored on magnetic tape. This program is an intermediate step.
TRANS reorganizes the combined spectrum for efficient use (see appendixes B and F) in
program RNPPE4 which immediately follows. '

Calculation of Rotational Noise

Program RNPPE4 computes the sound pressure level at various mB harmonics R
using equation (A12). RNPPE4 is run with program TRANS unless the loading spectra
are to be computed internally (as is shown in example 3). Equation (A12) only requires "



one set of amplitude and phase spectra, which are assumed representative of the entire
blade, to predict the rotational noise. Hence, the user may choose one of three options
in RNPPE4 to manipulate the spectral data.

These options are best illustrated by the example that has been presented so far.
Using the eight sets of spectra (fig. 1(a)), the user left program RAMANI with differential
spectra at 4 locations along the chord. He could then use each differential spectrum sep-
arately (that is, the amplitudes and phases from each station) in equation (A12), and come
out with 4 predicted sound-pressure-level spectra; or, he could use all the 4 sets of dif-
ferential spectrum data and come out with amplitude and phase spectra representing all
the blade loads. This representative spectrum is obtained by integrating the differential
spectra along all or part of the chord.

' The procedure for integration follows. (See section on "SRRNPP Input Guide.") A
loading distribution at each loading frequency is defined by six points; four points are along
the chord and two zeros are at the leading and trailing edges. (See fig. 1(b).) If the user
wishes to use the entire distribution, a call to subroutine SPLS is made for each loading
frequency. The 6 points defining the loading distribution at each frequency are fitted with
a cubic spline fit by SPLS., SPLS then evaluates the integral of this curve by using a mod-
ified Simpson's rule. This process continues until the amplitude arrays are exhausted for
all loading harmonics.

However, if for some reason the user wishes to use only a part of the loading dis- -
tribution (e.g., the front half in fig. 1(b)), subroutine CSIUNI is called to determine a par-
tial loading distribution. After fitting the points with a cubic spline curve, subroutine
CSIUNI interpolates to the point (if the point is not at one of the measurement locations)
which defines the trailing limit of the partial distribution. SPLS is called to integrate this
curve at each loading harmonic.

_ Thus, the user obtains representative spectra of loading coefficients o's and
phases. If the Fourier analyzed spectra (ref. 5) have different bandwidths, program
RNPPE4 automatically chooses the loading spectral points such that the spectra have a
bandwidth equal to the blade passage frequency.

Program RNPPE4 then uses this representative loading information in equation (A12)
to calculate sound pressure levels at frequencies mB. The user can modify these sound
pressures by any one of five chord spectrum functions (see section on "SRRNPP Input
Guide') with the input parameter ICHORD. The functions include: point loading, rectan-
gular, half-cosine, triangular, and saw tooth (refs. 1 and 2; table I). These functions affect
the sound pressures at each sound harmonic.

The integration procedure is used only for the amplitudes of the blade loads. The
phase arrays are averaged to produce a representative phase spectrum. The amplitudes °
are normalized by the Pj value to produce blade-loading coefficients (a's).



RNPPE{ is designed to compute multiple sets of sound pressure level (SPL) values
for the same general rotor parameters; RNPPE4 can also accept more than one set of
rotor data. The general flow of this program is described in the flow chart in table III.

If the user calls program SPLPLT for a graphic presentation of his results, SPLPLT

plots the SPL values for each set of loading data. SPLPLT also plots the loading data

(blade-loading coefficients and, optionally, phases) if computed through integration. Thus,

in the example if the SPL's are computed by using the 4 sets of data separately and once

by integrating these 4 sets, the user obtains 5 SPL plots, an integrated loading amplitude
plot, and, optionally, the corresponding phase plots from RNPPE4.

Program RNPPE4 stores the SPL and integrated blade-loading harmonic (BLH) data
tempdrarily on a disk file. Therefore, it is necessary that SPLPLT be job-stepped-with
program RNPPE4. The plotting data are written on the disk in blocks as they are com-
puted in RNPPE4. This sequential storing of the SPL and integrated BLH data requires
that the order of the plots generated in SPLPLT corresponds to the order of computation
in RNPPE4. To do this, successive values of the input parameter NNPLOT in program
SPLPLT must correspond to the input parameter NTEGRAT in program RNPPEA4,

As in the combined spectrum-plotting program SPECPLT, the scaling and range of
the points to be plotted can be partially controlled through user input. The SPL and inte-
grated BLH plotting must conform with the restrictions of the LRC Graphic Qutput System.
(See appendix D.)

The present example has exercised the entire SRRNPP by manipulating detailed
experimental data to predict the far-field rotational noise. The sequencing of the oper-
ations can be carried out by the user as follows:

1. RAMANI - SPECPLT — TRANS — RNPPE4 - SPLPLT, or
RAMANI - SPECPLT - tape — TRANS — RNPPE4 - SPLPLT

The efficient use of this sequencing is explained in more detail in appendix F.

Example 2

This example is typical of most experiments with limited facilities. Instead of
us‘ing an array of spanwise and chordwise blade surface-pressure measurements, the user
may only have surface-pressure data from one measurement location available to him.

In such a case, the user skips the programs RAMANI and SPECPLT. However, it should
be remembered here that, depending on the locations of the measurement stations, if the
user has more than one set of loading data, he cannot skip these two programs. After
arranging the spectrum data in the required manner (see section on "SRRNPP Input
Guide') on a magnetic tape (or. cards), the user enters program TRANS directly. Here
the data is reorganized and supplied as input to program RNPPE4 to calculate the SPL's,

10
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In this exa.mple; there is no need for integration. Thus, the sequence of operations (see
appendix F) has been TRANS — RNPPE4 — SPLPLT. Only an acoustic spectrum plot is
provided. ' '

Example 3

Hypethetical blade-loading coefficient spectra are computed theoretically by the
user who has an a priori knowledge of the fall-off rate of the amplitudes of blade-loading
coefficient spectra. The user skips programs RAMANI, SPECPLT, and TRANS, and
supplies the loading data directly to program RNPPE4, In addition to the general rotor
operating parameters, the user assigns values to the three variables C, X, and NBLHPT.
(See section on "SRRNPP Input Guide.") The theoret1ca1 set of amphtude coeff1c1ents are
then:

j) = &
BLH() = e
where BLH(i) are the amplitude coefficients o's. The corresponding phases are all set
to zero.. For more details on the negligible effects of phases, see references 1 and 2.
These o s are used directly in equation (A12) with a chord spectrum function chosen by
the user to predict the SPL's. As in the previous example, the user obtains only one
graphic output if a call to program SPLPLT is made. For this example, the sequence of

operations has been RNPPE4 — SPLPLT. '
A sample test run for example 1 was made using the entire SRRN PP package.. ‘This
test case is described 1n the seéction on."Program Applications." '

. : : . '
‘SUBROUTINE USAGE AND DESCRIPTION

This section prov1des a general description of the usage of all subroutines used in
the five subprograms of the SRRNPP. A detailed documentation of each routine is con-
tained in appendixes C D and E. ‘

Random Access Subroutmes

Programs RAMANI, SPECPLT TRANS, and RNPPE4 use random access files to
improve program eff1c1ency and to reduce storage requirements., Manipulation of the
random access file in each progré.m'ls accomplished through the three subroutines-
OPENMS, READMS, and WRITMS. The three FORTRAN callable routines are system
resident in the LRC computer complex

A detailed descrlptlon of each of these routines is contained in appendlx C.
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OPENMS is the first routine called and is used initially to open the random access
file. 'The parameters of OPENMS define the type of record indexing and the size of the
index table. Numbered indexing is used in all programs and the size of the index table
is set to 987 to accommodate 30,000 spectrum data points from 24 separate transducers.
OPENMS is calléd once at the beginning of each program. OPENMS also des1gnates the
random access file name. - ’

} WRITMS -is used to transfer a record from central memory to the random access
file. READMS is used to transfer a logical record from the random access file to central
memory. The parameters of both of these routines define the record number and the
length of the record.

Plotting Subroutines

Programs SPECPLT and SPLPLT use many plotting subroutines of the LRC Graphic
Output System. The subroutines are PSEUDO, CALPLT, AXES, NUMBER, NOTATE,
and NFRAME These FORTRAN callable subroutines are system resident.

PSEUDO is called once at the beginning of programs SPECPLT and SPLPLT
PSEUDO initializes the LRC Graphic Output System and indicates the_name of the plot 4 '
vector file. ‘

) AXES 1s called to draw and label the plot axes One call is required for each axis
to be drawn )

NOTATE and NUMBER are used for annotation of the 1nd1v1dual plots. NOTATE is
used for drawing alphanumeric information. NUMBER converts-floating-point numbers
to binary coded decimal (BCD) and draws the resulting alphanumeric information.

CALPLT is used to do the actual plotting of the data points. It also terminates the
plotting for the plot vector file,

‘'NFRAME' is used to indicate the completmn of the present plot (frame). It also sets
up for the next plot. : : ‘

Although these subroutines are the actual routmes called many of the individual
routmes are themselves routine dependent Append1x D descr1bes m detail each of the
requ;_red plotting routines.

Numerical Subroutmes

Program RNPPE4 requires additional subroutines to compute the integrated BLH
data and to evaluate the SPL values using equation (A12). The subroutines SPLS, CSIUNI
and BSSLS are required. SPLS and CSIUNI are two routines presently in the LRC Math
Library. - BSSLS is a modified form of the math library subroutiné BJIR The three sub-
routines are documented in appendix D. ‘
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If the blade-loading coefficients and phases are to be computed by integration of the
loading distribution over a fraction of the chord, the cubic spline interpolater subroutine
CSIUNI determines a modified partial loading distribution. The loading distribution (or
the interpolated partial steady loading distribution) is integrated by applying the cubic
spline integration subroutine SPLS.

CSIUNI and SPLS are used in a similar manner with like parameters. A cubic
spline is fit to a supplied set of data points; the spline is then interpolated at a specified
point (CSIUNI) or integrated over a specified range (SPLS).

The solution in equation (A12) calls for evaluating Bessel functions of the first kind
at various orders for numerous arguments, Subroutine BSSLS evaluates the Bessel
function using a backward recursion technique.

SRRNPP INPUT GUIDE

The input parameters necessary to operate the SRRNPP are described in this sec-
tion. Included is a description of the restrictions, mode, units, and default values for '
the input parameter to each of the five subprograms in the SRRNPP, -

Data may be input to the five subprograms by punched cards, magnetic tape, random
access file, and disk file. The input method chosen depends on the subprogram(s) being
considered, on the extent to which the program job-stepping is used, and on the values of .
input control parameters supplied to each subprogram through NAMELIST. Sample inputé
for each program for an actual test case are given in the "Program Test Cases" section.

Program RAMANI Input

The input for program RAMANI consists of the transducer spectrum data, the spec-
trum data combining sequence, and the program control parameters. Magnetic tape is
used as the means of input for the transducer spectrum data., One or two tapes can be
used depending on the number of transducers. The transducer data input tape is generated
by a FAST FOURIER TRANSFORM program (ref. 5). The spectrum data consist of an
amplitude and a phase at each specified frequency. The specific spectrum data 1nput )
parameters are described in table IV, and the tape format is described in appendix B.

The spectrum-combining sequence and program control parameters are input by
NAMELIST. The NAMELIST is named INPUT, and its parameters with default conditions
a.nd restrictions are contained in table V.

There are two techniques used to skip unneeded transducer data. NSKIP is used to
skip spectrum data records at the beginning of the input tape, or the combining sequence
arrays ISTN and JSTN are used to select specific transducers for skipping by setting
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JSTN = 0. MTRACKS must be increased by one for each transducer sk1pped through the
use of JSTN = 0.

An example of the usage of the spectrum data combining sequence follo'ws.'
Lef’ISTN(I) = M and JSTN(I) = N, whereI=1, 2, 3, .. .24, 0 =M =24, 0 =N =24,
(24 being the maximum number of surface locations allowed). Then if:

1. M#N, and N # 0, data from locations M and N are added; |

2. M =N, and N, M # 0, the data from location M will be scaled by an amplitude '
weighting factor W,

3.M# N, and N = 0, data from location M will be skipped.

- To conserve storage requirements twc restrictions have been placed on the arrays
ISTN and JSTN: (1) the ISTN array must be strictly increasing, and (2) ISTN(I) = JSTN(J)
for all I 2J. The second restriction amounts to choosing the smallest rematmng trans-
ducer number as the next element in ISTN array.

Program SPECPLT Input

The input for program SPECPLT consists of the combined transducer spectrum
data generated by program RAMANI and varlous plot control parameters

The combined spectrum data are 1nput to SPECPLT by random access file or by
magnetic tape. The temporary storage of the random access is utilized when the com-
bined spectrum plots accompany the combined spectra data. In this case, program
SPECPLT should be job-stepped with program_RAMANI and the default IOPTN (default
is 1) should be used. If the combined spectrum data plots are requested separately, the
RAMANI output t'ape can be used as input and the parameter IOPTN should be set to zero.
The program deck setups for the different combinations are illustrated in appendix F.
The fdrmat of the combined spectrum data is detailed in appendix B, and the combined
spectrum data para.meters are déscribed in table 1v.

The program control parameters are 1nput by a NAMELIST named INPUT. The
NAMELIST parameters with spec1f1ed default cond1t10ns a.nd restrictions are descrlbed
in table VI. The array NNPLOT determmes whlch if any, of the combined spectrum data
plots are to be generated for each pos1t1on The parameters XMIN, XMAX, YMIN, YMAX,
and YSCALE give the user flexibility in determ1mng variable axis lengths and scale fac-
tors. These plot control parameters must correspond to the frame size spec1f1ed on the
plot control card. (See appendix D. )

Program TRANS Input

The input for program TRANS con81sts of two input control parameters and of the
combined transducer data generated by program RAMANI. As in program SPECPLT
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the combined transducer data can be input by random access file, by magnetic tape, or
with an additional option for card input. The means of input are dependent upon the job-
stepping of programs RAMANI and TRANS; the input is again controlled by the parameter
IOPTN. The spectrﬁrﬁ—data input parameters are listed in table IV. The data format for
tape and random access is listed in appendix B. The program TRANS input control
parameters are entered through the NAMELIST named INPUT. The parameters with
specified default conditions are described in table VII. The optional card format is
described in table VIII

Program RNPPE4 Input

The input for program RNPPE4 ‘consists of the reorganized combined spectrum data
whlch are generated and passed by program TRANS. The input also contains certain job
control and rotor parameters controlling the computatlon of the BLH and SPL values.

Since the program TRANS is job-stepped with program RNPPE4, the combined
spectrum data are passed through the random access file. Random access record point-
ers and counters are passed along with the spectrum data. The combined spectrum-data
random access parameters are described in table IX, and-the combined spectrum data
format is listed in appendix B. If only experimental data generated by the inline BLH
function are used, program TRANS can be bypassed along with the reorganized spectrum
data :

The job-control parameters and necessary rotor parameters are passed through
the NAMELISTS named ROTOR, INPUT, and INBLH. The ROTOR NAMELIST contains
numerous helicopter rotor parameters and the number of sets of BLH and SPL data to be.
determined for the specified rotor., The ROTOR NAMELIST is reinput if another rotor is
to be used with the combined spectrum data. For each set of BLH and SPL values, the
NAMELIST INPUT or INBLH must be supplied. INPUT is used when the BLH coefficients
and phases are to be computed using the combined spectrum data; INBLH is used when the
BLH coefficients and phases are to be computed internally. NAMELIST INPUT contains
parameters which determme ‘whether or not integration is to be used to compute the BLH
data; these parameters also determme which spectrum chord function is to be used to

-adjust SPL values. NAMELIST INBLH is used primarily to define the inline BLH func-
tibfl, The parameteré of NAMELISTS ROTOR, INPUT, and INBLH, together with speci-
fied default conditions and restrictions, are contained in table X.

The parameter NTEGRAT of NAMELIST INPUT determines whether the BLH data
are computed through the integration of the surface-pressure data and whether this inte-
gration is over the entire chord or over a fraction of the chord. NTEGRAT set to zero
implies no integration. Full-chord integration is accomplished by setting NTEGRAT to
K where K is the number of combined transducers stations with the addition of two stations
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for the blade edges. Partial 1ntegrat10n is accomphshed by one or two means, If the
upper limit of integration coincides with the ith combined transducer position, it is more
efficient to use NTEGRAT = K. If the upper integration limit does not coincide with a
combined position, set NTEGRAT to -1 and input the desired value of PRTLINT.

Program SPLPLT Input

The input for program SPLPLT consists of the sets of computed sound pressure
levels, the sets of integrated blade-loading coefficients and phases, and various plot-" '
control parameters. If SPL and integrated BLH plots are desired, programs RNPPE4 -
and SPLPLT are job-stepped. The temporary storage of the disk is used to transfer the
sets of integrated BLH data and SPL values-to program - SPLPLT. The BLH and SPL
parameters passed by disk to SPLPLT are described in table XI; the format of the data is
described in appendix B. -

The SPL and BLH plot-control parameters are input through the NAMELISTS FIXED
and INPUT. NAMELIST FIXED inputs the number of SPL plots desired as well as various
plotting range and scaling parameters. As in program SPECPLT, the user has specific
.controls over his plotting. NAMELIST INPUT is input before each SPL plot is generated-
and dictates whether integrated BLH plots are desired. All parameters of NAMELISTS.
FIXED and INPUT, with restrictions and default conditions, are descr,ibed”in table XII.

The integrated BLH and SPL data are written to the disk as it is computed in pro-
gram RNPPE4. This sequential storage of the plotting data necessitates the generation -
of the plots in the same order as RNPPE4 generates the data. This plotting is done by
making values of NTEGRAT in program RNPPE4 equivalent to corresponding values of
NNPLOT in program SPLPLT. If NTEGRAT is zero, the corresponding value of NNPLOT
must be zero. If NTEGRAT is nonzero and if integrated BLH plots are desired, NNPLOT
must be set to 1 or 2 depending on whether an integrated phase plot is desired. If ‘
NTEGRAT is nonzero and if integrated BLH plots are not desired, NNPLOT must be set
to -1. .

SRRNPP OUTPUT GUIDE

The output from the Stationary Rotor Rotational Noise Predicti'ori Program is‘ -
described in this section. The output from each of the five programs makmg up the
SRRNPP is considered separately.

‘The programs generate printed, tape, and plotted output as well as temporary
random access and disk output. The type of program output depends on the individual
program on the extent to which program job- stepping is being utilized, and the values of
various output control parameters supplied to each program through NAMELIST. The
section contains sample output for each program including plots for an actual case run.

16




Program RAMANI Output

Program RAMANI generates printed output, a niegnefic tape’, and optional re.ndqgn-
access-output. N

The printed output includes: (1) a list of all NAMELIST input parameters including:
default conditions, and (2) a table of combined amplitudes and phases for user specified
NPRINT frequencies for each of the combined transducer spectrum data positions.

- The magnetic tape generated consists of the complete combined transducer spectrum
data (amplitudes and phases at the various frequencies) tables for each of the combined -
positions. The format of the combined spectrum data tape is discussed in appendix B,

If program SPECPLT or program TRANS (or both) are t3'bé job=$tépped with ~ *
RAMANI, it is advantageous to generate and to use the optional random access output of’ -
the combined spectrum data, The format of the combined spectrum data stored on the
random access is discussed in appendix B.

Program SPECPLT Output - .

The program SPECPLT generates both printed and plotted output. - The printed
output consists solely of the NAMELIST input control parameters;_ The random access’
output from the preprocessor program TRANS consists of the reorganized combined
transducer spectrum data. The random access storage format for the reorganized spec-
trum data is discussed in appendix B.. It is. reemphasized that the temporary random
access storage is utilized only when programs TRANS and RNPPE4 are job- stepped.

Program RNPPE4 Output

Program RNPPE4 generates printed ouput and temporary disk output. The prihted
output consists of a listing of all NAMELIST input with default conditions, a table of the
BLH data for each case, and a table of sound pressure levels for each set of BLH data
computed. Imtlally, a list of all the ROTOR NAMELIST parameters is output. ‘At this *
point, the following three-step output sequence is repeated until all cases have been run’ "~
with the given set of ROTOR data. First, a list of the INPUT or INBLH NAMELIST
parameters is output. Second, a BLH table is generated consisting of a BLH coefficient,

a BLH coefficient divided by the uniform loading coefficient, and the phases (radians) com-
puted at the various harmonics. The size of the BLH table is dependent on the value of ...
the input parameter INCOF. Third, a SPL table is generated. This table consists of the
sound pressure levels (decibels) computed at the harmonic frequencies mBN. After all
sets of BLH and SPL data have been output for the given set of ROTOR data, the output
process ‘terminates if another set of ROTOR data is not supplied. The process will repeat
if another set of ROTOR data is supplied.

A
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The temporary disk 6utput consists of the SPL data, the integrated blade-loading
coefficients, and integrated phases along with associated plot-control and plot-heading
parameters. The SPL and integrated BLH data are output to the disk as they are

computed.

- Program SPLPLT Output

Program SPLPLT generates printed and plotted output. The printed output consists
golely of a listing of all NAMELIST input parameters including specified default conditions.

The plotted output consists of the sound pressure level plots and the optional inte-
grated blade-loading coefficient and phase plots. One plot of SPL (decibels) plotted against
frequency (herfz) is generated for each set of sound pressure levels computed in program
RNPPE4. The optional integrated BLH plotting is controlled by the input parameter
NNPLOT. One plot of integrated blade-loading coefficients (or averaged phases) plotted
against frequency is optionally generated if the BLH data are computed through integration
in program RNPPE4, The actual plots are obtained through the use of job control cards
activating the LRC Graphics Output System. (See appendix D.)

PROGRAM TEST ‘CASES

Specific case by case execution of the entire SRRNPP is illustrated ir this section.
Appendix G contains a listing of the programs. The test run used for the illustrations -
consisted of surface-pressure spectral data obtained from the time series analysis pro-
gram (ref. 5). Seven sets of amplitude and phase data (2 at 15-percent, 1 at 30-percent,

2 at 50-percent, and 2 at 75-percent chord stations (see fig. 3)) were obtained from
7 transducers placed at an 80-percent span on a stationary rotating rotor blade. These
pressure data were then used to obtain far-field rotational noise by exercising the SRRNPP,

Program RAMANI

RAMANI adds the upper and lower surface data. Since there was only one set of
data available at the 30-percent station, the data were carried over with no weighting.
Figures 2(a) and (b) contain a sample input and a printed output, respectively, for program
RAMANI, ‘

Program SPECPLT

SPECPLT plots the information from program RAMANI. Since NNPLOT is 2, the
“user obtains both amplitude and phase plots. There are 4 sets of plots after addition. A
sample input and plotted output are given in ﬁgures 3(a) and (b), respectively, for program
SPECPLT.
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Program TRANS

RAMANI provides 4 sets of data after addition; each set represents the 4 positions
along the chord. TRANS reorganizes the data to be used by RNPPE4.

Program RNPPE4

The data from TRANS can be used in different ways to produce SPL's at various
harmonic numbers (frequencies). A sample input consisting of the general rotor param-
eters is presented in figure 4. The flexibility of this program is evident from the following
options.

Case A.- A single set of data from the 15-percent chord station (ITRACK = 1) is. N
used in equation (A12) with a rectangular chord spectrum function (ICHORD = 1, also see
table I). Figure 5 contains a sample input and the printed output.

Case B.- A sample input and printed output are given in figure 6. In this case
four (in addition to one leading and one trailing edge) sets of data are integrated
(NTEGRAT = 6) and used with saw-tooth spectrum function (ICHORD = 4, also see table I).

Case C.- This example uses integration up to 40 percent of the chord from the lead-
ing edge (NTEGRAT = 1). The integrated data are then input to the equations that are
coupled with triangular chord spectrum function ICHORD = 3, also see table I). A sam-
. ple input and printed output are presented in figure 7.

Program SPLPLT

SPLPLT plots the results obtained from RNPPE4. Figure 8 shows a general para-
metric input sample. Figure 9 contains sample input and output plots corresponding to
Case A, alone. Figure 10 and figure 11 are similar to figure 9, but correspond to Cases B
and C, respectively. Since NNPLOT = 2 for Cases B and C, figures 10 and 11 contain
integrated amplitude and phase spectra plots in addition to the SPL plots.

CONCLUDING REMARKS

A digital computer program which predicts stationary rotor rotational noise from
measured or hypothetical fluctuatinig blade surface-pressure data has been developed. )
The program uses the theory which was initially developed by Wright and was later refined
by Ramakrishnan and by Hosier and Ramakrishnan,

A complete program documentation including program listings, examples, and
test cases has been presented so that the user can exercise the many program options




judiciously. This documentation should allow the program to be adapted to any system
with FORTRAN IV compiler and random access file capability.

Langley Research Center

National Aeronautics and Space Administration
Hampton, Va, 23665

September 26, 1975
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APPENDIX A
THEORY AND EQUATIONS

Rotational noise is defined as the noise a rotor would generate in an inviscid fluid.-
The origin of this noise is in the periodic forces experienced by the blade as it rotates,
Rotational noise has a characteristic frequency spectrum consisting of discrete com-
ponents which are multiples of a fundamental frequency BN. ’ ’

The governing unconvected wave equation for a nondissipating medium is given by

|~

azp 2 = ‘ -
—= -V =-V.FELt (A1)
at2

N

30 ,
where p is the sound pressure, F is the fluctuatingforce, ag is the sound speed,
and Einstein's tensor convention is used. In soh_ring this wave equation, the following
assumptions are made regarding the rotor model: (1) the rotor system as a whole is
assumed to be stationary, and (2) nonuniform inflow conditions are assumed. This inflow
gives rise to periodic loading on the rotor disk. '

The force and rotor coordinate systems are shown in figure 12. The solution for
a point force f acting at § is, then (see also refs. 1 and 2)

SRl = - - 9) [a_téa[{l, %] . (42)

where [ ] implies retarded time t - D/ab and D= |X-7|. Then
1(5(t),t) = fon(r) expE(nﬂt - & - ¢)]

where 7, ¢,and ¢ are phase constants. | The sound pressure from one component 7
is, then, '

- -5 -DS-’) ; ; [ < D) | J |
SP., = f Qlt - - - A3
n 47D2 0n<a0 * D>exp K ag W-¢ (A3)

Let

| IEOn(r)'l = Pn(r),dXI = Pp(r)Q dr dy
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Then the radiation from the entire disk is

47D2 7 A
' (
) . 1 /in€? _1_ D V
+ cos B sin 0]<a0 + D)eXPJLJIZ79<t 30) EY - ¢:l r dr dy (A4)
At this stage the following approximations are made: (1) the observer remains in the
far field; (2) 6 is assumed to be zero for computational simplicity; and (3) the loading is

assumed to be concentrated over Ar at an effective radius r,. With the use of series_
identities for integration over 1, equation (A4) reduces to-

_ T]Q : _ _B._ _ X : {4
SP, = TRag exp JIE79<t ao> %J rePn(re)ArG:os B sin ¢

+1)

(2" ("t _R |
SP, = go SO - (r) Eun B cos o' sin (z,b 9)

eo

- sin B n—f\a:)JE("Me cos o‘)(-j)(E (A5)

where J ( ) is the Bessel function of order ¢ and M, is the effective rotationai Mach
number,. Th1s solution 1s the resulting sound field from a general pressure pattern

n\re exp [] (nSZt -EY- ¢)_J Once the fluctuating pressures on the rotor disk are deter-
mined, the far-field radiated discrete noise is then determined. '

A general blade pressure pattern and time history of the loading is shown in fig-
ure 13. This unsteady periodic loading can be divided into two groups: uniform and
nonuniform. The uniform pressures can be modeled as

f(t) = Z Cy exp ](kBQt - kBu/) (A6)
k= | e

where Ck = LB and xk is the chord spectrum function which aqcounts for the”

Trg "k
distribution of the pressures over the chord.
For real cases X will not be a simple function. Table I lists simple dist_ribution:sﬁ-
and their respective chord functions y. The uniform pressures have a one-one corre-
spondence with discrete noise, that is, the kth pressure harmonic influences only the kth

sound harmonic as shown in reference 7. For a particular sound harmonic m the mode-
of interest is

22




APPENDIX -A

PmB = Pop expj(mBQt - mBY) | (A7)

LB
where PmB g

nonuniform pressures are mcluded then

=——XmB and P,.p is independent of ¥ for umform pressures. If the

Pop = (‘p) exp[](mBQt - mB 1p) Z P exp[] sy - ¢s)] (A8)

5= =00

Combining eq111)at10ns (A7) and (A8), assummg ¢g=-¢_g and PmB s= PmB,s’ and

letting g = FS- = Loading harmonic coefficient, the pressure. mode for. mB sound :~ -

harmonic and s loading harmonic is obtained

PmB = PmB %S- exp[j(mBQt -q_y - ¢>S):l + exp[j(mBQt -q Y+ ¢s)] (A9)

[ad
where

th ths

Comparing equatioh (A9) with the general pressure pattern P,, we find

'n’
LBo:S
n= mB’ £E= q:!:’ Pﬂ(re) = 271’1’ XmB, and ¢ ¢s
Therefore
Sf’ a—%@ LBAr {{cos B sin o' N P sin.B mBJ, (mBM, cos o'
==mB,s = "3Ra, mBM, a.(mBMe )
. i
R a, . '
+ (cos Bsino - =BM, sin B)mBJq+ (mBMe cos 0)] (A10)
Now,
- LBAr = L—T

and L7 cos 8= Ly is the total rotor lift force and L7 sin g8 = DF is the total drag
force, Hence,

ag KDq_ ,
SPmB s = -2—x]:nB KL - —-In—B—‘yq— + (K7 - —~) (A].l)
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where
N o ot
Ki, ==L o
L Rao LUF SIn
k.- NPr o 9
D™ o M’ T 9
Ra, Mg 27
The values Yq ='mBJy (mBMe cos or') and og = P—S loading harmonic coefficients,
0

Equation:(Al1) is the sound radiation from a particular loading harmonic s, It does not
include any phase terms, Now if all the phase terms are included, sum over s and then
convert it into a sum over ¢, Finally, the sound radiation at mB sound harmonic is
obtained as

SP.p = exp ijﬂ't - %]XmBCyT%KL - KD)VmB eml;(mBé - ¢0):] (-ij'*‘ 1) * L‘Z‘B. Ky 7 €% (-i¢mB) )

ﬂq-zlsl'(& } % a e’pél}e + (18- Yoy mBﬂ} ) ﬁlﬂ;’:ﬂL(KL * En%)"q e [‘i(“e . ¢|mB;QI>]("q+.1)> '. (:A12_)V ;

-

+

18

q=1

where
Sq =0 q<mB
and

Sq'-' qu->_:mB

References 1 and 2 showed that it is not neces'sary to sum infinite values of q. Based '
on equation (A12) with the Bessel function values, the upper bound for q is tound to be

Q= |}0 + %mBMe cos 0'] ' A o ' (A13)' .‘

where l: ] implies the integer part of 10 + g-mBMe cos o',
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MANAGEMENT OF THE TRANSDUCER SPECTRUM DATA
The Stationary Rotor Rotational Noise Prediction Package is designed to accept up
to 30,000 spectrum data (amplitude and phase) from up to 24 transducers. In order to
conserve computer storage needs, only small blocks of spectrum data at é.ny given time
need to be considered. The purpose of appendix B is to acquaint the user with spectrum-
data management techniques used in each of the five programs comprising the package.

. The spectrum data are input to program RAMANI from magnetic tape in transducer . %
blocks of 1500. The RAMANI input tape format is illustrated in table XIII for 3400 - - ..
spectrum-data points per transducer and with 7 .transducers. . = . - s

The input spectrum data are initially stored on a random access file to facilitate ease
of handling, thus conserving central processing unit (CPU) time. The random access for-
mat of the spectrum data is similar to the tape (or disk) format of table XIII, except for
the following: (1) a parameter denoting the number of blocks of spectrum data per trans-
ducer is added to the transducer identification record, and (2) a tape spectrum-data
record containing both amplitude and phase becomes two random access records (one
containing the amplitudes and the other containing the phases).

Therefore, the 28 records of the input tape illustrated in table XIII become 49 ran-
dom access records.

The transducer spectra are ready to be combined by addition or by scaling. If
addition is to occur, a corresponding amplitude (phase) block is selected from each of the
two transducers. If scaling is to occur, only one amplitude (phase) block is selected. The
combined spectrum data are now output to disk (tape) and, optionally, to the random access.
To conserve random access storage the combined spec&'um data are written over the
original input spectra. (This overwriting produces the restrictions placed on the RAMANI
input arrays ISTN and JSTN.) Table XIV describes the random access format if 4 com-
bined spectrum-data positions are produced from the -spectrum data of the previous - -+
example. 'The RAMANI output tape has a format similar to the random access“format:
with the following exceptions: (1) two random access records containing corresponding

~amplitude and phase blocks are reformed into one tape record; and (2) the steady loading
and amplitude average for each position form a record after the last spectrum-data block
from that position, instead of in arrays as in the random access format. Therefore, the
30 random access records of table XIV- become 20 tape (disk) records.

The combined spectrum data are now fed to the plotting program SPECPLT or to the
spectrum-data reorganization program TRANS, If the program RAMANI is job-stepped
with SPECPLT or TRANS, the random access records can be used. If the programs are
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' not run simultaneously, the tape must serve as the medium of speétrixm data input
_because" the random access is only temporary storage. If the magnetic tape is used'to
input the combined spectrum data to either SPECPLT or TRANS the data are ﬂrst stored
on random access as in table XIV.

In program SPECPLT consider the use of the combined spectrum data in generatmg
the amplitude and phase spectrum plots. The total number of random access records
used in storing the combined spectrum data (NRCSUM) is internally computed.. The X
(frequency) values and Y (ampiitude or phase) values are stored in blocks on raudo'm
access immediately following the combined spectrum data. The plotting data for suc-
ceeding plots are restored over these same random access records. If TRANS is to run
in the job-step mode with program SPECPLT, the combmed spectrum data are already
prestored on random access.

Assume'that in program TRANS the'co_mbined spectrum data have been input or
stored on random access file in the format of table XV. TRANS reorganizes the spectrum
data and restores the data so that up to 250 amplitude (or phase) points. from each com- |
bined position comprise a typical random access record. The reorganized spectrum data
are positioned on the random access file after the combined spectrum data. Table XV
illustrates the reorganization of the spectrum data.

Since program RNPPE4 is run behind TRANS in a job-step mode, the reorganized
spectrum is passed from TRANS to RNPPE4 through random access. (Necessary counters
‘and points are passed to RNPPE4 through two random access records, NREC 1 and
NREC = 2.) If the BLH data (coefficients and phases) are determined through integration,
the random access is again utilized for temporary storage “The BLH data are stored over
the unorganized spectrum data (in records indexed from 3 to NRCSUM) or following the
reorganized spectr'um data (in records indexed from record NRCSUM + 2+NREAD + 1).
The storage location depends on the number of combined positions, and the number of
points per position. BLH data from successive iterations overstore the original set of
integrated BLH data '

The SPL and BLH data are written to a disk by case as the data are computed The
format of the SPL and BLH is illustrated in table XV for the precedmg example

Since program SPLPLT is run behind RNPPE4 in a job- step mode the SPL and BLH
plotting data are passed to SPLPLT by disk. The data to be plotted are read from the
disk sequentially unless an integrated phase plot is requested In thlS case, the d1sk is
reposmoned by the FORTRAN BACKSPACE i statement

Summary of the management of transducer spe_ctrum data ffo'llows:A
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1. The storage of the spectrum data and the corresponding SPL and BLH values
involves the utilization of magnetic tape, serial disk, and random access for the purpose
of reducing storage requirements and reducing CPU time.

2. Magnetic tape is used when permanent storage of the spectrum data is desired..

3. Serial disk is used when temporary storage of the spectrum data with corre-
sponding BLH and SPL data is desired, and when these data can be processed sequentially.

4. Random access is used as a temporary storage medium when the data are to be,.
processed in a variable user specified order.
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APPENDIX C
RANDOM ACCESS FILE USAGE

The transducer spectrum data used by the programs in the SRRNPP are often used
nonsequentially. As described in appendix B, the programs in the SRRNPP utiliz€ a ran-
dom access file to manipulate and to access the spectrum data. This appendix is designed
to explain the motivation behind using a random access file and to document the three sys-
tem resident FORTRAN callable random access subroutines OPENMS, WRITMS, and
READMS,

In all four programs (RAMANI, SPECPLT, TRANS RNPPE4) numbered mdexmg
is used and the size of the index is 987. Therefore, a maximum of 986 logical records
is permitted on the random access file and each record is assigned a number between 1
and 986.

The subroutines in this appendix are taken from Volume I of reference 6.
' INTRODUCTION

It is often advantageous to use a random access file whenever it is necéssary to
access records within a file in a nonsequential manner. Since a data cell file or a mag-:
netic tape file can only be accessed sequentially, these files cannot be used as random
access files. Therefore, only disk files can be used as random access files.

An index of disk addresses is used in accessing a random access file. The disk
addresses are pointers to operating system tables. In processing a random access file,
the operating system returns a disk address in the index when a logical record is written.
The operating system accepts a disk address from the user whenever a logical record is
read.

'Using a random access file, where applicable, normally results in a reduction in
execution time when the records are accessed in a nonsequential manner. For mstance, }
on a test using 1000 logical records, the use of a random access f11e took 1/ 15 as much
CPU time and 1/22 as much peripheral processing unit (PPU) time as the use of a sequen-
tial file,

The drawbacks of a random access file are that extra central memory core is.
required for the index and that the number of logical records per file is limited by the
size of the index. Also, data cannot be stored permanently on a random access file since
the disk is a temporary storage medium. »
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SUBROUTINE OPENMS
Language: COMPASS
Purposé: To open a random access file.

Use: CALL OPENMS (U,IX,L,P)

where
U is the logical unit number.
X is the first word address of the index.
L is the length of the index.
P = 0 for ﬁumbered indexing,

1 for named indexing.

Restrictions: OPENMS must be the first operation on a random access file. The file
must be a disk file. For n index entries, the length of the index must be at least 2n + 1
if using named indexing, whereas the index length must be at least n + 1 for numbered
indexing. ‘

Method: OPENMS sets the first word in the index to a positive number for numbered
indexing or to a negative number for named indexing. The random access bit, index
address, and index length are set by OPENMS into the FET of the file for system com-
munication. If the file already exists, the master index is read into central memory.

Aécuracy: Not applicable.
References: None.
Storage: 103g locations.

Subprograms used: GETBA, SIO$, SYSTEM
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Error messages: (1) UNASSIGNED MEDIUM FILE XXXXXX

(2) FILE DOES NOT RESIDE ON A RANDOM ACCESS DEVICE, . . " '
XXXXXX

(3) INDEX BUFFER IS OF INSUFFICIENT LENGTH. XXXXXX

XXXXXX is the file name. Termination is abnormal in each case.

Source: Control Data Corporation.

Responsible person: Mickey G. Rowe, NASA Langley Research Center. D. E. Newell,
Computing and Software, Incorporated. ' : Lo
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SUBROUTINE WRITMS
Language: COMPASS .
Purpose: To write> a .record on a random_access file.
Use: CALL WRITMS (U;FWA,N,I)

where

U is the logical unit number. "

FWA is tl‘le central memory address of the first word bf the record..,.

N is the number of central memory words to be transferred.

I is the record number 01; record name depending upon the indexing mode set

by the initial call to OPENMS,
Restrictions: The file must have been opened by a call to OPENMS.

Method: The specified 'rec.ord is writteri on the file and an address entered in the index to
reference the record. .

Accuracy: Not applicable.’
References: None.
Storage: 102g locations.

Subprograms used:  GETBA, SYSTEM, SIO$

Error messages: (1) UNASSIGNED MEDIUM, FILE XXXXXXX
(2) FILE WAS NOT OPENED BY A CALL TO SUBROUTINE OPENMS
(3) INDEX BUFFER IS OF INSUFFICIENT LENGTH

Source: Control Data Corporation

31



' APPENDIX C

Responsible person: Mickey G. Rowe, NASA Langley Research Center. D. E, Newell,
Computing and Software, Incorporated.
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SUBROUTINE READMS
Language: COMPASS

Purpose: To read a record on a random access file.

Use: CALL READMS (U,FWA,N,I)

where

U is the logical unit number.

FWA is the central memory address of the first word of the record.

N is the number of words of the record to be transferred.

1 is the record number or record name depending upon the indexing mode set

by the initial call to OPENMS.
Restrictions: The file must have been opened by a call to OPENMS,
Method: The disk address of the record is determined using the index., If n words are
requested to be transferred and there are m words in the record, where m = n,
m words are transferred. If m > n, n words are transferred.
Accuracy: Not applicable.
References: None.

Storage: 131g locations.

Subprograms used: GETBA, SYSTEM, SIO$

Error messages: (1) UNASSIGNED MEDIUM, FILE XXXXXXX

(2) FILE WAS NOT OPENED BY A CALL TO SUBROUTINE OPENMS

(3) RECORD NAME REFERRED TO IN CALL IS NOT IN THE FILE
INDEX '
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(4) *READ PARITY ERROR*

(5) SPECIFIED INDEX IN THIS MASS STORAGE CALL .GT. MASTER
INDEX OR IS ZERO '

Termination is abnormal.
Source: C:ontrol Data Corporation.

