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METHOD OF FAN SOUND MODE STRUCTURE DETERMINATION
COMPUTER PROGRAM USER’'S MANUAL
MODAL CALCULATION PROGRAM

by

G. F. Pickett, R. A. Wells and R. A. Love
Pratt & Whitney Aircraft Group

1.0 SUMMARY

This computer user’'s manual describes the operation and the essential fcatures of the Modal
Calculation Program, the second of two programs developed under the Method of Fan Sound
Structure Determination Program, NAS3-20047. Jointly the two programs are used to deter-
mine the coherent modal structures of inlet sound fields. The purpose of the Modal Calcula-
tion Program 1 to calculate the amplitude and phase of modal structures by means of acoustic
pressure measurements obtained from microphoes placed at selected locations within the fan
inlet duct. These locations are determined by the first of the two programs. In addition, the
Moda! Calculation Program also calculates the first-order errors in the modal coefficients that
are due to tolerances in microphone location coordinates and inaccuracies in the acoustic pres-
sure measurements.

2.0 INTRODUCTION

New fan designs for modern high bypass ratio commercial engines utilize blade-vane interac-
tion theory to the extent possible for contolling the propaga ion of interaction noise. Cur-

rently. this theory defines the modes that can propagate. but has not been developed to the
extent that it can reliably predict the strengths of the propagating modes.

Further noise reduction could be achieved if the propagating modal structure were quantified.
Once the modal structure were defined, an analytical system for acoustic-treatment design
could be utilized to optimize treatment for a given modal structure, to produce more efficient
schemes. In addition, the modal structure could be employed to verify developing theories of
fan noise generation. To provide this capability by means of measured data the Method of
Fan Sound Mode Structure Determination Program (NAS3-20047) was undertaken. The
method would be utilized until a valid fan noise generation model on a model basis becomes
available.

The theory upon which fan spinning mode theory is founded was presented in 1961 by Tyler
and Sofrin (ref. 1), following extensive analytical and experimental studies. Later, Sofrin and
McCann (ref. 2) derived the general form of a coherent acoustic wave in an infinitely long cy-
lindrical duct which extended the theory to include effects of axial flow. This equation
expresses the coherent acoustic pressure at locations in the duct as a function of the ampli-
tude and phase of the propagating modes comprising the sound field. These purely coherent
signals, which are due to the contributions of the constituent modes, are extracted from the
overall signal by enhancement techniques adapted at Pratt & Whitney Aircraft — the advan-
tages of utilizing signal enhancement is discussed by Posey in reference 3.




Both the analytical expression derived for a general coherent acoustic wave and a signal en-
hancement technique form the basis for developing a method to determine fan sound mode
structures. The method, in principle, is capable of determining the amplitude and phase of
all modes that can propagate at a given frequency. In practice, the number of modes that
can be determined is limited by the storage capacity and the running time of the computer
and by measurement and location accuracy.

The method for determining fan sound mode structure (ref. 4) requires two computer pro-
grams: a Microphone Location Program (MLP) and a Modal Calculation Program (MCP). This
User’s Manual describes the MCP; the MLP is presented in a companion Manual.

The MLP identifies microphone locations in the duct for measuring acoustic pressures for
input to the MCP that will insure a numerically stable solution. The MCP calculates modal
structures from acoustic pressure measurements and calculates coefficients that can be used
to determine the sensitivity of the modal calculation procedure to first-order errors in
acoustic pressure measurements and microphone placement.

In the following sections, the algorithm for the modal calculations and the program elements —
such as subroutines, functional elements, and principal element interrelationships — are d.
cussed. A description of the input parameters is included. The output format is also described
and illustrated by a sample case. Finally, a listing of the program code is provided in
Appendix B.




3.0 PROGRAM DESCRIPTION
3.1 ALGORITHM

The Modal Calculation Program is an algorithm for calculating the modal structure from in-
put data comzising acoustic pressure measurements and a finite set of modes. The general
form of any ccherent acoustic wave in an infinitely long cylinderical duct having uniform
axial flow can be written as the rzal part of

il kxxn+m8n-wt+<bm‘ﬂ]
P(x,r,0:)= ZAm,p E(kgmr) e

; Finite Set
L€ of Modes
L w Wy 2 2,,.0 2
o M 106/ - (1 -MxH kG,
ia ]
t - Mx“

where the notation is consistent with reference 1.

D Equation 1 can be written in matrix form where the measured pressures are obtained from
o micropbone locations identified by the MLP. The equation system is solved in the usual
manner by matrix inversion. The output from this procedure is the amplitude and phase of
the coherent acoustic duct modes comprising the inlet sound field.

The input to the program consists of: the sound field in the duct comprising N acoustic duct
modes, the geometric parameters (e. g. duct radius, hub-tip ratio), test parameters (e. g. freq-
uency, axial Mach number, speed of sound), and measured acoustic pressure amplitude and
phase at locations identified by the MLP. The characteristic numbers that include the eigen
value k' m?y . the axial wave number kx, and the value of the eigen function E (k"m “r)
are calculated. ’
In addition, this equation requires the input of acoustic pressure measurements, the number
cf which exactly equal the number of specific modes. A set of equations can then be estab-
lished with the number of equations equaling the number of acoustic measurements. This set
was written in matrix form with the matrix coefficients a function of the particular modes
comprising the sound field and the microphone locations.

It the determinant of the equation system is non-zero, a set of independent equations exists.
This equation system in principle can be inverted in the usual way to solve for the unknown
amplitude and phase of the particular modes comprising the sound field. A Gaussian elimina-
tion procedure is used to reduce the equation system to a triangularized matrix for solution
of the complex modal coefficients. The overall pressure at any location in the duct can be
calculated from the information in the modal structure.
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Once the modal structure has been determined, a cet of influence coefficients (ref. 4) is cal-
culated. Thesc coefficients can be used to determine the errors in modal amplitudes and

phases that are the results of first-order inaccuracies in measured pressures and the tolerances
in microphone placement.

As an option, the MCP can also calculate the resultant sound field at any specified duct loca-
tion based on ~ _iven modal structure. This modal structure is supplied by the user either
arbitrarily or as output from an analytical prediction deck.

3.2 PROGRAM OVERVIEW

The Modai Calculation Program comprises six major sections which are utilized in part or

whole to accomplish the objectives of the two possible modes of operation. These six major
sections are:

1) Input — The input of all data is by the NAMELIST specification, and the internal para-
meters are initiated for program execution.

2) Characteristic Number Calculation — The characteristic numbers Kmo,u and Qmo‘“
are calculated using the procedure described in Appendix A.

3) Mode Amplitude and Phase Calculation — The coherent acoustic wave equation system,,
e.g. (1), in an infinitely long cylinderical duct with uniform axial flow is solved using a
Gaussian elimination procedure for the modal amplitude and phase.

4)  Sensitivity Coefficient Calculation — Standard deviations due to the first-order independ-

ent errors in the measurement of both the acoustic pressures and the microphone coordia-

ates are obtained for the error in the modal amplitudes and phases,

5)  Overall Pressure Calculation — Resultant pressure amplitude and phase are calculated at

the desired prediction locations using the amplitude and phase of the constituent modes
comprising the sound field.

6) Output — All results from the program calculations are printed.

The interrelationships between the six major sections and their utility for each option is il-
lustrated in Figure 1. As input, both options require a specific mode group, inlet geometry,
and test condition to calculate characteristic numbers. One option, “A”, requires additional
input ir: the form of acoustic pressure signals at selected duct locations to calculate the modal
structure comprising the sound field. Additionally, influence coefficients, which are functions
of the modal structure, are calculated. The other option, “B”, requires that the modal struc-
ture be specified as input. In both options, the amplitude and phase of the constituent modes
are utilized to calculate the overall acoustic pressure at any duct location. The results from
both options are printed by the output section.
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INPUT
CHARACTERISTIC
NUMBER
CALCULATION
A OPTION 8
MODE AMPLITUDE
AND PHASE
CALCULATION
\
SENSITIVITY
COEFFICIENT
CALCULATION
|
OVERALL PRESSURE
CALCULATION
OUTPUT

Figure 1 Program Overview

3.3 PROGRAM SUBROUTINES AND FUNCTIONS DESCRIPTION

The subroutines and functions used in the six program sections presented in Section 3.2 are
listed belcw; the purpose of each subroutine or function is described. Also as appropriate,
principal-element diagrams of the more complicated sections are presented and discussed.
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Input Section

The NAMELIST format is used to input data for execution of the computer program. This
form of input is described in Section 3.4.1. The input variable names are listed in Section
3.4.2, including a description of their purpose. All input is read into the program by the
following subroutine:

INPUT - This subroutine inputs data for each case and sets up the necessary in-
ternal parameters.

Characteristic Number Calculation Section

Expressions are derived ir} Appendix A for solving two simultaneous equations that define the
characteristic numbes k Op and ng . A principal-element diagram is presented in Figure 2
to illustrate the functiongl elements mat lead to a determination of these numbers. Initially,
the order of the Bessel functions is determined from the circumferential order of a particular
mode. The J; and Y, Bessel functions are evaluated, as appropriate, depending on the value
of the duct hub-tip ratio. Finally, the chaiacteristic numbers are calculated by solving the
simultaneous equations comprising the Bessel functions. The subroutines and functions
utilized in this section are:

KQCAL - This subroutine calculates the characteristic numbers Krg u and Q ‘rJn n

KMUCAL —  This subroutine is used by KQCAL to calculate the characteristic num-
ber k',gy X

EMUCAL —  This subroutine calculates characteristic E-function values for a particu-

lar radial value, t ' - 1/b.

FALZIP —  This function solves for a root of a given function using a combination
of false position and bisection techniques
BESLI —  This function is used by KMUCAL to calculate values of K ;g for the
. R . . ) M
equation which defines the system of differential equations.
] c ‘e \1 =
A U Kl +Q 7,4, 1Y K71 =0
’ d '0 =
L Uy KB )1 + QG Gy [Ym(@Kmy)) =0
for a hub-tip ratio not equal to zero.
BESL2 - This function is used by KMUCAL to calculate values of K;g for the
equation which defines the above system of differential equations for
a hub-tip ratio equal to zero.
BES] —  This subroutine calculates values of the Bessel function of the first kind.
BESY —  This subroutine calculates values of the Bessel function of the second kind.
6
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Principal-Element Diagram - Characteristic Number Calculation Section




Mode Amplitude and Phase Calculation

The modal amplitude and phase are solved by matrix inversion technigues from data that in-
cludes pressure measurements ut selected microphone locations. The equations that define
the matrix coefficients and adescription of the procedure for fan sound mode determination
was presented in Section 3.1 - Algorithm. To illustrate the functional elements that lead to
a solution of the modal cocfficients, a principal-element diagram is presented in Figure 3.
Initially. the matrix cocfficients, which are functions of the particular modes comprising

the sound tield and the microphone locations, are calculated. This equation system is solved
by a Gaussian elimination method for the modal coefficients. The mode amplitude and
phase are then extracted from these complex pressure vectors. The subroutines used in the

calculation procedure are:

This subroutine set ups and using SIMECQ solves the acoustic wave eqra-

SOLVE -
tion matrix for the modal amplitude and phase.

This subroutine solves a N x N system of simultancous equations having

SIMECQ
complex coefficients, using a Gaussian elimination method.

Sensitivity Coefficient Calculation

The Sensitivity Coefficient Calculation procedure is illustrated in the principal-element dia-

gram presented in Figure 4,

An important element in this procedure is the calculation of influence coefficients, which re-
flect the sensitivity of mode amplitude and phase calculations to first-order errors in pressure
measurements and microphone placement — the derivation of the influence coefficient is pro-

vided in reference 4, Section 3.4.

Because the inverse-matrix clement is a common term in each expression, the procedure is
initi.ted by calculating the inverse matrix. The influence coefficients are calculated next

as a function of the modal structure and pressure measurements. The specific error in the
modal amplitude and phase due to one of the five possible measurement errors is calculated
from the product of the error in the measured quality and the root-sum-square of the in-
fluence coefficients. Finally, the error in a particular mode amplitude and phase is obtained

as the combined effect of cach measurement error.
The subroutines utilized in the Sensitivity Coefficient Calculation procedure are:

This subroutine calculates the standard Jdeviations of the moda) ampli-

SENSTY -
tude and phase for crrors associated with pressure measurement and
microphone location.