Responsible pérson: Mickey G. Rowe, NASA Langley Research Center. D. E. Newell,
Computing and Software, Incorporated.
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PLOTTING GUIDE

All plotting in programs SPECPLT and SPLPLT is done on a Calcomp 12-inch drum
plotter. The Langley Research Center (LRC) Graphic Output System is the postprocessing
system utilized by both programs; therefore, only a discussion of SPECPLT is included
herein. .

Before the execution of program SPECPLT, the applications graphic software rou-
tines discussed later in this appendix are loaded from the system tape onto the file con-
taining the binary version of SPECPLT. At this point, SPECPLT is executed. The basic
flow of program SPECPLT follows:

1. CALL PSEUDO initializes the graphics postprocessor and names the "plot vector
file'" created during execution (CALL PSEUDO (6LSPECTRA)).

2. CALL LEROY is made to set up parameters necessary for plotting with a liquid
pen.

3. Calls are made to subroutines AXES, NOTATE, and NUMBER to draw and label
the AXES and to annotate each plot.

4, CALL CALPLT creates the plotting arrays for the combined spectrum (or BLH
and SPL) data.

5. CALL NFRAME signals the termination of a specific plot.

6. If more plots are requested, steps 3 to 5 are repeated. If all plotting is com-
pleted, a terminated call to subroutine CALPLT is made.

The above mentioned subroutines are documented later in this appendix. The plot vector
file created during the execution of SPECPLT is itself executed through the loading of the
postprocessor program. The user can control the execution of the plot vector file through
the use of the plot control card. The plot control card for program SPECPLT follows:

PLOT.CALPOST.12 (PVF=SPECTRA.X0=2.0.Y0=0.5. FSH= 14.FSV= 11)
| [SINGLE PLOT MODE.

LEROY .3MM PEN TYPE BLACK INK COLOR,
RAG TYPE PAPER, Paper No. 00.//

The postprocessor program creates the separate plot file for the Calcomp plotter,
prints messages and statistics on each frame, prints plotting operations controls, and
permits certain user options. For program SPECPLT the specific user options (listed
on the plot control card) are: (1) naming the plot vector file (SPECTRA); (2) setting
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X-origin and Y-origin offsets (2.0 and 0.5 inches); i(3) setting horizontal and vertical

frame sizes (14 and 11 inches, respectively);.(4) specifying plot mode (single); (5) spec-
ifying size and type of pen with desired ink color; and (6) speclfymg paper type and .
number, e

A typ1ca1 set of frame stat1st1cs and printed operations controls for SPECPLT is
' onta.med in table XVII. These stat1st1cs and controls are supphed to the user at the end
of the pr1nted output and to the plotter operator to prov1de necessary plottmg 1nstruct10ns.

- k Tlus d1scussion of the plottmg techmques a.nd use_of the graph postprocessor .
apphes to program $PLPLT as well as to program SPECPLT The remainder of this,; .
appendix deals with documentation of the FORTRAN callable CALCOMP plotting subrou-
. tines used by SPECPLT and SPLPLT. The documentation is taken from reference 6 with
a rearrangement of figures. Additional information concerning the CALCOMP plotting =~

subroutines and the LRC Graphic Output System is also attainable from reference 6.
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SUBROUTINE PSEUDO

 Language: COMPASS

Purpose: To create and write an appropriately named Plot Vector File. Through linka.ges
set up by an initial call to PSEUDO, all subsequent graphics data generated by the user .
will be routed through one of the PSEUDO entry points and wrltten on the Plot Vector
File. The PSEUDO processor is ‘designed for use with the. frame dependent postproces-
sors descnbed in Section 3.2. 3 Volume H of the Computer Programmmg Manual

Use:’ CALL PSEUDO
o'r.
CALL PSEUDO(FN)
FN file neme left-justified with zero fill. Detault file name is SAVPLT,
Examplei N

CALL PSEUDO
This will establish a Plot Vector File named SAVPLT.

CALL PSEUDO(6LMYFILE)
This will establish a Plot Vector File named MYFILE,

NOTE: The Plot Vector File (or Files) will usually be written to disk (as opposed
to tape) and may be postprocessed following user program termination
via appropriate specification of one or more plot control cards. (See
Section 3.2.3, Volume II, Computer Programming Manual.)

Restrictions: (1) An initializing call to PSEUDO (with or without a file name argument)
must be made prior to any calls to CALPLT or any other graphics out-
put routine,

(2) Every Plot Vector File should be terminated with a 999 pen code, CALL
CALPLT (0.0,0.0,999). The transmission of the 999 code will cause an
" EOF write on the Plot Vector File, and thé file will temporarily be -
closed. Thus, any g1ven Plot Vector F1le will contain only one 999 pen
code a.nd/or one EOF. '
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(3) To continue plotting execution ‘flollowi'ng transmission of a 999 code
to a current Plot Vector File, the user program must call the
PSEUDO processor to create new Plot Vector File (i.e., CALL
PSEUDO (6LMYFIL2))

Method: In addition to entry PSEUDO, this processor contains two other entry points,”
namely PLT9999 and PLT9998. An initializing call to PSEUDO will set PLT9999 into
the processor sw1tchmg mecha.msm (PLOTSW ). Subsequent plot data generation will
then be routed via CALPLT PLOTSW, and PLT9999 and written on the Plot Vector

File. The entry PLT9998 is used to record spec1a1 purpose data from routines NFRAME
and PLTSTOP. '

Accuracy:
References: See Section 3.2.3, Volume II, Computer Programming Manuai.
Storage: 2247g locations total for direct subprograms.

Subprograms used: NUMARG, PLOTSW

Other coding informa;ion:

Source: E. C. Johnson, NASA Langley Research Center.

Responsible person: Nancy L. Taylor.
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.. SUBROUTINE LEROY/BALLPT

w

Language: FORTRAN -

Purpose: To set up the parameters necessary to accommodate plotting with the liquid ink
pen. Once set, this mode will remain in effect unless a call t'o BALLPT is given.

The parameters for plottmg with the ballpoint pen are reset by CALL BALLPT.
Thxs mode is automatlcally in effect unless there has been a call to LEROY.’

3Ny bmakeyr 30 o0

Use: CALL BALLPT | o
CALL LEROY
Restrictions: The CALL LEROY should only be used v}ith the CalComp. In addition to

reducing the speed of the plotter for all plotting movements, the number of plot vectors
in any annotation is considerably increased.

The CALL LEROY must be made prior to any plotting calls, but after the
CALL PSEUDO or CALL CDC250.

Method:
Accuracy:
References:

Storage: 40g locations 6000 Series.

Subprograms used: CALPLT

Other coding information:

Source: E. H. Senn, NASA Langley Research Center.

Responsible person: Nancy L. Taylor,
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SUBROUTINE NFRAME
Language: FORTRAN

-Purpose: To provide users specific means of executing frame advance movements on any
plotter device via an appropriate frame-oriented device postprocessor. Frame advance
distances are generally defined to be incremental from current frame origin (i.e., com-
parable to frame advance executions for the DDI or 252 CRT devices). CALL NFRAME
is intended to be used as a frame advance mechanism, not as a plot origin offset.

Use: CALL NFRAME
or
CALL NFRAME(H,V)
where

H and V are Horizontal (parallel to device X) and Vertical (parallel to device Y)
distances from the current frame origin. H and/or V must be expressed
in floating-point inches.

The short form CALL NFRAME will cause the device postprocessor to execute a
frame advance move parallel to the device X (horizontal) axis. The movement will be
(FSH + h) inches, where FSH is the horizontal frame size and h will be an increment
appropriate to the particular device (0 <h = 2"). (See the Formal Parameters List of
the plot control card, Section 3.2.3.2 for a more complete definition of frame size
parameters FSH and FSV.)

When H and V parameters are provided on the NFRAME call, only the following -
values are permissible:

CALL NFRAME (H,0.) Frame advance H' horizontal
CALL NFRAME/(0.,V) Frame advance V' vertical
CALL NFRAME(H,V) Frame advance H" by V"

- CALL NFRAME(0.,0.) Return to current frame origin
CALL NFRAMEH,-V) Frame advance H'" by -V"
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This should be used to execute a frame advance move parallel to horizontal axis
and to establish a new origin for roll paper plotters and a return to origin for flatbed
plotters.

Restrictions: 1. This routine is intended for use only in concert with the frame-dependent
graphics postprocessors.

2. This routine must be used in ény case which mzly require AUTO modifi-
cation of Plot Vector File data by a graphics postprocessor.

3. The frame advance distances specified by H- and/or: V should-always be
at least slightly greater than the intended usable frame size.

4. The H dimension of a frame advance may not be negative (H = 0). For
purposes of frame stacking, V may be either negative, zero, or positive.
(See Section 3.2.3 for a definition of frames and frame advances.)
Method:
Accuracy:

References: Computer Programming Manual, Volume II, Section 3.2.3.

Storage: T6g memory words, CDC 6000 series.

Subprograms used: NUMARG, CALPLT, PLT9998, ABORT

Other coding information:

Source: E, H. Senn, NASA Langley Research Center.

Responsible person: Nancy L. Taylor.
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SUBROUTINE CALPLT
Language: FORTRAN

Purpose: To move the plotter pen to a new location with pen up or down and to s1gna1 the
end of a job segment by incrementing the block address number.

Use: CALL CALPLT(X,Y,IPEN)

where
X, Y " are the floating-point values for pen movement.
IPEN = 2 pendown

=3 penup

Negative IPEN will assign X = 0, Y = 0 as the location of the pen after
moving the X,Y (create a new reference point) and will increase the
block number by one. (This number is that which appears in the dis-
play at the top of the tape drive on the plotter and identifies the portion
of the output tape that is being plotted. The block address 001 is writ-
ten automatically as a result of the initialization PSEUDO processor-
call.) Each block address generally implies a separate page or plot.

= 999 Writes a terminating block address of 999 to terminate the Plot Vector
File and all further processing is skipped.

CALL CALPLT(0.0,0.0,999)

Restrictions: All X and Y coordinates must be expressed as floating-point inches (actual
page dimensions) in deflection from the origin.

A TERMINATING BLOCK ADDRESS (IPEN = 999) MUST BE GIVEN AS THE
LAST PLOTTING INSTRUCTION BEFORE ENDING A PROGRAM WHICH USES ANY OF
THE PLOTTER SUBROUTINES; THIS IS TO BE SURE THAT ALL PLOTTER INSTRUC-
TIONS ARE WRITTEN ON THE PLOTTER TAPE.

Method: The main subroutine in the graphics language is the CALPLT subroutine. All
other special purpose subroutines eventually call CALPLT either directly or indirectly.
This routine moves the pen in a straight line between the present pen position and -
another pen location to which the programer wishes the pen to be moved.

42




APPENDIX D

In order to cause such instructions to be written, the programer specifies
the coordinates of the point to which the pen is to be moved and whether the pen is to
be moved in a raised or lowered position. This is accomplished by the FORTRAN .
instruction: :
CALL CALPLT(X,Y,IPEN)

Also, the subroutine provides "'sequence numbers' on the tape, making it pos-
sible to afford identification of job segments. The block address 001 is written on the
first call to CALPLT. Thereafter, if the programer defines a new origin within the
frame, he need only set the argument IPEN negative. The CALPLT routine then moves
the pen to X,Y; stores this location as (0,0), that is, at a new ofigi'ri;‘and increases the
block address by one. - '

The following explanation in table form in conjunction with figures 14 and 15
will illustrate results of various commands to the plotter using the CALPLT subroutine.
The figures illustrate the position of the pen after moving to its new position as the
movement from in front of the plotter is observed. Each square represents a square
inch. The dark circle represents the pen, the dashed lines and letters indicate the
plotter directions at each change of origin,

FORTRAN statement _ Subroutine action Pen movement

CALL CALPLT(0.0,0.0,3) | The pen is raised and since | Pen is only raised.
‘ X = 0.0 and Y = 0.0, the
pen is not moved.

CALL CALPLT(2.,2.,2) Instructions are written The pen is moved
a causing the pen to be low- (note directions
ered and moved in the +X, indicated by dotted
+Y direction. lines) from its

original position
(fig. 14(a) consid-
ered (0,0)) to the
point (2,2)

(fig. 14(b)).
CALL CALPLT(0.,4.,2) The pen remains lowered Figure 14(c).

and instructions are writ-

ten to cause movement in

. "the -X,+Y direction.

CALL CALPLT(0.,0.,2) Pen remains lowered and Figure 14(d).

' " instructions are written
to cause movement in the
-Y direction.
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"FORTRAN statement

. Subroutine action

. Pen movement

CALL CALPLT(12.,6.,-3)

The pen is lifted; the rou-
tine computes the nec-
cessary steps to move
the pen inofder to
approximate closely the

" line between (0,0) and

(12.,6.).  These instruc-

-tions are written on the
tape. The stored posi-
tion of the pen'is then
reset to (0,0) and the
block address 002 is
written on the tape. -

The pen is moved to
the position shown
in figure 15(a);
this new position
is now conéidered
the origin (note
directions-indi- -
cated by dotted
lines).

CALL CALPLT(0.,-7.,2)

Instructions are written
to lower pen and to
move in the -Y :
direction.. .

Figure 15(b). -

CALL CALPLT(-5.,-1.,2)

Pen remains lowered;
instructions are writ-
ten to move pen in the
-X direction. '

Figure 15(c).

CALL CALPLT(-5.,0.,2)
CALL CALPLT(0.,0.,2)

Instructions are written

_to move the pen in the

+Y direction and then
in the +X direction.

Top of figure 15(d). o

CALL

| -

ALPLT(-1.,-3.,-3)

Instructions are written to
lift the pen, the steps.
necessary to move the
‘pen in ordeér to approxi-
mate closely the line
between (0,0) and (-7,-3)
are computed and written
on the tape, The stored
position of the pen is
set to (0,0) and the
block address 003 is

~ written on the tape.

Center of figure 15(d) -.- ".

(note directions in
dotted lines). The
pen is now raised
and sitting over the
point indicated in
the figure; any
further plotting
will begin from
that point unless
the pen is moved
manually beforehand.
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FORTRAN statement
CALL CALPLT(12.,6.,-3)

3

Subroutine action

The pen is lifted; the rou-
tine computes the neces-
sary steps to move the
pen in order to approxi-
mate closely the line
between (0,0) and
(12.,6.). These instruc-

- tions are written on the
tape. The stored posi-
tion of the pen is then
reset to (0,0) and the
block address 002 is
written on the tapé;

Pen movement -

The pen is moved to..

the position shown
in figure 15(a);
this new position
is now considered
the origin (note
directions indi-
cated by dotted
lines).

'CALL CALPLT(0.,-17.,2)

Instructions are written to
lower pen and to move
in the -Y direction.

. Figure 15(b).

CALL CALPLT(-5.,-7.,2)

Pen remains lowered;
instructions are writ- -
ten to move pen in .the
-X.direction.

Figure 15(c)..

| CALL CALPLT(-5.,0.,2)
CALL CALPLT(0.,0.,2)

Instructions are written
to move the pen in the
+Y direction and then
in the +X direction.

Top of figure 15(d).

CALL CALPLT(-7.,-3.,-3)

Instructions are written
to lift the pen, the
steps necessary to
move the pen in order

- to approximate closely
the line between (0,0)
and (-A7,-3) are com-
puted and written on
the tape. The stored-
position of the pen is
set to (0,0) and the
‘block address 003 is

Center of figure 15(d).
(note directions.in "--

dotted lines). The
pen is now raised
and sitting over the
point indicated in
the figure; any fur-
ther plotting will
begin from that

point unless the pen

is moved manually
beforehand. '

written on the tape.
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Accuraéy: ‘ S
References:
Storage: 251g locations 6000 series. R

Subprograms used: PLOTSW, STRCALL, LOCATE

Other coding information:

- Source: George C. Salley, NASA Langley Research Center, .

Responsible person: Nancy L. Taylor. .
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SUBROUTINE NUMBER

Mz FORTRAN R .

Purpose: To convert a floating-point number to BCD (expressed in F format), and to
draw the resulting alphanumeric characters. :

TR i ‘51';."

Use: CALL NUMBER(X,Y,HEIGHT,FPN,THET A,NODIGIT)

where

o ; CaaTRamaR . ' i .

X, Y are the coordinates in floating-point inches of the left lower corner of the first
digit of output, : ‘ ‘

'HEIGHT  is the height of the plotted number in floating-point inches. (See NOTATE
routine.) ' .

FPN is the floating-point number to be drawn.

" THETA is the angle in floating-point degrees at which the number is to be drawn,
(See NOTATE routine.) (

) NODIGIT is the number of decimal digits to the right of the decimal point for output.

NODIGIT=1 or NODIGIT=0 both specify no decimal places; however, -1 sup-
presses the decimal point. :

Restrictions: The number is restricted to a maximum of 12 significant digits.

Method:

Accuracy: The routine truncates the floating-point number at the required decimal place.
References:
Storage: 271g locations 6000 series.

"Subprograms used: NOTATE, ROUND, ALOG
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. Other coding information: Examples:

FPN = 12.34567891234
CALL NUMBER(X Y,S,FPN,0.,-1)
will draw

starting location - 12

CALL NUMBER(X Y,S, FPN 0. 0)
will draw.
starting location - 12

CALL NUMBER(X,Y,S,FPN,0. 7)
will draw
starting location ~ 12.3456789 -

Source: George.C. Salley, NASA Langley Research Center.

Responsible person: Nancy L. Taylor.
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SUBROUTINE NOTATE. . - * .0 .- ¢ oy

Language: FORTRAN T

L.

¥

St r (
Purpose: To draw alphanumeric information for, annotatlon and labeling and to provide
special centered symbols for a.:motahon of data pomts.

LR
s a. e -

Use: CALL NOTATE(X,Y,HEIGHT, BCD THETA NOCHAR)

ey
~ NREuns PR PR

where A S AN SR D S5 A A
e, iy

X,Y are the floating-point coordinates:;of the first-character,

For alphanumeric characters;:the:coordinates of the lower left-hand‘corner of
the characters are specified.

For special symbols 0 to 5, the coordinatés of the center of ‘the. symbol a.re
specified.

For special symbols above 6, the coordinates of the lower left-hand corner
of the character are specified. '

HEIGHT specifies character size and spacing in floating-pdint inches for a full-size
character. The smallest possible character is 0.07 inch high. The width
of a character will be (4/7)* HEIGHT and the space between characters is
(2/7)* HEIGHT. (See sketch @).) :

N 7N

.l

(

PRI

H = HEIGHT
W = (4/7) #» HEIGHT
-8 = (6/7) % HEIGHT + WADJ

Sketch (a)
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The ith character is ﬁlotted at:

x;= X+ (i-1) (6/7) (HEIGHT) (cos 6)
y; = Y+ (i-1) (6/7) (HEIGHT) (sin 6)

BCD . is the string of characters to be drawn and, is usually written in the form:

4 nHXXXX-~- (the same way an alpha message is written using FORTRAN for-
mat statements). Instead of specifying alpha information as above, the
beginning storage location of an array containing alphanumeric information
may be given. o

Special symbols will be drawn when BCD is an integer reference and NOCHAR
is negative, (See fig. 16,)

Note: A binary zero in the BCD string will cause truncation of plotting at that
point, and a normal return to the calling program.

THETA  is the angle in floating-point degrees at which the information is to be drawn.
Zero degrees will print horizontally reading from left to right; 90° will
print the line vertically reading from bottom to top; 180° will print the line
‘horizontally reading from right to left (i.e., upside down); and 270° will
print vertically reading from top to bottom. '

NOCHAR is the number of characters, including blanks, in the label. A negative
: NOCHAR will produce a single special symbol from the integer reference
table. (See METHOD for further explanation.)

Restrictions: Noted under METHOD.

Method: The character height is a variable entry parameter to the subroutine NOTATE.
However, the width-to-height ratio is fixed at 4/7. This is because the characters are
defined by a series of bioctal offset pairs for a 4-by-7 matrix as shown by the examples
in figure 17. The reference origin for the offset pairs which define each character is
the lower left-hand corner of the matrix. The X and Y values, which are entry param-
eters to NOTATE, define the location of the lower left-hand corner of the first character
to be plotted for this entry to NOTATE, Subsequént characters to be plotted are spaced
from the previous character origin by 6/7 of the specified character height.

Figure 16 shows the characters available for the CDC 6000 series computers.
The figure is divided into two main groups: (1) on the left are 62 symbols related to the
62 possible Hollerith card codes and (2) on the right is a set of special characters which
are referred to by integer numbers. The entry parameter NOCHAR tells the subroutine
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NOTATE which one of these two main groups is being referred to for this entry to
NOTATE. If NOCHAR is a positive integer, this means that the entry parameter BCD
is the location of an array of Console Display codes and that NOCHAR characters cor-
responding to these codes are to be plotted. (See fig. 18 for extended card codes.) If
NOCHAR is negative, this means that the entry parameter BCD is the location of an
integer number. This integer number refers to one of the special symbols in the special
symbol table. Note here that when NOCHAR is positive (normal character pickup),
more than one character may be plotted by a single entry to NOTATE. ' With the special
character pickup (NOCHAR negative), only one character is plotted per NOTATE rou-

. tine entry. :

The special symbol table is divided into two groups. The group a symbol is in
is based on the value of the integer number referring to the symbol.

Integer Reference
Number Subgroup

0tob . A set of six centered symbols. That is,
the X,Y entry coordinates are the center
of the character.

Above 5 Other special symbols whose reference
" origin is the lower left-hand corner
the character,

For the first gfoup of special symbols, the centering> is achieved by the following
technique. The symbols are defined by offset values within a 4-by-4 matrix with the
first and last offset pair being the center of the symbol. The X and Y coordinates
(which are entrance parameters to the subroutine) are then adjusted by

XS = X + H/2(sin () - cos (6)) .

and

YS = Y - H/2(sin (6) + cos (9))

where 6 is an angle of rotation for the character and is an entry parameter to the
subroutine. For example, when 8 = 0, the reference origin is shifted left and down-
ward by one-half the character height. This results in the original X,Y location
becoming the center of the symbol since it is centered in a 4-by-4 matrix. Of course,
all offset values for the character are multiplied by the character height to dimension
the symbol properly. To provide annotation at any angle of orientation, each offset
pair for all the offset pairs for each character is transformed as follows:
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X0 = an X offset value
YO0 = a Y offset value
' X = reference origin of the character
. Y = reference origin of the .character |
XS = final plot coordinate for this offset
'_' YS = finali plot coordinate for this offset OIS i L

XS = X + H(X0*COS(0): - YO*SIN(6)). i, .

YS = Y + H(X0*SIN(6) + Y0*COS(9))

Another option on entering the NOTATE routine is provided. If the X and/or Y
values are 999., the plotting of symbols is resumed at the coordinates where it left off
on the last entry to NOTATE. For example, if the first entry to NOTATE is

CALL}NOTATE(X,Y,O.14,3HABS,0.0,3)
and-_the nexf entry is
CALL NOTATE(999.,999.,0.14,10,0.0,-1)
the folléwing symbols will be plotted |
ams V.
The symbol he_ight and the char;acter height were both specified ,asi 0.14.

Another method of determining where the pen left off on the last entry td NOTATE
or any other plotting routine is to use the routine WHERE (Sectmn 3.2.4.100). WHERE
returns the current value of X,Y and pen code.

CALL NOTATE(0.,0.,.20,3H100,0.0,3)
CALL WHERE(X,Y,IPEN)
. CALL NOTATE(X,Y,.20,21,0.0,-1)

The following symbols will be plotted.
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Accuracz:

References:

Storage: 1152g locations 6000 Series.

¢

Subprograms used: CALPLT, CNTRLN, DECOD1, DECOD2, SIN, COS

‘Other coding information: .

Source: George C. Salley, NASA Langley Research Center.

Responsible person: Nancy L. Taylor,

O i i Y CA A
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SUBROUTINE PNTPLT . = 5F ity

Language: FORTRAN cwr oy R ‘~f:i:¢3r’:3"-, R R
Purpose: To draw NASA Standard Plot symbols centered on a given coordinate value,

Use: CALL PNTPLT(X,Y,ISYM,IS)

where
X is the X coordinate for the centered symbol in floating-point inches.
Y is the Y coordinate for the centered symbol in floating-point inches;

ISYM -is an integer specifying the symbol to be used. (See figs. 19 and 20.)
= 21 for a point
= 22 for a plus sign +

IS - is an integer value specifying the size symbol to be used.
= 1 small
= 2 medium
= 3 large
(See fig. 19.)
Restrictions:
Method:

Accuracy: A positive integer value for ISYM in the calling sequence will produce symbols -
of the same quality as in figure 19, A negative integer value will produce symbols of
less quality but will result in a considerably faster computer run, R

References:

Storage: 5068 locations 6000 Series.

.Subprograms used: CALPLT, CIRCLE, CNTRLN

Other coding information:
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Source: George C. Salley, NASA Langley Research Center.

Responsible person: ﬁancy L. Taylor.

IR+ ¥
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' SUBROUTINE AXES
Language: FORTRAN

Purgoas.se:T 'Tb dxl'aw’ai line,v to annotate the value of the variable at Aspecifieci intervals with
" ‘or without tic marks, and to provide an axis identification label.

Use: CALL AXES(X,Y,THETA, S ,ORG,SFX,TMAJ, TMIN,BCD,HEIGHT ,NOCHAR)
where
X;Y: ¢ rare the coordinates in floating-point inches of the starting point of the axis

~ with reference to the plotting area origin as established by CALPLT.

THETA is the angle of rotation measured counterclockwise from the X-axisin .- ..
-~ . floating-point degrees. Normally, THETA is 0° for an X-axis and 90°
-, ... for a Y-axis.

S' is the length of the axis in floating-point inches. Should be a multiple of
TMAJ. | ' |

+S will generate tic marks.
-8 will eliminate tic marks.

ORG is the functional value to be assigned to the origin (i.e., the value of the first
scale) in floating point. L

SFX is the adjusted scale factor for the array to be plotted (change in value per_
-inch). L
NOTE: Values of ORG and SFX which will produce a Teasonable scale may's

be calculated using subroutine ASCALE or BSCALE.

TMAJ is the distance in floating-point inches for major tic marks (0.25 inch high).
Numbers are placed on the axis at the major tic marks in accordance with
. the ,values of ORG and SFX. The numbers written along the axis are
adjuéted to be between 1000.00 and 0.01 in magnitude. Immediately after
the last number on the axis is placed the caption XlOexP, where exp is
the required exponent,
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i thé.values are integer multiples, the decimal point and decimal places are
eliminated. A negative TMAJ will cause the actual value to be written

instead of the adjusted value.

TMIN is the number of divisions per inch in floating point for minor tic marks
(0. 125 inch high). To eliminate minor tic marks the followmg may be used'

TMIN = 0.
BCD ~ is the character label for the axis (see NOTATE routme)

HEIGHT is the height of the full-size characters in the BCD title. Numbers at the tic
. marks will be (0.75 *HEIGHT) high. HEIGHT is in ﬂoatmg-pomt inches.:

If HEIGHT = 0., all annotation will be eliminated.

NOCHAR ' is an integer speclfymg the number of characters in BCD title, A negative
' NOCHAR places the annotation on the clockwise side of the axis and a posi-
t1ve NOCHAR places the annotation on the counterclockwise side of the axis.
NOCHAR = 0 is not allowed. If it is desired to have no label, then the BCD _

parameter should be 1H, and NOCHAR either +1 or -1.

Reétrictions:v Only perpendicular axes are recommended.

Method:
Accuracy:
References: - - = . : L . L

stox‘fge:_.,mms locations 6000 Series.

Subprograms used: CALPLT, NOTATE, NUMBER, ROUND, SIN, COS, WHERE

7

Other coding information: Examples:
" CALL AXES(X,Y,0.0,2.0,0.0,.001,+1.,4.0,1HX,0.2,-1)

. Starting Locstion —» I A

.01 .02 x 107
X
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CALL AXES(X,Y,180.0,2.0,1.0,1.0,-1.,0.0,1HX,0.2,+1)

l : I ] «— Starting Location

3 2 |
. CALL AXES(X,Y,90.0,2.0,0.0,10.0,-1.,2.0,1HY,0.2,+1)
20 |
}..
> 10—

Starting Location —s OL_

CALL AXES(X,Y,270.0,2.0,0.0,0.5,-1.,10.0,1HY,0.2,-1)

Starting Location — O '

1.0

Source: George C, Salley, NASA Langley Research Center.

QUESTIONS ON THE USE OF THIS PROGRAM SHOULD BE DIRECTED TO THE ACD
PROGRAMER SUPPORT GROUP, EXTENSION 3548,
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NUMERICAL SUBROUTINE DOCUMENTATION
Appendix E provides documentation of the numerical subroutines used in program
RNPPE4. Subroutines SPLS and CSIUNI are used by computing blade-loading data by

integration of the steady loading distribution over all or part of the chord. Subroutine
BSSLS is used in evaluating Bessel functions in Wright's solution,
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. SUBROUTINE SPLS

Language: FORTRAN

- X(KJ)
Purpose: To compute S.X (K) f;(X). dX by a cubic spline approximation where X(KI) and

X(KJ) are the first and last pomts of the interval andi= 1, 2, ..., NCVS,

Use: CALL SPLS(MNPTS N, NCVS X, Y, KI, KJ, PROXIN, IW WK 1IERR)

MNPTS

NCVS

PROXIN

60-

IR AR

An input integer specifying the maximum number of values in the independent
variable array as 'stated in the dimension statement of the calling program, -

An mput 1nteger spec1fy1ng the number of points in the mdependent variable

array. N s MNPTS 1

- An input mteger spec1fymg the number of dependent variable tables assoclated‘

with the mdependent vanable.

A onefdiﬁlenSienal’ irfp'ut array containing the independent variables, .X should

be dimensioned by at least N in the calling program,

A two-dimeriSional ir‘lput array containing the dependent variables, The array

Y is. dimensioned with variable dimension in the subroutine; therefore, Y
must be dimensioned in the calling program with first dimension MNPTS
and second d1mens1on at least NCVS

An input 1nteger speclfymg the X array index conta.lmng the lower limit of
integration, :

An 1nput integer spec1fy1ng the X array index conta1mng the upper limit of
1ntegrat1on.

A one-d1mensmna1 output array in which S‘ f(X) dX is stored for each
KI).

dependent vanable array. ,
PROXIN must-be d1mensmned by at least NCVS in the calhng program,
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w An input integer used for initialization, On first entry into SPLS the user
must set IW = -1, - The routine will then test the independent variable array
to determine if it is increasing, and, also, compute certain values pertain-
ing to the X and Y arrays. '

These values will not change unless either the X or Y array is replaced.

WK An array used by SPLS as a work area. WK must be dimensioned at least

2(N x NCVS) + 8N. This array should not be used elsewhere in the
program.

IERR An output error integer

0 Normal return

1 The independent variable array i$ not increasing. An error message will
be printed by SPLS. "INDEPENDENT VARIABLE ARRAY NOT INCREAS-
ING IN SPLS AT POSITION IHI X = XXXX,XXXX."

Upon return to the calling progrein, the parameter IERR should be tested.

Restrictions: All arrays must be floating point. The values in the independent variable
array must be increasing.

Method: The method used in SPLS is that of the reference. The reference gives the
derivative of a matrix equation relating the second der1vat1ve of a univariate spline
function at the given values of the independent variable to the values of the function at
these values of the independent variable, Values of the second derivative are assumed
to be zero at the end points. The matrix equation is tridiagonal and is solved by the
Thomas algorithm which is equivalent to Gaussian elimination without pivoting. Expres-
sions are derived for the integral in terms of the spline function and its second deriva-
tive at the nodes of the specified interval, /

Accuracy: Cubic spline functions yield a best fit to a set of data. When fitting data
derived from an analytical function, the cubic spline function yields an approximation
of that function to an order of h4 where h is the interval size of the mdependent vari-
able of the spline fit. The accuracy of the integral is of an order of h5 Care should be
taken when fitting data where large gradients exist. Large gradients may cause extreme
oscillations in the sphne function.

References: Greville, T. N. E., "Spline Functions, Interpolation and Numerical Quadra-
ture,” Mathematical Methods for Digital Computers Vol. II, pp. 156-168, John Wiley
& Sons, 1967.
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Storage: 556g locations,

Subprograms used: 'None,

FORTRAN functions: None. -

- 0
ESNLAEIRL T SV

Other coding information: It is recommended that the independent variable array contain -

at least four points, N=z4,

10

1

62 ..

EXAMPLE

To compute the mtegral from X(KI) to X(KJ) for two dependent varia--
ble tables, the coding would be as follows: »

DIMENSION X(10), Y(10,2), PROXIN(2), WK(120)

MNPTS = 10
N = 10
NCVS = 2

TO COMPUTE THE INTEGRAL FROM X(1) TO X(3)

Ki=1

KJ=3

W= -1

CALL SPLS(MNPTS,N,NCVS,X,Y,KI,KJ, PROXIN,IW,WK,IERR)

IF(IERR.EQ.0) GO TO 10

CONTINUE

TO COMPUTE THE INTEGRAL FROM X(2) TO X(7)

Ki= 2

KJ = 17

CALL SPLS(MNPTS N,NCVS,X,Y,KI,KJ, PROXIN,IW,WK,IERR)

IF(IERR.EQ.0) GO TO 11

CONTINUE
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Source: NASA Langley Research Center, Computer Mathematics and Pr"ograming
Branch,

QUESTIONS ON THE USE OF THIS PROGRAM SHOULD BE DIRECTED TO THE ACD
PROGRAMER SUPPORT GROUP, EXT. 3548.
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SUBROUTINE CSIUNI

Language: FORTRAN

Purpose: To perform a cubic spline interpolation on a univariate function for any number
of different dependent variable arrays associated with the independent variable array.

Use: CALL CSIUNI(MNPTS,N,NCVS,MMAX,M,X,Y,T,F IW,WK,IERR)

MNPTS An input integer specifying the maximum number of values in the independent

NCVS

MMAX

64

variable array as stated in the dimension statement of the calling program.,

An input integer specifying the number of values in the independent variable
array, N = MNPTS, )

An input integer specifying the number of dependent variable tables associated
with the independent variable,

An input integer specifying the maximum number of values at which interpo- .
. lation is desired as stated.in the dimension statement of the calling program.

An input integer specifying the number of values to be interpolated on this
entry into CSIUNI, M = MMAX,

A one-dimensional input array containing the independent variables. The
array X should be dimensioned by at least N in the calling program.

A two-dimensional input array containing the dependent variables. The array

Y is dimensioned with variable dimension in the subroutine; therefore, Y.
must be dimensioned in the calling program with first dimension MNPTS ‘and
second dimension at least NCVS.

A one-dimensional input array containing the values of the independent véria;ble
for which values of the dependent variable are desired. The array T must
be dimensioned by at least M in the calling program,

A two-d1mens1onal output array in which CSIUNI stores the values of the func-
tion at the M values of the 1ndependent variable, The array F is ‘dimensioned
with variable dimension in the subroutine; therefore, F must be dimensioned
in the calling program with first dimension MMAX and second dimension at
least NCVS.. ' '
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w An input-output integer.

INPUT: IW is the initialization integer. On first entry into CSIUNI the user
must set IW = 1. This will cause the independent variable array to be
tested to determine if it is increasing. Also, certain values pertain-
ing to the X and Y arrays will be computed. These values will not
change unless either the X or Y arrays are replaced.

OUTPUT: IW is an index pointer indicating that Xpyw =Xg = Xpwy 1. On the -
next call to CSIUNI, the previous IW is used to begin the search
- ..for the interval containing the interpolation point, Linear extra-
polation is provided; therefore, IW = 0 indicates lower end extra-
polation, and IW = N indicates upper end extrapolation.

WK_ An array used'by CSIUNI as a work area. WK must be dimensioned at leasf
3(NXNCVS) + 8N. '

IERR  An output integer error code
= 0 Normal return

= 1 The independent variable array is not increasing. CSIUNI will print - -
"INDEPENDENT VARIABLE ARRAY NOT INCREASING IN CSIUNI AT POSI-
TION INI,X=XXXX XXXX."

Upon return t the éalling program, the parameter IERR should bé tested.

Restrictions: All arrays must be floating point. The values of the independent variable
array must be increasing. . . _ :

Method: The method used in CSIUNI is that of th)e reference. The reference gives the
derivative of a matrix eduation relating the second derivative of a univariate spline
function at the given values of the independent variable to the values of the function at

* these values of the independent variable. Values of the second derivative are assumed
to be zero at the end points. The matrix equation is tridiagonal and is solved by the
Thomas algorithm, which is equivalent to Gaussian elimination without pivoting.

Ac'é'ur'acy: Cubic spline functions yield a best fit to a set of data, When fitting data derived
from an analytical function, the cubic spline function yields an approximation of that
function to an order of h4 where h is the interval size of the independent variable of the
sphne fit, When fitting arbltrary sets of data, care should be taken in interpolating '

" between the nodes to assure that the spline fit is satisfactory to the user. This is _

‘ 'especié,lly important when fitting data where large gradients exist., Large gradients

inajr cause extreme oscillations in the spline function.
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References: Greville, T, N, E,, "Spline Functions, Interpolation and Numerical Quadra-
“ture," Mathematical Methods for Digital Computers, Vol. II, pp. '156-176, John Wiley &
Sons, 1967. ' S

Storage: 1014g.

3

Subprograms used: None,

FORTRAN functions: None.

. . . e
Yo Te s st vt e 0 S8

Other coding information: Linear extrapolation is available but should be used with care.

It is 'récommended_ that the independent variable array contain at least four points,

N z4,

66
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EXAMPLE:

To interpolate for two dependent variable tables, the coding would be
as follows:

DIMENSION X(10),Y(10,2),T (100),F(100,2),WK(140)

MNPTS = 10
N=10
NCVS = 2
MMAX = 100

TO INTERPOLATE FOR 50 VALUES
M= 50
W= -

CALL CSIUNI (MNPTS,N,NCVS,MMAX,M,X,Y,T,F,IW,WK,IERR)
IF(IERR.EQ.0) GO TO 10

CONTINUE

TO USE A NEW X ARRAY OF 5 VALUES
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N=5
wW=-1 :
CALL CSIUNI(MNPTS,N,NCVS,MMAX,M X,Y,T,F,IW,WK,IERR)

IF(IERR.EQ.0) GO TO 100

100 CONTINUE

Source: NASA Langley Research Center, COmputér Mathematics and Programing
Branch.

QUESTIONS ON THE USE OF THIS PROGRAM SHOULD BE DIRECTED TO THE ACD .
PROGRAMER SUPPORT GROUP, EXT. 3548.
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SUBROUTINE BSSLS

L‘anguag'e: FORTRAN

Purpose To compute Bessel functlons of the f1rst k1nd JN(X) for a pos1t1ve real arg\x-
ment, from order zero to order N-1,

Use: CALL BSSLS(X,F,N)

X *-An input variable specifying the argument for ‘which- the Bessel functions. are :
to be evaluated. Lt omeams BE7Y

ey
AJ 0

N .An input integer specifying the maximum order Bessel function desired.

F A one dimensional output array containing the Bessel functions from order
zero to order N-1, Because of the recursion technique employed by tllxeh .
routine, the user must reserve at least

N + 28 if N z 1,5%(X]
1.5%[X] + 28 if N < 1.5%[X]
* locations for F, [X] is the integral part of the argument X.

Restrictions: N is assumed positive and X is assumed non-negative. -Labeled COMMON
with FIX for a block name may not be used. This identifier is used by BSSLS.

Method: BSSLS is a Langley Research Center (LRC) mathematics library system subrou-

tine BJIR, C3.2 (see program ref. 1) modified to allow computation of Bessel functions of
order greater than 30.

A backward recursion technique is used as suggested in program reference 2.
An arbitrary value (small) is assigned to a large order Bessel function determined by k,
a sufficiently large number., Assuming Ji(x) # 0 and N 1(x) = 0, the recursion formula

T = S0 - 3y, 1@

is used to compute all of the Bessel functions from I l(x) down to Jo(x) of the same
given arg'ument. Finally the equation o

-JO(X) + 2J2(x) + 2J4(x) +.,...=1

is used to normalize the resulting numbers to their correct values.
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Accuracy: A check of the routine was made with the following arguments: X = 0.0, 0.1,
1.0, 5.0, 10,0, 50,0, and 100.0, Selected values for N were N= 0, 1, 2, 10, 20, 30,
40, 50, and 100. Various combinations of X and N were tried and the results compared
W1th the table entries of program reference 2. The Bessel functions computed mamtam
an accuracy of at least 9 digits as compared with program reference 2. o

It is expected that the routine can handle orders N > 100 and arguments
X < 0.1 and X > 100; but available tables did not include these values. -

References: (1) La.ngley Research Center, Computer Programming Manual Volume I
Section C3.2, pages 2-5.

(2) 1. Stegun and M. Abramowitz, Handbook of Mathematical Functions; U.S.
Department of Commerce, National Bureau of Standards Applied Mathe-

matics Series 55, June 1964, pp. 392, 394, and 407.

Storage: 117g locations.

~ Other coding information: (1) If high-order Bessel functions are computed for small argu-
ments, an exponent underflow may result.

(2) The results Jo(x), Jl(x), .oy Ji(x) ey ‘JN_l(x) are stored
as follows. Co o

BJI(1) = Jy(x)
BI@2) = I,

BI() = Jp_;(x)

BI(N) = Jy_;(®)

Subprograms used: None.

‘ FORTRAN functions: None.l

Source: NASA Langley Research Center, Noise Control Branch, Robert Hosier.
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' PROGRAM USAGE

Operational Environment

The five programs making up the Stationary Rotor Rotational Noise Prediction
Program are written in FORTRAN. All program. testing and case running were done on
the CDC 6400 and CDC 6600 computer systems. The CDC 6400 and CDC 6600 machmes'
have 131,900 word memories and use 60 bit words

The operating system is the Langley Research Center (LRC) SCOPE Operatlonal 4
System versions 3.3. A RUN 2.3 Compiler is employed by‘thé ‘opérating system. ;- -

Program Job- Steppmg

In order to reduce program overhead and to increase program eff1c1ency, ,the .
Stationary Rotor Rotational Noise Prediction Package is divided into five programs " The
ﬁve programs are related, but are 1ndependent 10g1ca1 steps in predicting the rotor n01se.

The programs are independent in the sense that all five perform a funct1on W1thout
"calling” any of the others; the programs are related in the sense that afile may be .
passed from one program to another. As an example; the output file (the combined trans- _
ducer spectrum data) of program RAMANI can be used as an input file to program TRANS
This technique of program communication through files is called ]ob steppmg and is -
accomplished through the use of ]ob control cards. T ‘

Running the f1ve program package requires the use of certam per1phera1 eqmpment
including a card reader, a line printer, a magnetic tape dr1ve, disk storage drives, a;; oy
data cell dnve, and a plotter. The specific types of peripheral equipment utilized are
described in table XVIII. The various allowable program job-step combinations together
W1th the correspondmg control card and program deck setups are described in the next . 7
sectxon. ‘ ' ‘

B

,_v'-'Job Control and Program Deck Setups : s

The five programs making up the Stationary Rotor Rotational Noise Prediction Pro--
gram can be run in a variety of program combmatmns Through the correct use of job - i
control cards the following combmatmns are poss1b1e.

RAMANI
SPECPLT
RAMANI-SPECPLT
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RNPPE4
TRANS-RNPPE4
RNPPE4-SPLPLT
TRANS-RNPPE4-SPLPLT
RAMANI-RNPPE4

' RAMANI-TRANS-RNPPE4

- RAMANI-SPECPLT-RNPPE4 . |
RAMANI-SPECPLT-TRANS-RNPPE4:
RAMANI- TRANS- RNPPE4-SPLPLT
RAMANI-SPECPLT-TRANS-RNPPE4-SPLPLT

In choosing the approprlate combmatmn( ) to be run, consxderatlons should be given
to the type of data (measured or theoret1cal), to the reliability of measured data, to spe-
cific output needs, and to the necessity of plotting. :

The standard sequence is a tv;o-c_ombination process. The first combination
inyplvés job-stepping programs RAMANI and SPECPLT in a separate run to check the
validity of the combined transducer spectrum data before proceeding to the actual rotor
noise prediction. The second combination involves job-stepping programs TRANS-- "
RNPPE4-SPLPLT, a separate run to predict the rotor noise and to generate the sound-
pressure-level plots. If the user is relatively confident in the accuracy of the measured
transducer data, the 6he-step process of job-stepping programs RAMANI-SPECPLT -
TRANS-RNPPE4-SPLPLT into one run saves time and reduces program overhead. - '

~ This section contains job control and program deck setups for the three major pro-
gram combinations mentioned above. The file descriptions and manipulations are dis- .
cussed later. '

In order to eliminate the handling of card source decks, the five programs have been
placed on two data cells. Programs RAMANI and SPECPLT (binary and source versions)
are stored on data cell Z4186, and programs TRANS, RNPPE{4, and SPLPLT are stored
on data cell Z4188. The job control cards and program setups for both card and data cell
input for the combinations RAMANI-SPECPLT, TRANS-RNPPE4-SPLPLT, and RAMANI-
SPECPLT-TRANS-RNPPE4-SPLPLT are explained in tables XIX to XXIV. Although file
descriptions and manipulations are discussed later, certain general observations about
the preceding job control card setups should be made,

A program‘source listing, together with corresponding load and cross reference
maps, are generated for all combinations run from the source versions. Neither program
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listings nor corresponding maps are generated for program combinations run when using .
binary versions.

If the user desires the source version instead of the binary version when running
from data cell,. the following changes must be made (see tables XX, XXII, and XXTII):

*1. The four control cards
‘ REWIND (BN FILE)
' FETCH (Z418 N ,SOURCE) . ‘
- .:RUN (8, ,, SFILE, BN;FILE)v,A-;‘ T T
REWIND (BNFILE) - R
" replaced the previous card ‘ ‘
' FETCH (2418 _ ,, BINARY),

2. Following the first 7/8/9 card the user must place one record contalmng program
modifications, if any, for each source program fetched. Program modifications are dis-
cussed .in reference 6. :

- F1le Descr1pt1on and Mampulatlon

Magnetm tape aSS1gnments (input — output files).- Tape 8 is the assigned name
of the input tape to RAMANI; the tape contains the transducer spectrum data for a given
run, At present, this tape is generated by a fast Fourier Transform Program. Tape 51
is the assigned name of the output tape containing the combined transducer spectrum data. "
This tape is generated by program RAMANI. This same tape is assigned name TAPE 8
when used as input to program TRANS., The plotting tapes generated by programs
SPECPLT and SPLPLT are ass1gned f11e names (PLT ) by the plotting postprocessor
and not by the user.

Other program files.- The names RAMANI SPECPLT TRANS, RNPPE4, SPLPLT"
are the binary file names of the programs with corresponding names.” Tape 20 is the name
assigned to the disk file being used as a random access file. Tape 7 and Tape 4 are the
disk files corresponding to the magnetic tape input and output files, Tape 8 and Tape 51,
respectively. PLOT is the binary version of the postprocessor program necessary in
generating a plot tape. o

File manipulation.- The scope operating system is a file-oriented system. Because
of th1s fact, the user must have a general knowledge of the file mampulatlon All files )
used 1n the execution of the SRRNPP are binary files. The f1le-ma.mpulat1on process is
snmlar regardless of the program combination bemg run and regardless of whether the
source deck is loaded from cards or whether the binary version is loaded from data cell.
The first step is to store the binary versions of all programs being considered on separate
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files corresponding to their program names. ‘ (This step assumes comp11at10n is success-~
ful, if source decks are used. } The second step cons1sts of requestmg the input file from
Tape 8, copying the input file to disk (Tape 17), droppmg the magneuc tape, and using
Tape 7 as to the actual input file. At this point, the binary version of the program is
loaded and executed. A disk output file (Tape 4) is created if necessary, the output file
is copied to a magnetic tape (Tape 51) for future use. The first ]ob-step is now completed.

If another job-step is to be executed, the output. f11e (Tape 4) can be rewound and
used as an input file to the next job-step. The. random access file (Tape 20) can be used
in a similar manner with no rewind being necessary - This program communication
through input and output files is the essence of the- ]ob-steppmg techmques

If one of the two plotting programs is to be run; the b1nary version of the graphic
software is loaded by the system on the same f11_e as thei program binary before execution.
Once this move is accomplished, the plotti_ng- program is_executed,' .Before the actual plot
tape is created, the graphic output postprocessoi"program (plot). ‘must be loaded and -exe-
cuted. Appendix C describes the plotting techniques in.more detail. The process can
continue or terminate at any time depending on the number:-of job-teps to be executed.

The preceding description of file mampulatmn, although general in nature, describes
the techmque used in the runmng and executmn of all program combmatlons of the SRRNPP,

W

‘Program Performance and Memory Reqmrements

Est1mates of central processor t1me perlpheral processor t1me, and operatmg sys-
tem calls for the three major program combmatlons ona typ1cal problem are approx1-
mated in table XXV. ' :

The field length reqmred for the executmn of each of the f1ve programs follows

Program - Reqmred f1e1d length (Octal)

RAMANI L. 43625 !
SPECPLT T an

TRANS , . 44525

RNPPE4 | | - 44603

SPLPLT ’ . 24651

If program job-stepping is employed, any combmatmn of two or more programs can be
run in a single job at a required field length of less than 50 K (Octal) ‘It is important to
note that the automatic field-length reduction performed at load time by the operating sys-
tem must be suppressed by the job control card NORFL if job-Stepping'is employed.
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Performance times and statistics vary significantly on the problem being run. The
number of transducers, the number of spectrum points per station, the method for deter-
mining the blade-loading (BLH) data, and the amount of plotting generated are'the major
factors determining program performance. The following times and statistics are
based on the following problem. Transducer data are input from 7 transducers with
1840 sbectrum-data points per transducer. The spectrum-data combining results in
4 combined positions generated by 3 additions and 1 scaling. Four pairs of combined
amplitude and phase plots are generated. Seven sets of sound pressure level (SPL) data
are computed based.on 5 sets of nonintegrated BLH data and 2 sets of mtegrated BLH data.. '
Seven SPL plots are generated and two pairs of 1ntegrated BLH coefficients and phases :
are generated.

'

The figures shown in table XXV are based on the binary version of all programs
being loaded for a data cell, If the source programs are loaded from card decks, the
CPU time slightly increases because of compile time, the PPU time significantly decreases
because of the absence of the data cell, -and operating system (OS) calls remain nearly
constant.

!
All figures are based on the CDC 6600 computer system.
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PROGRAM LISTING

PROGRAM RAMANI (.INPUT=201,QUTPUT=201,TAPES=INPUT,TAPE6=0UTPUT, RAMAQOOLO 100000

+TAPE7=3001,TAPE4=3001,TAPE20=201) RAMAOQ20 200000

(R I TT2 22t 2232223222222 222222 22222 ) *ESREE XS .t#' SRR X R FE SRR SEREkRAMAQQI0 300000
Cc* PURPOSE *RAMAO040 400000
C* TO CUMBINE (BY ADDITIGN OR SCALING) THE SPECTRUM $RAMAOOS50 500000
ce* DATA OBTAINED FROM THE TRANSDUCERS PLACED AT THE *RAMAOO60 600000
C* #NTRACKS# POSITIONS ALONG THE €HORD *RAMAOOTD 700000
ce ‘ #RAMAO080 800000
Cc* NAMELIST INPUT PARAMETERS *RAMAOO90 900000
c* NTRACKS - NUMBER OF TRACKS OF TRANSDUCER SPECTRUM DATA®*RAMAOLO0 1000000
Cc* (LSNTRACKSS24) SRAMAOLLO 1100000
c* DBREF - AN ARRAY DIMENSIONED 24 (FOR THE MAXIMUM *RAMAOL20 1200000
c* NUMBER OF TRANSDUCER STATIONS) CONTAINIG THE*RAMAO130 1300000
(o : - DECIBEL REFERENCE-FREGQUENCY CONSTANTS *RAMAOL 4O 1400000
Cc* (DBREF(1)=0.0 IS DEFAULT VALUE 1sis24) *RAMAOLS50 1500000
C* - NPRINT = NUMBER OF COMBINED SPECTRUM UATA RECORDS *RAMAOL60 1600000
(o ’ » (FREQUENCY , AMPL ITUDE, PHASE) TO BE PRINTED  *RAMAOLT70 1700000
cx - FOR EACH POSITION *RAMAO180 1800000
c* o {NPRINT=50 IS DEFAULF VALUE) ®*RAMAOL190 1900000
cx _ NSKIP - NORMALLY INPUT AS ZERO. LF SPECTRUM DATA *RAMAQ200 2000000
cs ) . FROM BEGINNING STATVIONS IS TO BE SKIPPED, *RAMAO2I0 2100000
c* . (THERE ARE 2%{{NUMBER OF SPECTRUM DATA POUINTSRAMAD220 2200000
c* PER STATION -~ 1) / 1500 + L) + L TAPE RECORDSRAMAO230 2300000
c* . g PER TRACK) *RAMAD240 2400000
cx (NSKIP=0 IS DEFAULT VALUE) ®RAMA0250 2500000
cs MTRAUKS — NUMBER CF SPECTRUM DATA STATIUNS AFTER *RAMAO260 2600000
(] ’ COMBINING (ADDITION UR SCALENG) PLUS THE *RAMA0270 2700000
c* _ . o NUMBER QOF STATIUNS TO BE SKIPPED. . *RAMAD280 2800000
L* . (LSMTRACKSS24) *RAMAO0290 2900000
c* _ISTN, ~ TWO INPUT ARRAYS DIMENSIONED 24 (FOR THE *RAMAO300 3000000
C* JSTi MAXIMUM NUMBER OF TRANSDUCER STATIONS) #RAMAO310 3100000
c* _ S DESCRIBING THE COMBINING SEQUENCE. *RAMAO320 3200000
C* (1) ISTN(KI#JSTNIK) (JSTN(KI#0) 1s5KS24 *RAMAD033D 3300000
* . SPECTRUM DATA FROM TRANSOUCER TRACK NUHBERS'RAHAO360 3400000
C* . ISTN(K) AND JSIN(K) WILL BE ADDEUD. *RAMAO350 3500000
Cc* ' {2) ISTNIK)=JSTNIK) LsKs24 *RAMAD360 3600000
ce ) SPECTRUM DATA FROM TRANSOUCER TRACK NUMBER *RAMAG370 3700000
c* ISTN(K) WILL BE SCALED BY THE FACTOR WGHT. *RAMAD380 3800000
c* {3) ISTN(K)20 AND JSTNIK)I=0 1SKS24 «RAMAD390 3900000
c* ‘ SPECTRUM UATA FROUM TRANSDUCER TRACK NUMBER *RAMAO400 4000000
Cc* ISTN(K) WILL BE SKIPPED. *RAMAO410 4100000
Le . . RESTRICTIONS: [STN ARRAY MUST BE IN STRICTLY®*RAMAO420 4200000
Cc* INCREASING GROER AND [STN(I)2JSTN(J) FUR  *RAMAO430 4300000
(* 12J. *RAMAD440 4400000
c* (ISTN{K)=0 IS DEFAULI VALUE 1sKs24) #RAMAD450 4500000
c* (JSTN(KI=0 IS DEFAULT VALUE 15Ks24) *RAMAD460 4600000
(R WGHT - A SCALING FACTUR BY WHICH SPECTRUM DATA FROM#RAMAO4TO 4700000
cx } AN UNADDED STATION WilLL BE WEIGHTED *RAMAD480 4800000
cx . IF WGHT=1.0, THE DATA wllL BE LEFT AS IS *RAMAO490 4900000
c* (wohT=1.0 IS DEFAULT VALUE) *RAMAO500 5000000
(o 10PTN - O CGMBINED SPECTRUM DATA wiLL BE QUTPUT *RAMAO510 5100000
c* TO MAGNETIC TAPE ONLY. *RAMAOS520 5200000
.. c* 1 COMBINED SPECTRUM DATA WILL B8E OUTPUT *RAMAOS530 5300000
Cc* TU RANDUM ACCESS FUR LATER USE AS *RAMAOS@0 5400000
cx WELL AS MAGNETIC TaPe. *RAMAOSS0 5500000
c* (IOPIN=1 IS DEFAULT vALUE) *RAMADS60 5600000
c* NTAPE - L GNE TAPE IS USED TO INPUT SPECTRUM DATA *RAMAOST0 5700000
C* 2 ThO TAPES ARE USED TO INPUT SPECTRUM DATA®RAMAOSB80 5800000
(] (NTAPE=1 IS DEFAULT VALUE) *RAMAO590 5900000
L Ly — AN ARRAY UIMENSIUNED 24 {(FOR THE MAX[MUM *RAMAD600  ©000000
ce NUMBER GF TRANSCUCER STATIONS) CONTAINING  *RAMAD610 6100000

C* : THE STEADY LUADING FREQUENCY FUR EACH TRANS-*RAMA0620 6200000
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cx UUCER STATICN (PSI) *RAMAO6 30
e (LOCT)I=0.0 IS DEFAULT VALUE 1s1524) *RAMAD64O
Cs #RAMAO650
ce TAPE LINPUT PARAMETEKS *RAMA0660
Cc* ICH - TRANSULUCER STATIUN NUMBER *KAMAOGT0
C* {lsiCHs24) *RAMAObBO‘
ce UELTF - BLADE LOAUING FKEQUENCY *RAMA0690
e NSPCT - NUMBER CF SPECTRUM DATA PQOINTS PER *RAMAO7.00
ce TRANSGUCER STATION } #RAMAQTLO
e AMP - AN ARRAY DIMENSIGNED AT LEAST 1500 CONTAIN- *RAMAD720
C* ING THE SPECTRUM DATA AMPLITUDE *RAMAO7 30
ce PHASE ~ AN ARRAY DIMENSIUNED AT LEAST 1500 CONTAIN~ *RAMAOT40
[ ING THE SPECTRUM DATA PHASE *RAMADT50
c* : *RAMAOT60
cs SUBROUTINES USED . #RAMAOT70
(o NONE *RAMAOT80
c* - - *RAMADT90
(RITI 32222 232 222 2 2 222 23 t#######t#ttt#tt#ttttttttt#tttt##*#‘tttt##t#ttttttRAMAOBOO
C RAMAO810
* COMMON AMP (15009 2) +PHASE(L150042) yNUAMP(1500) 4NUPHASE (1500} RAMA0820
) DIMENSION DBREF(24) s ISTNL24)9sJSTNI24)INDEX({987) 4RECLL4)0ASPL{24)RAMADOB30
: +oLUL24) RAMAOB4O
c RAMA0BS0
REAL IH'NUPHASE'NUAMP,LO _RAMAOB6O .
¢ ’ RAMAOBT0
NAMELIST /INPUT/ NTRACKS CBREFoNPRINT NSKIPyISTNyJSTN, MTRACKS.HbHTRAMAOGBO
¢, IUPTN,NTAPE,LO RAMAD890
DATA RADIAN/ 5742957795/ RAMAD900
C ‘ - . : RAMAO910
C - FUNCTIONS USEU IN THE COMPLEX ADDITION GF THE TRANSDUCER RAMAQ920
d SPECTRUM DATA 'RAMA0930
RE(I JI=AMP(I1,J}*CUS(PHASEL] J)/RADIAN) RAMAO940
TMUL 4 J)=AMP([,+J) #SIN(PHASE(IJ)/RADIAN) : RAMA0950
P(Ich&'L)=(AMP(l'J)**Z)f(AMPIKyL)**Z) . e RAMA0960
PPULsJdeKoL)=2.%LAMP( L, JISAMP(KyL))* RAMAO970
LICOS({PHASE(L,u)=PHASE(KsL))/RADIAN}) RAMAO980
C - . RAMA0990
c . . OPEN KANDOM ACCESS FILE RAMALO0O
) "CALL- OPENMS (20, INDEX,987,0) RAMA1010
C ' RAMALO20
C . INPUT NAMELIST DEFAULT PARAMETER VALUES RAMA1030
NPRINT = 50 RAMALQ40
NSKIP = U RAMAL10S0
WGHT = 1.0 RAMAL060
©[uPIN = 1 RAMAL1070
NTAPE = 1 RAMA1080
DU 5 [=L,24 . RAMALO90C
DOREF(I) = 0.0 RAMALLOO
LOLI) = 0.0 RAMALLLO
ISTN(L) = v RAMALlL120
JSTN(I) = 0 RAMALL30
"7 5 LGNTINUE" - RAMA1140
¢ - RAMALLS0
C REAUD NAMELIST INPUT, CHECK FCR ENQ OF FILE, AND OQUTPUT RAMALL60
C NAMELIST INPUT TG PRINTER RAMALL70
10 READ (35,INPUT) " RAMALLBO
IF (EOQF,5) 999,20 RAMALLISO
20 WRITE L6,1INPUT) RAMAL200
C RAMAL2E0
C SKIP FIRST NSKIP RECGRDS OF INPUT TAPE
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L

RAMA1220

16300000 .

6400000

6500000
6600000
6700000
6800000
6900000
7000000
7100000
7200000
7300000
7400000
7500000
7600000
7700000
7800000
7900000
8000000
8100000

- 8200000
8300000
8400000

8500000
8600000

"8700000
8800000

- 8900000
9000000
9100000
9200000
9300000
9400000
9500000
9600000
9700000
9800000
9900000

10000000

10100000

10200000

10300000

10400000

10500000

10600000

10700000

10800000

10960000

11000000

11100000

11200000

11300000

11400000

11500000

11600000
11700000
11800000
11900000
12000000
12100000
12200000
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IF (NSKIP .EQe. 0) GU TU 40

25~

DO 30 I=l.NSKIP
MAKE EOF CHECK AND DETERMINE IF INPUT SPtCTRUM DATA
“COMES FROM L OR 2 TAPES

READ (7)

IF {EUF+7) 25,30

IFf (NTAPE .NE. 1) GO TO 30

" WRITE (642040) NSKIP

RAMAL1230
RAMAL240
RAMA1250
RAMAL260
RAMAL2T0
RAMAL1280
RAMAL1290
RAMAL1300

2040 FORMAT (///+40X,*THE NUMBER OF SPECTKUM DATA RECORDS TO BE SKIPPEDRAMAL310

L *,159/430Xe*1S GREATER THAN THE NUMBER OF RECORDS OF SPECTRUM DATRAMAL320
_2A ON INPUT TAPE*)

30
c
Cv\
c
c'-—~.
40
50
C
C
[
€
C
C

53

60 Tu 999
CONTINUE

INITIALIZE COUNTERS FOR NUMBER OF TRANSDUCER STATIONS,
““RECORD SI1ZE UF SPECTRUM CATA BLOCKSs AND THE NUMBER
. OF SPECTRUM DATA BLUCKS PER STATION
NSTN. = 1
NPUIN = 1500
NR = 1 .

READ TKANSDUCER STATION IDENTLIFICATION RECORD FROM INPUT
TAPE ANU USE IT FOR SAME PURPOSE BN RANDOM ACCESS FILE

iR&AU'(?) ICHyDELTFINSPCT

MAKE -EOF CHECK AND DETERMINE IF INPUT SPECTRUM DATA
CUMES FRUM 1 OR 2 TAPES

IF (EOQF,7) 53,57 )

IF (NTAPE .NEe. 1) GO TO 55

WRITE (6,2050) NTRACKS

RAMA1330
RAMAL1340
RAMA1350
RAMAL1360
RAMAL370
RAMAL380
RAMAL1390
RAMAL400
RAMA1410
RAMAL420
RAMAL430
RAMA1440
RAMA1450
RAMAL460
RAMA1470
RAMA1480
RAMAL1490
RAMA1500
RAMALS 10
RAMA1520

2050 FORMAT (/7/,40X,*THE NUMBER OF TRACKS OF SPECTRUM DATA TO BE COMBIRAMALS30
LNED *91247,30X,%IS GREATER THAN THE NUMBER OF TRACKS OF svscwuun DRAMA1540

.. .55
¢
57
C
c .
c.
C
C
C
c -
- 60
-1
C
C
L

2ATA ON INPUT TAPE®*)

GO TO 999
READ (7) ICHyDELTFNSPCT

FLOATLICH)
DELTF
FLOAT(NSPCT)

RECL(L)
RECL(2)
RECL{(3)

noHo

BY DETERMINING THE NUMBER OF SPECTRUM DATA BLOCKS PER
STATIUN COMPUTE BEGINNING RANDOM ACCESS RECORD LOCATION

NREAD ANSPCT-1)/1500 + 1

- NRPTS = 2¢NREAD + 1

NREC. = (ICH-1)%NRPTS + 1
CALL WRITMS (20,RECLy3,NREC)
NREC = NREC+1

DETERMINE RECORD SILE OF DATA BLOEK NREADs READ SPECTRUM
OATA BLOCK FROM [NPUT TAPE, AND STORE DATA BLOCK ON
RANDUM ACCESS FILE IN TwG RECGRDS —AMPLITUDE + PHASE.

NTOTL = NR%1500 . .

IF (NTOTL «GT. NSPCT) NPCIN = NSPCT-NTOTL#1500

REAU (7). (AMP(1,1)4+PHASE(I41)y1=1sNPCIN)

‘ CALL WRITMS (20,AMPLL,1) ,NPOINyNREC)

NREC = NREC+1
CALL WRITMS (£0yPHASE(LyL1)sNPOINyNREC)
NREC = NREC+1

VETERMINE IF LAST CATA BLOCK FUR THIS STATION HAS BEEN
READ ANU STORED

RAMAL1550
RAMAL1560
RAMALS570

RAMALS80
RAMAL5%90.

RAMAL1600
RAMAL1610
RAMAL1620
RAMAL1630
RAMAL640
RAMA1650
RAMAL660
RAMAL1670
RAMAL1680
RAMAL1690

- RAMAL1700

RAMAL710

RAMAL1720 .

RAMAL1730
RAMAL1740
RAMAL750
RAMALT760
RAMALTT0
RAMA1780
RAMALTS90
RAMA1800
RAMALB 10
RAMAL820
RAMAL1830

12300000
12400000
12500000
12600000
12700000
12800000
12900000
13000000
13100000
13200000
13300000
13400000
13500000
13600000
13700000
13800000
13900000
14000000
14100000
14200000

14300000

14400000
14500000
14600000
14700000
14800000
14900000 .
15000000
15100000
15200000

15300000

.15400000
15500000

15600000
15700000

.15800000

15900000
16000000
16100000
16200000
16300000
16400000 _
16500000
16600000
16700000
16800000
16900000
17000000
17100000
17200000
17300000
17400000
17500000
17600000
17700000
17800000
17900000
18000000
18100000
18200000
16300000
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IF (NPUIN oNE. 1500) GU TG TU RAMALB40 18400000

NR = NR+1 RAMALES0 18500000

GO Tu 60 - , RAMALB60 18600000

c o ’ . RAMALB870 18700000
¢ VETERMINE L+ SPECTRUM DATA HAS BEEN INPUT AND- STUREU FOR RAMAL880 18800000
c ALL THRANSDUCER STATICNS © RAMAL890 18900000
70 NSTN = NSTN+L _ RAMA1900 = 19000000

IF INSTN .LE. NTRACKS) GO TU 50 RAMA1910 19100000

C RAMAL920 19200000
¢ SET PUINTER FRu THE RECURD SIZE OF THE LAST SPECTRUM DATA RAMAL930 19300000
C BLOCK FOR EACH STATIGN RAMA1940 19400000
MPOIN = NPUIN . RAMAL950 19500000

¢ INITLALIZE STEADY LUADING AND OASPL COUNTER RAMAL960 19600000
NWS = 0 _ RAMALSTO 19700000

¢ INITIALLZE CUMBINEL SPECTRUM DATA RECORD REWRITE CUUNTER RAMAL980 19800000
NKREC = 1 ~.o . .- RAMAL990.. 19900000

¢ RAMA2000" 20000000
L LOUP TU REDUCE THE NUMBEK OF TRANSUUCER STATIONS (BY = RAMA2010 20100000
c AUDITIUN) FROM NTRACKS TG MTRACKS o RAMA2020° 20200000
¢ : _ RAMA2030 . 20300000
DU 160 NS=1sMTKALKS RAMA2040 20400000

¢ RAMA2050 20500000
c RAMA2060 20600000
o OETERMINE IF DATA FRCM TRANSUUCER TRACK ISTN(NS) IS TO BE RAMA2070 20700000
C IGNURED RAMA2080 20800000
LF (J5TNINS) .kws U) GU TQ L6V : RAMA2090 20900000

o : KAMAZ100 21000000
L INLVIALICE CUUNTERS (IREC IS OURIGINALLY SET TO TRANSODUCER RAMAZ110 21100000
C. IDENTIFLICATIUN RECUKU FUR STATION NS — SIMILAR UEFINITION RAMA2120 21200000
L FOR JREC AND NREC). RAMA2130 21300000
SUM = 0.0 RAMAZ140 21400000
=1 ' RAMA2150 21500000

IREC = (ISTN(WS)I=L)*NKPTS + | i RAMA2160 21600000

c . RAMAZ170G 21700000
¢ READ STATIUN IDENVTIFICATION RECORD, RESTORE THIS RECORD, RAMA2180 21800000
¢ UN RANDUM ACCESS IF DESIRED, AND READ SECOND STATION, .  RAMA2190. 21900000
L IDENTIFICATION RECGRD. , o RAMA2200 22000000
CALL REAUMS (20,RECLy 3, IREC) RAMA2210 22100000

. IF LIOPIN .EQ. O} GO TO &0 RAMA2220 22200000
RECL{4) = FLUATINREAU) RAMA2230 22300000

CALL WrRITMS(2UsRECLs4/NREC) RAMA2240 22400000

NREC = NREC+1 RAMA2250 22500000

80 IF CISTNUNS) .Eqe JSTNUINS)) GO TG 90 , RAMA2260 22600000
TJREC = (JSTN(N>)I=L)®=NRPTS + 1 RAMA2270 22700000

CALL READMS (ZO04RECL 430 JREC) RAMA2280 22800000

¢ RAMA2290 22900000
o UUTPUT POSITION hEADING I[wFORMATIGN RAMA2300 23000000
T 90 IF (ISTNUINS) o NE. JSTNUINS)) WRITE(6,2000) NS»ISTNUINS)sJSTN(NS) RAMA2310 23100000

2000 FORMAT (1lHL9/7/440Xs%¥COMBINING UF TRANSUUCER STATION SPECTKUM ULDATA%RAMA2320 23200000
Ly// 950X #FLNAL VALUES FUR PCSITICN #*,12,/7,35X,%#(SPECTRUM DATA FROMRAMA2330 23300000
2 STATIUNS *y01c2s% AND %4, 12,% nAS BEEN ADBDEDI%,//) RAMA2340 23400000
IF (LSTNINS) +EQe JSTNENS)) wRITE (6920300 NSy ISTNUNS) yWGHT RAMA2350 23500000
2030 FURMAT (1H4+//,40X+*COMUBINING OF TRANSDUCER STATIUN SPECTRUM DATA*RAMA2360 23600000
Le/7 950Xy *FINAL VALUES FUR PUSITIUN *4124/935X,*(SPECTRUM DATA FRUMRAMA2370 23700000

L]

2 STATIUN *4i2,% HAS BEEN SCALED BY THE FACTUR%*,(16. a.*)*.//) RAMA2380 23800000
WRITE (642020) RAMA2350 23900000

2020 FURMAT {// 124X ¢*FREQUENCY*, 10X, *AMPLITUDE® ¢ 12X, %PHASE®,/) RAMA2400 24000000
C , RAMAZ2410 24100000
¢ WRITE PUSITIUN ICENTIFICATION RECORD ON OUTPUT TAPE RAMA2420 24200000

"WRIFE (4) N5,UELTF NSPCTNREAU . RAMA2430 24300000
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RAMA2440
RAMA2450

LOUP TU KEREAD TRANSCUCER SPECTRUM DATA FROM RANDUM ACCESSRAMAZ460
FILE "IN PKEPARATICN FOR ADDITION, CHREATE CUTPUT TAPE, AND RAMA24T0

TU RESTORE COMbINED SPECTRUM DATA TO RANDOM ACCESS.

DU 150 NR=1,nNREAD

NPOIN = 1500

- [P (NR .EW. NREAU) NPUIN=MPOIN

" IREC = IREC+1

CaLL REAUMS (20,AMP{1,1)sNPCINy IREC)

“ IREC = IREC+1

100

CALL READMS (20+PHASE(LsL)+NPCINsLREC)
IF CISTNINS) .EQ. JSTNINS)) GO TC 10¢
JREC = JRE(+]

CALL READMS (20,AMP(1,2)NPCIN,JREC)

"UREC = JREC+1

CALL READMS (209PHASE(Ll+2) ¢+NPGIN,JREC)

LOOP TU ADD SPECTRUM DATA FOR THE APPROPRIATE STATIUNS OR

Tu SCALE UNADDED DATA, CCMPUYE FREWQUENCY AND TO QUTPUT
NPRINT VALUES TO PRINTER FOR EACH PUSITIUN

DO 140 1=1,NPOIN
DETERMINE IF TRANSDUCER OATA IS TQ. BE ADDED OR SCALED
IF (ISTNINS) +tQ. JSTNINS)) GG TG 110

‘CUOMPLEX ADDITION OF SPECTRA (ISTN#JSTN)

PLEP LI o lel92)+PP(Ey1le1,2)

NUAMPL[)=SuRT(PL)

’tNUPHASE(I) =ATANZCCIMUL L)+ IMUL42) )9 (RELL,LI+RE(TL42)))

NUPHAS E( 1) =NUPHASE( 1 )*RADIAN

;.60 TU 120

110

2010

130
140

120.

HEIUHT UNCUMBINEU SPECTRA

NUA@P(xb = WGHT % AMP(1,1)
NUPHASE(I) = PHASE(I,1)

_ " COMPUTE FREQUENCY
F = (1-1) * DELTF

UUIPUT NPRINT VALUES TO PRINTER

"IF.(ll «GTo+ NPRINT) GO TOD 130

WRITE (652010) 11¢FyNUAMPLL) +NUPHASELL)
FUORMAT (10X, 1543(5X,E14.5))
11 = 11+l

SUM = SUM + ABSINUAMP(1))*%2
CONT INUE

WRITE PUSITION DATA BLOCKS TC QUTPUT TAPE
WRITE (4) (NUAMP(I1),NUPHASE(I),]=1,NPOIN)

DETERMINE IF PUSITION DATA BLOCKS ARE TO BE RESTORED ON
RANDOM ACCESS
IF (1JPTN -.EQ. 0) GO TO 150

RAMA2480
RAMA2490
RAMAZ2500
RAMA2510
RAMA2520
RAMA253C
RAMA2540
RAMA 2550
RAMA2560
RAMA2570
RAMA2580
RAMA2590
RAMA2600
RAMA2610
RAMA2620
RAMA2630
RAMA2640
RAMA2650
RAMA2660
RAMA26170
RAMA2680
RAMA2690
RAMA2T700
RAMA2T10
RAMA2T720
RAMA2730
RAMA2740
RAMA2T50
RAMA2760
RAMA27170
RAMA2780
RAMA2790
RAMA2800
RAMA2810
RAMAZ2820
RAMA2830
RAMA2840
RAMAZ2850
RAMA2860
RAMA28170
RAMA2880
RAMA2890
RAMAZ2900
RAMA2910
RAMA2920
RAMA2930
RAMA2940
RAMA2950
RAMAZ2960
RAMA29T70
RAMA29 80
RAMA2990
RAMA3000
RAMA3010
RAMA3020
RAMA3030
RAMA2040
RAMA3050

24400000
24500000
24600000
24700000
24800000
24900000
25000000
25100000
25200000
25300000
25400000
25500000
25600000
25700000
25800000
25900000
26000000
26100000
26200000
26300000
26400000
26500000
26600000
26700000
26800000
26900000
27000000
27100000
27200000
27300000
27400000
27500000
27600000
27100000
27800000
27900000
28000000
28100000
28200000
23300000
28400000
28500000
28600000
28700000
28800000
28900000
29000000
29100000
29200000
29300000
29400000
29500000
29600000
29700000
29800000
29900000
30000000
30100000
30200000
30300000
30400000
30500000
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CALL WRITMS (209NUAMP{1)yNPOINyNKEC)
NREC = NREC+1
CALL WRITMS (20sNUPHASE(1)+NPOINsNREC)

NREC = NREC+l-
v

CONTINUE
COMPUTE POSITION STEADY LOADING FACTORS, COMPUTE OASPL
ARRAYys AND OUTPUT TO TAPE ‘
NNS = NNS+l
LUl = ISTN(NS)
LO2 = JSTNINSI)

ABS (LO(LOLD)
ABS (LO(LOLI-LO(LOZ))

IF (LOl oEde LG2) LOINNS)
IF (LUL oNEo. LU2) LUINNS)
RMS = SQRT (SUM*DELTF)
UASPLINNS) = 20. * ALOGLO(RMS/DBREF(NS))
WRITE (42 LO(NNS)GASPL(NNS)

CONT INUE

IF RANDUM ACCESS RESTORAGE OF COMBIINEU SPECTRA IS wESIREW

WRITE STEADY LOADING ARRAY AND DQAGPL ARRAY TQ FILE
IF (IJPTIN .Ew. 0) GU TO 333
CALL WRITMS(209LULL) +MTRACKS NKEC)
NREC = NREC+L
CALL WRITMS(204UASPL(L1)yMTRACKSyNREC)

6y Tu 10

CUNT INUE

STOP

ENUL

PRUOLRAM SPECPLT {(INPUT=201,GUTPUT=201,TAPES=INPUT,TAPE6=0UTPUT,

+TAPE4=3001,1APE20=201)

RAMA3060
RAMA30170
RAMA3080
RAMA3090
RAMA3100
RAMA3110
RAMA3120
RAMA3130
RAMA3140
RAMA31S0
RAMA3160
RAMA3170
RAMA3180
RAMA31S0
RAMA3200
RAMA3210
RAMA3220
RAMA3230
RAMA3240
RAMA3250
RAMAJ260
RAMA3270
RAMA3280
RAMA3250
RAMA3300
RAMA3310
RAMA3320
RAMA3330
RAMA3340
RAMA3350
RAMA3360
RAMA3370
SPECOO10
SPEC0020

(&SR SRS REX SR GE S FLE XD BR XXX XX F VXA SR X RDRRER SR UXE LG LR ke R e ke e x ok A2 SPECQO30

s
[} 4
L*
(of 2
Ccx
[of )
%
[
C*
{*
L*
LE
s
(%
C*
c*
(%
cx
e
C*
C*
C*
Ccs
[of J
fof 3
(%
i
Ce
Cx
(%
C*
C*

(%

C*
C*
C*
C*
C*
C*

80

PURPOSE
PLUT (CALCOMP PLCT) THE CUMBINBD TRANSOUCER SPECTRUM
DATA GENERATED B8BY PROGRAM RAMANI. GNE AMPLITUDE
SPECTRUM AND UNE PHASE SPECTRUM 1S PROUDUCED FuUR
EALH GF THE CCM3INED (ADDED OR SCALED) PUSITIONS.
THE PLOTS ARE CALCCMP PLOTS UOF AMPLITUDE (OR PHASE)
«VS. FREWQUENCY.

NAMEL IST INPUT PARAMETEKS
MTKACKS — NUMBER CF SPELTRUM-UDATA PCSITIUNS AFTER
CUMBINING (LSMTKACKSS14)

THRUST -~ TUTAL LIFT CF HELICUPTER (LBS.)

RPM = KOTATIONAL SPEED OF RUTOR (RPM)

AMIN =~ (XMAX=XMIN) IS ALLOWABLE FREQUENCY RANGE
(XMIN=0.0 IS DEFAULT VALUE)

XMA A FUR PLOTTING THE SPECTKUM ODATA (HZ.)
(XMAX=1000.0 IS DEFAULT VALUE)

RUN = KUN NUMBEK

YMIN = {YMAX=YMIN) LS ALLOWAOSLE AMPLITUDE RANGLE
(YMIN==10u.0 IS DEFAULT VALUE)

YMAX FGR PLOTTING THE SPECTRUM DATA

C (YMAX==0.,0 IS DEFAULI VALUE)

YSCALE - AMPLITUDE SCALE FACTUOR
(YSCALE=10.0 IS DEFAUL VALUE)

ANPLUT = AN ARRAY DIMENSIUNED 14 (FOR THE MAXIMUNM

NUMBER CF TRANSDUCER STATIUNS) DETERMINING

WHETHER A SPECTRUM PLOT [S DESIRED FOR

A GIVEN STATION

U NU SPECTRUM UATA PLOTS ARE GENEKATED FOR
ITh POSITION I=192¢4+¢4 91 MTRACKS

L AN AMPLITUDE SPECTRUM PLOT IS GENERATED
FOR THE ITH PCSITION 1I=1+2v4ee9MTRACKS

2 d0Th AMPLITUDE AND PHASE SPECTRUM PLOTS
Wltl BE PROVUCED FOR THE ITH POSITION

10PN = 0 THIS PRUGRAM ‘IS NOT RUN IMMEDIATELY

FGLLUWING PROGRAM KAMANL. THEREFUORE,
CCMBINED SPECTRUM DATA IS INPUT FRUM
MAGNETIC TAPE.