INVERT - This subroutine inverts a compiex N x N matrix.
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Overall Pressure Calculation

The overall pressure at any location in the duct is obtained from the modal structure. The
procedure for overall pressure calculation is illustrated in the principal-element diagram shown
in Figure 5. The procedure summarizes the pressure contribution of each mode at a location
in a duct defined by the user. The resultant amplitude and phase are then extracted from the
complex pressure vector. Since this calculation is performed in the MAIN routine there are no
subroutines or functions to list.

Output Section

The output format and the variables from the Modal Calculation Program are discussed in
Section 3.5.1 and a sample case for three propagating modes is providing in Section 3.5.2.
Both Sections 3.5.1 and 3.5.2 address the two possible modes of operation that can be exe-
cuted with the program. Results from the computations are printed by the subroutines
listed below after all angles are converted to within the range of 0° to 360°.

PRINT —  This subroutine prints input and resultant values.

ANGPQS - This subroutine converts negative angles to positive angles in the range
0° to 360° for printing.

1
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3.4 INPUT DESCRIPTION
3.4.1 Input Format

The NAMELIST format is used to input data into the Modal Calculation Program and con-
sists of a list of parameter names grouped under an identifying name: &INDATA. The
parameter names correspond to variables — single variables and matrix elements — used in
the program. These variables are set by specifyirg both the parameter name and its value.
A feature of this type of input is that all associated parameters need not be specified. Any
parameter not specified in the input retains its value from the preceeding case or the default
value if the input is for the first case.

NAMELIST input for each case is identified by the characters &INDATA in Columns 2-7
of the first input card. Beginning in Column 9, parameters may be set using the format:

Parameter Name = Constant

The constant may be either a real or integer value and must be followed immediately by a
comma. Parameter names, assigned values, or necessary commas must not extend beyond
Column 72; and names of values cannot be continued on a subsequent card. Embedded
blanks are not permitted in either the parameter name or constant value. Parameter names
and their associated values may be specified in any order. The characters &END signify the
end of the input for a particular case. If additional cards are required, parameters names
must begin in Column 2.

A sample of this form of input for three microphones is presented in Figure 6.
3.4.2 Input Parameters

A sign convention was adopted for assigning positive or negative values to the input para-

meters. Any input parameter not addressed in this discussion is a positive value. The sign
convention is formulated with respect to a cylindrical coordinate system that is consistent
with the derivation of the coherent acoustic wave propagation model. Its unit vectors are
designated by the directions: axial - x, circumferential - @, radial - r.

A cons .at radius, annular duct is aligned with respect to this coordinate system in such a
way that the positive axial unit vector is in a direction opposite to the flow. Thus, the Mach
number of a uniform axial flow is always designated by a negative value to denote the axial
ituw rate in the negative axial direction. A positive circumferential unit vector projects in
the direction that the rotor spins, and a negative vector projects in the counterrotating direc-
tion. Finally, the radial axis projects perpendicular to the centerline of the duct; thus, radial
values are positive.

Each mode is characterized by three parameters which represent the circumferential and rad-
ial pressure distribution and its propagation direction. A specific mode is uniquely defined
by the parenthetical notation (M, u). The M defines a periodic circumferential pressure dis-
tribution with M number of lobes. Positive integers represent a corotating M-circumferential
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-] lobe pattern with respect to the rotor direction, and negative M integers refer to counterrotat-
e ing modes. The radial mode index g corresponds to the radial pressure distribution. These
values are always non-negative integer numbers with high integer values indicating large pres-
sure variations with respect to the radius.

The modal propagation direction in an inlet or discharge duct can be either an incident wave
pre pagating from the fan or a reflected wave propagating towards the fan. Wave propagation
in . moving medium is similarly effected by the flow rate for modes that are propagating with
1 against the flow direction. Hence, the input variable IDIR designates wave propagation

v 'th respect to the flow direction. Positive values denote waves propagating in the opposite
direction with respect to the flow such as incident waves in the inlet duct and reflected waves
in the discharge duct. Modcs that propagate in the same direction as the flow are designated
by a negative value for the input parameter IDIR.

A+ signing of values to the input parameters will now be considered.

Si1ce a determinative cquation system is required, the number of mode indices, wave direc-
tion indicators, microphone coordinates, and measured pressures must be equal. When option
B is utilized, the number of mode indices, wave direction indicators, and modal amplitude and
phase values must correlate. These input parameters are listed in several tables at the end of
this section. Each parameter has a corresponding description that is sufficient for assigning

a value to these input parameters. However, assigning a value to the coefficient parameters

-+ for the standard deviation in measurement errors is not as straight forward as the previous
parameters. The following discussion is provided to assist the user when assigning values to

8 these variables.

The deviation coefficients for microphone location errors ::e the tolerances in the three co-

. ordinates: axial - x, radial - r, and circumferential - 8. These errors are related to the tolerance
of a measurement — such as a micromenter — for determining the location of a microphone.
Specifically, a user can estimate the microphone location standard deviation by assuming a
high confiden' level — such as ninety-five percent — to be associated with the number of
significant digits used to define the pressure measuring coordinates. The standard deviation
coefficients can then be computed from this information. For example, if a 95 percent con-
fidence level is assigned to an axial measurement accuracy of 0.005 centimeter, the standard
deviation (68.3 percent confidence level) is about 2.5 x 107~ centimeter.