*SPEC0040
*SPECO050
*SPECO060
®SPECCO70
*SPECOOBO
*SPECO0U90
#SPECOLOO
*SPECOL110
*SPECO120
*SPECOL30

*SPECOL40

*SPECOLS0
*SPECOL60
*SPECOL70
*SPECOL80
*SPECOL90
*SPECO200
*SPECO210
*SPECO220
#SPEC0230
#SPECOZ40
*SPECO250
*SPECO2¢€0
*SPECO270
*SPECO280
*SPECO290
=SPECO300
#SPECO310
*SPECO0320
®*SPECO330
#SPECO340
*SPECO350
#SPECO360
*SPECO370
*SPECO380
#SPECO0390
*SPECO400
*5PELO4LO
*SPECO420

30600000
30700000
30800000
30900000
31000000
31100000
31200000
31300000
31400000
31500000
31600000
31700000
31800000
31900000
32000000
32100000
32200000
32300000
32400000
32500000
32600000
32700000
52800000
32900000
33000000
33100000
33200000
33300000
33400000
33500000
33600000
33700000
33800000
33900000
34000000
34100000
34200000
34300000
34400000
34500000
34600000
34700000
34800000
34900000
35000000
35100000
35200000
35300000
35400000
35500000
35600000
35700000
35800000
35900000
30000000
36100000
36200000
36300000
36400000
36500000
36600000
36700000
36800000
36900000
37000000
37100000
37200000
37300000
37400000
37500000
37600000
37700000
37800000
37900000
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Ccs L THIS PROGRAM IS RUN IMMEDIATELY FOLLOWING *SPECO0430
cs (JCB-STEPPED WITH) PKOGRAM RAMAN]. *SPEC0440
Cc* THEREFOREs CUMBINED SPECTRUM DATA 1S INPUT®#SPECO0450
Ls FROM RANDUM ACLCESS FILE. «SPECO460
ce (IUPTN=1 IS VUEFAULT VALUE) *SPECO4T0
C* *SPECO4E0
e MAG TAPE Ok RANUUM ACCESS FILE INPUT «SPEC0490
Cc* icH — SPECIRUM DATA PLSITION NUMBER *SPECOS00
Cc* (LsICHsL4) #SPECOS510
C* UELTF - BLAGE LLAULING FREGUENCY *SPECO520
e NSPLT  — NUMBER CF SPECTRUM DATA PUINTS PER TRANS-  #SPEC0530
ce : : DUCER (CUMBINEC) STATIUN ¥SPECO540
Cc* aMP - AN ARRAY DIMENSIUNED AT LEAST 150U CUNTAIN- *SPEL0550
s ING THE CUMBINEL SPECTKUM DATA AMPLITUDE.  *SPEC0560
c* PHASE - AN ARRAY DIMENSIONED AT LEAST 1500 CONTAIN- *SPEC0S570
Cc* . ING THE COMBINEL SPECIRUM DATA PHASE #SPECOS80
Ce *SPECO590
(R SUBROUTINE USED *SPEC0600
Ce : NONE *SPECO610
(ORGP EREFRFSXB RSB REFX S ALV IE B AR VSRS BER SRS XSRS e BRSE ke RXETESPECO620
C ‘ SPEC0630
COMMUN NUAMP (1500) yNUPHASE(1500) XPLCT(1500),R1(1500) SPEC0640
DIMENSIUN OBREFLL14)+L0(L14),UASPLIL4) oiINPLUTLL%) ,PARL(2)PAR2(2), SPEC0650

+PARB (2}, PARGL2) +PARD(2) ,PAROL2) s PART(2) s INDEX{90T) (KECLI4) SPECO66D

C SPEC0670
REAL LU)NUAMP ,NUPHASE SPEC068C

C - SPECD690
NAMELEST 7 INPUT/ MIRACKS, THRLST yRPMy XMINs KMAX s RUNS YMIN,YMAX, YSCALESPECQT7CC

+ s NNPLUT s DBREF, [UPTN SPECO710

C : SPECOT20
C UPEN RANDUM ACCESS FILE AND CALL CALCOMP PRUCE SSOR SPECU730
CALL OPENMS (20, INVEXs987,0) SPECO740

CALL PSEUDU (oLsPCTRA) SPECO750

CALL LERUY SPECO755

c ) SPECO760
C INPUT NAMELIST UEFAULT PAKAMETER V.ALUES SPECO770
XMIN = 0.0 . SPECO780

XMAX = 1000.0 SPECO790

YHIN = =1060.0 SPECOB0O0

YMAX = -0.0 SPECO0810
YSCALE = 10.0 SPEC0820

LOPTN = | SPEC0830

PU > I=1,14 SPEC0840
NNPLOT L) = 0 SPEC0850
VBREF(I) = 0.0 SPEC0860

5 CUNT INUE SPECO870

C ) SPECUBE0
C READ NAMELIST INPUT, CHECK FUR END UF FILE, AND UUTPUT SPEC08SO
C NAMELIST TU PRINTER : SPECO900
LO READ(S5,INPUT) SPECO910

IF (EOF45) 999,30 SPEC0920

30 WRITE(6,INPUT) SPEC0930

C SPEC0940
(o TEST Ty LETERMINE IF COMBINED TRAMSDUCER SPECLTRUM DATA IS SPEC0950
C TU BE INPUT FRUM RANOGM ACCESS FILE OR PRGGRAM RAMANI SPEC0960
¢ OUTPUT TAPE : SPEC0970
LF (IJPTN .NEe v) GO TO T7C SPEC0980

o SPEC0990
c SPECLQ00
C INITIALLIZE KANDGM ACCESS RECURD COUNTER FOR SPECTRUM DATA SPECLO10
NREC=1 SPECL020

C . SPEC1030
C #L00P# TO INPUT COMBINED TRANSDUGER SPECTRUM DATA FROM  SPEC1040
c RAMANI OQUTPUT TAPE AND RESTURE THIS SPECTRUM DATA ON THE SPEC1050
(o RANDOM ACCESS FILE SPEC1060
DU 50 NS=1.MTRACKS SPEC1070

C SPEC1080
c READ TRANSDUCER STATICN IDENTIFICATION RECORD (AND RESTORESPECL090
c ID. RECORD ON RANDOM ACCESS) SPEC1100
READ (4) ICH,DELTF,NSPCT,NREAD SPECI1 1O
RECL(1) = FLOAT (ICH) SPEC1120
RECL12) = DELTF SPEC1130
RECL{3} = FLOAT (NSPCT) SPECL140

38000000
38100000
38200000
36300000
38400000
38500000
38600000
38700000
38800000
38900000
39000000
39100000
39200000
39300000
39400000
39500000
39600000
39700000
39800000
39900000
40000000
40100000
40200000
40300000
40400000
49500000
43600000
49703000
40800000
40900000
41000000
41100000
41200000
41300000
41400000
41500000
41600000
41700000
41800000
41900000
42000000
42100000
42200000
42300000
42400000
42500000

42600000

42700000
42800000
42900000
43000000

43100000

43200000

‘43300000

43400000
43500000
43600000
43700000
43800000
43900000
44000000
44100000
44200000
44300000
44400000
44500000
44600000
44700000
44800000
44900000
45000000
45100000
45200000

81
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40

50

70

‘80

90
190

110
120

APPENDIX G
RECL(%) = FLOAT (NREAD) R

CALL WRITMS (204RECLy4+NREC)
NREC = NREC+1

DETERMINE APPRUPRIATE RECORO SIZE OF AMPLITUDE (PHASE)

DATA BLUOCKS
NPOIN = 1500
MPOIN = NSPCT - (NREAD-1)#*1500

READ SPECTRUM DATA BLOCKS FROM TAPE (ANU RESTORE DATA
BLOCKS ON RANDOM ACCESS
DO 40 NR=1,NREAD

IF (NR .EU. NREAD) NPOIN=MPOIN

READ (4) (NUAMP( L)/ NUPHASE(L)+1=1,NPGIN)
CALL WRITMS (20+NUAMP (L) 4NPOINyNREC)
NREC = NREC+1

CALL WRITMS (20,NUPHASE(L)sNPOLN,NREC)
NREC = NREC+1

CONTINUE -

SPECL150
SPEC1160
SPECL1170
SPECL180
SPEC1190
SPEC1200
SPEC12M0
SPEC1220
SPEC1230
SPECL240
SPEC1250
SPEC1260
SPEC1270
SPEC1280
SPEC1290
SPEC1300
SPEC131}0
SPEC1320
SPEC1330
SPEC1340
SPEC1350
SPEC1360

READ STEADY LOADING FACTOR AND OABPL TO BE USED IN SPECTRUSPECLI370

PLOT LABELING
READ (4) LOUNS)»O0ASPLINS)

CONT INUE

RESTURE POSITION STEADY LOADING FACTURS ANO POSITION
UASPL FACTORS UN RANDOM ACCESS

CALL #RITMS (20+LQU1))MTRACKSINREC)

NREC = NREC+l

CALL WRITMS (20,UASPL(1)+MTRACKS,NREC)

GO To 80

SPECTRUM DATA IS TO B8E INPUT DIRECTLY FRUM RANDOM ACCESS

SPECL380
SPEC1390
SPEC1400
SPEC1410
SPECL1420
SPEC1430
SPECL1440
SPECL450
SPEC1460
SPEC1470
SPEC1480
SPEC1490
SPEC1500
SPECL510

{READ STATION IDENTIFICATION RECORD, STEADY LOADING FACTORSPECL520

RECURD, AND UASPL RECULRD)

NKEC = 1 -

CALL REAUMS (209RECLs4+NREC)
DELTF = RECL(Z)

NSPCT = IFIX (RECL(3))

NREAD IFIX (RECL(4))

NREC = MTRACKS*{2%NREAD+1) + 1

CALL REAUMS (20sLO(L) MTKALKSoNREC)
NREC = NREC+1

CALL REAUMS (20+0ASPLEL)sMTRACKS NREC)
MPOIN = NSPCT - (NREAD-1)#1500

SECTION TO COMPUTE #BANDWIUTH# FOR TRANSDUCER STATION
SPECTRUM PLUTS
00 v0 I=1.NSPCT
lJy=1]
IF (C1J-L)*DELTF JUGE. XMIN) GU TO 106
CONT INuE
Jl = 1y
VO 110 I=1JleNSPCT
1d = NSPCTY -1 +1J1
IF {(1J-1)*VELTF .iLEs XMAX) GU TO 120
CUNT [NUE
12 = 1J.

1F (1JL «LT. 1J42) GU TO 130
wRITE (6+2000)

SPEC1530
SPEC1540
SPEC1550
SPEC1560
SPECL1510
SPEC1580
SPEC1590
SPEC1600
SPECL610
SPEC1620
SPEC1630
SPECL640
SPEC1650
SPEC166G
SPECLOTC
SPEC1680
SPECL690
SPEC1700
SKECLT10
SPEC1720
SPECL730
SPECL740
SPEC1750
SPECLT60

SPECL770 -

SPEC1780
SPECLTS0
SPECLBOO

2000 FURMAT (LH1+//410X,%*3ANOWEOTH FOR SPECTRUM PLOTS LS TOO NARROW ~ NSPECL810

(%
C

C

82

130

+U CUMBINED TRANSDUCER STATIOUN SPECTRUM PLOTS ARE GENERATED*)
G0 TO 333

CJUMPUTE THE WNUMBER OF PUINTS TO BE PLOTTED
NPLOT = [J2-lJdli+l

SPECLB20
SPEC1830
SPECL840
SPEC185C
SPEC1860
SPECIHT0

45300000
45400000
45500000
45600000
45700000
45800000
45900000
46000000
46100000
46200000
46300000
46400000
46500000
46600000
46700000
46800000
46900000
47000000
47100000
47200000
47300000
47400000
47500000
47600000
47700000
47800000
47900000
48000000
48100000
48200000
48300000
48400000
48500000
48600000
48700000
48800000
48900000
49000000
49100000
49200000
49300000
49400000
49500000
49600000
49700000
49800000
49900000
50000000
50100000
50200000
50300000
50400000
50500000
50600000
50700000
50800000
50900000
51000000
51100000
51200000
51300000
51400000
51500000
51600000
51700000
51800000
51900000
52000000
52100000
52200000
52300000
52400000
52500000
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220 XSCALE =

240

FRANGE
1PUN LO=ALUGLY(+RANLE )

PUWLY

APPENDIX G

CUMPUTE SCALE FACTOURS, Al X-AXIS AND Y=AXIS LENGTHS

= XKMAX—-XMIN

L5 Puwlvy

IF (PUwl0 .GEJ FRANGE) PUWLIO = POWLO/ LU,
LF (FRANGE/PUWLIY ~LU.) 19Cy180,180

180 XSCALE :

vu TO 240

190 IF (FRANGE/POWL] = 5.) 210,200,200
20V XSCALE
GU - Tu 24V

210 IF (FRANGE/PUWlu = 2.) 23042204220

= PUMLO

= POwly / 2.

PUWLO / 5.

GU TU 240
230 XSCALE

IMIN

= PUwlv:/ 10,
XMIN / XSCALE

IFCIMIN®XSCALESGToXMIND IMIN=IMIN-1
XMIN=IMIN®XSCALE

IMAX=KMAX/XSCALL

IFLIMAX®XSCALELLT.XMAK) IMAX=IMAX+]
XL=iMAX=IMIiN-

NMAX={ YMAX=YMiN} /YSCALE

" LF(NMAKXYSCALE+YMEINSLT.YMAX) NMAX=NMAX+L
IF(NMAX.GT.10) NMAX=10

YL=NMAX

SET MINIMUM ANU MAXIMUM PHASE VALUESs AND Y-AXIS LENGTH
AND SCALE FACTURS FUR THE OPTIOUNAL PHASE SPECTRUM PLOTS

YPMIN = -180.0
YPMAX = 180.0
YPL = 10.U
YPSCALE = 40.0.
DETERMINE TUTAL NUMBER OF SPECTRUM DATA RECORDS STORED
: ON. RANUJM ACCESS :
NRCSUM = MTRACKS * (Z¢NREAC+l) + 3

»

#LO0P* TU CREATE TRANSDUCER SPECTRUM DATA PLOTS

DU 300 NS= lpMIKACKS

DEItRMINE IF PLUT 1S REGUESTED FUR THIS STATION

IF (WNPLUTI(NS} .EQ. 0) 6C TO 300

NAP =

i

SET LUUP INLEX UEPENDING ON WHETHER PHASE PLOT [S DESIRED

iF (NNPLOT(NS) «EW. <) NAP=2

LOGP FUR AMPLITUUE AND OPTIONAL PHASE SPECTRUH PLOTS
IF [AP=2, ALL REFERENCES TU AMPLITUDE IN THE FOLLOWING
LCUP ACTUALLY ARE CIRECT TO PHASE.

DU 295 1AP=1,NAP

IPREC

MTOTL
KPNTS
NTUTL
NPUIN

NREC =

INITIALIZE RANDOM ACCESS RECURD COUNTER FOR PLUT DATA
NRCSUM

INITIALIZE COUNTERS FOR THE TOTAL NUMBER OF ELEMENTS IN
PLOTTING ARRAYS, THE PLOTTING ARRAY BLOCK SIZE, THE
SPECTRUM "ARRAY BLCCK SIZE, THE TOTAL NUMBER OF AMPLITUDE
VALUES READy» AND THE RANCOM ACCESS RECORD COUNTER FOR
SPECTRUM DATA

0

0

Y]

1500

{NS—=1) = (2*NREAD+¢1) + 2

IF (1AP

«EQs 2) NREC=NREC+1

#LOUP# TO READ AMPPLITUDE DATA FRUM RANDOM ACCESS AND
TU DETERMINE THE SIZE <+ THE ELEMENTS OF THE PLOTTING

SPEC1880
SPEC1890
SPECL1908
SPECL910
SPEC1920
SPECL930
SPEC1940
SPECLYSO
SPEC1960
SPEC1970
SPEC1980
SPECL1990
SPEC2000
SPEC2010
SPEC2020
SPEC2030
SPEC2040
SPEC2050
SPEC2060
SPEC2070
SPEC2080
SPEC2090
SPEC2100
SPEC2110
SPEC2120
SPEC2130
SPEC2140
SPEC2150
SPECZ160
SPEC21170
SPEC2180
SPEC2190
SPEC2200
SPEC2210
SPEG2220
SPEC2230
SPEC2240
SPEC2250
SPEC2260
SPEC22T0
SPEC2280
SPEC2290
SPEC2300
SPEC23 10
SPEC2320
SPEC2330
SPEC2340
SPEC2350
SPEC2360
SPEC23T0
SPEC2380
SPEC2390
SPEC2400
SPEC2410
SPEC2420
SPEC2430
SPEC2440
SPEC2450
SPEC2460
SPEC2470
SPEC2480
SPEC2490
SPEC2500
SPEC2510
SPEC2520
SPEC2530
SPEC2540
SPEC2550
SPEC2560
SPEC2510
SPEC2580
SPEC2590
SPEC2600
SPEC26 10

52600000
52700000
52300000
52900000
53000000
53100000
53200000
531300000
53400000
53500000
53600000
53700000
53800000
53900000
54000000
54100000
54200000
54300000
54400000
54500000
54600000
54700000
54800000
54900000
55000000
55100000
55200000
55300000
55400000
55500000
55600000

-55700000

55800000
55900000
56000000
56100000
56200000
56300000
56400000
56500000
56000000
56700000
56800000
56900000
57000000
57100000
57200000
57300000
57400000
57500000
57600000
57700000
57800000
57900000
58000000

- 58100000

58200000
58300000
58400000
58500000
58600000
58700000
58800000
58900000
59000000
59100000
59200000
59300000
59400000
59500000
59600000
59700000
59800000
59900000

83
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245

250

200

<10

700

710
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ARRAYS

00 260 NR=1,NREAD

SPEC2620
SPEC2630
SPEC2640

COMPUTE TOTAL SIZE OF PLUOTTING ARRAYS AND TEST IF PLOTT[NGSPEC265£

ARRAYS ARE COMPLETE
MTOTL = MTOTL#KPNTS
IF (MTOUTL .Eu. NPLOT) GO TG 270

DETERMINE RECORD SIZE, READ AMPLITUDE DATA FROM RANDOM
ACCESS, AND INCREMENTY RECGRD CGUNTER

IF (NR .EQ. NREAD) NPOIN=MPOIN

CALL READMS (ZO.NUAHP(I);NPUIN.NREC)

NREC = NREC+2

CGMPUTE TOTAL NUMBER OF ANPLITUDE VALUES READs. AND. TEST
IF AMPLITUDE VALUES HAVE REACHED THE LOWER FREQUENCY BAND
LIMIT

'NTOTL = NTOTL + NPOIN
IF (141 +6T. NTUTL) GO TG 260

SPEC2660
SPEC26170Q
SPEC2680
SPEC2690
SPEC2700
SPEC2710
SPEC2720
SPEC2730
SPEC2740
SPEC2750
SPEC2760
SPEC27W0
SPEC278C
SPEC2790
SPEC2800
SPEC2810

COMPOTE POINTER USED IN DETERMINING SIZE OF PLOTTING ARRAYSPEC2820
BLOCKS AND STARTING AMPLITUDE VALUE USED IN COMPUTING #RI#5PEC2830

1J = NTOTL-1J1+1l

UETERMINE PLOTTING ARRAY RECORD BLOCK SIZE AND SAVE THE
SIZE OF THE FIRST RECORD

KPNIS = .1J

16 (LJ «GT. NPLUTI KPNTS = NPLUT~MTOTL

IF (KPNTS .GT. NPOIN) KPNTS = NPCIN

CUF (MTOTL .EQ. 0) IPNTS=KPNTS

VETERMINE INITIAL STARTING AMPLITUDE USED IN FORMATION OF
PLOTTING ARRAYS
IF (1J +LT. NPGIN) 1J
IF (ld «GE. NPUINI 1J

NPLIN-1J
i

INITIAL GETERMINATION UF PLUT ARKAY
DO 250 I=1,KPNi>
XPLOTLI) = (IJ=-L)I*VELTF

IF (IAP .Eu. 2) GO TO 245

Ri{l) = 20. * ALUGLIO(NUAMPLIJ}/DBREFINS))
IF (KLGL} «iLTa YMIN) RECLISYMIN

IF (RI(l) «GT. YMAX) RI{L}=¥YMAX

1J = 1Jd+1

648 TU 250 -

RILL) = NUAMP(1J)}

IF (RICL} oLT. YPMIN} RI(I)=YPMIN

If (R1ICL) 6T, YPMAX) RI(II=YPMAX

Li=1J+l

COUNT INUE

. STURE PLUTTING ARRAY BLUCKS LN RANDOM ACCESS FILE
CALL aRITMS (20 XPLUT(L) sKPNTS, IPREC)
LPREC = [PReC+l

CALL ARITMS (20+RI{L))KPNTS, IPREC)

IPREC = IPReC+l

CUNT InUE
SET CUUNTERS FUR NUMBER CF PLUTTING ARRAY DATA B8LOCKS PER
STATIUN, BEGINNING KEURU LOCATION, RECORD SIZE FOR LAST
DATA BLUCK

NBLOCK = (IPREC-NRCSUM) /7 2

IPREC = NRCSuUmM

JPNTS = KPNTS

: UETEKMINE SPECTRUM PLOT LABELING PAKAMETERS
TAPETK = NS

ENCUDE(10,700,PARL) RUN

FORMAT{#RUN =%,F5.0)

ENCODE (1Us710,PAR2) LUINS)

FORMAT (#L0 =#,F0.3)

ENCODE (19+72u,PAR3) UASPLINS)

SPEC2840
SPEC2850
SPEC2860
SPEC28170
SPEC2880
SPEC2890
SPEC2900
SPEC2910

SPEC2920

SPEC2930
SPEC2940
SPEC2950
SPEC 2960
SPEC2970
SPEC2980
SPEC2990
SPEC3000
SPEC3010
SPEC3020
SPEC3030
SPEC3040
SPEC3050
SPEC3060
SPEC 3070
SPEC3080
SPEC3090
SPEC3100
SPEC3110
SPEC3120
SPEC3130
SPEC3140

" SPEC3150

SPEC3Ll60
SPEC3170
SPEC3180
SPEC3190
SPEC3200
SPEC3210
SPEC3220
SPEC3230
SPEC324C
SPEC3250
SPEC3260
SPEC3270
SPEC3280
SPEC329C
SPEC3300
SPEC3310
SPEC3320
SPEC3330
SPEC3340
SPEC3350

60000000
60100000
60200000
60300000
60400000
60500000
60600000
60700000

60800000

60900000
61000000
61100000

61200000

61300000

- 61400000

61500000
61600000
61700000

61800000

61900000
62000000
62100000
62200000
62300000
62400000
62500000
62600000
62700000
62800000
62900000
63000000
63100000
63200000
63300000
63400000
63500000
63600000
63700000
63800000
63900000
64000000
64100000
64200000
64300000
64400000
64500000
64600000

.64700000

64800000
64900000
65000000
65100000
65200000
65300000
65400000
65500000
65600000
65700000
65800000
65900000
66000000
66130000
66200000
66300000
66400000
66500000
60600000
66700000
66800000
66900000
67000000
67100000
67200000
67300000
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120
730
140
750

160

280
290

295
300

333

999
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FORMAT (*%UASPL .=%,G10.49+%D8%)
ENCUUE (184+730,PARG) DBREFIN>)
FURMAT (¥UsREF =*,(G11.3)
ENCODE(L7,740,PARS) THRUST
FURMAT [®*THRUST =%,F7.,0,%Lis%)
ENCUUE(L2,7504PAKb) KPM

FUORMAT (*RPM =%,F7.01
ENCUUE(13, 70U PART) TAPETK
FORMAT(#TAPE TK =%,F4.01

DRAA ANU LABEL BLITH X—AXLS AND Y-AXIS

CALL AXESUJerVerOa ¢ XLo XMIN XSCALEs=1las10av I13HFREQUENCY, HZy.159-

1

SPEC3360
SPEC3370
SPEC3380
SPEC339¢0
SPEC3400
SPEC3410
SPEC3420
SPEC3430
SPEC3440
SPEC3450
SPEC3460
135PEC3470
SPEC3480

LF (1AP .Ede L} LALL AXES (0900 9G0. s YL YMINSVSCALEY 1o 910.+44HBLADSPEC3490

+t LOADING CUEFFICIERTS (2CLOGIPS/UBKEF))sm2lv44)

SPEC3500

IF (1aP .EW. 2) CALL AXES (U.oO.-iO.pYPLo‘ZUO Oy YPSCALEs layL0.y24HSPEC3S510

+PHASE SPECTRUM (UEGKEES )9 o21924)

LABEL STATION SPECTRUH PLOT
CALL NUTATEL 252907 ¢.292PARL+0.410)
CALL NOTATEUl3492eT9.2¢PARG10.418)
CaLL NUTATE( e599449.2+PART$Carl3)
IF (1AaP .EQ. 1) CALL NUTATE (3¢9+9+49+29PAR340.419)
LALL NUTATEL 99941 9.29PARE40.9h2)
CALL NOTATE(3.45.19.21PAR2+0.910)
CALL NUTATELDe»Palyel9sPAKS»0.017)

MAKE INITIAL CALL TO CALPLT
CALL CALPLT {yerU.43)

#LCUP#2 TY REAU PLCT VDATA FRCM RANDOM ACCESS, SCALE PLOT
ARRAYSy ANL PLOT
DO 290 No=1,NoLUCK

DETERMINE SIdc UF PLUT DATA BLUCK
KPNTS = 1500
IF (N6 «.EQ. 1) APNTS = IPNTS
IF (Nd .kWe NOLJUK) KPNTS=JPNIS

REAU PLUTTING AKRAYS FRUM RANUOM ACCESS
CALL READMS (20 XPLUT(L) +APNTS,IPREC)
IPREC = IPREC*L
CALL REAUMS (20 RI(L}oKPNTS,LIPREC)
IPREC = [PRELT*IL

DO 280 K=L1,KPNT>S

SCALE PLUTTING ARRAYS
XPLOT(K) = (XPLUTI(K)-XMIN) / XSCALE
IF (1AP JEWQ. 1) RI(K) = (RI(K)I-YMINI/YSCALE
IF (IAP JEW. 2) RILIK]) (RI(KL+200.0)/YPSCALE

PLOT PUINTS
CALL CALPLT (XPLUT(KISRLI(K) 2)

CUNT INUE
CONT INUE

MOVE PEW TO ORIGIN OF NEXT PLOT
CALL NFRAME

CONT INUE
CUNT INUE

60 TU 10

TERMINATING CALL TG CALPLT
CALL CALPLT (U,y0,999)

sTapP
END

SPEL3520
SPEC3530
SPEC3540
SPEC3550
SPEC3560
SPEC351Q
SPEC3580
SPEC3590
SPEC3600
SPEC3610
SPEC3620
SPEC3630
SPEC3640
SPEC3650
SPEC3660
SPEC3610
SPEC 3680
SPEC3690
SPEC3700
SPEC3710
sPeC372¢0
SPEC37320
SPEC3740
SPEC3750
SPEC3T60
SPEC3TT0
SPECI780
SPEC37S0
SPEC380¢C
SPEC3810
SPEC382¢0
SPEC3830
SPEC3840
SPEC385C
SPEC3860
SPEC38170
SPEC3880

SPEC3890 .

SPEC3900
SPEC3910
SPEC3920
SPEC3930
SPEC3940
SPEC3950
SPEC3960
SPEC39170
SPEC3980
SPEC3990
SPEC4000
SPEC40LO
SPEC4020
SPEC4030
SPEC4040
SPEC4050
SPEC4060
SPEC4070
SPEC4080

67400000
67500000
67600000
677060000
67800000
67903000
68000000
68100000
63200000
68300000
68400000
68500000
68600000
68700000
63800000
68900000
69000000
69100000
69200000
69300000
69400000
69500000
69600000
69700000
69800000
69900000
70000000
70100000
70200000
70300000
70400000
70500000
70600000
70700000
70800000
70900000
71000000
71100000
71200000
71300000
71400000
71500000
71600000
71700000
71800000
71900000
72000000
72100000
72200000
72300000
72400000
72500000
72600000
72700000
72800000
12900000
73000000
73100000
73200000
73300000
73400000
73500000
73600000
73700000
73800000
73900000
74000000
74100000
74200000
74300000
74400000
74500000
74600000

85
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PROGRAM TRANS (INPUT=201,0UTPUT=201,TAPES=INPUT,TAPE6=DUTPUT, TRANOOLO
+TAPE20=20L ,TAPET=3001) TRAN0020
(22T 72332222 2S8R 22222222222 22222222 22 22 2222 2] R R E A ¢ R X X0k X2 2 EXEEETRANGO 30
cs PURPOSE #TRANOG4AO
Cs PREPRUCESSES THE COMBINED TRANSDUCER SPECTRUM DATA *TRANOOS50
cs JUTPUT FROM PRCGRAM RAMANI. THE REORGANIZED SPECTRUM *TRANOQGG
ce DATA (PRODUCED BY PROGRAM TRANS) IS THEN INPUT TO THE *TRANOO70
c* ROTOR NOLSE PRECICTIGN PRCGRAM (RNPPE4) BY RANDUM «TRANOOBO
cs ACCESS FILE. *TRANOOSO
c *TRANOL1QO
cs NAMELIST INPUT PARAMETERS $TRANOL10
(R [OPTN - 0 COMBINED TRANSOUCER SPECTRUM DATA WILL *TRANO120
cx BE INPUT BY MAG. FAPE *TRANO130
(] 1 CGMBINEO TRANSUUCER SPECTRUM DATA WILL *TRANOL4O
c= BE INPUT 8Y RANDOM ACCESS. (PROGRAM TRANS *TRANO150
c* 1S JUB-STEPPEU WITH PROGRAM RAMANI) *TRANO160
ce -1 COMBINED TRANSDUCER SPECTRUM DATA WILL BE *TRANO170
cs INPUT BY CATA CARD #TRANO18C
c* {IOPTA=0 IS DEFAULT VALUE) *TRANOL90
L MTRACKS - NUMBER CF PGSITICNS OF COMBINED TRANSDUCER #TRANOZ200
c* SPECTRUM DATA. (1SMTRALKSSL4) *TRANO210
C* . ) *TRANO220
(e UPTINAL INPUT (KANDUM ACCESS, TAPE, UR DATA CARD) *TRANO230
Cs ICH - COMBINED SPECTRUM DATA POSITION NUMBER *TRANO240
L ({1sICHs14) *TRANO2S0
cx DELTF = BLADE LOAUING FREWUENCY (HZ.) *TRANOZ2 60
ce NSPLT - NUMBER UF SPECTRUM DATA PULNTS PER POSITION *TRANOZ270
c* NREAU - NUMBER OF BLOCKS (OF SIiZE 1500) OF SPECTRUM *TRANOZ80
C* DATA FLINTS PER STATION *TRANO290
cx NUAMP  — AN ARRAY DIMENSIUNED AT LEAST 1500 CONTAIN- $#TRANO3CC
cs ING THE SPECTRUM DATA AMPLITUDES *TRANO310
C* NUPHASE — AN ARRAY DIMENSIONED AT LEAST 1500 CONTAIN- *TRANO320
c* ING THE SPECTRUM DATA PHASES «TRANO3 30
Cs . *TRANO340
ce SUBKOUTINES USED «TRANO350
Lx NUNE *TRANO360
L «TRANO370
(o : *TRANO380
ce REMARK *TRANO3S0
L [F SPECTRUM UATA IS INPUT BY DATA CARDy FULLUW THE *TRANO400
C® SPECIFIEL FORMAT FOR EACH PUSITION *TRANO4LC
cx CAKU L - ICH (INTEGER FORMAT (CGLUMNS 3,4) *TRANO420
c* NSPCT (INTEGEK FURMAT COLUMNS 6-10) *TRANU430
C* DELTF (G FORMAT COWUMNS L1-30) «TRANO440
cx CARD 2 = NUAMP (G FURMAT COLUMNS 1-20) *TRANO450
Ce NUPRASE (G FURMAT CULUMNS 21-40) *TRANO460
cs *TKANO4 70
COrBREREREE RS EFARAXERRT DK EEBRE AR AL EXZE DGR ETE XA S SR RS R RR SN0 kEE2xETRANOSCSC
c TRANO4 90
CUMMUN STURE(T750,14) +NUANMP(L1500)  INDEX(987),RECL(4), ID(6) TRANOS00
VDIMENSIUN NUPHASE(1500} TRANOS5 10
EQUIVALENCE (STURE(1,1)+NUPHASE(L)) TRANQ520

¢ TRANOS30
REAL NUAMP,NUPHASE TRANOS40

C a TRANOS50
© WAMELIST /INPUT/ I0PTN,MTRACKS TRANOS6C

C TRANOS 10
¢ OPtiv RANDOM ACCESS FILE. TRANOS80
CALL JPENMS {2V, INDEXyS067,C) TRANOS90

¢ TRANOEOO
¢ InPUT NAMELIST UEFAULT PARAMETER VALUES TRANO610
10PTN = Q TRANDG2G

READ (5, INPUT) TRANQ6 30

WRITE (6,INPUT) TRANO640

¢ TRANQ650
c TE>T Fux KANDUM ACCESS INPUT TRAN0660
IF {10PTw .GT. D) WG TO 50 TRAND6TC

¢ TRANO680
{ ceeecacncesssSPECTRUM DATA 1S INPUT BY MAG TAPE. seesesessacssceass TRANOG9O
¢ OR UATA CARD. TRANSFER CATA TO RANDOM ACCESS. TRANOTCO
¢ TRANOT10
NREC=1 TRANG720

C . TRANQT30
c eeseoLLLP FuUr THE NUMBER CF SPECTRUM DATA PUSITIONS veses TRANOT4O

86

bu 4v

N3=1sMLRALKS

TRANOT50

100009
200000
300000
400000
500000
600000
700000
800000
900000
1000000
1100000
1200000
1300000
1400000
1500000
1600000
1700000
1800000
1900000
2000000

© 2100000

2200000
2300000
2400000
2500000
2600000
2700000
2800000
2900000
3000000
3100000
3200000
3300000
3400000
3500000
3600000
3700000
3300000
3900000
4000000
4100000
4200000
4300000
4400000
4500000
4600000
4700000
4800000
4900000
5000000
5190000
5200000
5300000
5400000
5500000
5600000
5700000
5800000
5900000
6000000
6100000
6200000
6300000
0400000
6500000
0600000
6700000
6800000
6900000
7000000
7100000
7200000
7300000
7400000
7500000



[aNaN ol ol

[N N el

(@l

[aN aX al ol

[aX el aN aR N al

[aN o

APPENDIX G

READ STATIUN IDENTIFICATIUN RECORD AND KESTURE IU RECURD
UN KANUJM ACCESS FILE

.. (1o RECJURD MAY (LME FROM MAG TAPE GR CARDS)

IF (IJPTIN otuw. J) GUL TO UG

READ (5,1000) ICH)NSPCT,DELTF

L0000 FURMAT (21540620.101}

NREAD = (NSPCTI-L)/L500 + 1

GU Tu 15
10 wEAU (7) ICH»uelL TFyNSPCTyNREAU
L%, ReCl(l) FLOATCICH)

RECL(2) DELTF

RECLE3) FLOAT{NSPLT)

RECL(4) FLUAT(NREAD)

CALL wRITMS (2UeKECLIL) 4 NKEC)

NREC = NREC+]

(IO T [ 1]

Do SET WNUMBER UF POUINTS PER AMPLITUDE (OR PHASE) BLOCK
INCLUDING SlZE UF FINAL BLUCK

L5060

NSPCT —(NREAU-1)%1500

NPJLN
MPULN

eseesLUlLP FUK THE NUMBER CF DATA BLUCKS PER STATION evece

D0 30 NR=1¢NKEAD

CHECK FUR LAST BLCCK
IF (NR +EQe NKEAD) NPOIN=MPUIN
TEST TU DETERMINE TYPE OF SPECTRUM DATA INPUT
(MAG TAPE uR DATA CARD)
IF (IUPTN .EQ. O) Gu TU 2C
: READ SPECTRUM DATA bLOLK
READ (591010) (iWUAMP (L) oNUPHASELL) o I=14NPUIN)

LO1U FURMAT (2G2U.L0)

GU Tu &5
2u READ (7) (NUAMP( 1} 4NUPHASE(L)»I=14NPLIN)
FRANSFER BLUCK INTC Twu KANUCM ACLESS RECURLS
(PHASE aNU AMPL ITULDE)
25 LALL ARKITMS (2UsNUAMP(L1) 4 NPOINsNREC)
NREC = NREC+1
CALL wRITMS (204NJUPHASE(1) NPUINSNREC)
- NREC = NREC+L
30 CONTINUE

SKIP RECURD WITH STEADY LOADING AND OASPL
IF (IJPTN .LT. U) GU TO 40
READ (7}
40 CUNTINUE

GU TU 80

® 6 000 000000000000 000000000080ENI00T0000ssORCRERIsOEICICRBRORCROCRGBORAITSITITSS

 esessesveass SPECIRUM DATA IS INPUT BY RANDUOM ACCESSeeeecscecccccass

REAU STATIUN [UENTIFICATIUN RECORU
50U NREC = 1.
CALL READMS (Z20+RECL(1)+49NREC)
DELTF RECL (2)
NSPCT LFIX (KECL(3}))
NREAD IFIX (RECL(4))

LR R R R R O R R R R Y Y R N N R R TR R NY R FYRERE YR

eesee INITIALICE NECESSARY CCUNTERS AND POINTERSeecee

INITIAL RECORU NUMBER FOR REVISED SPECTRUM DATA
80 NRCSUM = MTRACKS *= (2*NREAC+L) + 1
IREC = NRCSUM
USINL RECURD SIZE GF LAST DATA BLOCK, DETERMINE NUMBER
. UF POINTS IN SECOND HALF OF LAST DATA BLOCK
MPUIN = NSPCT - (NREAU-1)*1500
J = (MPUIN-1)/750
JPNTS = MPOIN = J*750

TRANOT760
TRANOZT0
TKANOTSEC
TRANOT7S0
TKANOBCO
TRANOB 10
TRANOG 20
TRANOB30
TRANOE40
TRANOBS0
TRANOB60
TRANOST0
TRANOB &0
TRANO&90
TRANO900
TRANOYLC
TRAN0920
TRANG930
TRANQ940
TRANO950
TRANO960
TRANO9 70
TRANOSH0
TRANDYS0
TRANLOOG
TRAN1010
TRANLO20
TRAN1030
TRAN1040
TRANLOS0
TRAN1060
TRANLO7Q
TRANLOS8O
TKANLO90
TRAN1100
TRANLL10
TRANLE20
TRANL130
TRAN1140
TRANL150
TKANL160
TRAN1170
TRANL180
TRANL1190
TRAN1200
TKAN12 10
TRAN1220
TRAN1230
TRAN1240
TRANL2S0
TRAN1260
TRAN1270
TRAN1280
TRAN1290
TRANL300
TRAN13 10
TKANL1320
TRANL1330
TRAN1340
TRANL350
TRAN1360
TRAN1370
TRANL380
TRANL390
TRAN1400
TRAN1410
TRAN1420
TRAN1430
TRAN1440
TRAN1450
TRANL460
TRANL4TO

DETERMINE SIZE OF THE LAST RECORD IN REVISED SPECTRUM DATATRANL480

L = (JPNTS—-11/250Q
LMEMB = JPNTS - L#*250

TRAN1490
TRANL1500

1600000
7700000
7800000
7500000
8000000
8100000
8200000
8300000
8400000
8500000
8600000
8700000
8800000
8900000
9000000
9100000
9200000
9300000
9400000

9500000

9600000

9700000

9800000

9900020
10000000
10100000
13200000
10300000
10400000
10500000
10600000
10700000
10800000
10900000
11000000
11100000
11200000
11300000
11400000
11500000
11600000
11700000
11800000
11900000
12000000
12100000
12200000
12300000
12400000
12500000
12600000
12700000
12800000
12900000
13000000
13100000
13200000
13300000
13400000
13500000
13600000
13700000
13800000
13500000
14000000
14100000
14200000
14300000
14400000
14500000
14600000
14700000
14800000
14900000
15000000

87
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100

130

MWORDS = MTRACKS*LMEMB TRAN1510
.....n'-.no-o‘oooo.-o-o.o-oo.o..oo-o.aoo.o-...-c..-ooo. TRAN[SZO
TRAN153Q

_ TRAN1540

evecesceeeeSECTIGN TO REGRGANIZE COMBINED SPECTRUM DATAcceceecee. TRANLS5S50
NEW 'RANDOM ACCESS RECORDS ARE FORMED B8Y GROUPING TRAN1560

250 AMPLITUDE (OR PHASE) VALUES FRUM EACH POSLTION. TRANLS570

TRAN1580

eeeesQUTER LOOP FOR EITHER AMPLITUDE OR PHASE DATA. eesee TRANL590

DO 300 I=1,2 . TRAN1600
TRANL6 O

eeses INNER LOOR FUOR THE NUMBER CF SPECTRUH DATA BLOCKS TRAN1620

: OF SIZE 1500. TRAN1630
D0 300 NR=1,NREAD : TRAN164O
TRANL6S50

SET RECORD LENGTH FOR UNREVISED SPECTRUM DATA BLDCK - TRAN1660
INCLUDING CHECK FOR LAST RECCRD R R A “sTRANL6 1L

NPOIN .= 1500 ‘'TRANL1 68O
IF (NR .EQe. NKEAD) NPOIN=MPUIN TRAN16SO
- : ‘TRANL1700
. 3 - : TRAN1710
eeseeINNER LOUP TO DIVIDE UNREVISED SPECTRUM DATA BLOCKS e<eeeeTRAN1T20

: IN HALF (I.E. Twl BLOCKS OF 750). TRANL1730
Do 250 1I=1,2 TRAN1740
‘TRANLT50

: SET RECORD LENGTH FUR REVISED SPECTRUM DATA BLOCKS TRANL760
N#ORDS = 250%MTRACKS TRANLT70
TRAN1T780

esess INNER LUGP FOR THE NUMBER OF COHBINED SPECTRUM DATA ceeeesTRANLTSO
PUSITIUNS. TRANLBCO

DU 200 NS=1,MIRACLKS Lo . TRAN1810C
SET RECORD NUMBER POINTER. ALSO TEST IFf AMPLITUDE OR TRANL1B20

PHASE VATA IS TO 8E READ. . : ' TRANL1830

NREC = (NS—1) * (2%NREAO+1} + NR#NR ’ TRAN1840O
1F (I <EQe 2) NREC = NREC+!L . TRANL1850
TRANL1860

REAU oLulCK OF UNREVIStU AMPLITUOE OR PHASE OATA. TRANLBTQ

CALL READMS (209yNUAMP (1} +NPLININREC) TRANL1680
: _ TRAN1890

UETERMINE THE NUMBER OGF POLNTS IN FIRST (OR SECOND} HALF TRANL9QO.

UF UNREVISED AMPLITUDE (OR PHASE) DATA 6LOCK. TRANL910

IPNTS = 750 TRAN1920
IF (NR .NE. NREAD) GO TO 10U - . -TRANL1930
IF (11 etle L «AND. J oEU. 1) GU TO 100 TRAN1940
IF (11 oEwe 2 «ANU, J JEGe UJ) GU TG 300 TRAN195C
IPNTS = JPNTS TRANL960
TRANL970

SET CUUNTER FOR EITHER T#E FIRST OR SECUND HALF UF TRANL1 980
UNREVLSED UATA BLGCLK TRANL990

ep =1 . TRAN20GC
IF {1l twe 2) IPP= 751 : : © - TRAN2O10
TRAN2020

SET COUNTER FUR NUMBER GF PUINTS PER STATIUN IN A REVISED TRANZ203C

RECURU. ALSU TEST TU UETERMINE HUOW MANY REVISED RECORDS TRANZ2040

milLL BE MADE FRUM FIRST (UR SECOND) HALF OF UNREVISED DATATRAN2050
"KMEMB = 250 , TRAN2060
LL-= 3 TRAN207C
IF (NR otwe NKEAD) LL=L+} : - TRAN2080O
’ TRAN2090

seeee INNER LOOP FUKR CREATING LL AMPLLITUDE (GR PHASE) eessa TRAN21OO
RECURUS FUK FIRST (OR SECGNC) HALF OF UNREVISED KECORD TRANZ2110

DU 160 N=Ll,blt ' © TRANZ120
' TRANZ2130

TeST FUR LAST RECORD . - TRANZ2140

IF (NRoNEJNKEAL <OR. NoNEBELLL) GO TO 130. - TRANZ145
IF (JeEW.0 +UR., l1eEQe2) KMEMB=LMEMB . TRAN2150
. : TRAN2160

SET PUINTER FUR INITIAL LOCATION LN STORE ARRAY WHEKE TKRANZL117G
AMPLITUUE (UK PHASE) VALUES SHUOULD BEGIN TU BE STORED TRANZ2180

NSTRT = (N-L)*nNnURUS + (NS-1)*KMEMB

- TRAN2200

eaelNNER Tu STURE AMPLITUUE (0K PHASEK) VALUES S TRANZ2210

V0 150 iv=1,KMEME TRAN22:20

APPENDIX G

NSTRT = NSTRT+1 o TRAN22130

15100000

15200000
15300000

15400000 -

15500000
15600000
15700000

15800000

15900000
16000000
16100000
16200000
16300000

16400000

16500000
16600000
16700000
16800000
16900000
17000000
17100000
17200000
17300000
17400000

17500000

17600000
17700000

17800000

17900000
18000000

18100000.

18200000
18300000
18400000
18500000
18600000
18700000
18800000
18900000
19000000
19100000
19200000
19300000
19400000
19500000
19600000
19700000
19800000
19900000
20000000

- 20100000

20200000
20300000
20400000
20500000
20600600
20700000
20800000
20900000
21000000
21100000
21200000
21300000
21400000
21500000
21600000
21700000
21800000
21900000
22000000
22100000
22200000
22300000
22400000
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STURE(NSTRT) = NUAMPLIPP) TRAN2240

: IPP = [PP+] TRAN2250
150 CONTINUE - TRAN2Z 60
[ L TRAN22170 -
.lou. CONTINUE | TRAN2280
[ : TRAN2290
1200 CONTINUE TRAN2300
¢ : , TRAN2310
C, . . KESET NJMBER OF PCINTS PER STATION PER RECORD INDICATOR TRAN23 20

T KMEMS = zbo TRAN2330
¢ t i TRAN2340
¢ 3 - lNN:R LUGP TU WRITE REVISED RECORD TO <cose TRAN2350
¢ o KANDGM ACCESS FILE TRAN2360
.- bu 250 N;leu : TRAN23 170
[ : : o . TRAN23 &0
C SET PUINTER FUR INITIAL LUCATION OF DATA TU BE wRITTEN TRAN2390
[ v . TU RANLUM ACCESS TRAN2400

T NN = EN=-L)ENAUKDS ¢+ 1 TRAN2410
¢ v TESTS Fuk LAST RECORD TRAN2420
lF (NReNEJNREAU +OR. N.NE.LL) GO TU 230 TRAN2425

CIF CLLeNE«2. JANUs JoNELO) GO Tu 230 . TRAN2430

. KMEMB = Ln&na TRANZ2435

.+~ NWUORDS .= MWURUS TRAN2440
230 CcALL’ anlMS (zu'SIUKE(NN)'NMURUS.IREC) TRAN2450

. IREC = lRtLol : TRAN24 60
¢ . : TRAN24 70
250 CUNILNUt TRAN2480
c . TRANZ2490
300 cunrxwue ! TRAN2500

_C o....'...C...'........o.'l.-...-.-0.........o..noool.ltuoooo.l...o. TKAN2510
c TRAN2520
(M . CREATE ARRAY TO PASS NEEDED PARAMETERS TO PROGKAM TRAN2530
(o ‘RNPPE4 BY MEAN> OF RANDCM ACCESS TRAN2540
¢ o TRAN2550
o NREC = 1 TRAN2560
I10(1) = MTRACKS TRAN2570

Iul2) = NSPCT TRAN2580

. ID43) == NRCsum . TRAN2590
[D{4) "= 'IREC. o : TRAN2600

. IU€5) = LMEMB TRAN2610
10(6) = MWURDS TRAN2620

- CALL .WRETMS (20+10(1)0s6NREC) TRAN2630
NKEC = 2 ¢ .. . TRAN2640

<. CALL, qurMs (4UoDELIF.l-NKEC) TRAN2650
¢ . - TRAN26 60
. © STOP .. TRAN26T0
ENU . . TRAN268G

) . PROGRAM RNPPte (INPUT=201,0UTPUT= 201 TAPES=INPUT, TAPEG= QUTPUT, RNPPOOLO
i +TAPE20=201»TAPE4=1001) RNPPO0Z0
C##ttt#“.t‘#tt#‘t#t#t#&t#t#t‘t*t#t#t#ttttt#tttttt#####tt#tt#t##ttt‘###&RNPP003o
cx " PURPUSE BRNPP0040O
C*: ; .10 CUMPUTE THE ROTOR ROTATIONAL NOISE FUR A HOVERING *RNPPOOSO
(% . -HELICOPTER. . SCUND PRESSURE LEVELS (SPL) ARE CUMPUTED *RNPP006O
cs * AT EACH HARMCNIC USING WREIGHTS SJULUTION. THE BLADE *RNPP0OO70
. . ~LOAUING HARMONICS {BLH) CAN BE OBTAINED BY INTEGRATING*RNPPOOSO
(X .7 UVER ALL UR PART CF THE STEAULY LOADING DISTRIBUTION  *RNPP0090
Cs: THE >PL VALUES GENERATED AT THE VARIOUS HARMONICS *RNPPOLOGC
s CAN BE AUJUSTEC BY APPLYING CNE UF FIVE SPECTRUM *RNPPOL10
c* « " CHORU DI15TRIBUTIUNS *RNPPOL 20
c* o : . : . *RNPPO130
[ TN NAHELIST INPUT PARAMETERS SRNPPO140
cs. ; *RNPPOL50
c* . RUTOR NAMELIST (FIXED PARAMETERS) *RNPPO160
C» N NSPL - NUMBER OF SOUND PRESSURE LEVELS PLUTS TO *RNPPOL 70
(%4 . BE DETERMINED WITH THESE ROTOR PARAMETERS  *RNPP0180
cs ' {USUALLY NSPL = (NUMBER. OF COMBINED SPECTRUMSRNPPOL90
Cs. DATA POSITIUNS)+(NUMBER OF INTEGRATION *RNPP0200
Ce DESIRED)) *RNPP0O210
C* ' . (NSPL=6 IS DEFAULLT VALUE) *RNPPO2 20
(e . . EFMACH - EFFECTIVE RADIAL MACH NUMBER *RNPP0230
ce UBSELV - OBSERVER ELEVATION ANGLE (RADIANS) *RNPP0O240
Cs ' EFPTCH ~ EFFECTIVE BLADE PITCH (RADIANS) *RNPP0250
C* UBSDIS ~— OBSERVER DISTANCE FROM ROTOR CENTER (FT.) *RNPPO260
Cc* NS - NUMBER OF BLADES *RNPPO270

22500000
22600000
22700000
22800000
22900000
23000000
23100000
23200000
23300000
23400000
23500000
23600000
23700000
23800000
23900000
24000000
24100000
24200000
24300000
24400060
24500000
24600000
24700000
24800000
24900000
25000000
25100000
25200000
25300000
25400000
25500000
25600000
25700000
25800000
25900000
26000000
26100000
26200000
26300000
26400000
26500000
26600000
26700000
26800000
26900000
27000000
27100000
27200000
27300000
27400000

27500000

27600000
27700000
27800000
27900000
28000000
28100000
28200000
28300000
28400000
28500000
28600000
28700000
28800000
28900000
29000000
29100000
29200000
29300000
29400000

29500000

29600000
29700000
29800000
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(NB=4 [S DEFAULT VALUE) *RNPP 0280

- TUTAL LIFT (WEIGHT OF HELICOPTER) (LBS.) $RNPP0290
— TOTAL ROTUR DRAG FORCE (LBS.) *RNPPO295
- SPEED OF SOUND (FT./SEC.) *RNPP0300O
(C=1C84.8 1S DEFAULT VALUE) *RNPPO3 O

=~ ROTOR ROTATIONAL SPEED (RPM) *RNPPO320
~ BULACE PASSAGE FREUUENCY (RPS) *RNPPO33Q
~ EFFECTIVE BLADE RADIUS (FT.) *RNPP0340
- EFFECTIVE BLADE CHORD (FT.) *RNPPO350
- MAXIMULN FREQUENCY OF AVAILABLE FLIGHT POINT *RNPP0360
LOADING DATA (RPS} *RNPPO3170
{XMAX=1000.0 LS DEFAULT VALUE) *RNPPO380O

- OBSERVER ALIMUTH ANGLE (RADIANS) *RNPP0O3SO
- AN ARRAY OIMENSION 14 (FOR THE MAXIMUN *RNPPO40O
NUMBER OF CCMBINED SPECTRUM DATA PUSITIONS) *RNPPO4LWO
CUNTAINING THE STEAOX LOADING COEFFICIENTS *RNPPO420
FOR EACH OF THE SPECITRUM DATA POSITIONS *RNPPO430
(STDYLOU1)=0.0 IS DEFAULT VALUE 1sisl4) *RNPP0440

— AN ARRAY UIMENSIUN 1% (FOR THE MAXIMUN *RNPPO45S0
NUMBER UF COMBINED SPECTRUM DATA PUSITIONS) *RNPPO460
CUNTAINING THE RELATIVE SPECTRUM VDATA *RNPPO4T0
PUSITIUNS. THE RP ARRAY MUST BE STRICTLY *RNPPU4 8O
INCREASING AND OsRPtI)sl FOR ALL I. *RNPP0490
(RP{I)=0.0 IS DEFAULTI VALUE 1sIsl4) - *RNPPO500

- O CCMHBINEU SPECTRUM DATA LS TO BE INPUT AND ®RNPPOSILC
USED TU CCMPUTE BLADE LUADING HARMONIC *RNPPO520
COEFFICIENTS (BLH) . ) #*RNPPO530

- 1 o8LH COEFFICIENTS AND PHASE ANGLES ARE TO *RMPP0540
8E COMPUTEU INTERNALLY BY MEANS OF AN ~ #RNPP0550
INLINE FUNCTICN *RNPPO5€60
(IBLHCPT=0 IS DEFAULT VALUE) *RNPPO570
*RNPPOS 80

UPTIONAL INPUT *RNPP0590
*RNPPO60O

INPUT NAMELILST (TO BE USED wLTH SPECTRUM DATA *RNPPO610

INPUT, THE PARAMETERS IN THIS NAMELIST MuST *RNPPO620
BE REDEFINED FCR EACH SET OF BLH COEFFICIENTS *RNPPO630
ANL PHASE ANGLES BEING COMPUTED.) *RNPPO64O

NTELRAT — O NC INTEGRATIUN OF THE STEADY LUAUING DIST .*RNPPO650

ITRALK

PRTLINT

LD

L1CHURD

INCUF

1S TO0 BE PERFORMEUL *RNPPO66O
K STEADY LUADING OIST. IS INTEGRATED FKROM *RNPPOOTO
CERU TO THE KTh CUMBINED SPECTRUM DATA *RNPPO68O
POSITIUN (UKKSMTRACKS) *RNPPO690
~1 STEADY LCADING DIST. IS TU INTEGRATED *RNPPOT00
ALGNG A FRACTIUN OF THE CHORD BUT NOT AT *RNPPOT10
UNE CF THE CCMBINED SPECTRUM OATA PUSITIONRNPPOTZ0

(NTEGRAT=0 IS DEFAULT VALUE) ®*RKNPPOT730
NUMBER UF THE SPECTRUM DATA POSITION *RNPPOT40O
CEF INTEGRATIGN IS DESERIRED SET ITRACK=1) *RNPPO750
(ITRACK=1 1S OEFAULT vaLUE}. ¢RNPPQT60
FRACTION uF CHURD ALONG wHICH THE STEADY *RNPPQT770
LUADING DIST. IS TG B8E INTEGRATEOD. *RNPPOT80
(O<KPRTLINT< *RNPPOTS0
(PRTLINT=1.0 15 DEFAULT VALUE) *RNPPOBOQ
STEAUY LCADING CLEFFICIENT FUR THE [TRACK *RNPPOB 10
(TH) SPECTRUM DATA PUSITION *RNPP0O820
{L0=0.0 IS CEFAULY vaLug) *RANPPOB 30
DETERMINES WHICH CHORD DISTRIBUTION FUNCTIUN®*RNPPO840
IS5 LSED TO CORKECT SPL VALUES *RNPPOBSO
O PUINT LOACING DATA IS USEU UNCORKECTED *RNPPO8B6O
1 RECTANGULAR SPECTRUM FUNCTION *RNPPOBT0
2 HALF-CUSINE SPECTRUM FUNCTION *RNPPOBSO
3 TRIANGULAR SPECTRUMN FUNCTIUN *RNPPUE9I0O
4 SAWTGUFH SPECTKUM FUNCTION *RNPPD90O
(IChURV=0 IS DEFAULT VALUE) *RNPPOIL0

BLH CGEFFLOCIENT QUTPUT CONTROL PARAMETER *RUNPPO9 20
= K EVERY K-Ll(Th) HBLH COEFFICIENT AND PHASE *RNPP0O930
ANGLE wlIlLL BE OUTPUT (IF K=1 ALL BLH *RNPP0940

CCEFFICIENTS WILL BE OUTPUT) *RNPPO950
(INCCF=5 1S UDEFAULT VALUE) *RNPPOS 60D
“RNPPO9T0

INgLH NAMELIST (TG0 oE ULSEV wHEN BLH CUEFFICIENTS *RNPPO98BO

AND PHASE ANGULES ARE INTERNALLY COMPUTED. THE *RNPPO9ISO
PARAMETERS IN THLS NAMELILIST MUST BE REUVEFINED *RNPPLOCO

29900000
30000000
30100000
30200000
30300000
30400000
30500000
30600000
30700000
30800000
30900000
31000000
31100000
31200000
31300000
31400000
31500000

31600000
31700000
31800000
31900000
32000000
32100000
32200000
32300000
32400000
32500000
32600000
32700000
32800000
32900000
33000000
33100000
33200000
33300000
33400000
33500000
33600000
33700000
33800000
33900000
34000000
34100000
34200000
34300000
34400000
34500000
34600000
34700000
34800000
34900000
35000000
35100000
35200000
35300000
35400000
35500000
35600000
35700000
35800000
35900000
36000000
36100000
36200000
36300000
36400000
36500000
36600000
36700000
36800000
36900000
37006000
37100000
37200000
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s FUK EACH SET OF BLh COEFFS. THAT ARE DESIRED) *RNPPLO10
c* NBLHPT - NUMBER UF BLH CLEFFIENTS AND PHASE ANGLES  #RNPP1020
cx TU BE CUMPUTED. [ LSNBLHPTS2000) *RNPPLO30
Lo x4 - TwG ENPUT CCNSTANTS USED IN DEF INING THE *RNPPLO4O
e BLF CCEFFICLENT INLINE FUNLTION. #RNPPLOSC
c* BLHIY) = C / v##X #RNPPLOGO
ce [CHLRD =~ SAME AS UESCRIBED ABOVE *RNPP L0 70
c* INCUF - SAMc AS DESCKIBED ABOVE ®RNFP L1080
Lx #RNPPLOSO
c RANDUM ACCESS INPUT PARAMETEKS *RNFPL1CO
L MTRALKS — NUMBER OF CLMbINED SPECTRUM LATA POSITIONS #RNPPLLLO
L {L<MTRALKS< 141} #RNPP 1L 20
L NSPCT - NUMBER UF SPECTRUM DATA POINTS PER PGSITIGN #*RNPPL130
Ce NRLSUM - BEGINNING AND ENDING RANUOM ACCESS RECURD  #RNPPL140
L KKEC LOCATICAS FOR THE REVLSED SPECTRUM DATA =ANPP 1150
Cx MPOIN - RECGRU SIZE UF THE LAST SPECTKUM DATA KANDOMSRNPPL160
Ce MwUkUs> = ACCESS KECURD (WLTH ANU WITHOUT INTEGRATIONISRNPPLL70
Cx SPELTKA - AN ARRAY DIMENSION 250%16 CUNTAINING THE *RNPPLLBO
cx : KREVISED SPECTRUM DATA BLUCKS SRNPPL1190
c* EHNPP1200
Ce SUBRUJT NUE USEU *RNPP1210
c* SPLS *RNPP 1220
L CSLUNIL *RNPP1230
Cx BSSLS *RNFPL240
(& : #RNPPL250
CRESEE R R SR EEEFEX XXX EE LG AR B VX ABAEE VRIS ERF SRRV e R ex e oo kexxERNPPLI260
RNPP1270

CUMMUN SPECTKA(LDI,1u)y PRESSURL 2500 s PRASE( 250) 1KEPRESS(2000) RNPP1280
+REPHASELZ000) yALPHA(2G00) RNPP 1290
DIMENS IGN INDEX{987),1016) RNPPL30O
DIMERSIUN STOYLU(L4) oCPLE) s TL16) (XPPILT),YPPULT) 4RP(16)+WK(500)s RNPPL3LO
FXINTUOLI 5 YINT(DL) RNPP1315
DIMENS IUN BJ(2000) s SPLISC0),ALIMITI500) ¢AMBN(500) RNPP1320

c RNPP133C
EQUIVALENCE (B8J(L)4SPECTRA(L, L)) RNPP1340
EWUIVALENCE (SPLUL)ySPECTRA(L,9)) RNPPL350
EQUIVALENCE (ALIMIT(L)oSPECTRALL,L1)) RNPP136C
EQUIVALENCE (AMBN(L)ySPECTRA(L,L3)) RNPPL3T0
EWUIVALENCE (XIWTUL)oALPRALL}) RNPP1372
EQUIVALENCE (VINT(L)¢ALPHA(LO0L)) RNPP1374
EQUIVALENCE (wKk{ 1) ,KEPHASE(L)) RNPPL375

c . RNPP1380
UATA PO/.0UOVDUSLY/y WAULAN/57.29577913/, P1/3.14159265359/, RNPP1390
+SURT2/1.414213506237 ‘ RNPP 1400

c RNPP1410
c , RNPP 1420
INTEGER Wy ASKFUR ,STEP,SUB RNPP1430

REAL KTrKUsKuuMs yMBBJdyiu RNPP L1440
COMPLEX EL,TERMO +TthkML, TERM2, TERM3,F1RST,ZEROy SECUND s THIRG,EIQL  RNPPL450

c RNPP1460
NAMELIST /RUTOR/ NSPLyEFMACH,UBSELVEFPTCH,UBSODIS NByTHRUST, RNPP L1470
LTORQUE ¢CoRSy Fy EFRAD) EFCORD yXMAXy UBSALL » STDYLORP 5 I BLHOPT RNPP 1480

2 /1WPUT/ NTEGRAT,ITRACK PRYLINT LGy ICHURD INCUF RNPP1490

3 /INBLH/ NBLHPT,CyX, ECHURD , INCOF RNPP1500

c RNPP1510
c "DEFINE THE RECTANGULAR DISTRIBUTION FUNCTION RNPP 1520
CHURDL [M) = SIN(M$BPIFTU) / (M#BPLFTO) RNPP1530

c UEFINE HALF CUSINE SPECTRUM FUNCTLUN RNPP1540
CHORD2(M) = COS(M®BPIFTU) / (1.0-M*M%SG2BFTU) RNPP1550

c VEFINE TKIANGULAR SPECTRUM FUNCTIOGN RNPPL560
CHUKD3 (M) = ((SIN(M=BPIFTC2)/(M*BPIFTO2)1F*2) RNPP1570

¢ OEFINE SAWTUGUTH SPECTRUM FUNCTION RNPP 1580
CHURD4(M) = CABS { (L1.UyGCaC) ~ CEXP(CMPLX(O.UsM*C2BPIFT)) + CMPLX(RNPP1590

+ 0.0, M#C2BPIFT) ) / (M*M*SQBPIFT) RNPP L1600

C UEFINE JUPTIUNALLY LSEQ BLH CCEFFICIENT FUNCTION RNPPL610
BLH(Y) = ¢/ YEeX RNPP1620

c RNPP1630
c OPEN THE RANDUM ACCESS FILE RNPP1640
CALL OPENMS (20, INDEX,987,0) RNPP1650

c RNPP1660
c RNPP1670
c ROTUR NAMELIST UEFAULT PARAMETER'VALUES RNPP1680
NSPL = 6 RNPP 1690

NB = 4 RNPP1700

37300000
37400000
37500000
37600000
37700090
37800000
37900000
38000000
38100000
38200000
38300000
38400000
38500000
38600000
38700000
38800000
38900000
3900000U
39100000
39200000
39300000
39400000
39500000
39600000
39700000
39800000
39900000
40000000
40100000
40200000
40300000
40400000
40500000
40600000
40700000
40800000
40900000
41000000
41100000
41200000
41300000
41400000
41500000
41600000
41700000
41800000
41900000
42000000
42100000
42200000
42300000
42400000
42500000
42600000
42700000
42800000
42900000
43000000
43100000
43200000
43300000
43400000
43500000
43600000
43700000
43800000
43900000
44000000
44100000
44200000
44300000
44400000
44500000
44600000
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: Ci Qe 10898E04 RNPPLTLO 44700000

anx = 1.0E03 - » ) RNPP1720 44800000

“0U 5 =l4l6 ' : - ' RNPPL730 44900000

IF 1 oLEs “14) STOYLU(1)=0.0 RNPPL1740 45000000

RPUL). = 0.0 - . RNPP1750 45100000

5 .CONTINUE .+ = = o RNPP176Q0 45200000

IBLHOPT =-0 . RNPP1770 45300000

c o o RNPPLT780 45400000
C S READ AND WRITE FIXED PROGRAM PARAHEIERS AND CHECK RNPPL1790 45500000 _

c RS FOR EOF : RNPPLBOO 45600000

10 READ (5,ROTOR) ‘ RNPP1810 45700000

. LF- (EOF+5) 999,20 . _ RNPP1820 45800000

20 WRITE (64ROTUR) : RNPP1830 45900000

c o L. RNPPL1B40 46000000

‘; ° 'OQ......IOOOOQ.....-.-........0......-.I.............l...“-..'RNPPleso 106100000

c ‘ L © +  RNPPLB60 46200000

[ COMPUTE MAXIMUM NUMBER OF BLH COEFFICIENTS DESIRED RNPPLBF0 46300000

MMAX=XMAX/F RNPP1880 46400000

NN=MMAX+20 RNPPLB9I0 46500000

C : DEFINE COMPLEX NUMBER i : o RNPP1900 46600000

. El—CHPLX(O..l ) RNPP1910O 46700000

¢ . CUMPUTE "SPECTRUM LISTRIBUTION FUNCIION PARAMETEKRS RNPPL920 46800000

TWOPL = PIePL RNPP1930 46900000

_ Td = EFCORD / “(TmOPI*EFRAC*F) ’ ) RNPP1940 47000000

“SQ2BFTU = 4.0 * (NB*F*T(Q)*e2 RNPP1950 47100000

T BPIFTO = NB*PI*F%TQ . RNPP1960 47200000

BPIFTOZ = BPIFTU / 2.0 ’ , R RNPP1970 47300000

“SQBPIFY = BPIFTU * BPIFTU %.2.0 . ‘ RNPP1980 47400000

© C2BPIFT = =2.0 * BPIFTO ' _ ' RNPPL99Q 47500000

L o -7 CUMPUTE MAXIMUM NUMBER UF HARMONICS : RNPP2000 47600000

s = EFMACH*Nd‘LUb(UBSELV) . RNPP2010 47700000

MAXHAR = (MMAX-10) / (NB+1.25%S) RNPP2020 47800000

C . - CUMPUTE VTHRUST UPERAIING AND TORQUE OPERATING CONSTANTS — RNPP2030 47500000

FTHRUST = F#THRUST RNPP2040 48000000

CUBSDIS =.C*UBSDIS . RNPP2050 48100000

- 'EFURAG = .TOKWUE/EFKAD RNPP2055 48200000

“KT = FTHRUST/CUBSOIS * SIN(OBSELV) . RNPP2060 48300000

-KQ = F*EFDRAG / (COBSDIS*EFMACH) . RNPP2070 48400000

C ' ' - - RNPP2080 48500000

C - : RNPP2090 48600000

c TEST 10 UETERMINE I+ BLAUE LUADING HARMUNIC RNPP2100 48700000

C (BLH) ‘CUEFFICIENTS ARE TC BE INTERNALLY CUMPUTED. RNPP2110 48800000

TLF (IBLHOPT «NEe 3} GU TOU 22 . : RNPP2120 48900000

C ‘ RNFPP2130 49000000

C a Rng TUENTIFICATICN RECORD AND BLADE PASSAGE FREQUENCY RNPP2140 49100000

NREC = 1. ANPP2150 49200000

‘CALL  READMS (Zu,lo(llyb.NREC) RNPP2160 49300000

NREC = 2 RNPP2170 49400000

".CALL READMS (20, OELTF, 1 +NREC) RNPP2180 49500000

DELTF2 = DELTF/2. RNPP2190 49600000

C - UETERMINE NUMBER CF TRACKS (INCLUulNG ENDPOINTS FUR RNPP2200 49700000

(L “INTEGRAT LUN) N RNPP2210 49800000

S MTRACKS = Totl)+e ) RNPP2220 49900000

c v SET TuTAL NUMBER CF SPECTRUM PGINTS (PER STATIUN) RNPP2230 50000000

<~ NSPCT = 1ID(2) ; RNPP2240 50100000

C “. .~ 0 -SET CUUNTER FUR- NUMBER OF -RAMUOM ACCESS READS . RNPP2250 50200000

NRCSUM = [0(3) RNPP2260 50300000

¢+ - KREC. = 10(4) RNPP2270 50400000

NUIFF = KREC-NRCSUM RNPP2280 50500000

NREAD = NDIFF/2 . ‘ : RNPP2250 50600000.

NREAD2 = NKEAL*Z ) RNPP2300 50700000

- NRSUM3 = NRCSUM-3 , RNPP2310 50800000

C Y SET RECUKD SIZE FOR LAST RANDOM ACCESS KEAD (WITH AND RNPP2320 50900000

o ~ - 'WiTHUUT [NTEGRATICA) _ RNPP233C 51000000

© MPUIN = [D{(5) _ RNPP2340 51100000

- MHDRD> =-fulo) SR RNPP2350 51200000

% Tt e eecetectscsesessssascsssenssecnccesscecncsscesssscsacacasssess RNPP2360 51300000

c : RNPP2370 51400000

L..............LUUP FJR NUMBER CF SCUNC PRESSURE LEVEL PLUTS............RNPP2380 51500000

C RNPP2390 51600000

22 uu 717 NS—luubPL : . - KNPP2400 51700000

C RNPP2410 51800000

¢ ’ . RNPP2420 51900000

c [ INPUT~UK INSLH NAMELIST CEFAULT PARAMETER VALUE RNPP2430 52000000
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NTEWRAT = 0

ITRACK = 1
PRTLINT = 1.0
LU = 0.0
iCHury = v
INCUF = >

4

TEsT Tu LETERMINE CPFIGNAL BLH INPUT
IF (I8LHUPT .Eds O) GU TG 2o .
READ (5, INULH)
IF (EUFs5) 999443
25 WRITE (64INSLH)
GU TO w02

INTLALIZE RANDUM ACCESS RECUKD COUNTERS aND RECORD
SUICES (WITH AND WITHOUT INTEGRATIUN)
28 IREL = NRCOUM

JREC = [REC+nNREAU

NKVSUM = 3

IF (NRSUM3 .LT. NRtADZ) NRVSUM = NRCSUMENREADZ+L

. NREL = NRVSUM -

MREC = NREC+NKREAD

NPOIN = ¢50

NWURUS = NPUIN*lu(l)

KEAU AnNU WhITE VAKIABLE INPUT PARAMETERS AND CHECK
. FOR EJF.
READ (59 INPUT)
IF (EUF,5) 999,30
30 WRITE (0,INPUTI

TEST FUR CHUKD INTEGRATICN
IF (NTEGRAT +Ew. 0) GU TO 200

-nooaq.-.o.-o.o--.oooa---o.-.---c--ocoo---co.c-~---.-o-oo-ooc-o--..

INTEGRATIUN OVEK CHURD

SET INUCPENDENT VARIABLE ARRAY (INCLUOLNG ENDPOINTS)
IPRTL = O
LP{l) = v.0
DU 4u [=2)MIRACAS
TEST Tu DETERMINE PUSITIULN OF FRACTIUNAL CHORD
INTEGRATION CONSTANT
IE (NTEGRAT ouT. U) GU TG 35
IF (IPRTL .EQe U <AND. RP{(l)} o6Ts PRILINT) IPRTL=I
35 CPUI) = RPULDI¥EFCURD
40 CONTLNUE

DtTERMth PERCENTAGE " CF CHORD INTEGRATED
PRONTGR = 100.0%PRTLINT

TEST FUK PARTIAL ChURD INTEGRATIUN
IF (NTEGRAT .GT. 0J GU TC 70
SET UP INDEPENDENT VARLABLE ARRAY (INCLUDING ENDPUINTS)
MTPL = MTRACKS*L o o
=1
DU 00 I=1,MTPI
IF (1 .NE. IPKTL) GU TO 50
XPP({) = PRTLINT®*EFCURD
PRTLINT = XPP(I)
G0 TO 60
50 XPP(I) = CP(IL)
LE = 1+l
60 CUNT{NUE

JERD THE DEPENDENT VAKIABLE AT THb ENDPUINTS
70 00 80 [=1,250
SPELIRALINL) = V.0
SPECTRA(I,MTRACKS) = U0
80 CONTINUE

CREATE INODEPENDENT VARLAELE ARRAY NECESSARY IN

RNPP2440
RNPP2450
RNPP246C
KNPP24 170
RNPP 2480
RNPP2450
RNPP2500
RNPP2510
RNPP2520
RNPP253C
RNPP2540
RNPP2550
RNPP25£0
RNPP2570
RNPP2580
RNPP2590

RNFP26UO

RNPP2610
RNPP2620
KNPP263C
RNPP2640
RNPP2650
KNPP2660
RNPP26TLC
RNPP2680
RNPP2690
RNPP2700
RNPP2T10
RNPP2T2C
RNPP2730
RNFP2740
RNPP2750
RNPP2T60
RNPP2TT0
RNPP2780
RNPP2790

KNPP2800

RNPP281O
RNPP2820
RNPP2830
RNPP2840
RNPP2850
RNPP2860
RNPP2BT0
RNPP288O
RNPP2890
RNPP2900
RNPP2918
RNPP2920
RNPP2930
RNPP2940
RNPP2950
RNPP2960
RNPP29TC
RNPP2980
RNPP295S0
RNPP30CO
RNPP3010
RNPP 3020
RNPP3030
RNPP3040
RNPP3050
RNPP3060
RNPP3070
RNPP30S8O
RNPP 3090
RNPP3100
RNPP3110
RNPP3120

RNPP3130.

RNPP3140
RNPP3150
RNPP3160
RNFPP3161

52100000
52200000

52300000

52400000
52500000
52600000
52700000
52800000
52900000
53000000
53100000
53200000
53300000
53400000
53500000
53600000
53700000
53800000
53900000
54000000
54100000
54200000
54300000
54400000
54500000
54600000
54700000
54800000
54900000
55000000
55100000
55200000
55300000
55400000
55500000
55600000
55700000
55800000
55900000
56000000
56100000
56200000
56300000
56400000
56500000
56600000
56700000

-56800000

56900000
57000000
57100000
57200000
57300000
57400000
57500000
57600000
57700000
57800000
57900000
58000000
58100000
58200000
58300000
58400000
58500000
58600000
58700000
58800000
58900000
59000000
59100000
59200000
59300000
59400000

93
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INTP
IF (
XINT
OXIN

DO &
XINT

APPENDIX G

COMPUTING INTEGRATED (AVERAGED) PHASE LATA.
= IFIX(51.0 * PRTLINT) ,
INTP .LE. 0) INTP=1

(i) = 0.0
T = EFCORD 7/ FLUAT(INTP)
5 I=24INTP
(I). = XINT(I-1) + DXINT

85 CONTINUE

90

100

120

KENT

esesescesee LOOP FOR THE NUMBER UF RANOGHM ACCESS READSeecevesse

CINTP) = PKTLINT * EFCORD

00 190 NR=19NREAL

CHECK FOR LAST READ (AND ADJULST RECORD SllEl

IF (NR .NE. NREAD) 6O TO 90
NPOIN = MPGIN
NWORDS = MWORDS

CaLL

IREC .=

) REAU SPECTRUM DATA (AND INCREMENT COUNTER)
REAOMS (2Us SPECTRA( 112} 4NNORDS IREC)
{REC+1

USE  STEADY LOADING VALUES FOR FIRST #SET# OF KNOWN
SPECTRUM DATA POINTS

IF (NR .NE. 1)} GU Tu 110

MT =

MTRACKS=-2

00 100’1 LoMT

Pl
SPEC
CuNni

VU 1
Iw =

i1el
TRA(lclPll sToviLol )
INVE

eaessLOCP TU INTERPOLATE AND INT&GRATE PRESSURE DATAccase
30 I=1oNPUIN

-1 )
USE SPECTRUM DATA TU CUNSTRUCT INTEGRATIUN
AUR INT:RPULATIGN) NGUE POINTS

UU 120 K=1,MTRACKS

TiK)
CONT

= SPECTRALI.K}
INUE T
TEST FOR PAKRTIAL CHUKD INTEGRATION

IF {NTEGRAT .6Te. 0) GO TC 125

- "CALL

121
122

125
128
130

=

INTERPULATE FOR PARTIAL CHCRD INTEGRAT ION

CSIUNI (LosMTRACKS »Laky Ll oCPyToPRTLINT 4FXy InsWKy LERR)
CUNSTRUCT PARTIAL CHOKD INTEGRATIEN NODE POINTS

1

DO 122 K=1,MTPL ,

1F (K «Ne,- IPRTL) GU TO 121 .
YPP(K) = FX '

GO TO K22 ,

YPP(KI = TCLL)

Il =
CUNT

in =
CALL
- 60T

calL
PRES
CUNT

IF (

caiLt
NREC

LI+l
lNUE
lNIEGhATE GVER PARTIAL LHORD
-1
SPLS (llyNTPlvl.XPP'YPP 1'lPRTL.PRUX(N'lN.NK'lERR)
O 1lé8

INTEGRATE OVER ENTIRE CHGKD GR GYER PARTIAL CHORD
IF CHURD FRACTIGN IS CNE CF SPECTRUM DATA PUSITIGNS
SPL> (16, MTKACKSQ11CF:T:1!NTEGR‘T1PKUX[NQIHQHK'[ERR)
SUR(T) = PRUAIN
INUE

NR <EQel) LU = PRESSUR(1}

nRITE INTEGRATED VALUES TQ RANDUH ACCESS
wR1TMS (209PRESSURL L) 9yNPUINNREUL)
= NREC+]

RNPP3162
RNPP 3163
RNPP3164
RNPP3L65
RNPP3166
RNPP3167

RANPP31l68

RNPP3169
RNPP316A
RNPP3168
ANPP316C
RNPP31170
RNPP3180
RNPP3190
RNPP3200
RNPP3210

"RNPP3220

RNPP3230
RNPP3240
RNPP3250
RNPP3260
RNPP3270
RNPP3280
RNPP3290
RNPP3300
RNPP3310
RNPP3320
RNFPP3330
RNPP3340
RNPP3350
RNPP3360
RNPP3370
RNPP3380

.RNPP3390

RNPP 3400
RNPP3410
RNPP3420
RNPP.3430
RNPP 3440
RNPP3450
RNPP3460
RNPP34T70
RNPP 3480
RNPP3490
RNPP 3500
RNPP35 L0
RNPP3520
RNPP3530
RNPP3540
RNPP3550
RNPP 3560
RNPP3570
RNPP3580
RNPP3590
RNPP3600
RNPP3610
RNPP3620
RNPP 3630
RNPP3640
RNPP3650
RNPP3660
RNPP367C
RNPP 3680
RNPP3690
RNPP3700
RNPP3T10
RNPP3T20
RNPP373C
RNPP3740
RNPP3750
RNPP3760
RNPP3770
RNPP3T8C
KNPP3790

59500000
59600000
59700000
59800000
59900000
60000000
60100000
60200000
60300000
60400000
60500000
60600000
603700000
60800000
60900000
61000000
61100000
61200000
61300000
61400000
61500000
61600000
61700000
61800000
61900000
62000000
62100000
62200000
62300000
62400000
62500000
62600000
62700000
62800000
62900000
63000000
63100000
63200000
63300000
63400000
63500000
63600000
63700000
63800000
63900000
64000000
64100000
64200000
64300000
64400000
64500000
64600000
64700000
64300000
64900000
65000000
65100000
65200000
65300000
65400000
65500000
65600000
65700000
65600000
65900000
66000000
66100000
65200000
66300000
66400000
66500000
66600000
65700000
66800000



APPENDIX G '

CALL REAUMS (20ySPECTKALL2) ¢ NWUKDSJREC)
Jatk(C = JKLC+I

C
¢ eeesslUUP TU INTEGRATE AND INTERPULATE PHASE DATA ...ee
Uu 1o 4=1yNPUIN
Iw = =1
¢ USc SPECTRUM DATA TU CONSTRUCT INTEGRATION
C (OR INTERPULATICN} NCDE POINTS
DU L4V K=1,MIRACLKS
T(KJ = SPECTKA(JsK)
140 CUNT INUE
L ’ .
c INTERPULATE FGR INTP EQUALLY SPACEL PULNTS OVER THE
C PHASE DISTRIBUTIUN
CALL C>iunl (lu,MTRACmby1-51.INTP.CP.T,XINT'YINT.lu WKy LERRD
c AP
o S AVERAGE INTERPULATEU VALUES > e
SUMINT = 0.0
VU L1492 I=1,INTP
SUMINT = SUMINT + YINTLI)
145 CUNTINUE :
. PHASE(J) = SUMINT / FLUAT(INTP)
C
160 CONT INUE
. ‘ .
c WRITe INIcGRATEU VALUES TU RANDCM ACCESS
CALL WRITMS (<0,PHASE(L) +APCINJMREC)
MREC = MREC#L
(" teesesccccssescassacsstescssncacsascanseacancossccsccnnn
C
¢ WK ITE INTEGKATEU BLAUE LUAUING HAKMONIC ANO
¢ INTELRATEU PHASE SPECTRUM TU UISC FUR LATER USE
L . BY IHt PLUTTING PROGRAM SPLPLT
IF (NR oEus L) WRLTE (4) NREADyMPOIN,DELTF ¢L0y PKCNTGRRS y THRUST
U WRITE (4) (PRESSURCL)PHASE(L),I=14NPUIN)
c T
190 CONTINUE" . T
L cetcecssevacsacsosccssascscscsassosssasescsssencsonncsssosssscassonccncss
c :
c
C SET TRALK NUMBER (WITH AND HITHOUT INTEGRATION)

200 J-= ITRACK
LF (NTEGRAT .NE., Q) J=1

[N al

: aRITE STEADY LUADING ANU hEAble INFORMATION
NRIYE (6,2010) LO ’ '

RNPP3600
RNPP3B10
RNPP3820
RNFP3620
KNPP3840
RNPP3850
RNPP 3860
KNPP3570
KNPP3480
RNPP3890
KNPP3900
RNPP3920
RNPP 3940
RNPP3960
RNPP3980
RNPP40OC
RNPP4020
RNPP4040
RNPP4060
RNPP4OHO
RNPP4100
RNPP4120
RNPP4130
KNPP414D
RNPP4150
RNPP4160
RNPP4L 70
RNPP418C
RNPP4190