PR R - )

R oL
S Ty

The esror deviation cocfficients for acoustic pressures include the two components amplitude
and pliase which corespond to the measured resultant pressure at any duct location. Two
mechanisms can g:neinte errors that atfect the measurement of resultant pressure, One type
of error is d. . 10 both response characteristics of the measuring device and repeatability of
the cohe...t signal. The sccond type of crror is caused by measuring contributions from
modc . not included in the calculation for determining the modal structure. A user can esti-
ma,. the former pressure measurement error in a similar manner as previously presented for
ssicrophone location measurement errors.
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A standaid deviation can be computed by assuming a high confiderice level to be associated
with the combined inaccuracy of both pressure amplitude calibration errors and an «rror
attributed to the repeatability of enhanced pressure signals during a period of time. In prac-
tice, however, this category of errors is small and can be minimized by requiring rcasonable
experimental procedures,

The second mechar, m that can generate pressure measurement errors was not encountered

in the previous category of location measurement errors. ldeally, the contribution from
modes that are unlikely to contrul the duct sound field will not hinder the determination of
fan sound mode structures. In practice, however, these modes have to be anticipated and their
impact quantified if a meaningful standard deviation for the modal coefficients is to be cal-
culated. This mechanism, which can be perceived as a measured pressure error, is difficult to
assess prior to an experimenta: program. A general expression for this standard deviation is
presented in Appendix E of reference 4. The actual value for the standard deviation used

as input to the modal calculation program should be obtained from that general expression.

A description of the inpat variables for operating the Modal Calculation Program is provided

in Tables I, 11, and 11I: Table 1 — General Parameters; Table Il — Test Geometry and Condi-
tion Parameters; Table 111—Error Deviation Coefficient Parameters. Under the column head-
ing “Variable Type”: th letter **R” indicates that the number is real and contains a decimal
point; the letter “I” indicates the number is an integer and does not have a decimal point.
“Default Values™ are also delineated and indicate the value of the parameter that is internally
initialized prior to the program execution. Parameters not specified in the input for the first
case retain this value. Although the default values are expressed in units of the English System,
the computer program can be executed with data in any consistent system of units.

3.5 OUTPUT DESCRIPTION

3.5.1 Output Format

The output from the Modal Calculation Program is organized into four sections: Input
Variables, Modal Amplitude and Phase Calculation, Sensitivity Coefficient Calculation, and
Characteristic E-Function Values. All four scctions are included as output when either option
is requested by the input. The printout for a sample case is provided in Appendix C to
illustrate the output format.

P T T S

The Input Variable Section includes the value of the various parameters supplied by the user.
The parameters that define the modal structure — the circumferential and radial order, and the
wave-direction indicator — are listed. The reference pressure for converting the modal amp-
litude and resultant amplitude to decibels is also output in this section. The test geometry

and conditions subsection lists various parameters that define the fan duct geometry and
operating conditions observed during the experimental program. These parameters include

the duct radius, duct hub-tip ratio, axial Mach number, and frequency.

The Modal Amplitude and Phase Calculation section includes both parameters that were pro-
vided by the user and the results from the calculation procedure. In this section, the user
obtains the modal amplitude in units of pressure and decibels and the modal phase in units

P D S
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TABLE |

GENERAL INPUT PARAMETERS

input Variable
Name Type
LOCM i
Locp |
1IEMU 1
PREF R
X0%) R
THo R
M(1) I
M(2)

M(3)

M(50)

MUS(1) i
MUS(2)

MUS(3)

MUS(50)

IDIR(1) 1
IDIR(2)

IDIR(3)

IDIR(50)

Note a): Final character is a zero.

6

Defauit
Value

(]

29x 1077

0.0

0.0

-—

Description

Number of microphones ot modes. (Less than
or equal to fifty).

Number of prediction locations. (Less than
or equal to fifty).

Print indicator for characteristic E-function
value.

0
1

No print
Print

Reference pressure to convert pressure to
decibels.

Axial coordinate of the reference location.

Circumferential coordinate of the reference
location. (degrees)

Circumferential mode index.
(Input NLOC values)

Radial mode index.
(Input NLOC values)

Mode propagation direction indicator.
(Input NLOC values)

opposite flow direction
with flow direction

—
L]




input
Name

HTR
OR
EMX
FRQ
SPEED

X(1)
X(2)
X(3)

XkSO)

R(1)
R(2)
R(3)

R(50)

THM(1)
THM(2)
THM(3)

T.HM(SO)

Bbr "AM(1)
BE fAM(2)
BETAM(3)

BETAM(50)

TABLE Il

TEST GEOMETRY AND CONDITION INPUT PARAMETERS

Variable Default®
Type Value

0.44

50

0.07

3100.

13566.

) " »2» =™ B =

9.568
6.582
0.0
0.0
5.0
0.0
0.0
0.0
00
00

R 0.03136

0.02097
0.0

0.0

,,;z* 2% Jﬁfﬁ

Description

Hub-tip ratio.

Outer radius of duct.

Axial Mach number (always positive).
Test frequency (Herts)

Speed of sound

Axial coordinates of the measurement
microphone Incations. (Input LOC value)

Radial coordinates of the measurement
microphone locations. (Input NLOC value)

Circumferential coordinates of the measurement
microphone locations (degrees).
(Input NLOC value)

Pressure amplitude at the measurement
microphone locations. (Input NLOC value)

17
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TABLE Il (Cont'd.)

B R

Input Variable Default™®! :
Name Type Value Description ;
PSIM(1) R 97.8 Pressure phase at the measurement micro-
PSIM(2) 215.6 phone locations (degrees).
PSIM(3) 0.0 (Input NLOC values)
PSIM(50) 0.
PX(1) R 5.788 Axial coordinates of the prediction micro- A
PX(2) 2.513 phone locations. (Input LOCP values) :
PX(3) 0.0
PX(50) 0.0
PR(1) R 5.0 Radial coordinates of the prediction micro-
PR(2) 5.0 phone locations. (Input LOCP values)
PR(3) 0.0
PR(50) 0.0
THP(1) R 0.0 Circumferential coordinates of the prediction
THP(2) 0.0 microphone locations (degrees). (Input LOCP
THP(3) values)
THP(50) 0.0
ICHK I 0 Mode amplitude and phase indicator.
0 = Calculated from measured pressure
1 = Input values
AM(D) R 0.0 Mode amplitude. (If ICHK = 1, input NLOC
AM(2) 0.0 values)
AM(3) 0.0
AM(50) 0.0
18
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TABLE 11 (Cont’d.)

B
Input Variable Default'™ v
Name Type Value Description u
PHI(1) R 0.0 Mode phase (degrees). (1f ICHK = 1, input gj
PHI(2) 0.0 NLOC values) j
PHI(3) 0.0

PHI(50) 0.0

Note: (a) Default values shown in table are in units of the English System. The program, however, is
designed to be executed with data in any consistent system of units.

19
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Input

Name

SIGX

SIGB

SIGP

20

TABLE 111

ERROR DEVIATION COEFFICIENT INPUT PARAMETERS

Variable
Type

R

G -

Default

Valve

0.0

0.0

0.0

0.0

0.0

Description

Standard deviation of the axial coordinate
error.

Standard deviation of the radial coordinate
error. .

Standard deviation of the circumferential
coordinate error (degrees).

Standard deviation of the pressure amplitude
error.

Standard deviation of the pressure phase
error (degrees).

nE



of degrees. The corresponding mode indices, axial wave number in units of degrees-per-
length, and cigen value km“" are delineated.

Additional input parameters listed in this section include the reference location usually cor-
responding to the fan face where the modal phases are calculated. Coordinates of the input
measurement locations and resultant prediction locations are listed adjacent to the respec-
tive acoustic pressure values. The input pressure values are supplied by the user in pressure
units for the amplitude and degrees for the phase. The resultant pressure is calculated by
the program and output is provided in units of decibels for the amplitude and degrees for
the phase.

The Sensitivity Coefficient Calculation portion of the ourput comprises a number of sections,
the primary output of which is the total normalized amplitude and the total phase deviation
for each mode. These expressions represent the modal amplitude and phase error caused by
a specified set of independant errors associated with the measurement of acoustic pressure
and the tolerance of pressure measuring coordinates. The amplitude standard deviation of

a specific mode is expressed as both the normalized quantity with respect to the mode am-
plitude and the mode amplitude error in decibels. The total phase deviation is expressed in
degrees for each mode.

The contribution to the total amplitude and phase deviation assuming zero errors for the
other error sources is provided under the heading *“Normalized Standard Deviation Com-
ponents”. The amplitude deviation was normalized with respect to the mode amplitude.
The total phase deviation in degrees for each error source is also provided under the heading.
When these values are root-sum-squared, the previous expression for the total modal devia-
tion is obtained. A user will benefit from the error deviation components by identifying
which of the errors is controlling the total modal error.

The standard deviation components are also normalized with respect to their respective
error. These parameters — referred to as the root-sum-square of the influence coefficicnts

— enhance the combined variance of the influence coefficients at each microphone location.
Thus, these parameters are the previous standard deviation components with respect to a
unit measurement error in pressures or microphone coordinates. The root-sum-square of the
influence coefficients is a convenient expression for assessing the probability of successfully
tracking modes. A future user could examine these paramcters to determine if the accuracy
of experimental measurements made during an earlier test is sufficient to provide a desired
confidence level in the mode amplitude and phase.

The influence coefficients are the partial derivatives of the mode amplitude and phase with
respect to an error at each pressure measurement location that provides input for calculating
the modal coefficients. These expressions allow a future user to evaluate the effect of non-
uniform errors at the microphone locations. For example, an amplitude measurement error
may be known to be significantly larger at onc microphone location (e.g.. inaccurate calibra-
tion) The user could then cvaluate the impact of this error on the overall modal structure
calculation.

21
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The final section, Characteristic E-Functions, includes the value of E-functions, E(kZ, , 1),
at the measurement and prediction locations corresponding to each mode. This final section
is provided as output only if it has been requested by the user.

3.5.2 Sample Cases

Two cases are presented in the sample printout, to illustrate the two options: 1) calculating
mode amplitude and phase values from acoustic pressure signals and 2) specifying these
values either arbitrarily or as output from an analyticai prediction deck. These sample cases
demonstrate the execution of each option with data listed in Figure 6. The length units in
the printout are in centimeters; the time units, in seconds; he force units, in dynes.

The first sample case illuctrates the option of calculating the mode amplitude and phase for

a situation where three modes are propagating in a half-meter diameter annular duct. Three
coherent acoustic pressure amplitude and phase values are specified at three microphone loca-
tions on the duct wall. These acoustic signals are at a frequency of 6200-Hertz, and are used
to determine the modal structure of the (—4.0), (—4,1) and (-4,2) modes.

The output for this samp. ' case reveals that the amplitudes of the above modes are 137.4,
142.8, and 138.5 decibels, . “spectively; the modal phases are, respectively, 126.9, 160.0, and
229.2 degrees. Once the modal structure has been determined, the resultant sound field can
be calculated at other duct locations. The resultant amplitude and phase — expressed in the
same units as the modal coefficients — are reyuested at three microphone coordinates. The
resultant amplitude at these locations are, respectively, 121.1, 115.7, and 115.1 decibels.
The resultant phases are, respectively, 90.1, 357.8, and 67.2 degrees.

The sensitivity coefficient calculation portion of the program calculates the accuracy of the
mode amplitude and phase values based on inaccuracies in the measured acoustic pressures

and the microphone coordinates. Errors in the five measured quantities are expressed as
standard deviations with zero mean. For this sample case they are axial - 2x 10°> cm, radial -
2x 107 cm, circumferential - 2x 102 degree, amplitude - 25 dynes, and phase - 1.5 degrees.
The combined effects of the error source deviations multiplied by the influence coefficients
yields the modal amplitude and phase deviation. These calculated values for the (4, 0), (4, 1),
and (-4, 2) modes are, respectively, 0.89, 0.84 and 0.87 decibel for the modal amplitude

and 3.6, 2.5, and 1.7 degrees for the modal phase.

The second sample case illustrates the option to input the amplitudes and phases for the pro-
pagating modes to calculate the resultant acoustic pressure at specified locations. This case
is similar to the first sample case because the (4, 0), (-4, 1), and 4, 2) modes are propagating
at 62900-Hertz in a half-meter diameter annular duct. The amplitude of all the modes is
121.9 decibels and the phases of these modes are, respectively, 325, 250, and 100 degrees.
Output from the Modal Calculation Program comprises the resultant sound field at three
microphone iocations. The value of the resultant sound field is 115.8, 120.0, and 120.0
decibels for the resultant amplitude and 36.4, 345.0, and 298.2 degrees for the resultant
phase.
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3.6 MACHINE REQUIREMENTS

The Modal Calculation Program can be compiled, linkage edited, and exccuted in 512 bytes
of core storage.