RNPP 4200

RNPP4210

. RNPP422C

RNPP4230
RNPP424C
RNPP4250
KRNPP4260
RNPP421GC
RNPP4280
RNPP4290
RNPP4300
RNFP4310
RNPP4320
RNPP4330
RNPP4340
RNPP4350
RNPP4360

2010 FORMAT (LHLy//y35X,*LUADING HARMCNIL ‘CUOEFFLULIENTS AND PHASE ANGLESRNPP4370

+8,// 420X, *THE STEAUY LOADING IS = #,Fl2.50% PSL¥,//)
. WRITE (6,420¢0)
2020 FORMAT (/,10X,#HARMUNIC NUMBER®, 7Xy#PRESSURE® s L5X ¢ #ALPHA® 4 L7 X,y

*+%PHASE*,//)
c .
C SET RANUUM ACCESS RECORD LOCATION AND SIZE COQUNTERS
c YEPENUING UN WHETHFER INTEGRATICN IS PERFUKMED
CAF (NTEGRAT oNL. 9) GU TL 250
IREC = NRCSUM
JREC = IREC+NREAD o
LU TO <70 2ac e
250 IKEC = NRVSUM
JREC = IKEC+NREAL
NPULN = 250 -
NWURDS = 250
MWURDS = MPUILN
c
¢ B 00 00 N0 R EEE000e0 000000000t cisittasoesenstoesscioneirscosecsssossnsoncsacscs
c CUMPUTE BLACE LGADING hARMUNLCS
C .
c INITIALIZE DATA PGINT CUULNTER, BLH COUNTER, ANU TEST
¢ _ PARAMETER
270 11 = 0
I =0
NPP = 0
LITEST = © C
C 7

RNIPP4380
RNPP 4390
RNPP44 0O
KNPP440S
RNPP4410
RNPP4420
RNPP4430
RNPP4440
RNPP4450
RNPP4460
RNPP44 170
RNPP4480
RNPP4490
RNPP4500
RNPP4510
RNPP4520
RNPP4530
RNPP4540
RiNPP4550
RNPP4560
RNPP45170
RNPP 4580
RNPP4590
RNPP4600
RNPP461C
RNPP4620
RNPP4630

66900000
67000000
67100000
67200000
67300000
67400000
67500000
67500000
67700000
67800000
67900000
68000000
68100000
68200000
68300000
68400000
©8500000
68600000
68700000
68400000
68900000
69000000
69100000
69200000
69300000
69400000
69500000
69600000
69700000
69800000
69900000
70000000
70100000
70200000
70300000
70400000
70500000
70600000
70700000
70800000
70900000
71000000
71100000
71200000
71300000
71400000
71500000
71600000
71700000
71800000
71900000
72000000
72100000
72200000
72300000
72400000
12500000
72600000
72700000
72800000
72900000
73000000
73100000
73200000
73300000
73400000
73500000
73600000
73700000
73800000
73900000
74000000
74100000
74200000

95
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cesssesasslUOP FUR THE NUMBER UF KANUCM ACCESS KEAUSeseecaacee

VU 400 NR=1,NREAD

SET RECURD SIZE FCR LAST READ (WITH AND WLTHUUT
INTEGRATION

IF (NR oEude NREAU) NPOLIN=MPOIN

IF (MR +EQ« NREAU) NWULRUS=MauJRDS

READ PKESSURE DATA FRGM RANDCM ACCESS

. CALL REAUMS (20.SPECTRA(I'I)'NHORDS.IREC)

290

310

(o o N = TN o N a SN o}

o0 o

o

o

[aX ol aX ul

o

[aXaR o

320

330

350

400

€0 0009 00000000 0007000000e000cnettetcsodtnsasesencssetonacscenccscssossose

LREC = IREC+1
USING THE DESIRED TRACK, UETERHINE PRESSURES

"DO 290 NP=1,4NPUIN

PRESSUR(NP) = SPECTRAINP,J)

CUNTINUE

. SET FIRST PRESSURE TO STEADY LOADING
IF (NR .EQ. 1) PRESSUR(L) = ABS(LO}

READ PHASE DATA FROM RANDUM ACCESS
CALL READMS (20,SPECTRAL1,1)+NWORDSyJREC)
JREC = JREC+HL
USING THE DESIREU TRACK DETERMINE PHASES
DO 310 NP=1,NPGIN
PHASE(NP) = SPECTRA(NP,J)
CONT INUE
SET FIRST PHASE TC ZERO
IF (NR «EQ. L) PHASE(1)=0.0

NP = 0

TEST TO DETERMINE IF NEn R.A. RECORD [S NEEDED
IF ((NP*1) <6T. NPUIN) oC TO 400

TEST TU VETERMINE IF NEWw FKEUQUENCY [S NEEDEL
IF (NP o+EUe O oAND. L1ITEST +EQ. NR) GO TO 330
I = I+1

COMPUTE MULTPLE OF BLAUE PASSAGE FREQUENCY
FREQ = (I-1)*F

TEST TGO CETERMINE IF NEW ReAe RECORU IS NEEVED
IF ((NP#1l) oLE. NPOIN) &G TO 350

SET NEw KeA., RcCURD TEST PARAMETER
TITEST = NR+l

GU TO 400
INCKEMENT CUUNTERS

NP = NP+l

Il = [i+l

. TEST #UR COMPLETICN OF BLH CGMPUTATIOUNS
LF (1 .GTe NN eUR. I1 oGTe NSPCTY GO TO 410

SELECT DATA AT A MULTIPE GF BLADE PASSAGE FREQUENCY
IF IT I> NOT THE SAME AS THE BAND-WIDTH UF FUGURIER
TRANSFURN ANALYSIS (BLH CCEFFICIENTS)

DIFF = FREQW — (LI-1)%DELTF

ADIFF = ABS(ULIFF)

AF (ADIFF GT. DELTF2) GU TO 330

NPP = NPP+l

KEPRESSINPP) = PRESSURINP)

IF (NR +EGs 1 <AND. NPP .EQ. L) REPRESS(1)=LU
REPHASE(NPP) = PHASE(NP)/RALIAN

ALPHA(NPP) = ABS (REPRESSIAPPI/LG)

LASPNT = NPP
GU 10 32v

CUNT INUE

GO Tu 4lv

TESi Fuk OPTIONAL BLH COEFFICIENT AND PHASE

RNPP4640
RNPP4650
RNPP46E0D
RNPP4610
RNPP4680
RNPP4690
RNPP4T00
RNPP4T10
RNPP4T20
RNPP4T30
RNPP4T40
RNPP4750
RNPP4T60
RNPP4TTO
RNPP4T80
RNPP4 790
RNPP4800

RANPP4810

RNPP4820
RNPP48 30
RNPP4840
KRNPP4850
RNPP48 60
RNPP48 70
RNPP4880
RNPP4890O
RNPP49GO
RNPP4910
RNPP4920
RNPP4930
RNPP4940
RNPP4950
RNPP4960
RNPP49 10
RNPP4980
RNPP4SS0
RNPPSO10
RNPP5000
RNPPS020
RNPP5030
KRNPP5040
RNPP5050
RNPP5060
RNPP501C
RNPP5080
RNPP5090
RNPPS100
RNPP5110
RNPPS5120
RNPPS130
RNPP5140
RNPP5150
RNPP5160
RNPP5170
RNPP5180
RNPPS5190
RNPP5200
RNPPS210
RNPP5220
RNPP5230
RNPP 5240
RNPP5250
RNPP5260
RNPPS52170
RNPP5280
RNPP5290
RNPP53CO
RNPPS5310
RNPP5320
RNPP5330
RNPP5340
RNPP5350
RNPP5360
RNPP53 10

74300000
74400000
74500000
74600000
74700000
74800000
74900000

75000000

75100000
75200000
75300000

. 75400000

75500000
75600000
75700000
75800000
75900000

‘T6000000

76100000
76200000
76300000

76400000

76500000
76600000
76700000
76800000
76900000
77000000
77100000
77200000
77300000
77400000
77500000
77600000
77700000
77800000
77900000
78000000
78100000
78200000
78300000
78400000
78500000
78600000
78700000
78800000
78900000
79000000
79100000
79200000
79300000
79400000
795004000
79600000
79700000
79800000
79900000
80000000
80100000
80200000
80300000
80400000
80500000
80600000
8070C000
80800000
80900000
81000000
81100000
81200000
81300000
81400000
81500000
81600000
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APPENDIX G

) ANGLE INPUT
thlE (64,2070} -

RNPP5380
RNPP 5390

FORMAT (LHLy//+35Xs%LOAVING HARMUNIC COEFFICLENTS AND PHASE ANGLESRNPPS54CO
$5y/e25%*{CUMPUTED USING THE INLINE FUNCTLUN BLHIY) = C/Y..X)%,//)RNPP5410

WRITE (6,2020)

‘UU 4UD> MELyN3LHPT

FM = FLOAT(M) -
REPKRESS (M) = BLAIFM)
REPHASE(M} = v.,0
ALPHA(M) = REPRESS (M)
CONT InNUE

LASPNT = NBLHPT

nklft BLAJUE LOADING HARMCNIC CUEFFICLENTS

RNPP 5420
RNPP5430
RNPP5440
RNPP5450
RNPP5460
RNPP5410
RNPP54 80
RNPP 5450
RNPP5500
RNPP5510

ARITE (6920601 (l-RtPRtbS(I).ALPHA{[)'REPHASE(l)-l L+ LASPNT, INCOFIRNPP5520

2060 FUKHAI (llk.l)'j(IOK.FIZ-.))

420

WRLTE SPL HLADINGS
WRITE (6020300 UBSELV,UBSAZI

RNPP5530
RNPP5540
RNPPS5550
RNPP5560
RNPPSS5 70

2030 FORMAT (LHL.//74,20X,* Tt SCUND PRESSURE LEVELS AT VARIUUS MB NUMBERRNPPS580
L3%47//25X4%¥0085ERVER ELEVATIUN ANGLE = #4F0+3915Xs%08SERVER AZIMUTHRNPP 5550

00 900 00 00 0000 600004000000 R 0092000000000 0000000cc0sstsvscassonaccnasss

2- ANGLE = %,F 643977 124Xy *MB2 414Xy 2S5PL e, 18X 3L IMIT%*,/)

CUMPUTE SOUND PRESSURE LEVELS

ENITIALILE #UASPL# PARAMETER
UVERALL = 0.0

sesesensececesesslOUP FUR THE NUMBEK GF HARMONICSeeceececasses

" DU 580 M=1l,MAXHAR

CDMPUTt M3 NUMBERS .

MB = M%NDB

AMBN (M) = FLUAT(MB‘
SELECT DESIREu ARGUMENT ANU GRDER UF BESSEL
FUNCT 1un

ARG = M%¥S

ASKFUR=ARG+100.

CALL UBSSLS(ARUy0JsASKFUR)

99 0000000000 0C 0004000000000 000PEsORNEsPtOLCRRGOSIRIOCOTTSLS

LUMPUTE SPL USING wRIGHT SUMMATION
(ReAL ANU IMAGINARY PARTS AKE ADDED SEPERATELY
AND MAGNITUDE YIELDS SPL)

LMIT = 10. + 1.25%AR0
ALIMIT{M) = FLOAT(LMIT)

TEKML = CEXP (—ci*KhEPHASE(MB+1))
FIRST=.5%ALPHAIMB L) ¢KT *8J( L ) *MB*TERML*(-E ]}
FIROTL=REALIFIRST)

FIRST2=AIMAGL(FIRST)

THETA = UbSALZI

TERMO = CEXP (EI ¥* (MB*ThHETA-REPHASE(L)) )
LERO=42%ALPHA( L} *(KT-KQ)FBJ(MB+ L) *MB*TERMO® (—E L **(MB+1))
LERUL=REAL {ZERD)

LERUZ=ATMAGI LERU)

TOTALL = 0.

TATALZ2=0.

Uy 500 Q=Ll,LMIT

GTHETA = Q*THETA

KQUMB = KY*y/Mb
MBBJ = Mo®dJyla+l)
Elul = ~El®=x{g¢+l)
MBQL = MBtu+1l

VERMZ = CEXP (~El # (QVThETA-KEPHASE(MBQL)) )
SECOND = 5%ALPHA(MBQL) #* (KAT+KJCMB)*MBBJSTERM2*ELQL

RNPP 5600
RNPP5610
RNPP5620
RNPP5630
RNPP5640
RNPP5650
RNPP5660
RNPP5670
RNPP56 80
RNPP56S0
RNPPS57GO
RNPPS5T710
RNPP5720
RNPPST30
RNPP5740
RNPP5750
RNPPST60
RNPPST 70
RNFP5780
RNPP5790
RNPP58CO
RNPP5810
RNPP5820
RNPP5830
RNPP5840
RNPP5850
RNPP5860
RNPP5870
RNPP58 &0
RNPPS890
RNPP59CO
RNPP5910
RNPP5920
RNPP5930
RNPP5940
RNPP5950
RNPP5960
RNPP59 70

" RNPP5980

RNPP5990
RNPP6000
RNPP6O1O
RNPP6020
RNPP6030
RNPP6040O
RNPP6050
RNPP6060
RNPP6QO70
RNPP60EO
RNPP6090
RNPPEL1OO
RNPP6110

81700000
81800000
81900000
82000000
82100000
82200000
82300000
82400000
82500000
82600000
82700000
62800000
82900000
83000000
83100000
83200000
83300000
83400000
83500000
83600000
83700000
83800000
83900000
84000000
84100000
84200000
84300000
84400000
84500000
84600000
84700000
84800000
84900000
85000000
85100000
85200000
85300000
85400000
85500000
85600000
85700000
85800000
85900000
86000000
85100000
86200000
86300000
86400000
86500000
86600000
86700000
856800000
86900000
87000000
87100000
87200000
8730000V
87400000
87500000
87000000
87700000
87800000
87900000
88000000
88100000
88200000
88300000
88400000
88500000
88600000
88700000
88800000
88900000
89000000

97
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SECUL=REAL{SECUND) RNPP6L 20

SECU2=AIMAGI SECUND) RNPPO61 30

c RNPP6140O
STEP = O RNPP6150

IF (4 «Gts MZ) STEP=2 RNPP6160

c RNPPOE1T0
SUB=1ABS(u—MB) +1 RNPP61 80

C . RNPP6190
TERM3 = ocXP (£l * (QTHETA + REPHASE(SUBI*(STEP-1.)) ) RNPP6200

THIRD = «5%ALPHAISUL) * (KT-KGQMB)*MBBJ*TERM3*EIQL RNPP6210C
THIRDL=REAL(THIRD) RNPP6220
THIRD2=AIMAG(THIRD) RNPP6230
TOTALL=TOTALL+SECIL+THIROL : RNPP62440
TOTAL2=TOTAL2+S5cC02+THIRDB2 RNPP6250

C . RNPP6260
500 CONTINUE ’ RNPP6210

c N RNPP62 80O
NSPLPT = M RNPP6290

C KNPP630R
C . TOTAL REAL AND IMAGINARY PARTS RNPP63 O
TOTALR=TOVALL+ZcROL+FIRST] RNPP6320
TOTALI=TOTAL2+ZERDO2¢F[KST2 . RNPP6330

c. ) RNPP6340
C TAKE MAGNITUDE RNPP6350
_TOTAL = SQRT ((TOTALR*TOTALR)®(TOTALI*TOTALI}) RNPP63 60
TOTAL = TOTAL/SQRT2 RNPP63 70

[ . : RNPP6380
(% _APPLY APPROPRIATE CHORD DISTRIBUTAON FUNCTION TO SPL RNPP63S0
IF (ICHORD .fu. 0) GO TO 520 ) RNPP640OR

IF (L1CHURDL +Eue 1)} TOTAL = TOTAL*CHORDL(M) RNPPO4 1O

IF (ICHORD .EQe. 2) TOTAL = TOTAL*CHORD2(M) RNPP6420

IF (ICHORD .Ewe 3) TOTAL = TOTAL*CHORD3(M) RNPP6430

[F (ICHORD <EQ. 4) TOTAL = TOTAL*CHGRD4(M) RNPP644O

C ! RNPP6450
520 IF (TUTAL .NEe. 0.0) GO TC 550 RNPP6460
SPLIM) = 0.0 ] RNPP64TD

GO 10 590 RNPP64 80O

[9 RNPP6490
C COMPUTE SOUND PKESSURE LEVELS RNFPP6500
550 SPLI(M) = 20.#AL0GLO (ABS(TCTAL)/PO) RNPP6510

C . TOTAL UASPL PARAMETER RNPP6520
N OVERALL = OVERALL + TOTAL®TOTAL RNPP6530

[ : RNPP6560
530 CUNTINUE RNPP6550

C ! .o.n-...‘-o.;ooco...-.cn....co‘o.c...--i...o.-o.-ocoo-..oco.-- RNPP6560
c . RNPP6570
C WRITE SOUND PRESSURE LEVELS RNPP65 60
590 #MRITE (6920400 (AMBNUT Do SPLUT)ALIMITCE) 91 =1 yNSPLPTY) RNPP6590
2040 FORMAT (19X,F0al sl0OX9sFLl0e3,10XoFl2.1) RNPP 6600
C RNPP661O -
C TAKE RuOT MEAN SQUARE RNPP 6620
RMS = SQRT(UVERALL) RNPP6630

¢ EVALUATE OASPL RNPP6640O
UASPL=20.%ALOGLI(RMS/PO) RNPP6650

C : RNPP6660
C WRITE UASPL RNPP66TC
WRITE (6,2050) UASPL RNPP6680O

2050 FURMAT (/7 +20X+%0ASPL = *,F6.1y% DB¥*) RNPP 6690
C ) RNPP6T00
TRACK = FLOAT(1TRACK) RNPPO6T10

C WRITE SUJUNU PRESSURE LEVEL PLOTIING PARAMETERS RNPPOT 20
C TO DISL FUR LATER USE BY THE PLOTIING PRUGRAM SPLPLT RNPP6T30
WRITE (4) NB+FeRSeOASPLyThRUST,0BSELV0BSAZI4TRACKPRCNTGRy ICHORD RNPP6740

WRITE (4) MAXHAR,(S5PLIM) s¥=]14MAXHAR) RNFPOTSO
RNPPO6TEC

777 CUNTINUE RNPP6T 10
Crevceseccsevnsencanssscsccssoncsncsssscsccssoscsosocoscssacasnscsscnnsscssccacaseess RNPPOTEHO
C RNPP67SO
C RETURN Tu DETERMINE IF ANGTHER CASE IS 10 BE RUN RNPP 6800
GO 70 10 RNPP6BLO

C RNPP6820
999 CUNTINUE RNPP6830
STOP RNPP6840

END RNPP6850

98

89100000
89200000
89300000
89400000
89500000
89600000
89700000
89300000
89900000
90000000
50100000
90200000
90300000
90400000
90500000
90600000
90700000
90800000
90900000
91000000
91100000
91200000
91300000
91400000
91500000
91600000
91700000
91800000
91900000
92000000
92100000
92200000
92300000
92400000
92500000
92600000
92700000
92800000
92900000
93000000
93100006
93200000
93300000
93400000
93500000
93600000
93700000
93800000
93900000
94000000
94100000
94200000
94300000
94400000
94500000
94600000
94700000
94800000
94900000
95000000
95100000
95200000
95300000
95400000
95500000
95600000
95700000
95800000
95900000
96000000
96100000
96200000
96300000
96400000
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o0

L19
122

118

51
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SUBRIUTINE CSIUNICMNPTS yNyNCVSoMMAX My X oY o Ty F, I WKy IERR) CcSsiuoolLo
DIMENSIUN FIMMAX,NCVS) CS1ug02¢
DIMENS ION WK{1) CS1u0030
DIMENS ION X(N) o YIAMNPTSyNCVS) ,T{M) CSIu0040
JK=ENEVS CSIU0050
1ERR=V. CS1U0060
LEXP=0 csiuooro0
iT=0 CsSiuoos8o
1§S=0 CS1uU0090
I1P=0 CSluoloo
10=0 CSIuo11i0
im=1 Ccsiuol20
IN=1 CS1U0130
CSIU0140

WK{L TU NJ h CS1uy0150
- CSI1y0160
WKIN+L TJ JK&N) 10Ly CSI1uol170
: T S CS1uol80
WK{JK+N+L JU JK+ZN) IcC CSIuol90
CcSluo200

AK(JK*+2N+]1 TO JK+3N) IR CSsiuo210
CsSiuQ220

WK(JK# 3Nt TO JK+aN) ICSQ CS1u0230
? CS1U024C

wKlJKeeN+) TU JIR#5N) 100 CS1U0250
CSiuo260

WKLJK#S5NEL TU 2JK+5N) Ise CS1u0270
cS1yuo280

WK(2JK+5N+]1 TO 3JK¢5N) 1S3 CSiu02s0
AK{IUR+5N+]L TO 3JK+6N) Ihwh CS1vo3o0
CS51U031¢0

WAK(3JUK+6N* L Tu 3UK+TN) IGG CS1u0320
: ' CS1u0330
WK(3JK+IN+ L TO 3JK+oN) 1SV CSIU0340
C51u0350

UIMENSION nK (3JK+8N) CS1U0360
CS1uU0370

[DLY=N¢] €51U0380
ICC=JK+NT] CStu039¢g
THZ2=JK +28N+] CSIU0400
FOSQ=UK+3%N+] CSIuo4l0
TuD=JK+4%N+] CS1uo4s20
1S2=uR+5&N+1 CS1V0430
IS3=2%JR¢5%N+] CSIU0440
INW=3% K +58N+] CS1uU0450
LGL= 3% JKroEN+] CSIUO460
ISV=3%JK+T%N+] CSIU0410
IFCIn=(=1)) L54215 CS1U0480
N1=N~1 CS51U0490
CS1u0500

I> INDEPENDENT VARIABLE ARRAY INCREASING CSIuos1lo
CS1u0520

D0 118 I=1,N1 CSIu0530
WKL) =X(1+L)=X(1) CSI1U0540
IFLmMK(L)) 119,119,118 CSIu0550
WRITE(O,L22) Lo X(1)eXUI#+L) CSIU0560
FURMAT ( LHOOAG4HINUEPENDENT VARIABLE ARRAY NUT INCREASING IN CSIUNICSIUODS570
L AT POSITIUN 14 +2X2HX=2F10e4/) CSluos580
IERR=] CSIU0590
RETURN CS1uU0600
CUNT INUE CSIuos10
fw=1 CSIu0620
UU 10l L=1,NCVS CS1U0630
DU S1 I[=14N1 CS1U0640
li=1+] CS1U0650
IMl=]-1 CSIU0660
WKELGLY+IPI= (Y LT L)=Y (Lo L) )/WKCL) CSiuoe 70
iP=IP+l CSivoe8g
AKLLICC+IMLI=wWA () CSivo690
CUNT INUE CS1u0700
0J 65 [=24N1 csluorio
IML=1i-1 CS1u0o720
WK(IHZ2+IML)=(WK{IML)+WK(1))®2, CSIvuo730
WKEIDSQeIML)=(aK (1D LY®#IF)-wK(ID LY+IM-1)J%0 CSIU0740

96500000
96600000
96700000
96800000
96900000
97000000
97100000
97200000
97300000
97400000
97500000
97600000
97700000
97800000
97900000
98000000
98100000
98200000
98300000
98400000
$8500000
98600000
$8700000
$8300000
98900000
$9000000
99100000
99200000
99300000
99400000
99500000
99600000
99700000
99800000
99900000
100000000
100100000
100200000
100300000
100400000
100500000
100600000
100700000
100800000
100900000
101000000
101100000
101200000
101300000
101400000
101500000
101600000
101700000
101800000
101900000
102000000
102100000
102200000
1C2300000
102400000
102500000
102600000
102700000
102800000
102900000
103000000
103100000
103200000
103300000
103400000
103500000
103600000
103700000
103800000

99



65
222

223

C

APPENDIX G
IM=IM+1
CONT INUE
CONT INUE
WKiIHZ2)=1.
Wk{10S4d-1)=1.
WK(1CC)=0.
WKE{NL)=0.
wWK{10SQ)=0.
WK{I0D-1)=0.
CONT INUE

C THIS RGUTINE SQOLVES THE TRIDIAGINAL (EXCEPT TWO ELEMENTS) MATRIX

C

CLIP=1sv-1
CWK{Tww)=uK(1H2)

WKEISV)I=wK(ICC)/WK{IH2Z)
WK{IGG)=WK{I0SQ) 7WK( LWK)

.00 100 K=2,N

KM2=K~2

. KMl = K-1

100

06

14

53

55
162
160
Y

57

58

o600

100

200

THKCIWWEKML )= WK { TH2+KML)—WK(KML) #WK( ISVHKM2Z)

IF (KeEQaN) GU T 5
WK{ISVEKNL)=wK( 1CC+KML) /WK { IWWEKML)
WK{IGG#KML)=(WK{ IDSQ¢KML }=WK{KML ) SWK(IGG+KM2) ) AWK IWW#KML)
CONT INVE ’
WK{IS2-1)=uK({ISV-1)

iBw=152-1 '

DO 200 K=1,N1

I18C=1on-K

KK= N-K

KKML=KK=-1

MK{IBC)=uK (L IGG+KKML)—WK( ISVEKKML) WKL IBC+] )

CONT INUE

DO 66 I=i,N

IMl=1-1

WK{152+10)=WK(IDD+IM1)

10=10+1

CONT INUE

WKINL)=WK( [H2-2)

DO 53 I=1,Nl

I1=0+1 -
WKCIS3415)=(WK(IS2+IN)I-WK(IS2¢IN-1)) /WK (1)
1S=Is+1

IN=IN+1 .
CONT INUE

IM=IM+2

iP=ipel

IN=IN+L

1S=15¢1

CONT INUE

CONT INUE . s
:lf(ln «EQ.Q) In=1
Sith
5 d=Jd+l

I=lw

IF(T(J)=X(1)) 584117455
1=1

Iw=1

60 170 17

IE(T(JI-X(N}) 162,59,158
IF(T4I)-X(1}) 1604217451
1=1-1

60 TO 162

LEATEII-X(1)) 005217457
1=1+1 :
Gu TO 56

CONT INUE

EXTRAPUOLATE LUWER END

I=1
Iw=0

CSI1U0750
CS1U0760
CS1U0770
CSI1U0780
CS1U0790
CS1U08Q0
CSIU0810
CS1U0820
CS1u0830
CS1U0840
€51U0850
€51U0860
csivos 0
€S1U0880
€S1U0890
CS1U0900
CS1U0910
€S1U0920
CS1U0930
CS1U0940
CS1U0950
CS1U0960
CS1U0S 0
CS1U0980
€S1U0990
€S1U1000
CSIV1010
CsIU1020
CS1V1030
€S1U1040
CS1UL050
€S1U1060

" CSIVl070

CSIUL080
cSIV1080
CSIULL00
cSIUlllo
Csiull20
CSIUL130

CS1UL140
~CSIulls0o

CSlulle0
Csiuli70
csiuliiao
CsSlull90

' Ccslul2a0

cslulzio
csiulz20
Cslule3o
CSiuLz240

" CSIul250

CSsIulzao
cslulizio0
csiulzso
CS1Ul2%0
Cslul3oo
CSIul3Lo
csliul3ao
Cstul330
CS1Ul340
CSiul350
CSIUul360
csivlaro
Ccsiulasao
CSIul1390
CS1Ul400

- CSIVL410

CSIul42n

‘CS1ul4e30

CS1UL440
CSlul4s50
CSluia60
CSlIul470
CS1U1480

103900000
104000000
104100000
104200000
104300000
104400000
104500000
104600000
104700000
104800000
104900000
105000000
105100000
105200000
105300000
105400000
105500000
105600000
105700000
105800000
165900000
106000000

106100000
106200000
106300000
106400000
106500000
106600000
106700000
106800000
106900000
107000000
107100000
107200000
107300000
107400000
107500000
107600000
107700000
107800000
107900000
108000000
108100000

108200000
108300000
108400000
108500000
108600000
108700000
108800000
108900000
109000000
109100000
109200000
109300000
109400000
109500000
109600000
109700000
1095800000
109900000
110000000
110100000
110200000
110300000
110400000
110500000
110600000
110700000
110800000
110900000
111000000
111100000
111200000
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59
64U

217
17

1001

1002

1000
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T5av=T{Ji}
TLd=X(1)
LExP=1

GU. TO 17

EXTRAPULATE UPPER ENU

1=1W=N
i=l-1
TSAV=T ()
T(JI)=X(N)

CIEXP=2

GU TQ 17

I=N

CUNT INUE

I=1-1

Iw=1l -

CUNT ENUE

IML=1~-1

ITU= ULY+IM]

IT2=1S2+1M1

1T3=153+1M1 -
DO 110 K=1,NCVS .
HTL=14J)-X{1)

11=1+1 .

HT2=T{J)-X(11)

PROU=HT1 * HT2

DERZ=WKILIT2)+HTL*wWK(IT3)
DELSQS=(WK(IT2IemK{ITL2+]1)*DER2)/ e
FldoKI=YLL K)+HTL1*WK(ITU)+PROD*DELSQS
IFLIEXP=-1) LUOOUyLUUL,100c .

CONT INUE

VERL SWKITOI+H(HTL+HTZ)*DELSGQS¢PRUD*AK(IT3) /6.
FlasR)=F(JoKI+(TSAV=X({1))*DERL

60 TO 10U0

CONT INUE

DERL Sk (LTOIH(HTLeHT2 ) HDELSQS+PRED*WK(IT3) /6.
FlJeK)I=FLJyKI+(TSAV-X(N))SUERL

CUNT INUE

IT3=1T3+N

IT2=1T2¢N

ITU=ITO+N

CUNT INUE

AFULIEXP JNE. U} TUJ)I=TSAV

1eEXP=0

LF(JeLTeMIGO Tu 105

RETURN

END 3

SUBRUUTINE SPLS(MNPTS)NyNCVS s XsYsnlyKds PROUXIN, [W WKy [ERR)
DIMENSION PKOXINUNCVS)
DIMENSIUN X(N) YIMNPTS,NCVS)
DIMENSION wiili

1ERR=0

JR=N*NCYS

JK2=gK%2

11=0

1P=0

10=0

CkM=1

WKL T3 N) H
w&‘N*L‘IU JK+N) IoLY
WK{JKEN+L TO JR+2N) 1cC
WKIJK+2N+L TU JK#3IN) 1&2
WKIJK+3N+1 TO JK+4N) IDSQ
WK{JK#+aN+L TO JK+5N) Lo

WK(JK#ON+1 TU 2J0K+5N) | .7

CSIule90
CSIUL500
€SIUL510
CS1ul520
CSIUL530
CSIUL540
CSIUL550
CS1U1560
CSIUl570
CS1UL580
CS1U1590
CS1Ul600
CSIUL6LO
€SIU1620
CS1U1630
CS1UL1640
CSIUL650
CSIUl660
CS1U1670
€S1Ul680
CSIU1690
CSIUL700
CSIULT10
CS1ul720
CSIUL730
CSIULT40
CS1UL750
CSIUL760
CSIUL770
CSIULTEC
CSIUL790
CS1U1800
csiulslo
CSIUl820
CSIULB30
CS1UL840
CSIUL850
CSIULB60
CSIU1870
CS1ul8so
CSIU1890
CSIU1900
CSIul9l0
csiule20
CSIU1930
CSIUL940
€S1U1950
CS1UL960
SPLS0010
SPLS0020
SPLS0030
SPLS0040
SPLS0050
SPLS0060
SPLS0070
SPLS0080
SPLS0090
SPLS0100
SPLSO110
SPLS0120
SPLS0130
SPLS0140
SPLSO150
SPLS0160
SPLS0170
SPLS0180
SPLS0190
SPL 50200
SPLS0210
$PLS0220
SPLS0230
SPLS0240
SPLS0250
$PLS0260

111300000

111400000 -

111500000
111600000
111700000
111800000
111900000
112000000

112100000 -

112200000
112300000
112400000
112500000
112600000
112700000
112800000
112900000
113000000
113100000
113200000
113300000
113400000
113500000
113600000
113700000
113800000
113900000
114000000
114100000
114200000
114300000
114400000
114500000
114600000
114700000
114800000
114900000
115000000
115100€00

115200000

115300000
115400000
115500000
115600000
‘115700000
115800000
115900000
116000000
116100000
116200000
116300000
116400000
116500000
116600000
116700000
116800000
116900000
117000000
117100000
117200000
117300000
117400000
117500000
117600000
117700000
117800000
117900000
118000000
118100000
118200000
118300000
118400000
118500000
118600000

101



"APPENDIX:G

C WK{2JK#5N+1 TO 2JK+6N) Iww
2 WK(2JK+6N+1 TO 2JK¢TN) IGG
E WKI2JK+TN+L Tu 2JK+8N) ISV
E DIMENSION WK(2JK+BN)
¢ IOLY=N+1

ICC=JK N+ L

IH2= JK+2%N+ )
[DSQ=JUK+3*N+ ]
1OD=JK+4*N+1
152=UK+5%N+]
IWH=JK245%N¢ ]
1GG=JK2+6%N+ |
ESV=UK24T¥N+ 1
IFCEw=(=1)) 1542415
2 Nl=sN-1
DO 118 I=1l,N1l
WKCL)=X(I+L)~-X(1d : ) .
IF(NKETI)ILL911Y 118 N
119 WRITE(69122) LeX( 1) e X(1+1)

SPLS0270
SPL$S0280
SPLS0290
SPLS0300
SPLS0310
SPLS0320
SPLS0330
SPLS0340
SPLS0350
SPLS0360
SPLS0370
SPLS0380
SPLS0390
SPLS0400
SPLS04LO
$PLS0420
SPLS0430
SPLS0440
SPLS0450
SPLS0460
SPLS047C
$PLS0480
SPLS0490

122 FORMAT [1HO6X62HINUEPENDENT VARIABLE ARRAY NOT INCREASING IN SPLS ASPLS0500

LT POSITION 14,2X2HX=2F10.4)
LERR=1
: RETURN
118 CONT INUE
- Isn=l
D0 101 L=1,NCVS
3 DO 51 I=1sN1
=i+l
INl=1-]
CWKCLIDLY+IP )Y (L d o)=Yl L)) /NK(])
IP=IpP+l -
MK(ICC+IML)=wKI])
51 CONTINUE
DO 65 I=2sN1
IMl=1-1
WK{IH2#IML)= (HK(IML}*&K(I))‘Z.
WKLTOSUeIML)=(wK(I0 LY#IM)-WKI{ID LY+]IM-1))%6
IM=1M¢+1
65 CONTINUE
222 COUNT INUE
WK({IH2)=1.
WKiI0Sw-1)=1.
WK{ICC)=0.
WK{NL)=0
WK(105Q)=0.
WK(IDO-1)=0.
223 CONTENUE
C
C THIS ROUTINE SOLVES THE TRIDIAGONAL (EXCEPT TWO ELEMENTS)
LiP=1sSv-1
wK{lwW)=wK{lHz)
WKLV )=uK(ICC)/uk{IH2)
WKLIGU)I=wWK{10SQ) /WKL InWk)
NMl=N-1.
DU LOO K=2,N
KM2=K~2
KMl = K-1 .
WK{IwW+KML)=nwK(IH2+KM1)— HK(KNI)*RK(ISV&KNZ)
IF (K.EQeN) 6u TU 5. . . "
4 WK(ISVEKML)=wK{ ICC+KML)I/ i { TWW#KM]1)

MATRIX

3 WKLIGG#KML)=(wKk( IDSW#KML )}~ HK(KHI)*HK(IGG*KMZD!IHK(lHHfKHl)

100 CONTINUE . e
WKLIS2-10=WKLISV-1) . . :
IBw=152-1 o . : ‘
DO 200 K=1,Ni : g
18C=18w-K
KK= N-K
KKML=KK-1
WKLIBC )=wK ( 1GG+RKML) - WK LSVEKKMLDSWK 1BCHL )

102

SPLSO510
SPLS0520
SPLSD530
SPLS0540
SPLS0550
SPLS0560
SPLS0S570
SPLS05840
SPLS05$0

SPLS0600_

SPLSO6L0
SPLS0620
SPLS0630
SPLS0640
SPLS0650
SPLS0660
SPLS0670
SPLS0680
SPLS0690
SPLSO760
SPLSO710
SPLSOT20
SPLS0730
SPLSO0740
SPLS0750
SPLSO760
SPLS0770
SPLSO780
SPLSO0790
SPLS0800
SPLSO0810
SPLS0820
SPLS0830
SPLS084C
SPLS0850
SPLS0860
SPLSO0810
SPLS0880
SPLS0890
SPLS0900
SPLS0910
SPLS0920
SPLS0930
SPLS0940
SPLS0950
SPLS0960
SPLS0970
SPLS0980
SPLS09S0
SPLS1000

118700000
118800000
118900000
119000000
119100000
119200000
119300000
119400000
119500000
119600000
119700000
119800000
119900000
120000000
120100000
120200000

120300000

120400000
120500000
120600000
120700000
120800000
120900000
121000000
121100000
121200000
121300000
121400000
121500000
121600000
121700000
121800000
121900000

1220000040

122100000
122200000
122300000
122400000
122500000
122600000
122700000
122800000
122900000
123000000
123100000
123200000
123300000
123400000
123500000
123600000
123700000
123800000
123900000
124000000
124100000
124200000
124300000
124400000
124500000
124600000
124700000
124800000
124900000
125000000
125100000
125200000
125300000
125400000
125500000
125600000
125700000
125800000
125900000
126000000
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CONT INUE .

DU 66 [=14N
iMi=1-1
wKE192+1D)=WKIIDD+INL)
10=10+1"

CONT INUE
WKINL)=WK(1HZ2-2)
IM=1Me2

iP=1P+1

CONT InUE

CONT INUE

i12=152

KJM=KJ-1

4 DU_L20 R=leNLVS
TPROXTN (K =04, v

6¢

120

¢

CUU 62 =KL KaM

I1=1+1

122=112+1-1
PRUXINEK)I=PRUXIN(R )4+ 5% wK (L) ®(Y( 1)K} #YULLIoK))~WK{])%*3
Le(wK([22)¢nK(E2241))/24. .
CONT INuE .

112=1S2+{N%K)

CUNT INUE

ki TURN

END

SUBROUTINE BSSLS (XyFen)

THIS SUBROUTINE WAS URIGINALLY THE SYSTEM SUBROUTINE ‘BSSLS/TAS

L 8/26/66 BUT HAS SINCE OEEN MUCIFIED TO ALLUW BESSEL FUNCTIONS OF
C ORDER GREATER THAN 30 TU ok CCMPUTEU.

11

1y

1831

DIMENSION F(1)
COMMON/ZFLX/NPR ¢ NPy NPP
U0 L 1=1,1000

Fli)=3.

CUNT LNUE

NP = -N¢#2Y

NPR =1.5%X+23
[IFANP.LT «NPR ) NP=NPR
IF(XeENe0.0) GU TO L9

FINP)= 0.0
FANP-L)=.1E-99
NPR=NP = 2
NPP=NP — |

DO Li [=1,NPK
NP = NPP — |

XN = NP

FINP) = 2 0BXN/X¥FU(NP+LI-FINP+2)
XN = F(l)

QU T L = 34NPPy2

XN = 240 *F(L)+AN

AN = Le/XN :

VU 8 I = LoNPP

FULII=XN*F( 1)

CUNT INUE

KETUKN

FlLi= 1.000

DU 1831 I = 2.nP

FLI) = 0.0000

RETURN ,

END T

PRUGRAM SPLPLT (INPUT=201,0UTPUT= 201.[APE5=INPUT.TAP56 ouTPUT,

+TAPE4=1001)

SPLS1010
SPLS1020
SPLS1030
SPLS1040
SPLS1050
SPLS1060
SPLS1070
SPLS1080
SPLS1090
SPLS1100
SPLSLLLC
SPLS1120
SPLS1130
SPLS1140
SPLS1150

SPLS1160
SPLS1LT7O

SPLS1180
SPLS1190
SPLS1200
SPLS1210
SPLS1226
SPLS1230
SPLS 1240
SPLS1250
SPLS1260
SPLS1270
8SSLOO10
B55L0020
BSSLO030
8SSLO0V40
BSSLO050
BSSLO060
85500080
BSSLO090
BSSLO100
8SSLO110
85510120

 BSSLO130

BSSLO140
‘8SSLOL50
BSSLO160
BSSLO170
855L018¢
85SL0190
85510200
555L0210
BSSL0220
BS5L0220
B8S55L0240
8SSL0250
B8355L0260
BSSL02170
B8S5L0280
BSSLOZ290
BSSLO310
B8SSL0320
BSSLO330
8SSL0340
B8S5L0360
BSSLO370
SPLPOOILO
SPLPOO20

CEEES SRR RERGIR BTSSR BES LT LS SIS RS IXR AL R RAR R SR XSG KRR XSRS R SR R KRS XX SPLPOO 30

C*
C*
L*
c*
Cc*
Cx
C*
Cx
L *
c*

PURPUSE
TO PLUT (CALCCMP) THE SGUND PRESSURE LEVEL (SPL)
UATA GENERATEL BY PRUGRAM RNPPE4. UNE PLUT OF
SPL .VS. FKREQWUENCY LS PRUDUCED FOR EACH SET OF SPL
DATA GENERATED BY PRUGRAM RNPPE4. IN ADDITIUN IF

INTEGRATION OF THE STEAUY LOADLING DISTRIBUTION ALONG

ANY LENLTH OF THE CHURD WAS PERFURMEUL, A PLOT OF
THE INTEGKATEU ELADE LUADING COEFFICIENTS -(AND AN

OPTIUNAL PLOT CF THE INTEGRATED. PHASE SPECTRUM) WiLL

BE PRUGDULED.