The following mathematical functions and procedure are required:

CMPLX Expresses two real arguments in complex form.
CABS -  Modulus of a complex argument.

CEXP -  Exponentiation of a complex argument.
- AIMAG -  Obtain imaginary part of a complex argument.
REAL -  Obtain real part of a complex argument.
FLOAT -  Conversion from integer to real.
IFIX . Conversion from real to integer.
ABS - Absolute value of a real number.
IABS - Absolute value of an integer.
SORT -  Square root of a real value.
A MAXO -  Obtain maximum value of input integers.
1 ALOG -  Natural logarithim of a real positive argument.
SIN - Sine of a real argument.
" CoS - Cosine of a real argument.
ATAN2 - Arc tangent of two real arguments.
- 3.7 RESOURCE ESTIMATES
The central-prucessor-unit (CPU) time required to process a particular case depends on the
number of modes input wnich determines the size of the matrix to be inverted. The average
esti ..ate of CPU time per mode is 0.15 second.
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APPENDIX A
Calculation of the Characteristic Numbers

The characteristic numbers K o “and Qmu are defined to be the paired roots of the simultaneous

equations
re s d s,
G Im&mpr) + Q4 Ym K Mlyray =0 )
d ‘o d ‘a
[a?Jm(oK r)+Q d'Y (aK r)]r'=l =0 )

For a given circumferential mode number, m, radial order, u, and hub/tip ratio, o, (where
o0 is not equal to zero); Jm and Ym are the Bessel functions of the first and second kinds of
order m.

The following relations are used in the formulation of 2 solution

d.J (x)= J (X)—- 3)

dr

-d

7 Ym (= Ym(x)——- @
2m

Im+1 ) =—;~Jm (x) = Jpyq (X) (5)

I (0= Uy (0= I 4 1 001

(6)
DR )
ORIGINAL PAC
1 2m
='5”m-l (x) —"x- Jm (x)+ Jm.] (x)]
=3 0 --?- )
mMﬁ."

pRECEDING RAGE
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o it - wdwwla ™

[N~ SRR

Y, _ o0 X Y (x)
‘“(x)—txlm() Im J (x)
Y,
= + ] —--—-J 7
%X 3 (x) Um1 (9 =m0l 7G5 I () @ 7
’
LcttingK=Ka and Q=Qo , and evaluating at r’ = 1; (1) and (2) bécome
mu mp
¥ (KK+QY (K)K=0 ®
m ,
Jp @ K)oK+Q Yy, (0K)oK=0 )
o O K
E Q= - - o :
rom (8), Q -———-Ym 0K substituting into (9) vields i
: , (K) K ],
= ¥ (0K) oK — -,I“—-—- Y (K)o K=0 10y -
Ym K
Let £ (K)= 7, (0K) Yi(K) 0 K2 — 3 (K) Y., (oK) oK% =0 (1
g Using the expressions in (5), (6), (7), and (11) then:
K)
s f(K)=o0 K2 [J I . my Yim (
g W) =0 K? Uy y (@ K) = — I, (0K)] ;nxjm(x)+[1m"(K) o (K] T®
i m 2 Y, (0K)
K21 (K) =—J (K)} { —o = 2
o K Uy (K) % m()];noKJm(oK)+[ .1 oK) K’ (o K)} (K)} 0(12)
i
i m
f(K):o Kzg 2 ”m-) (GK)- }:Jf( Jm (0 K)] _ 2 “m-l (K)—' k‘ Jm (K)] .
*KJ, (K) taKJm(JK)
m m (K) Y (o K)
] K)-—J_ (K J —_— Yin
(-1 (K) X m (K [m_l(OK) aKJ (0 K)] [ T (K J oK =0 (13)
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Equation (13) is evaluated for values of Ei =M+3G-1) :i=1,2,3,...until f(T(j) f(lz} -1)<0
for some j. A procedure employing a combination of false position and bisection techniques

is then used to obtain a value of K¢ in the interval (K;_y, Kj).
mu

Having calculated a value of K = K;gu’ the corresponding value of Q = Q:W can be calculated.
Combining (8) and (9) yields. :

(3, (K) + Iy, (0K) 0 } K+Q [Yi(K) + Yy (0K) 0] K=0 (14)
from which A
’ []
J + K
- :?(K) 'Lﬂ'l(a )o (15)
Y, (K)+ Yy @Ko
Foro=0, Q:lll =0and KO = 0is defined to be the root of
myu
d '
[5? Jm (K‘:“ f' )] r'= l =0 (16)
Letting K = K::”, and evaluating at ' = 1, (16) becomes
If f(K)= Jm' (K) K =0, then (6) yields an
- m —
f(K) =) (K - In(1K=0 (18)

Equation (18) is evaluated for values of K, =m + 3(i-1):i= 1, 2, 3, . . . until f(Kj) f(KH) <0
for some value of j. A procedure employing a combination ot false position and bisection

techniques is then used to obtain a value of K::“ in the interval (Kj-l , Kj).
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APPENDIX B