&SPLPO04O
*SPLPOOSO
*SPLPOO6O
*SPLPOOT0

*SPLPODBO

*SPLPOOSO
*SPLPO10O
*SPLPOL1O
*3PLPOL20
*SPLPOL13D

126100000
126200000
126300000
126400000
126500000
120600000
126700000
126800000
126900000
127000000
127100000
127200000
127300000
127400000
127500000

127600000
127700000

127800000
127900000
128000000
124100000
128200000
123300000
128400000
128500000
128600000
128700000
128800000
128900000
129000000
129100000
129200000
129300000
129400000
129500000
129600000
129700000
129800000
129900000
130000000
130100000
130200000
130300000
130400000
130500000
130600000
130700000
130800000
130900000
131000000
131100000
131200000

131300000°

131400000
131500000
131600000
1317000060
131800000
131900000
132000000
132100000
132200000
132300000
132400000
132500000
132600000
132700000
132800000
132900000
133000000
133100000
133290000
133300000
133400000
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C* *SPLPOL40
ce NAMELIST INPUT PARAMETERS «SPLPOLSO
L NAMEL IST FIXED ) *SPLPOL60
Cce NSPL - NUMBER CF SPL PLCTS TU BE PKUDUCED FOR *SPLPOL70
C* . GIVEN DATA *SPLPO180O
C* (NSPL=6 IS LEFALLT VALUE) *SPLPOLSO
e XMIN - FREQUENCY RANGE OF AVAILABLE FLIGHT PO[NT *SPLP0200
C* (XMIN=0.0 IS DEFAULLT VALUE) «SPLPO210
Cc* KMA A LUADING DATA (HZ.} IS GIVEN BY XMAA-XMIN *SPLP0220
c* (XMAX=1000.C IS DEFAULT VALUE) *SPLPO230
C* YMiN - MINULMUM SOUND PKESSURE LEVEL (DB) xSPLPO240
Cc* C(YMIN=1U.0 IS DEFAULT VALUE) : $SPLPO250
Ce YSCALE = SPL AXIS (Y—AXIS) SCALE FACTOR *SPLPO260
L* . (YSCALE=1u.0 IS DEFAULT VALUE) ®SPLPO2T0
cs ~ RUN - RUN NUMBER «SPLPO280
Cc* «SPLPO290
Ccs NAMELIST VARIABLE *SPLPO300
Cc* NNPLUT = O NO INTEGRATED BLADE LOAUING COEFFICIENT OR*SPLPO310
Cc* INTEGRATEL PHASE PLUTS wlLL BE GENERATED *SPLP0320
ce , FOR ThIS SET CF SPL VALUES. *SPLP0330
C* 1 AN INTEGRATED BLAUE LOADING COEFFICIENT  #SPLPQ340
c* PLCT 1S GENERATED FOR THIS SET SPL VALUES *SPLP0350
L* 2 BGTh AN INTEGRATED bLH CUEFFICIENT AND #SPLP0360
C* PHASE PLUT IS GENERATED FOR THIS SET *SPLPO3T0
Ccs OF SPL VALUES. *SPLPO380
c* ~1 INTEGRATED BLH COEFFICIENT AND PHASE PLOT #SPLP0390
ce 1S NUT DESIREL, ALTHOUGH BLADE LUAUING *SPLP04CO
ce DATA WAS (OMPUTED THROUGH INTEGRATION - *SPLPO41C
e (REMARK: SINCE PLUTTING POINTS (BLH+PHASEs *SPLP0420
Cc* AND SPL) ARE INPUT SEQUENTIALLY AS *SPLP0420
c* THEY WERE GENERATEL BY PROUGRAM *SPLPO440
Cc* RNPPE4,y ANPLOT MUST BE O IF CORRES-*SPLP0450
Ce PONDING NTEGRAT WAS O IN RNPPE4) *SPLP0460
Ccs *SPLPO4T0
C* 0ISC INPUT PARAMETERS +SPLP048O
c* BLH PLOT «SPLP0490
e NREAU — NUMBER GF BLOCKS [UF SIZE 250 OR LESS) OF *SPLPO500
Ce BLAGE LOAUING HARMONICS *SPLPO510
c* MPOIN — SIZE OF THE LAST BLH DATA BLOCK *SPLP0S520
c* DELTF - BLADE LOADING FREQUENCY (HZ.) €«SPLP05130
c* Lo ~ STEADY LOADING COEFFICIENT *SPLPOS40
Ce PRCNTGR ~ PER CENTAGE OF CHURD INTEGRATED #SPLPO550
Cce RS - ROTGR ROTATIONAL SPEED (RPM) *SPLPOSERD
c* THRUST — TOTAL LIFT (WEIGHT OF HELICUPTER) (LBS.) ‘#SPLPOST0
Ce PRESSUR = AN ARRAY DIMENSIONED 250 CONTAINING THE *SPLP0580
ce BLAUE LOAUING HARMONICS ) *SPLPO5%0
ce PHASE — AN ARRAY DIMENSIONED 250 CONTAINING THE *SPLP060O
Cc* INTEGRATED PHASE DATA *SPLP061O
ce SPL PLGT *SPLPOO 2O
ce NB ~ NUMBER OF BLADES *SPLP0630
Cc* F ~ BLADE PASSAGE FREQUENCY (Hi.) *SPLPO64D
cs DASPL =~ OVERALL SOUND PRESSURE LEVELS (DB) *SPLP06SO
c* g THRUST - TUTAL LIFT (WEIGHY OF HELLCOPTER) (LBS.) *SPLP066O
c* "RS - ROTOR ROTATIONAL SPEED (RPM) *SPLPO61TC
cs UBSELV - OBSERVER ELEVATIGN ANGLE (RADIANS) *SPLPO6SO
ce UBSAZI - OBSERVER AZIMUTH ANGLE (RADIANS) *SPLPO690
Cce TRACK - [F NG INTEGRATIGN OF STEADY LOADING DIST. *SPLPOT0C
ce WAS PERFORMED, TRACK IS ThE SPECTRUM DATA  *SPLPO710
c* PUSITION *SPLPOT20
Cc» FCHURD — DETERMINES wHICH CHOKD DISTRIBUTION FUNCTIUN®*SPLPO730
c* . IS LSED TO CORRECT SPL VALUES *SPLPOT40
ce MAXHAR — MAXIMUN NUMBER GF HARMONICS OSMAXHARS500  *SPLPOQ750
c* SPL - AN AKRAY DIMENSIOGNED 500 CONTAINING THE *SPLPO760
Ce SUUND PRESSURE LEVEL VALUES. (DB) *SPLPOT10
Ce *SPLPOTED
C* SUBROUTINES USED *SPLPOTS0
(o4 NONE *SPLPOBCO
(o - *SPLPOB1O
Ctttt‘t#‘tt!#t#t#ttt##tt####*t#t‘#t##t“ttt#ttty&‘#ttt#ttt*t##ttttttt#tttSPLPQBZO
C SPLP0830
COMMON PRESSUR(250) ¢PHASE(250),SPLI500) 4 ACOUST (500) 4 X(500) SPLPOB40
C o SPLPO8S0
REAL LO SPLPOB&C
C SPLPO8BTO
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133500000
133600000
133700000
133800000
133900000
134000000
134100000
134200000
134300000
134400000
134500000
134600000
134700000
134800000
134900000
135000000
135100000
135200000
135300000
135400000
135500000
135600000
135700000
135800000
135900000
136000000
136100000 -
136200000
136300000
136400000
136500000
136600000
136700000
136800000
136900000
137000000
137100000
137200000
137300000
137400000
137500000
137600000
137700000
137800000
137900000
138000000
138100000
138200000
133300000
138400000
138500000
138600000
138700000
138800000
138900000
139000000
139100000
139200000
139300000
139400000
139500000
139600000
139700000

‘139800000

139900000
140000000
140100000
140200000
140300000
140400000
140500000
140600000
140700000
140800000
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DATA RADIAN /57.29577913/
NAMELIST /FIXEU/ NSPL XMINSAMAX,YMIN,YSCALE,RUN /INPUT/ NNPLOT
MAKE INITAL CALL TGO CALCCMP PROCESSOR
CALL PSEUDU(6LSPLBLH)
Catl LERQY '
C .
C FIXED NAMELIST DEFAULT PARAMETER VALUES
NSPL = © )
XMIN = 0.0
XMAX = 1.0E03
YMIN = l.0E0L
YSCALE = 1.UEOL
¢
C READ, CHECK FOR END OF FILE, AND WRITE FIXED
c i _ INPUT DATA .
10 REAU "(5+FIXED) '
IF {EOFy5) 999,20
20 WRITE (64FIXED)
C .
(4 P YRS EEA Xy R E R R RN W X N IWE W INEE R EY SR EREEX NN ELENRERNR RN
C COMPUTE SCALE FACTORS AND X AND Y-AXIS LENGTHS
C SCALE FACIUKS ARE UETERMINEL FOR PLUTTING
FRANGE=XMAX=XMIn
1PUWLO=ALUGLO(FRANGE )
POWLO = L0.2%1PUAlD
IF (PJUWLU .LE. FRANGE) PUWLO = PGWlu/1l0.
IF(FRANGE/PUNLU-104) 6U9s5L45C
SO XSCALE=POWiQ
G0 TG 110 .
60 IF{FRANGE/PUWLO-5.) 8097L,7C
70 XSCALE=PUW10/2.
GU 7O 110
80 IF(FRANGE/PUGNLO-2.) 100+59C,90
90 XSCALE=PUW10/5.
60 TO L10
100 XSCALE=POWN10/10.
110 IMIN=XMIN/XSCALE
IFCIMIN®XSCALE<GToXMIN) IMIN=IMIN-1
XMIN=IMIN®XSCALE
IMAKX=XMAK/ RSCALE
TF(IMAXEXSCALE.LT.XMAX) IMAX=IMAX¢]
XLENGTH=IMAX—-IMIN
YMAX=10.%VSCALE+YMIN
(; ITEE AN EEF Y EER N R RN FREENEFEINRERFERENEERIFNFEFREREERNEN R EENEXERE N IEE RN NN
c ‘ L
CevosncoconasnsvsansassceelUUP EUR THE AUMBER OFmececccscccccscccsccacsas
¢ SUUNUD PKESSUKE LEVEL PLOIS
C .
DO 300 NP=1,NSPL
¢ . . ,
o READ, CHECK FUR END OF FILE, AND WRITE VARIABLE
C INPUT DATA .
READ (54 INPUT)
IF (EQF+5) 999,130
13U WRITE (6; INPUT)
¢
¢ TEST TU LETERMINE IF BLADE LUADING HARMONICS
c PLUT iS DESIRED (BLH)
IF (NNPLUT .£W. U) GO TU 190
c -
c - IFEREREEXEENERN NN ERFERIEFERRREENNEEFRERERXNERFRERERYYFRREREIR R EL RN NN NNERNLREX]
(@
C SECTIGN TO PLOT BLAUDE LOADING HARMONICS
C CUEFFICIENTS AND INTEGRATED PHASE SPECTRA
c ’
C SET ALLUWABLE RANGE (MINIMUM AND MAXIMUM) FOR THE
c BLH CUEFFICIENTS AND INTEGRATED PHASE SPECTRA
YBMIN = =1Uy.0
YBMAX = 0.0
YPMIN = -180.0
YPMAX = 16040 i
C © SET Y—-AX1S SCALE FACTOR FOR BLH AND PHASE PLOTS

SPLP0BEY
SPLP0BS0
SPLPO9OR
SPLPO910
SPLP0920
SPLP0930
SPLPO93S
SPLP0940
SPLPOSS0
SPLPO96G
SPLPO91C
SPLP0980
SPLP0O9Y0
SPLP10GO
SPLPLO1O,
SPLP1U2(
SPLPLO30
SPLP1040
SPLPI0SO

SPLP10O&O

SPLPLOT0
SPLP108O
SPLP1090
$PLPL1GO
SPLP1110
SPLP1120
SPLPL130
SPLPL140

SPLP1150

SPLPL160
SPLP1170
SPLPL18O
SPLP1190
SPLPL20O
SPLP1210
SPLP1220
SPLPL230
SPLP1240
SPLPLZ250
SPLP1260
SPLPL270
SPLPL1280O
SPLP1290
SPLP1300
SPLP1310
SPLP1320
$PLP1330
SPLP1340
SPLPL3S0
SPLP1360
SPLP1370
SPLPL380
SPLP1390
SPLP140O
SPLP1410
SPLP1420
SPLP1430
SPLP1440
SPLP1450
SPLPL460
SPLP147¢C
SPLP1480
SPLP14S0
SPLPL1500
SPLP1510
SPLP1520
SPLP1530
SPLPL540
SPLP1550
SPLP1560
SPLPL5170
SPLP1580
SPLP1590
SPLP1600

140900000
141000000
141100000
141200000
141300000
141400000
141500000
141600000
141700000
141800000
141900000
142000000
142100000
142200000
142300000
142400000
142500000
142600000
142700000
142800000
142900000
143000000
143100000
143200000
143300000
143400000
143500000
143600000
143700000
143800000
143900000
144000000
144100000
144200000
144300000
144400000
144500000
144600000
144700000
144800000
144900000
145000000
145100000
145200000
145300000
145400000
145500000
145600000
145700000
145800000
145900000
146000000
146100000
146200000
146300000
146400000
146500000
146600000
146700000
146800000
146900000
147000000
147100000
147200000
147300000
147400000
147500000
147600000
147700000
147800000
147900000
148000000
148100000
148200000
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10.0

YoSCAL =
YPSCAL = 40.0

INITIALIZE OABLH PARAMETER
SUM = Q.0 :

READ NECESSARY BLH PLOTTING PARAMETERS
READ (4) NREAD MPUOINJOELTF+LOPRCNTGR,RSy THRUST

VETERMINE [F INTEGRATED BLH AND PHASE PLUTS
EXIST. ANL AKE NUT utSIReD

IF (NNPLGT -NE. -1} GO TG 145

DU 140 NR=1+NREAD

READ(4) '

CUNT INUE

Gu TU 190

SET LOUP INDEX DEPENDING ON DESIRE UF PHASE PLOT
NAP = |
lF (NNPLOT .tu. 2) NAP=2

.....LODP-FUR BLH + lNTEGRATED PHASE PLOTS ceses
D0 185 I1AP=1,0NAP

CINITIALLILE BLH AND PHASE POINT CUUNTER
NII =0

'

.. _SET STANDARD RECORD $ILE
NPULN = 250"

DRAH ‘AN LABEL lNTEb&ATED BLH AND PHASE PLOT AXIS

SPLPL6LO
SPLP1620
SPLPl63C
SPLP1640
SPLPL1650
SPLP1660
SPLPL670
SPLPLloBO
SPLP1690
SPLPL1T00
SPLPLTIC
SPLP1720
SPLP1730
SPLP1740
SPLPLTS0
SPLPLT60
SPLPLT710
SPLPLTBO

"SPLP1790

$PLP18OO
SPLP1810
SPLP 1820
SPLPYB30
SPLP1840
SPLP1850
SPLP1860
SPLP181C
SPLP1880
SPLP1890
SPLP1900

lF {IAP .Eus 1) CALL AXES (0e90e990e3104s¥BMIN,YBSCALy=1.s10.,52HISPLP1I9LO

SPLP1920

IF (1AP LEWs 2) CALL AXES (0490499001 10.9=200.¢YPSCALyLley10s435HINSPLPL930

+TEGRATED PHASE SPECTRUM (LEGREES)+0.2,35)

CALL AXES(O-rU-.O..XLENbI?:XH[N'XSCALE.—l.'10..14HFREQUENCYp

10 15+=14)

. ‘..........LOOP FOR THE NUMBER OF BLH RECORDSecscescee
DO 180 NR=1yNREAD

’ TEST FUR LAST INTEGRATED BLH OR PHASE BLOCK
iF (NR .EQe. NREAD) NPOIN=MPOIN

READ INTEGRATED BLKH COEFFICIENT AMD PHASE RECORD
KEAD {4) (PRESSUR(I)}PHASE(I) 1=1,NPCIN)}

cessasses.lOOP TG CREATE AND SCALEeaeeceoss
B FREQUENCY AND BLH POINTS
DO 160 I=1+NPOIN
NIL = NiL+l
XCI) = (NII~L)*OELTF
X(I) = (X(I)=XMIN) / XSCALE
IF (IAP .EQ. 2) 6O TO 150 ' :
SUM = SUM + PRESSUR(L)I®PRESSUR(IL)
PRESSUR(1) = 20. * ALOGLO (ABS(PRESSUR(I}/LO))
IF (PRESSUR(I) .LT. YBMIN) PRESSURLI) = YBMIN
IF (PRESSUR(I) .GT. YBMAX) PRESSURLI) = YBMAX
PRESSUR(L) = (PRESSUR(LI-Y8MIN} / YBSCAL
6U T0 160
IF (PHASE(I) LT. YPMIN) PHASE(L) = YPMIN
IF {PHASE(I) .GT. YPMAX) PHASE(L) = YPMAX
PHASE(E) = (PHASE(1)+200.0) / YPSCAL
CONT INUE

CW P E 0000 0000000000000 0000a0sssnsohcscsnssse

weoeceesalOUP TO PLOT BLADE LOADINGeeooses
CUEFFICIENTS (GR PHASES) .VS. FREWUENCY
IF (NR.EQsl <ANU. IAP.EW.l) CALL CALPLT(X{ 1) ,PRESSUR(1),1J
IF (NR:EQel +ANU. IAP.EQ.2) CALL CALFLT(X{L)gPHASE(L)s1)
1=
IF (NR .EU. L) 11=2
DO 170 1=11¢NPUIN
IF (X{i) .GTo XLENGTH .UR. X{I) .LT. 0.0) GO TO 170
IF (1AP .EQ¢ 1) CALL CALPLT (X(I1)yPRESSURLI),2)
IF (IAP .Ew. 2) CALL CALPLT (X{I),PHASE(I)2)

SPLP1940
SPLP1950
SPLP1960
SPLP1970

SPLP198BO
SPLP1990

SPLP200O

‘SPLP2010

SPLP2020
SPLP2030
SPLP2040
SPLP2050
SPLP2060
SPLP2070
SPLP2080
SPLP2090
SPLP2100
SPLP2110
SPLP2120
SPLP2130

SPLP2140
SPLP21SO
SPLP2160

sPLP2170
SPLP2:80
SPLP2190
sPLP2200
SPLP2210
SPLP2220
SPLP2230
SPLP2240
SPLP2250
SPLP2260
SPLP22740
SPLP2280
SPLP2290
SPLP2300
SPLP2310
SPLP2320
SPLP2330
SPLP2340
@&

148300000
148400000
148500000
148600000
148700000
148800000
148900000
149000000
149100000
149200000
149300000
149400000
149500000
149600000
149700000
149800000
149900000
150000000
150100000
150200000
150300000
150400000
150500000
150600000
150700000

150800000

150900000
151000000
151100000
151200000
151300000
151400000
151500000
151600000
151700000
151800000
151900000
152000000
152100000
152200000
152300000
152400000
152500000
152600000
152700000

152800000

152900000
153000000
153100000
153200000
153300000
153400000
153500000
153600000
153700000
153800000
153900000
154000000

154100000

154200000
154300000
154400000
154500000
154600000
154700000
154800000
154900000
155000000
155100000
155200000
155300000
155400000
155500000
155600000
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170 COnNTINUE R SPLP2350 155700000

C eececcscsocsenctassscsscecssscsscsncscansen SPLP23¢0 155800000
c - SPLP2370 155900000
180 CONTINUE . SPLP2380 156000000

C SPLP2390 156100000
[ COMPUTE CVERALL RMS SPLP2400 156200000
RM$S = SQRT (SUMSUELTF) SPLP2410 156300000

OABLH = 20. * ALOGLUGLRMS/LO)D SPLP2420 156400000

c SPLP2430 156500000
c ORAW BLH PLOT [UENTIFICATION PARAMETERS SPLP2440 156600000
RPM = RS SPLP2450 156700000

CALL NOTATE (les9ed4yol595FRRPH =40.45) SPLP2460 156800000

CALL NUMBER (1.749.4+415,RPM,0.,0) SPLP2470 156900000

CALL NUTATE (Le99¢794015,3HRUN,O«+3) SPLP2480 157000000

CALL NUMBER (1.749.74.154RUN90.90) SPLP2490 157100000

IF (IAP .EQe 1) CALL NUTATE(3.0¢9+7+15,15HUABLH = DB,0++15) SPLP2500 157200000

IF (IAP +EWe 1) CALL NUMBER(3.999¢71015,0ABLHs0s,1) SPLP251G 157300000

CALL NOTATE (3.95.%90159 14HTHRUST= LBy 0.y 14) SPLP2520 157400000

CALL NUMBER (3.979.%)¢15, THRUST 3 Cup—1) SPLP2530 157500000

CALL NOTATE (5.549449e1554hLG =¢0ay4) SPLP2540 157600000

CALL NUMBER (641192%1415900,0443) SPLP2550 157700000

CALL NUTATE (les9elyal15,32HPERCENTAGE OF CHURD INTEGRATED =,0.+32)SPLP2560 157800000

CALL NUMBER (54299441045, PRONTOR10er 1) SPLP2570 157900000

C : SPLP2575 158000000
C IF INTEGRATED PHASE SPECTRA PLUT .S REQUESTED, SPLP2580 158100000
c REPUSITION UlSC TO KEAD INTEGRATED PHASE SPECTKA SPLP2590 158200000
C AND POSITION NEW PhASE PLUT CRIGIN. SPLP2600 158300000
: IF (NAP.Ewal UR. 1AP.EW.2) GU TG 183 SPLP2610 158400000
VO 1B2 NR=1,NREAD SPLP2620 158500000
BACKSPALE 4 SPLP2630 158600000

182 CUNTINUE SPLP2640 158700000

¢ : SPLP2650 158800000
C MOVE PLUT-PEN TG CRIGIN GF NEXT PLUT) SPLP2660 158900000
183 CALL NFRAME SPLP2670 159000000

c : SPLP2680 159100000
185 CONT INUE SPLP26%90 159200000

c SPLP2T700 159300000
C SPLP2710 159400000
P SPLP2720 159500000
C : SPLP2739 159600000
C READ ARRAY OF SUUND PRESSURE LEVELS SPLP2740 159700000
¢ READ NELESSARY SPL PLGTTING PARAMETERS SPLP2750 159800000
190 READ (4) NBsFoRSyUASPLy THRUST yUBSELV,OBSALI, TRACKsPRCNTULR, ICHORD SPLP2760 159900000
REAU (4) MAXHAK, (SPL{M) yM=1,MAXHAR} SPLP2770 160000000

C SPLP2780 160100000
¢ cececssaesLULP TU CREATE AND SCALE SPL.............. SPLP279C 160200000
C 3" AND FREQUENCY AKRAYS SPLP2800 160300000
C SPLP2810 160400000
00 200 M=1,MAXHAK SPLP2820 160500000

M3 = M*NB SPLP2830 160600000

C SPLP2B40 160700000
c THE SOUND PRESSURE LEVELS AKE SCALED SPLP2850 160800000
LF (SPLIM) .GT. YMAX) SPLIN)=¥MAX SPLP28&C 160900000

IF (SPLIM) .LT. ¥YMIN) SPL{MI=YMIN’ SPLP2870 161000000
ACUUSTIM) = (SPL(M)-YMIN) / YSCALE SPLP2880 161100000

X(M) = FLOAT(Mo)*F$(1./XSCALE) SPLP2890 161200000

IF (FLUAT{MB)I¥F oLTe XMIN) X{(M} = XMIN®(L./XSCALE) SPLP2900 161300000

IF (FLUAT(MB)®F .GT. XMAX) X{M) = XMAX#*(l./XSCALE) SPLP2910 161400000

200 CONTINUE . SPLP2920 161500000

C SPLP2930 161600000
¢ CONVERT OBSERVER ELEVATION AND AZIMUTH ANGLES SPLP2940 161700000
UBSELV = UBSELVHRADLAN SPLP2950 161800000
0BSALZL = 0BSACI#*RADIAN SPLP2960 161900000

C , : SPLP2970 162000000
C DRAW AND LABEL SPL PLOT AXIS SPLP2980 162100000
CALL AXES(Uer0er9029104)YMINJYSCALE =L s104413HSPLy DECIBELS,.2,/135PLP2990 162200000

v 1) SPLP3000 162300000
. CALL AXES(0e¢s0e90eoXLENGTF ) XMINyXSCALE 9=~le 9104 » L4HFREQUENCY, HZ.» SPLP3010 162400000
" lel5s-14) SPLP3020 162500000

c SPLP3030 162600000
« DKRAW SPL PLOT I1DeNTIFICATION PAKAMETERS SPLP3040C 162700000
RPM = RS SPLP3050 162800000

CALL NOTATE(Llerdabval5s5hRPM =,0445) SPLP3060 162900000

CALL NUMBER(1e7¢9¢%9¢15,RPM30.,0) SPLP3070 163000000
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CALL NOTATE(le19aT9re1593tRUNyV.y 3} SPLP3080 163100000

(o N e BN o N o ¥ o N o}

_CALL NUMBER(1.7+9.79.15¢RUNsGas=1) : ©. SPLP3090 163200000
CALL NOTATE(3.0+9.7,.15,15hUASPL = LB4+0.915) SPLP3100 163300000
CALL NUMBER(3.9+9.74.15+GASPLy0.y1} o . . SPLP3110 163400000
CALL NOTATE (3215249415, L4HTHRUST= LB30.y14) SPLP3120 163500000
CALL NUMBER (349,9.494154ThRUST0e¢—1) ; SPLP3130 163600000
SIGMA = OBSELV ‘ SPLP3140 163700000 '~
CALL NUTATE(5.519.79415,14RSIGMA = DEGs 0. 914) . SPLP3150 163800000
CALL 'NUMBER(64499.74.15951GMA,044-1) SPLP3160 163500000
THETA = UbSALL SPLP3170 164000000
CALL NOTATE(S5¢519.49415,L4HTHETA = DEG 0. ¢ 14) SPLP3180 164100000 -
CALL NUMBER(6+419.4y415,THETA04s~1) ... . SPLP3190.164200000 -
[ oo e . : < - SPLP32G0 164300000
IF (NNPLUT oNE. 0) LU TO 210 , SPLP3210 164400000
CALL NUTATE(Le39e19el595HGAGE +0405) ‘ : SPLP3220 164500000
CALL NUMBER(L147194194159TRACKO0a9-1) SPLP3230 164600000
. 60 TO 220 ; | : © .0 v 'SPLP3240 164700000
¢ SPLP3250 164800000
210 CALL NOTATE (ley9.14.15432HPERCENTAGE UF ChORD INTEGRATED =+0.,32)SPLP3260 164900000
) CALL NUMBER (54249.19.154PRCNTGR¢0.y 1) SPLP3270 165000000
c o . . . SPLP3280 165100000
220 IF C(ICHURD .EQ. 0) CALL NCTATE (l.9B.8y.15923HPOINT LUADING DATA USPLP3290 165200000
+5c0¢04923) SPLP3300 165300000
IF (ICHORD <EWe 1) CALL NCTATE (l.+8.8y+15926HRECTANGULAR CHORD FUSPLP3310 165400000
+NCTION,0.426) ' SPLP3320 165500000
IF {ICHORD .Eu. 2) CALL NOTATE (1l.98.8y.15926HHALF COSINE CHORD FUSPLP3330 165600000
+NCTION,0.,20) , .SPLP3340 165700000
IF (ICHOKD <Ewe. 3) CALL NCTATE (1.98.8s.15,25HTKIANGULAR CHORD FUNSPLP3350 165800000
+CTIUNY0.425) ' o SPLP3360 165900000
IF (ICHORD <Ede 4) CALL NGTATE (1.+8.8y415,23HSANTOOTH CHORD FUNCTSPLP3370 166000000
+10Ns 04423) - SPLP3380 166100000
C B T Y ) SPLP3390 166200000
c’ SPLP3400 166300000
c esssscescs LUOP TC PLOT SGUND  edeccccsece SPLP3410 166400000
c - . . PRESSURE LEVEL .VS. FREQUENCY SPLP3420 166500000
.. CALL PNTPLT (X(L),ACOUST(1)yllyl) g " SPLP3430 166600000 -
DO 250 M=2,MAXHAR .. .« SPLP3440 166700000
CALL CALPLT(X(M),ACUUST(M},2) - ' ' SPLP3450 166800000
CALL PNTPLTLX{M) ACOUST(M)y1l,1) . SPLP3460 166900000
250 CONTINUE SPLP3470 167000000
eeecccesscsssessccsccssccscccsacsmsccsnsne SPLP3480 167100000
. SPLP3490 167200000,
MOVE PLOT PEN TO ORIGIN OF NEXT PLOT : SPLP3500_ 167300000
CALL NFRAME SPLP3510 167400000
SPLP3520 167500000
300 CONTINUE SPLP3530 167600000
000000000000 00000000000000rcsccsosnsenccsssncschasscsccssncacsssancscnscsasnesSPLP3540 167100000
‘ , SPLP3550 167800000
DETERMINE IF ANOTHER CASE IS TO BE RUN SPLP3560 167900000
G0 TO 10 , SPLP3570 168000000
999 CALL. CALPLT (0.:,0.,999) SPLP3580 168100000
c SPLP3590 168200000
sTapP _ ) _ SPLP3600 168300000

END , SPLP3610 168400000
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TABLE 1.- CHORDWISE DISTRIBUTIONS AND ASSOCIATE]? X- FUN_CTIONS :

DISTRIBUTION
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X - FUNCTION™ " &

POINT LOADING
RECTANGULAR LOADING

HALF-COS INE LOADING

TRIANGULAR LOADING

- SAWTOOTH LOADING

XmB = ‘1_

mBs)'

i sin,( r
XmB = mBc/2r)

X s _ cos (%?E) -
m .

- (me) ]

B
()]
_|sin \. 4r
XmB | (mBc/4r)

I L (7’ -nr') ) r I
mB — 5
o 12 (mBe/r)”




fFAJ?lJB]H.- SRRNPP PROGRAM INTERRELATION

Input transducer spectrum date

, Proéram
RAMATT

Progran

Combined Transducer

¢

'

Spectrum Data

Combined Transducer

Spectrum Data

Program
TRANS

 'Reorganized combined

Transducer Spectrum

Proéram

RNPPEL

Y

SPECPLT

Combined Spectrun

Data Plcts

SPL and integretied BLH data

SPLPLT

Progranm

l

SPL and BLH Plots

111



TABLE III.- RNPPE4 FLOW CHART

Read rotor data

Initialize counters & pointers

Set program constant

—

P9

Read BLH determination
parameters . '

Is
integration
-. to-be used to
i \compute BLH,
\\ - data ’

NO |

Construct steady
loading distribution
at each harmonic

Is
integration
to be over entire _
lade chord

YES

NO

Call subroutine SPLS
to integrate steady
loading distribution
over entire chord

Call CSIUNI to
interpolate

steady loading
distribution at

-fraction of chord

Output BLH coeffi-
cients and phases to
disk for later
plotting

Call SPLS to
integrate steady
loading distribu-
tion over partial
chord

Choose BLH at multiples
of blade passage fre-
quency. Divide coeffi-
cients by steady loading.
OUTPUT BLH data to

12

printer
|




- TABLE III.- Concluded

‘Compute SPL values at o R
various mB numbers o LT N
using Wright's solution L

Call subroutine- BSSLS
: to evaluate the Bessel
. Aré functions

SPL values to be
computed using
point loading

data NO . N .
Adjust SPL values by
applying one of four

YES spectrum funqi;lons

Compute final SPL
values using point
loading data only . |-

Output final SPL values
to printer and to disk -
file. (Disk output is
for later plotting.)

s - Is
. ~...another set
of ‘BLH and SPL values
- to be computed
“for rotor
data

Is

another set
of rotor data to
be used
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“TABLEIVrSPECTRUNPDATAINPUTPARAMETERS

- Variable name

Var1ab1e descrlptlon |

ICH

DELTF.
NSPCT .

A NREAD
NUAMP

NUPHASE

Spectrum data transducer (or combmed position)

" number (1 = ICH = 14) (integer).
Blade-loading frequency (Hz) (floating point).

Number of spectrum points per transducer

(1 £ NSPCT = 30,000) (iritegér).

Number of spectrum data records per transducer
1= NREAD < 20) (integer).

An array dlmenswned 1500 containing the spectrum-
data amplitudes (floating pomt).

An array dimensioned 1500 é‘ontaining the spectrum-
data phases (degrees) (floating point).
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2 NREAD is not part of the transducer identification record of the pro-

gram RAMANI input tape.

It is part of the identification record of the

RAMANI output tape used by programs SPECPLT and TRANS.




TABLE V.- PROGRAM RAMANI: NAMELIST INPUT

Variable name

Variable description

NTRACKS

DBREF

NPRINT

NSKIP

MTRACKS

ISTN,JSTN

WGHT

IOPTN

NTAPE

LO

Number of tracks of transducer spectrum data being input (integer)
1= NTRACKS = 24). '

An array dimensioned 24 containing the decibel reference t‘reque'ncy‘
constant for each track of spectrum data (floating point) (decibels).
(DBREF(I) = 0.0 is default value forI=1,2,. . ., 24.)

Output control parameter specifying the number of combined spec-
trum data records (Frequency, Amplitude, and Phase) output to
printer for each combined spectrum position (integer).

(NPRINT = 50 is default value.)

* Input control parameter specifying the number of records of trans-
ducer spectrum data to be skipped at the beginning of input tape.-
(Since data is input in blocks of 1500, NSKIP = {KN - D/ 500] + 1} +1
is required to skip spectrum data from one transducer containing

- N spectrum data points.) (integer) (NSKIP = 0 is default value.)

Number of spectrum data positions gl.fter combining (adding or
scaling) in addition to the number of transducers whose data is to’
be skipped. (Exclude records skipped by NSKIP.) (integer)

{1 = MTRACKS = 24.)

Two arrays dimensioned 24 describing the spectrum-data combining

sequence. (integers) (0 = ISTN(K),JSTN(K) = 24 where

K=1,2,...,2.) - :

(i) ISTN(K) = JSTN(K), JSTN(K) # 0 implies that transducer spectrum

" data from transducer ISTN(K) will be weighted by the scaling

factor WGHT. ’

(ii) ISTN(K) # JSTN(K), JSTN(K) # 0 implies that transducer spectrum
data from transducers ISTN(K) and JSTN(K) will be added.

(iii) ISTN(K) # JSTN(K), JSTN(K) = 0 implies spectrum data from

‘transducers ISTN(K) will be skipped. 4
Restrictions: The ISTN array must be strictly increasing and .
ISTN(I) = JSTN(J) for I = J. '
(ISTN(I)) = JSTN(I) = 0.0 is defaultfor I=1,. . ., 24.)

- A scaling factor by which the spectrum data amplitudes are to be
weighted.  (If no weighting is desired, use default.) (WGHT = 1.0
is default value.) (floating point)

An output control option (integer)

= 0 Combined spectrum data will be output to tape only.

= 1 Combined spectrum data will be output to random access for
immediate use by programs SPECPLT or TRANS. An output
tape is also created. :

(IOPTN = 1 is default value.)

An input control parameter (integer)

= 1 Transducer spectrum data will be input from one tape.
= 2 Transducer spectrum data will be input from two tapes.
(NTAPE = 1 is default value.)

An array dimensioned 24 (and specified REAL) containing the
steady loading frequency for each transducer (psi).
(LO(I) = 0.0 is default forI=1,, . ., 24.)
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TABLE VI.- PROGRAM SPECPLT NAMELIST INPUT

Variable name

Variable description

MTRACKS

THRUST
RPM

XMIN,XMAX

- RUN
YMIN,YMAX

YSCALE

NNPLOT

DBREF

IOPTN

" = 1for some I implies that only a combined

Number of combined spectrum-data positions . ..
(integer) (1 = MTRACKS =< 14). .
Total lift of helicopter (Ibs) (floating point).
f,{otational_ speed of helicopters (rp_m) (floating
point). ' ) ' ]
(XMAX - XMIN) is the allowable frequency range
(X-axis) for plotting-the combined spectrum

data (Hz) (floating point).

(XMIN = 0.0 is default value.)

(XMAX = 1000.0 is default value.)

Flight run number (floating point).

" (YMAX - YMIN)'is the allowable amplitude range

(Y-axis) for plotting the combined spectrum data
(floating point). :

(YMIN = -100.0 is default value.)

(YMAX = -0.0 is default value.)

Combined spectrum-data amplitude (Y-axis) scale

factor (floating point).
(YSCALE = 10.0 is default value.)

An array dimensioned 14 containing the plotting
control for eachof thelI=1,. . ., MTRACKS
combined spectrum-data positions (integer).

- = 0 for some I implies that no combined

amplitude plot will be generated for the Ith
position.

amplitude plot will be generated for the
Ith position.
= 2 for some I implies that both a combined ampli-
tude and a combined phase plot will be gener-
ated for the Ith position.
(NNPLOT() =0 forI=1,. . ., 14 is default
value.) o

An array dimensioned 14 containing the decibel ref-
erence frequency:constants for each of the combined
spectrum data positions (floating point) (decibels),
(DBREF(I) = 0.0'for I1=1,. . ., 14 is default
value.) i

Combined spectrum-data input control parameter.

0 The combined épectrum data is to be input by; !
magnetic tape. (Programs SPECPLT and
RAMAI are not job-stepped.)

1 The combined spectrum data is input by random
access. (Programs SPECPLT and RAMANI
are to be job-stepped.)

(Integer)

(IOPTN = 1 is default value.)




TABLE VII.- PROGRAM TRANS NAMELIST INPUT

Variable name Variable description

IOPTN Input control parameter describing the means of

combined spectrum-data input (integer).

= 0 Combined transducer data will be input by mag-
netic tape. _ _

1 Combined transducer data will be input by ran-
dom access file. (Programs TRANS and
RAMANI are job-stepped.)

-1 Combined transducer data will be input by data

card. '

(IOPTN = 0 is default condition.)

MTRACKS ~ Number of positions of combined spectfu‘m data

(1 = MTRACKS = 14) (integer).

TABLE VIIL.- PROGRAM TRANS OPTIONAL CARD INPUT FORMAT

For each combined transducer station the optional card input has the
following format:

CARD 1 Station Identification Record

ICH Columns 1-5 (I5)
NSPCT Columns 6-10 (I5)
DELTP - Columns 11-30 (G20.10)

CARD 2 CARD (NSPCT + 1) - - -

NUAMP Columns 1-20 (G20.10)
NUPHASE Columns 21-40 (G20.10)

The individual parameters are described in table V.
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TABLE IX.- PROGRAM RNPPE4 RANDOM ACCESS INPUT PARAMETERS |

AT

Variable name - Variable -description

MTRACKS - Number of combined spectrum-data pos{tions"’ Lo
(integer). (1 = MTRACKS = 14,)

‘NSPCT . Number of spectrum data‘poin'ts ber positioﬁ T
(integer). (1 = NSPCT = 30,000.)

NRCSUM,KREC Beginning and ending random access record’
locations for the reorganized combined spectrum
data (integer). ‘

MPOIN,MWORDS ‘ Number of combined spectrum points pei' récord
in the last random access record for nonmtegra- .
tion and integration (integer). .~ - .. 7.,
(1 = MPOIN = 250) C
(1= MWORDS = 250*MTRACKS)

SPECTRA An array dimensioned 250 by 16 contammg the
block of reorganized combined ‘spect.rum_ (amplg-
tude and phase) data (floating point). ‘
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- TABLE X.- PROGRAM RNPPE4 NAMELIST INPUT

' [NAMELIST ROTOR — ROTOR is reinput whenever BLH and SPL data are to be
' computed using a new rotor, or whenever a switch to or from the i'nline
" computation of BLH data is made.

Variable mime'

Variable description

NSPL

EFMACH
OBSELV
EFPTCH

'OBSDIST -

NB
; THRUST - ,.
_TORQUE

c

RS
EFCORD

L

 OBSAZI

STDYLO

1 RP

~.

Number of sets of BLH and SPL data to be computed using this.
helicopter rotor (integer). (NSPL = 6 is default value.)

Effectwe rad1a1 Mach number (floatmg pomt)

Observer elevatlon angle (radlans) (floaimg pomt)

Effective blade pitch (radians) (floating point).

. Observer distance _from rotor center (feet) (floating point).

Number of blades (integer). (NB' =4 is default value.)

.Total lift (weight of the helicopter. in pounds) (floating point).

Total rotor drag force’(lbs) (floating point).

Speed of sound (feet/second) (floating point).
(C = 1084.8 is default value.)

Rotational speed (rpm)-(floating point).
Blade passage frequency (rps) (floating point).

"| Effective blade radius (feet) {floating point).

Effective blade c_hér‘d‘ (feet) (ﬂqating{ point).

Maximum f{'equeﬁcy of available flight point loading data (Hz)
(floating point). (XMAX = 1000.0 is default value.)

Observer azimuth angle (radians) (floating point).

An array dimensioned 14 containing the steady loading
coefficients for each of the combined spectrum data positions
(floating point). '

(STDYLO() = O for I =1,. . ., 14 is default value.)