MODAL CALCULATION PROGRAM

e PROGRAM LISTING

_ANK NOT FILMEDR
pRECEDING PAGE B ¥
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- — [ T T e LR | [ Willaiitsi

o

PRATT & WHITNEY AIRCRAFT DIVISION VER or/2%/717
SC.PANL]IB.LS 9.0 12.50.00
+oWRITE PRINT,T89902
Cc DATA SET T89902 AT LEVEL 024 AS OF Oa/s22/M
c DATA SET 789902 AT LEVEL Ol4 AS OF 02/01/77 00001
C 00002
C THIS PROGRAM CALCULATES MODAL AMPLITUDE AND PHASE 00003
C 00004
c : 00005
COMMON /PREDLY/ XP(50)¢ RP(50), THETAPISO) 00006
CCMMOUN ZAPHINMUZ AMULS0)y PHIMULS50),s ICHECK 00007
COMMUN ZREFCUNZ REFPRS 00008
COMMUN ZeMUS/ EMUE50950) 0 ENUPIS50,50)y EMUPRNIS0,50), JIEMPRY 00009
COMMON ZCNSTNT/ NMEASy NPREDy NMUODESy SIGMAy By MXe FREQe Ay 00010
1 OMEGA 00011
COMMUN ZKQUMU/ KMUE50), QMUI50) 00012
COMMUN /7MODES/Z MODE(50)y MUIS0)e INAVE(SO) 00013
CUMMUN ZANGLESZ DEGRADs RADDEG 00014
COMMON Z0UTPUTZ AMPRISO)e PHASERISO) . 00015
COMMUN /WAVENO/Z KXI(50) 00016
COMMON /REFS/ XREFs RREFy THREF 00017
REAL kMU, MX 60018
CUMPLEX AXe EXPNT, SUM1ly Q(50450) 00019
DIMENS IUN EMUDUM{S50) 00020
C 00021
C INPUT DATA FOR THIS CASE 006022
c . 00023
20 CALL INPUT{ 1END ) 00024
IFt 1END .GJe O ) G0 TO 9999 00025
C 00026
C CALCULATE THE CHARACTERISTIC NUMBERS KMU AND QMU FOR EACH SET OF 00027
C CIRCUMFERENTIAL MODE NUMBER AND RADIAL ORDER . 00023
C 00029
CALL KQCAL 00030
c , 00031
C CALCULATE AXIAL WAVE NUMBER 06032
C 00033
FLOW = OMEGA 7 A 00034
AMACH = 1, = MX ® MX 00035
DO 40 I=1,NMOOES 00036
RADICL 2 FLOW 2 2 ~ AMACH © ({ KMULI) 7 B ) o8 2 00037
IF( RADICL ) 259+ 300 30 00038
2% kxtl) = CMPLX{ =MX ® FLOW /7 AMACH, INAVE(]1) ® 00039
1 SQRT{ ABS{ RADICL ) ) 7 AMACH ) 00040
GO TO 40 000412
30 KXt1) = CMPLXE | =MX ® FLOW + IWAVE(I) ® SQRT{ RADICL ) ) /00042
1 AMACHy 0.0 ) 00043
40 CONT INUE 00044
Cc 00045
C IF THIS IS A CHECK RUNy AMU AND PHIMU HAVE BEEN IMPUT. THUS THERE 1$ 00046
C NO NEED TO CALCULATE THEM, 00647
c 00048
IF{ ICHECK +GT. 0 ) 60 10 60 00049
00050
C SET UP AND SOLVE THE EQUATION SYSTEM ASSOCIATED WITH THE MEASUREMENT 006051
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PRATT £ WHITNEY AIRCRAFY DIVISION VER or/2%/M

SC.PANLIB.LS 9.0 12.50.00
C LOCATIONS 00052
(4 00053
CALL SOLVE 00054
c 00055
C CALCULATE SENSITIVITY COEFFICIENTS ' 00056
C ’ 00057
CALL SENSTY( Qo NMODES ) . . 00058
C 00059
C CALCULATE SUM OF MODAL AMPLITUDES AND PHASES FOR EACH PREDICTION 00060
C LOCATION . 00061}
c 00062
60 DO 120 J=]14NPRED . 00063
RPRIME = RP{J) /7 B 00064
C 00065
€ CALCULATE CHARACTERISTIC E-FUNCLTIONS FOR RPRIME 00066
c 00067
CALL EMUCALI RPRIME, EMUP{1eJd)e ENUDUM, O ) 000869
C 00069
(1} ( 4 s XP(J) -~ XREF 00070
DTHETP s THETAP(J) -~ THREF 00071
SuMl = CMPLXE 0.9 0. ) 60072
DG 100 I1=1,NMODES 00073
EXPNT = CMPLXL 0.0y REALL KXII) ) & DXP ¢ NODE(I) ® DTHETP 00074
1 ® PHINULL) ) 00075
sSumMl = AMU(I) ® EMUPII,J) ® CEXP( EXPNT ) ® EXP{ ~DXP ® (0076
b | AIMAGL KX(I) ) ) + SUM]L 00077
100 CONTINUE 00078
00079
AMPR (J) = CABS( SUM]1 ) ' 00080
PHASER(J) = ATAN2( AIMAGE SUMY ),y REALL SUML ) ) 00081
120 CONTINUE 00082
) 00083
C PRINT RESULTS OF THIS CASE ' 00064
c 00065
CALL PRINT 00086
c 00087
C RECVCLE FOR NEXT CASE 00088
c ¢ 000896
60 T0o 20 00090
9999 STOP 00091
END 00092
SUBROUTINE ANGPOS( ANGLE, NUMBER ) 00093
C 00094
C THIS SUBROUTINE CONVERTS NEGATIVE ANGLES TO CORRESPONDING POSITIVE 00095
C ANGLES 00096
c 00097
DIMENSION ANGLEIL) 00098
DATA DEGREE 7 360, / 00099
c 00100
00 80 Is]1,NUMBER 00101
1FL ANGLLELD) ) 209 8049 80 00102
20 DO 40 J=},10 00103
DELTA = J) ® DEGREE 00104
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PRATY € WHITNEY AIRCRAFY DIVISION VER 07725777
SCPANLIB. LS . 9.0 12.50.00
IFL ANGLE(I) ¢ DELTA ) 40, 60y 60 00105
40 CONTINUE 00106
60 ANGLEL]) = DELTA + ANGLE(T) 00107
80 CONTINUE 00108
" 9999 RETURN . 00109
END , 00110
FUNCTION BESLLIC X ) oolll
c 00112
C THIS FUNCTION CALCULATES VALUES OF THE EQUATION DEFINING THE SYSTEM OF00113
C DIFFERENTIAL EQUATIONS FOR A NON-ZERO HUB/TIP RATIO oox:;
c 001