An array dimensioned 14 containing the relative positions of
the combined spectrum data. The RP array must be strictly
increasing and 0.0 sRP(I) =1.0forI=1,. ., ., 14

(floating point). (RP(I) = 0.0 is default value for

1=1,.. . 14)

[:NAMELIST INPUT

INPUT is reinput whenever a new set of BLH and SPL data is |
to be computed from the combined spectrum data. _|
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TABLE X.- Concluded

Variable name

Variable description

NTEGRAT

ITRACK

PRTLINT

LO

ICHORD

INCOF

BLH data computation control parameter (integer).

= 0 BLH coefficients and phases are to be derived from the

spectrum data of one combined position. (No integration

of the steady loading distribution is performed.)

= K BLH coefficients are to be computed through integration of-
the steady loading distribution. The steady loading distri-
bution is to be integrated from one edge of the blade (the
first position) to the Kth spectrum data position. There-
fore, the bounds on K are from 2 to the number of spec-
trum data positions plus two (for the blade edges).
Full chord integration is accomplished by setting -

'K =MTRACKS + 2 where MTRACKS is the number of

combined spectrum-data positions,

= -1 BLH's coefficients and phases are to be computed through
integration of the steady loading distribution over a frac-
tion of the chord. (I partial chord integration upper limit
occurs at the K - 1 spectrum-data position, use .
NTEGRAT = K.)

(NTEGRAT = 0 is default value.)

+

Number of the spectrum-data position whose data is to be used
to compute BLH data. If integration is used to compute BLH
data, use defanlt ITRACK =1 (integer).

Fraction of the chord along which the steady loading distribu-
tion is to be integrated. If no integration is desired, use
default PRTLINT = 1.0 (0.0 = PRTLINT = 1,0.) (floating point).

Steady loading coefficient for the ITRACKth combined
spectrum-data position. If integration is desired, use default
condition LO = 0,0 (floating point). :

Spectrum chord function control parameter (integer). The SPL
values at each harmonic will be adjusted by the chord function
indicated.

0 Point loading data spectrum chord function.

1 Rectangular spectrum chord function.

2 Half-cosine spectrum chord function.

#

L]

3 Triangular spectrum chord function.
= 4 Saw-tooth spectrum chord function,
(ICHORD = 1 is default value.)

BLH coefficient output control parameter.
= K Every K - 1th BLH coefficient and phase angle will be
" output, (If K = 1 all coefficients and phases will be output.)
(integer) (INCOF = 5 is default value,)

X,C

NAMELIST lNBLH

NBLHPT

ICHORD
INCOF

Optlonal namelist used in computing an experimenta.l set of
BLH coefficients. INBLH should be reinput whenever a new
BLH function is desired.

Number of BLH coefficients and phase angles to be determined
(1 = NBLHPT = 2000) (integer).

Constants used in defining the BLH coefficient function given by
BLH(i) = c¢/i* wherei= 1, . . ., NBLHPT.

Same as described in NAMELIST INPUT.

Same as described in NAMELIST INPUT.




 TABLE XI.- PROGRAM SPLPLT DISK INPUT PARAMETERS

Variable name

Variable description

- NREAD

MPOIN

. DELTF

Lo
RS,
THRUST: -

' PRESSUR

~ PHASE

" NB
F
OASPL

- OBSELV

- OBSAZI
.- TRACK

PRCNTGR.

. ICHORD:
© MAXHAR

SPL

Number of records (of length 500 or less) of inte-
grated blade-loading coefficients and integrated
phases (integer).

Size of the last blade-loading coefficient and phase

~ data record (1 s MPOIN = 250) (integer).

Blade-loading frequency (Hz) (floating point).
Integrated steady loading coefficient (floating point).

Rotor rotational speed (rpm) (floating point).

Total 1ift (Ibs) (floating point).

An array dimensioned 250 containing a block of inte-
grated blade-loading coefficients (floating point).

An array dimensioned 250 conté.ining a block of inte-

grated phases (degrees) (floating point).
Number of blades (integer).

Blade passage frequency (Hz) (floating point).

- Root mean square sound pressure level aver-

age (dB) (floating point).
Observer elevation angle (radians) (floating point).
Observer azimuth angle (radians) (floating point).

Spectrum position number for SPL values deter-
mined from nonintegrated BLH data (floating point).

_Percentage of chord integrated, if integration is

used to determine BLH data (floating point)
(0.0 = PRCNTGR g 100.0). -

Spectrum chord function used in adjusting SPL
values (integer).

Maximum number harmonics for which SPL values
are computed (1 = MAXHAR = 500) (integer).

An array dimensioned 500 containing the sound pres-
sure level values (dB) (floating point). '
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- TABLE XII.- PROGRAM SPLPLT NAMELIST PARAMETERS
|:NAMELIST: FIXED - FIXED is input once at beginning of progfa

m
to control SPL plotting. , : }

Variable name

Variable description

NSPL

XMAX XMIN

YMIN
YSCALE

RUN

Number of sound pressure level plots to be gen-
erated (integer), (NSPL = 6 is default value.)

(XMAX - XMIN) is the allowable frequency
(X-axis) range for the SPL and BLH plotting (Hz)
(floating point). ;
(XMIN = 0.0 is default value.)

(XMAX = 1000.0 is default value.)

Minimum allowable sound pressure level plotting
value (dBs) (floating point).

“(YMIN = 10.0 is default value.)

Sound pressure level scale factor (Y-axis)
(floating point). '
(YSCALE = 10.0 is default value.)

Flight run number (floating point).

NAMELIST INPUT

NNPLOT

Consists of the single parameter NNPLOT and is
reinput after the completion of each SPL plot to
determine if integrated BLH plotting is to be
done for the next set of SPL data to be plotted.

BLH plot-control parameter (integer).

= 0 No integrated BLH coefficient or phase plot is
generated. Corresponding NTEGRAT for
program RNPPE4 is zero.

1 An integrated blade-loading coefficient plot is
generated. Corresponding NTEGRAT in pro-
gram RNPPE4 is nonzero.

2 Both integrated blade-loading coefficient and
phase plots are generated. Corresponding
NTEGRAT in program RNPPE4 is nonzero.

-1 No integrated BLH coefficient or phase

plots are generated. Corresponding
NTEGRAT in program RNPPE4 is nonzero.
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TABLE XIII.- RAMANI INPUT TAPE FORMAT

Record number , , Record content 2
1 e e e e e e e Transducer identification
2 .. e e e e e e e e 1500 amplitudes 1500 phases
3 ..... e e e e s e e e e e e 1500 amplitudes 1500 phases
L . . 400 amplitudes 400 phases
- ‘Transducer identification
B v e e e ~. 1500 amplitudes 1500 phases
T e e e e e e e e e e e e e 1500 amplitudes 1500 phases
B it e e e e e e e e e e e e 400 amplitudes 400 phases
1S Transfer identification
26 . ... e e e e e e e e e e 1500 amplitudes 1500 phases
. 1500 amplitudes 1500 phases
28 . ... 000 . et e e e e e 400 amplitudes 400 phases

2 The transducer identification record consists of: transducer (or
track) number, blade-loading frequency, and the number of spectrum data
points per station.

The spectrum data (amplitude and phase) is in a frequency domain.

1Y
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TABLE XIV.

. :Record number

23

24 -,

25

RAMANI RANDOM ACCESS OUTPUT (OPTIONAL)

Record content

R T P Bee e a e e e e e e . Identification
......... « e e v+ ... 1500 combined amplitudes
e s e e e e « «+ . 1500 combined phases
Lo e+t eeeeen,.. 1500 combined amplitudes
o e e . e e e e e e e e e 1500 combined phases
et s s e e s e e e e e« + »» « 400 combined amplitudes
e v e e e e s e e s ¢ s+ s-s » s o s o o » 400 combined phases
o e s . R N T S IR R S Identification
e e e . .. .. 1500 combined amplitudes
C e e e .o .. ... 1500 combined phases
e e e e + + « + . 5 1500 combined amplitudes
e e e e e e e e 1500 combined phases

et e e e e 400 combined amplitudes

C e et 400 combined phases

s e et e a e e s e e Steady loading

&« e+ e+ ... . Amplitude average




TABLE XV.- TRANS REORGANIZED SPECTRUM DATA?

Record number Record content

NRCSUM. . ............... A(Sy) A(Sg) A(S3)  A(Sy)
NRCSUM +1 .............. AS))  A(Sy) A(S3)  A(Sy)
NRCSUM + 13 . . . .. ... ...... A(Sy) A(Sé) A(S3). A(sy)
NRCSUM+ 14 . . .. .......... P(S;) P(Sy i 'P(Sy+ PSy
NRCSUM + 15 ... ...........PS) P(Sy) P(S3 PSy
NRCSUM + 27 . . . .o\ ovo ... P(S;). P(Sp) P(S) p(s,)

From table XIV NRCSUM =31 for this sample. NRCSUM is
internally computed and dependent upon the number of combined positions
and the number of points per position.

A(Si) indicates a block of amplitudes from combined station S;
P(Si) indicates a block of phases from combined station.
- In this example all records are of length 1,000 except for-44
and 58 which are of length 600.

TABLE XVI.- SPL AND BLH DISK FORMAT:

.Record number Record content
T o e e e e . . SPL values for position 1
e e e e e e e e o e e e e e e e e s SPL values for position 2
< e e SPL values for position 3
L SPL values for position 4
Stol17. . ... ... ... BLH data for full-chord integration
18 ... . . el SPL values for full-chord integration
19to21 .. .......... BLH data for full-chord integration
22 ... e « «. .. SPL values for full-chord integration
Remarks:

(1) Assume six sets of SPL values are computed: the first four
using BLH data from the separate positions and the last two involving
full- and half-chord integration.

(2) A typical integrated BLH data record contains up to 250 of
both integrated blade-loading coefficients and integrated phases.
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TABLE XVIII.- DESCRIPTION OF PERIPHERAL EQUIPMENT

‘DISK STORAGE DRIVES (TRANSIENT STORAGE)
524 M CHARACTERS
60 MS AVERAGE ACCESS TIME
25 MS AVERAGE ROTATIONAL DELAY
128 FILES AVAILABLE AT 1 ACCESS POSITION
(FILE = 32,000 CH)

DATA CELL DRIVES (PERMANENT STORAGE)
2.2 BILLION CHARACTERS '
40 REMOVABLE WEDGES
DATA MANAGEMENT SOFTWARE FOR -
PROGRAM & STORAGE STASH, FETCH
& MODIFY, REPLACE

MAGNETIC TAPE DRIVES
' MAX. DATA TRANSFER SPEED 120 ,000 CHAR./SEC.
BURST RATE AT 800 BPI (BITS/INCH)
TRANSPORT SPEED 150 INCHES/SECOND
LONGITUDINAL DENSITY 200,556 AND 800 BPI
- DATA CODE 7 TRACK, EVEN PARITY BINARY CODED DECIMAL
"OR 7 TRACK, ODD PARITY BINARY

ﬂ.,“;‘*A.

. CALCOMP MODEL 1765 (12 INCH) PLOTTER

-DRUM PLOTTER

16 SIGNALS RECOGNIZED BY PLOTTER Lz
" USABLE SURFACE o
e X 120 FEET -
Y 11 INCHES
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TABLE XIX.- RAMANI-SPECPLT PROGRAM SETUP (SOURCE DECK)

JOB,1,100; 50000, 2000. z4181 . 33088T 100677 BIN11

USER.RANDALL, DONALD ’ 477544121C 11100 NAS csC
LINECNT (10000)
NORFL.

RUN(S’ 9y vRAMANIr! )1)
RUN(S,,,, .SPECPLT,,,1) ' '
REQUEST, TAPES,HY. 301022,R0S,DPR,WT10 BLH RXXX TK1-7
REWIND(TAPE S, TAPET) o
COPYBR(TAPE L,TAPE7)
DROPFIL (TArLS)
REWIND(TAPE7,TAPES)
SETINDF.
RAMANI .
REQUEST, TAPES51,HY. - SAVTP,RIS,DPR,WT10 BLH RXXX TK1-4
REWIND(TAPEG, TAPESL) o - ‘
COPYBF (TAPE4, TAPES1)
REWIND(TAPE4)
DROPFIL(TAPES1)
REWIND(TAPE4) .
SETINDF.
SPECPLT.
RFL(30000) )
PLOT.CALPOST,12(PVF=SPCTRA,X0=2.0,Y0=0.5, an=14 Fsv=11)
CONT.//SINGLE PLOT MODE.
CONT. ' LEROY .3MM PEN TYPE ~ BLACK INK COLOR.
CONT. RAG TYPE PAPER. PAPER NO. 00.//
EXIT.
DROPFIL (TAPES)
DROPFIL(TAPES1)
7/8/9
SOURCE DECK PROGRAM RAMANI
7/8/9
- SOURCE DECK PROGRAM SPECPLT
7/8/9
-DATA FOR PROGRAM RAMANI
7/8/9
DATA FOR PROGRAM SPECPLT
6/7/8/9



TABLE XX.- RAMANI-SPECPLT PROGRAM SETUP (DATA CELL)

NOTE: The * control cards refer only to the plotting program

‘SPECPLT If these ca_rds are removed no combined trans— K

" dicer spectrum data plots are generated. This deletion
‘produces the combination of program RAMANI alone. *-This

| - sign is not a part of the control cards. B
G e e e

JoB,1,100, 50000, 2000. 24181 . 33088T 100677 BIN_ll

USER.RANDALL,DONALD ' . 477544121C 11100 NAS csc -

NO“IAP . N RN . -

LIkECNT(lOOOO)

NORFL.

FETCH (24186, ,BINARY)
COPYBR(BNFILE,RAMANI,1)
*COPYBF (BNFILE, SPECPLT) ‘ )
REQUEST, TAPE8,HY. ~ 301022,R0S,DPR,WT10 BLH RXXX TK1-7
REWIND (TAPES,TAPE7) . .

COPYBF (TAPES, TAPE7)

DROPFIL (TAPES)

REWIND(TAPE7,TAPEA4)

SETINDF.

RAMANI .

REQUEST, TAPES51,HY. SAVTP,RIS,DPR,WT10 BLH RXXX TK1-4
REWIND(TAPE4,TAPES1)

COPYBF (TAPE4, TAPES1)

REWIND (TAPE4) :-.,: . . .
DROPFIL(TAPES1) .

*REWIND (TAPES) . s

*SETINDF. :

*SPECPLT.

*RFL (30000)

*PLOT.CALPOST,12 (PVF=SPECTRA,X0=2.0,Y0=0.5,FSH=14,FSV=11)
*CONT.// SINGLE PLOT MODE.

*CONT.  LEROY .3MM PEN TYPE BLACK INK COLOR.

*CONT. RAG TYPE PAPER. PAPER NO. 00.// v
CEXIT. . . ‘ _ _ e
DROPFIL (TAPES) ' ' '

DROPFIL (TAPES1)

7/8/9

DATA FOR PROGRAM RAMANI T . :
*7/8/9 ’ .
* DATA FOR PROGRAM SPECPLT

6/7/8/9
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TABLE XXI.- TRANS-RNPPE4-SPLPLT PROGRAM SETUP (SOURCE DECK)

JoB,1,100,50000,2000. 24181 33088T 100677 BIN11
USER.RANDALL,DONALD , 477544121C 11100 NAS cscC
LINECNT (10000)

NORFL.

RUN(S,,,,,TRANS,,,1)
RUN(S. »yy !RN.PPEZ") ll)
RUN(SQ 29 )SPLPLT) ’ ;1)
REQUEST, TAFES,HY . 3208057,R0S,DPR,WT10 BLH RXX TK1-4
REWIND (TAPE8, TAPE7)
COPYBF (TAPLS, TAPE7)
REWIND(TATE7)
DROPFIL(TAPES)
SETINDF,
TRANS.
REWIND(TAPES)
~ SETINDF.
RNPPE4.
REWIND (TAPE4)
SETINDF.
SPLPLT. .
RFL(30000)
PLOT.CALPOST,12(PVF=SPLBLH,X0=2.0,Y0=0.5,FSH=14,FSV=11)
CONT.//SINGLE PLOT MODE. '
CONT. LEROY .3MM PEN TYPZ BLACK INK COLOR.
CONT. RAG TYPE PAPER. PAPER NO. 00.//
EXIT.
DROPFIL (TAPES)
7/8/9
SOURCE DECK PROGRAM TRAN
7/8/9 "
SOURCE DECK PROGRAM RNPPE4
7/8/9
SOURCE DECK PROGRAM SPLPLT
7/8/9
DATA FOR PROGRAM TRANS
7/8/9
DATA FOR PROGRAM RNPPE4
7/8/9
DATA FOR PROGRAM SPLPLT
6/7/8/9
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TABLE XXII.- TRANS-RNPPE4-SPLPLT PROGRAM SETUP (DATA CELL)

Jos,1,100,50000, 2000. : Z4181 33088T 100677 BIN11
USER.RANDALL, DONALD C
NOMAP .
LINECNT (10000)
NORFL.
FETCH(Z4188, ,BINARY)
COPYBR(BNFILE,TRANS,1)
COPYBR(BNFILE,RNPPE4, 4)
_COPYBF (BNFILE,SPLPLT) :
REQUEST, TAPES, HY, 3208057,R0S,DPR,WT10 BLH RXX TK1-4
REWIND (TATES, TAPE7)
COPYEBF (TAPES, TAPE?7)
REWIND (TAPE7)
DROPFIL(TAPES)
SETINDF.
TRANS.
REWIND (TAPE4)
SETINDF.
RNPPE4.
REWIND(TAPE4)
SETINDF.
SPLPLT.
RFL(30000) :
PLOT.CALPOST, 12 (PVF=SPLBLH,X0=2.0,Y0=0,5,FSH=14,FSV=11)
CONT.//SINGLE PLOT MODE.
CONT. LERCY .3MM PEN TYPE BLACK INK COLOR
CONT. RAG TYPE PATER. PAPER NC. 00.//
EXIT.
DROPFIL(TAPES)
7/8/9
DATA FOR PROGRAM TRANS
7/8/9
DATA FOR PROGRAM RNPPE4
7/8/9
DATA FOR PROGRAM SPLPLT
6/7/8/9
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TABLE XXIII.- RAMANI-SPECPLT-TRANS-RNPPE4-SPECPLT PROGRAM
SETUP (DATA CELL)

JoB,1,150,50000,4000. 24181 33088T 10067 BIN11
USER.RANDALL,DONALD - 477544121¢C 11100 NAS cse -
NOMAP . .
LINECNT(10000)

NORFL.

FETCH(Z4186, ,BINARY)

COPYBR (BNFILE,RAMANI, 1)

COPYBF (BNFILE,SPECPLT)

FETCH(Z4188, ,BINARY)

COPYBR(BNFILE, TRANS,1)

COPYBR(BNFILE,RNPPEG, 4)

COPYBF (BNFILE,SPLPLT) . © . . = . .~ . jaran :
REQUEST, TAPES,HY . - 301022,R0S,SPR,WT10 BLH RXXX TK1-7
REWIND(TAPES,TAPE7) ' :
COPYBF (TAPES, TAPE7)

DROPFIL (TAPES) e
REWIND(TAPE7,TAPE4) .. L ;

SETINDF.

RAMANI. . . Sl

REQUEST, TAPES1,HY. © SAVTP,RIS,DPR,WT10 BLH RXXX TK1l-4
REWIND(TAPE4,TAPES1) . . . . . o
COPYBF (TAPE4, TAPE51) ) S
DROPFIL(TAPES1)
REWIND (TAPE4) .
SETINDF. S -
SPECPLT. ) -
PLOT.CALPOST, 12(PVF=SPECTRA, xo-z 0,Y0=0. 5, FSH-14 FSV=11)
CONT.//SINGLE PLOT MODE.

CONT. LEROY .3MM PEN TYPE BLACK INK COLOR.

CONT. RAG TYPE PAPER. PAPER NO. 00.//

REWIND (TAPE4)

SETINDF.

TRANS .

REWIND(TAPE4)

SETINDF.

RNPPE4.

REWIND(TAPE4)

SELLNDK.

SPLPLT.

RFL(30000) :

PLOT.CALPOST, 12 (PVF=SPLBLH,X0=2.0,Y0=0.5,FSH=14, FSV=11)
CONT. //SINGLE PLOT MODE.

CONT. LEROY .3MM PEN TYPE BLACK INK COLOR.
CONT. RAG TYPE PAPER PAPER NO. 00.//
EXIT.
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TABLE XXIII.- Concluded

DROPFIL (TAPES)
DROPFIL (TAPES1)
7/8/9

DATA FOR PROGRAM RAMANI .

7/8/9 .
. DATA FOR PROGRAM SPECPLT
-7/8/9

DATA FOR PROGRAM TRANS
7/8/9

DATA FOR PROGRAM RNPPE4
7/8/9

"DATA FOR PROGRAM SPLPLT
6/7/8/9 '
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_NOTE: The * control cards refer only to the plotting programs :

TABLE XXIV.- RAMANI-SPECPLT-TRANS-RNPPE4-SPLPLT PROGRAM
SETUP (SOURCE DECK)

SPECPLT and SPLPLT. If these cards are removed, no combined
transducer spectrum plots, or sound pressure level and integrated
blade loading data plots will be generated. This deletion results in
the program combination RAMANI-TRANS-RN PPE4 being executed.
*-This sign'is not apart of the control card deck.

JOB, 1,150, 50000, 4000. 24181 . - 33088T . 100677 BIN11
 USER.RANDALL,DONALD _ 477544121C 11100 NAS csc
LINECNT (10000) » : a
NORFL.

RU\‘(S)a”yRA} ““I)asl)

*RUN(S,,,,,SPECPLT,,,1)

RUN(S,,,,,TRANS,,,].)

RUN(S,,,,,RNPPES,,,1)

*RUN(S,,,,,SPLPLT,,,1) R
KEQUEST, TAPES, HY . 301022,R0S,DPR,WT10 BLH RXXX TK1-7
REWIND(TAPES, TAPE7)

COPYBF (TAPES, TAPE7) e e
DROPFIL (TAPES)

REWIND(TAPE7,TAPE4) ' S .
SETINDF. , ' TN
RAMANTI . ) A . .4.\:},:;-‘ .
REQUEST, TAPES51,HY. SAVTP,RIS,DPR,WT10 BLH RXXX TKi-4
REWIND(TAPE4, TAPES51) . o
COPYBF (TAPE4, TAPES1)

DROPFIL(TAPES51)

*REWIND (TAPE4)

*SETINDF.

*SPECPLT.

*PLOT.CALPOST, 12 (PVF=SPECTRA,X0=2.0,Y0=0.5,FSH=14,FSV=11)
*CONT. //SINGLE PLOT MODE. -
*CONT.. LEROY .3MM PEN TYPE BLACK INK-COLOR.

*CONT. RAG TYPE PAPER. PAPER NO. 00.//

REWIND (TAPE4)

SETINDF.

TRANS.

REWIND (TAPE4)

SETINDF.

RNPPE4.

*REWIND(TAPE4)

*SETINDF.

*SPLPLT.

*RFL (30000)

*PLOT.CALPOST,12 (PVF=SPLBLH,X0=2.0,Y0=0.5,FSH=14,FSV=11)



TABLE XXIV.- Concluded

_%CONT.//SILGLE PLOZ MCDE.
*CONT. LFROY .3M1 Pid TYFE
*CONT. RAG TYPE PAFER.
EXIT. .

JROPFIL(TAPES)
DROPFIL(TAPESL) -
7/8/9 : -
" S0URCE DECK PRCGRAM RAMANI
*7/8/9 - -
"* SOURCE DLC¥ PROGRA! SPECPLT
7/8/9
SOURCE DECK PROGRAM LRAhS
. 1/8/9 -
. SOURCE DECE PROGRAM RNPPE&
*7/8/9
* SOURCE DECK PROGRAM SPLPLT
1/8/9
DATA FOR PROGRAM RAMANT
*7/8/9
# DATA FOR PROGRAM SPECPLT
1/8/9
- DATA FOR PROGRAM TRANS
-7/8/9
DATA -FOR PROGRAM RNPPEL
*1/8/9 :
#* DATA FOR PROGRAM SPLPLT
6/1/8/9 , .

" BLACK INK COLCE.
PAPER NO. 00.//
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TABLE XXV.- PROGRAM PERFORMANCE

TRANS-RNPPE4-

SPLPLT

749.2 i f

Program combination ?sre’go‘rzxigsf %)Sle)go;iég)e ‘ OS calls

RAMANI-SPECPLT 38.7 448.3 923

TRANS-RNPPE4- 66.2 299.1 1186
 SPLPLT

RAMANI-SPECPLT- 104.3 1901




Percent chord 75 50 30 .15 ‘ '
{ 15 83 l1 :
' . > .
: . 1 4 : —>—Station
. ] ]
Section A~A ! 15 ' , .Pumber
67 17 T .:2 , L
' ] ] ' B
(a) Location of pressure transducers. . | : . .

g s . . e

. Differential .
blade pressure,
P, diff

-
-

75 100

Chord station, percent

(b) Typical 40 percent and 100 percent chordwise integration of pressure’ distribution,

~ Figure 1.- Pressure transducers and pressure distribution.
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$ INPUT

NTRACKS

= 7’ .
.DBREF = 0.1lE+Ol, 0O.lE+Ol, 0.1E#01l, O.1E40l, O.1E+0l, O.1E+0l, O.1E+Ol,
0.0' 0.0, 000’ 000' 000" O.C' 0.0' 0;0' 0.0' 0.0’ 0.0,
0.0' 0.01 0.00 0.0' 000, 0.0'
_ NPRINT & 25,

_.NSKIP

L]
o
-

0, O, Oy Oy Oy Oy Oy Oy Oy Oy Os Oy Oy
Q, 0y O, 0, .0y Qy Oy

n
—
-
W
-
&>
-
o
-

_ISTN

0, 0, Q5. 0, 0, 0, 0, 0y 0, 0y 0y Oy Os

_JSIN I
Oy 0y Oy Op 05 Qp O

1}
N
-
W
-
(%}
-
-~
-

__MTRACKS

"
>
-

_WGHT = 0.lE+01, L o . .
= 1y R o )
= 1y s o

= 0.746E+00, 0. 1iZE+00; 0.38YESG0, 0.346E¥00,  0.115€¥00, T
0.126E400y 0.26-01y 0.0y C.0y 0.0y 0.0y 0,0y 0.0y 0.0s 0.0y

0e0y 0.0y 0.0y 0.0, 0.0y 0.0y 0.0, 0.0, 0.0,

_$END e e

(a) Input.
Figure 2.- Sample input and output for program RAMANI,
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COMBInDt CF TEL'LUCER STATICN SPELTSe CaTA © CCRUINING OF TRENSUULER STATICY SPECTRUM OATS
INAL VALLES FOR PCSITION

e FIAL VALULS FOF
FOM STATIUN 3 WAS MCEN SCMmo "oy AL ¢EETAR T V0300000

LT 2317 TS S
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B
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s 29505, 200 Lo l004 28001 A 7.63509:-04 3,450857¢ 0n)
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Py PO B0l Lust =02 1192002 .
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T e

. 64050429002 127312700
NognbIli=d1 e e
4205671800 “S.631%9T-92
975524000
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«TO20efe0)
e ba k60526 001 e
L5572~ C3 S.1vecstend
SN6AE-03 =5.3ad 1400

8.5391°71 +00
~8,06327L00J
_____ FhaWalINLNOY

~5, 36000000
=3.336921-01

25 l-§§0).

COMPINING CF TOINSLUCLR STATIEN SPICTRUM 5a1a COMRINING OF TRANSSUCER STATION SPECTRUN DATA
Jo— FINEL VALLLS .FOR PISTTION ). PR - _FINAL VALUES FOR OOSITIGN _ &
TSPECTRUP CATA FOC4 STATITNS & 45T 5 WES BEEN MDDEC) CSPECTRURTOATA BaCP STATICNS & ANG 7 HAS AFEN ant

C¥_ . APPLLIUDE eMas,
7.606216-14 o
. Le®dThat-03 =3.15930T¢00
1300296 -0) 2,98 269E001
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1.16547E-03 . 1eS1dluEedn.
. 1.5316i-03 5i05€32¢ 039
1.8a321i-02 1.00092F+00"
Lo 14CYEL~U) ROTIsTe00
§ 3. =S.be08-ON_
et T.d5¢91L a3 K485 eCs

1. 19e3%4-02 ~1. 3056 11e0)
L loetad “9.35244500)
Vo209 64125855490
1. 12495803 “1. 110500001

=6,4604 12000
boCad25t =9} L PRALEPAE N
1129630 =03 =24 30ddeirdl
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(b) Output.
"Figure 2.- Concluded. .
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XN‘N =_ 0,0,

TXMAX = 0.1E+04,

RUN = 0.509E+03,

YMIN - = -Q.,1lE+Q3,

YMAX . = ~0a.0,

YSCALE = 0.1£+402,

. “NPLUT = 2y 2y 24 24- 0y O, Oy Oy Oy Oy Cy Oy Oy O,

= . + + + 1E+

.0.0' 0.0' OQOL 0.0' 0.0'

10PTN = 1,

(a) Input. | e

TE RN = 503  DBREF = 1.00 .
T = . .
b FPM= 35 W0z .63 THUST = 41708

-xf - (60g-

g P ’ % wE

2 it ’ " Al pJ Lo ,1! I‘ﬁ NJ {a jl.m
g— 1]"%:' g -{'F fl’"l 5‘% :‘flfll'ﬂﬂ'*r‘[lk.l'l}‘"ﬁq p‘
A.‘E_Zt.n;l'm‘- ) .wm §.<

E]

]

.8

-y s ghussgousgdulon gl Aepuboubinsd oo loglougdoostioneg)
na:wu it . : FROUMY, o

(b) Output. - SR
Figure 3.- Sample input and outpu{ (graphic) for program SPECPLT,
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(b) Concluded.

Figure 3.~ Concluded.
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SROTOR .

NSPL - =
_EFMACH =
 ORSELV =

EFPTCH =
..08S0Is =
“NB e

 THRUST" . =

..EFRAD =

 EFCORD =

LKMAR T =

RLLALEA

TSTDYLD =

,0.48E+00. -

0.15297E403.

(0.10848E+04,

=0.536E+00,

6

0.197E+00, : W

0.113E+400.

4,

0.4171E+04,

0.10833€+C1,

0. 1E404,

0. 63464005 " 0.389E+#00, ~ 0.231E+00s  0.106E+00s 0.0,

"~ 0.0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0s

TRLHOPT =

SN0 T
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=050+ —0:15E+00% 0. 3E+00; “0.5E+ 00, 0. 75E+00,
0.0y 0.0+ 0.0, 0.0+ 0.0,

0.0, 0.0, "

0-1E+OLs 0.0y 040,

00"

Figure 4.- Sample input (parémetric) for pfogram RNPPE4.

0.0, 0.0, 0.0,

0.35SE+03,
0. 592E+01 »
e L4B¥02e e e
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«C0eBS

02763

TU240
200175
<G
A LIvH
U102

§

196 ° .CLaly

SGUND PRESSUTL LEVILS AT VARINONS 1D PeMELRS

OIS ERVEL TURV TUAST IV AT WU T ANELE R

TR bhE
40, §16
b 31y

(b) Output.
Figure 5.- Printed input and output for Case A.
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sIupul

NIEGAAT & 6, . o : LOGDING DARMUNTIC COIFFLCIFNRTS AND PAASE ANGLES
Traacs = e Y238 ] - —-
PRTGINT & O, 1Fenl, . ) . .
"m T Y T - K&THNALCG NUPEFR PRESSURE Joatema PHASE
16u0Ry. .e . e e et e e e e e+ e o omm o+ ees e e . N R
i ) I 1. 00000 7,00909
INCOF a8, I 00T Yw - w217y 24180
it 00217 . GIBLY 2589
SFAD 16 c TR SUubs2 - 26322
¢ LNle4 o TS T e13024
LG0Doy 0026
"'“"_Tcoj}io‘""-——""""' G YT oo -
. 00065
« D000
<3000
PBLULDEE]
-00048
-Gy
T L00ues
T Lnovke

Sf0ne3 |
AT
CLedse
MR
T .00030
<00042
.G0937
0035
.rCO2P
2600139
T. 00030
+60029
00027 °
00022
- 0N024°
TS

N2h4
~olfi2
. 18481
SA7153
« 0tdb6

U VME SOUND PRESSURE LEVELS AT VARIOUS Mg NUMAFRS

Y1 - OBSERVER

o _ORSERVER RLEVATINN ANGI

st I ¥ 214 4

. 12.0
14,0
17.0

19.0
2150

24,0
26.0
28.0_
31.0
33,0
35,0

Figure 6.- Printed input and output for Case'B;



LIS 2]

NILG AL

LI

PATLINT

10

. Aeneo |

[£.14:1

T SEND

b

[T
2N LY

= 0Q.315F30.

= 0.0,

-3

EOR SR
Litea,

069000
~+46019
226264

1. 03995

Gl T
IR NN

The Suuf®) re SSURE LEVELS A1 VARTLGSY 4B iapsarny

TULRSRVER TECEVAT TN

.

SOSIRVER ATTAUTH ALGLE 5 Tmes 30

TekieTTTT T Sednst . 59,0 K ~
[ R 2% 1 T T s1.0
22,07 _' 45.5277 7 $4.0

95.9 . L S9ee 60,6

BN 07 3 12 W ) Py BT

() Outpuf.

Figure 7.- Printed input and output for Case C.

145



SFIXED

NS PL = b

XMIN = 0.0,

XM AX = 0.1E+04,
YMIN = o.1é+oz.
YSCALE = 0.1E+02.
RN = 0.509E+03,
SEND

Figure 8.- Parametric input for program SPLPLT.
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SPL, DBECIBELS

$INPUT

NNPLOT = D
SEND
(a) Input.
110
RUN 503 ORSPL =78.8 D8 SIGMA =11 OEG
RPM = 355. THRUST=4171 LB THETR =-30 DEG

GRGE 1

100 REC TANGULAR CHORD FUNCTION

0
80

70

50

40

20
ohinendeuonbuwuo b e oo b Lo oo
200 300 4c0 o0 600 700 iy 00 100
FREQUENCY. HZ. -

' " (b) Graphic output.
Figure 9.- SPLPLT input and graphic output for Case A,

0 100

0
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$ INPUT
NNPIOT = 2o
$FND 3

- (a) Input.

. __.ﬂ,”‘ 3

RUMH 508. 0A3LH =43.8 0B .
REM = 355. THRUIS T=4 171 LB W= .27
PERCENTAGE OF CHORD [NTEGRARTED - 10G.0

e IR RRR AR

-eefi—

2
-3
~
[}
23 H
o
(&)
)
©

-30 Ll

Al

INTEGRATED BLADE LCOADING COEFFICIENTS ¢

-100 LU.J.LLgéJ,Lu.Ll %mmﬂmmﬂé_mUL%&umu%m%.mu%m.. . -JJ-UJ-“-J
. H € 13 3 <

300 40! 1900
FREQUENCY . HZ.

(b) Grdphic output.
Figure 10.- SPLPLT input and graphic output for Case B, -
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INTESRATED PHASE SPECTRUM ( DEGREES)

Y onanTe < FREQUENCY. HZ.

SPL. DEC IBELS.

200

RUN S03.
RPH = 35S. THRUST=4171 LB Lo =.2n
PERCENTAGE QF CHORD INTEGRRTED = 100.0

i i H '_uL'.'u.uJ I.LLILLILLLLLLIJ lLLJ.LLLLLLLU.ulI‘»AUJUIJLluJJ Ll.l(l,‘
o 120 200 360 40 soe &0C vs0 300 1000

700

. FREQUENCY . H7.
e RUN 509 ORSPL =80.3 DB SIGMA =11 DEG
RPM = 355. THRLS T=4171 LB THETA =-30 DEG

PERCENTAGE OF CHORD INTEGRATED = 100.0
SARTOOTH CHORD FUNCTION .

70

40

0 100 <00 300 400 800 600 700
-

‘ (b) Concluded.
', Figure 10.- Concluded.




$INPUT
NNPLOT = 2.

$END
~ (a) Input,

Fos-

RUM  509. 0ABLH =¥5.3 0B
RPM = 255, THRUS =4 171 LB W= .an
FERCENTAGE OF CHORD [NTEGRATED = 37.5

Lo

SEFFICIENTS (2000G61LS/

\ H
{

> I".It
0 v "‘-._
) i ,n.l‘._ng!&
2 F P T
S = !I"lll'\ \ . !
a - e .
SR o " "l'\"l}a\ A
s = . Wl
& ,\“A\\‘ L) NJ\‘IN ’ :
@ F PN ‘-;JL L /1 !
':. L{ g J\.‘vr 1_\“"'{\ 1 M W
- F ‘ 19/ By lA, X V
N -
IR
::7' R0 et

Sy '?.Lu.l.!,llliillIIl.llliiHu_i,llljlll.ll.u,ll‘lklll,'-.lll.l i.§|.ll.ll!lllI.ll.lllli,ljl.llUl!l.é l.LllLlAUJavl).‘LLl LU.l.l‘l' ,

. R e PR W < v . o 305 o
< : Bl oy, e

(b)(sraphictnﬁpuh
‘Figure 11.- SPLPLT input and graphic output for Case C.
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RUN  S03. .
RPM = 3SS. THRUST=4171 LB = .an
PERCENTAGE OF CHORD INTEGRNTED = 37.§

X0

INTEGRATED PHASE SPECTRUM ( DEGREES)
=]

=120

-200
[ 100 200 300 Yoo 500 609 00 00 £ 1000
FRFONFNCY W7 .
”9 RUN SO3 ORsPL =77.8. 08 SIGMR =11 DG
RPM = 355. THRUS T=4171 LB THETA =-30 DE6

100 PERCENTRGE OF CHORD INTEGRATED = 37.§

: TRIAMGULAR CHORD FUNCTION

%0

I~

80 J
< -
W
=
(8]
g
2
w 0

10

0k

20

:CO .' 100 ¢ ;‘5' 300 . §0 360 - (] M0 820 900 1000
- . CFeUENY. W,
(b) Concluded.
; Figure 11.- Concluded.
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e,
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(a) Rotor."

~ (b) Forces.
Figure 12.- Coordinate system.




(a) Distribution at instant of time.

TOTAL
LOAD/BLADE
A
2

\ G
N FLUCTUATING
\{B—LADE PRESSURESJ&\
"\-. "\K\ \

o =l N
TIME e

(b) Time history of loading distribution,
Figure 13.- Arbitrary chordwise loading distribution,
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@-

e @
(a) (b)
(¢) (d)

Figure 14.- CALPLT pen positions.
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(a) . (b)

!
) . +x
-
+Y ____’_,.. Y |

(c) (d)
Figure 15.- CALPLT pen positions.
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CHHRF!C'TERS RVAILRBLE [N THE SYMBOL ROUTINE
FOR THE CDC 6000 SERLES CQMPUTERS

CONSQLE DISPLAY CGDES INTEGER EQUIVALENCE
REFERENCE LOWER LEFT CORNER

al 2 O w D 61 L o[ ] 1 |32€
ozB 22 RF w | & T !l ’ wn
paC 2O wd e - o 18t nO

wl 2l w3l wz 3 9= 3 A\
05 25_U st 65 & QX 20 ;sM
ol 2V uw— e 5 | ald w 4
G 2l wx 6 2 2% 33-U
wH 00X s/ 2" 7 ‘ 23 /\ 39 P
nl oY sl 27 8 ~ an wd
ed 2/ ) =< sV 5V wT
3K 150 »9$ 73 > 104 266'42@
wl wl sz w< ne 2790 43X
sM 62 s 75 2 el 0w W
N %3 s w8+ 38 2B W
17_[_:_] w4 e ms wi 207 uwd

2P l‘405 60 . 15 316~q7f .

Figure 16.- Plotting characters.
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1

o

(0,00 (0.7 .(2.3) (4.7 £2,.2) (4.0) (4.6)

(4.0) v L7 (6.8 19.1)

(3.0} 4,11

10.1) (1.C) i3.C &1 iG.1) (4.13 (7.5
4.3 {243 t.8 g {0.5]

4.2 T4.53 (2,7 o,

13,6

Figure 17.- Sample of characters with their X and Y offsets.

(3.7}
(1.0)

WO

T
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CALCOMP Houwerim Cero Cooe Consowe

SYMBOL

ea L] ]

SURRY!

0 )

ANV A .

v

I+

(HULTIPUNCHED COLUMN) Owseeay Cone
% 60
s / 61
" 62
% 63
g B4
%, 65
g 66
usa ‘ 70
ey 71
% 72
“76 73

% 4
‘258 | 75
12 7
1273 _ | 1

Figure 18.- Extended card codes,

CDC PR!NTE‘R

SvmeoL
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NASA STANDARD PLOT SYMBOLS

INTEGER SIZE
REFERENCE SMALL MEDIUM LARGE

1 o O O
2 m O O
3 00 O O
4 VANEVAN
5 o N DN
5 o D D
7T o 0o 0O
5 o 0 O
3 0 0 O
0 a o A

Figure 19.- Plot symbols.,
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11

12

13

15

16

18

13

20

INTEGER
- REFERENCE SMALL MEDIUM LARGE

4

17

SizE

®

®
[+

P ¥ w7 P &
> @ B Py b &

&

.

NASA STANDARD PLOT SYMBOLS

®

®

Figure 20.- Plot symbols.
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