COMMIN /BESSLZ 1SIGNe JSIGN, DELKMUy TOLs M, PI 00116
COMMUN /CNSTNT/ DUML(3), SIGMA, DUM2(5) 00117
c ool118
X1 = X ® SIGMA 00119
CALL BESJ( X1y M~JSIGN, EMIML, TOLe IER1 ) 00120
CALL BESJ( Xle M 4 EMJIXLly YOLe JER2 ) ) 00121
B CALL BESJ( Xy My EMJy TULe IER3 ) 00122
! CALL BESJL Xy M=JSIOUN, EMIPLl, TOL, I1ERA ) 00123
g CALL BESYi Xy My EMYX, 1ERS ) 00124
] CALL BESY( X1s M, EMYXly 1ERG ) 00125
! C 00126
: EMIM] = JSIGN * ISIGN ® EMJML 00127
EMJIX] = ISIGN ® EMJIX] 00128
i EMJ = JSIGN ® EMJ ' 60129
i EMJPL = JSIGN ® ISIGN ® ENMJPL 00130
i EMYX = ISIGN * £MYX 00131
: EMYX1 = ISIGN ® EMYX1 00132
; c : . 00133
? Al s EMJM] ~— | M & JSIGN /7 X1 ) & EMJXL 00134
é A2 ® EMJPL — ( M ® JSIGN 7 X ) ® EMJ G135
! A3 =2, AL /7 (L PIL s X® END) 00136
} As = 2. A2 /7 ( PI ® X1 ® EMJXL )} ' 00137
; AS = Al ® A2 ® ( EMYX 7 EMJ = EMYXL /7 EMJIX1 ) 00138
i ¢ 00139
BESLL a2 XL S X ®( A3 = A4 ® A5 ) 00140
KETURN wol4l
END 00142
FUNCTION BESL2( X ) 00143
C 00144
€ THIS FUNCTION CALCULATES VALUES OF THE EQUATION DEFINING THE SYSTEM OF00145
C OIFFERENTIAL EQUATIONS FOR A HUB/TIP RAVIO OF ZERO 00146
c . . 00147
COMMUN /BESSL/ ISIGNe JSIGN, OELKMUy TOLs M, PI 00148
COMMON /CNSTNTZ DUM1(3), SIGHA, DUM2(S) 00149
C 00150
CALL BESJL Xy M=JSIGN, EMJMl, TOLs I1ER] ) 00151
CALL BESJ( X, M, EMJ, TOL, IERZ ) 00152
c c0153
EMJM) = JSIGN ® ISIGN ® EMJML 00154
EMJ = ISIGN * ENJ 00155
BESL2 E X ® ERJML ~ M ® JSIGN ® EMJ 00156
RETURN 00157
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£ND 00159
SUBROUTINE BESJU Xy Ny B8Je D¢ IER ) 00159
C 00160
C TH1S SUBROUTINE CALCULATES THE J BESSEL FUNCTION FOR A GIVEN ARGUMENT,00161
C Xy AND UKDER No THIS SUBROUTINE WAS VAKEN FROM THE I8M SCIENTIFIC 00162
C SUBROUTINE PACKAGE 00163
c 00164
8J = 0.0 00165
IFU N .6E. 0 ) G0 10 20 00166
3 00167
C ERROR —~ NEGATIVE ORDtR. SET ERROR INDICATOR TO 1 AND RETURN 00168
c 00169
1ER =1 00170
: G0 T0 9999 00171
20 IF( X ) 40y 30, 60 00172
30 IFL N .6T. 0 ) 60 10 40 00173
84 = 1.0 00174
GO Y0 9999 00175
C 00176
C ERROR ~ ARGUMENT ZERO OF NEGATIVE. SET ERROR INDICATOR TO 2 AND RETURNOOL77
c 00178
40 IER x 2 00179
60 10 9999 00180
t 00181
€ CALCULATE MAXIMUM DRDER NUMBER THAT CAN BE PROCESSED FOR X. 00162
€ IF X oLE. 159 N NUST BE LESS THAN 20 + 108X - X¢%2/3. 00183
C IF X .GT. 15, N MUST BE LESS THAN 90 + X/2 00104
c 00185
60 IFL X - 15. ) 80s 80y 300 00186
80 NTEST =20, ¢+ 10, ® X ~X®¢ 2 /3. 00187
60 10 120 00199
100 NYEST =90, + X /7 2. 00189
120 IFU N L¥. NTEST ) 60 1O 140 ° 00190
c 00191
C ERRDR - QRDER RANGE COMPARED TO X IS NOT CORRECT. SET ERROR INDICATOR 00192
C 70 & AND RETURN. 00}193
Cc 00194
IER = 4 00195
\ 60 TO 9999 00196
140 JER s 0 00197
N1 =N e ‘ 00198
BPREV = 0,0 00199
c 00200
€ COMPUTE STARTING VALUE OF M 0020%
c 00202
IF( X = 5. ) 160, 180, 180 00203
160 MA =X+ b, 00204
GO T0 200 00205
180 MA =16 ® X+ 60s7KX ] 00206
200 Mp =N+ IFIXUX ) 7 &4+ 2 00207
MZERO s MAXO( MA, MB ) 00208
Cc 00209
£ SET UPPER LIMIT OF M 00210

© . "AL PAGE 13
V' BOOR QUALITH
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c
MMAX = NTESTY
220 DO 320 MaMZEROMMAXeD
c
E SET FiM)y Fin-1)
FML = 1.0E-28
(4.} = 0.0
ALPHA = 0.0
47 = ] :
IFt (M /7 2 )02 EQ. K) JT = =}
M2 a -2
DO 280 Kx14M2
MK = M- K
BMK = 2, ® FLOAT{ MK ) ® FN1 / X - FN
FM = FM1
FMl = BMK
1F(C MK = N =~ 1 ) 2609 240, 260
240 by = HBMK
260 J7 s =J7
[ s 1« J7
ALPHA = ALPHA ¢« BMK ® §
280 CONTVINUE
c R
BMK = 2, $FN1 7 X = FM
IF{ N .EQ. 0 ) 84 = BAK
ALPHA = ALPHA ¢ BMK
84 = BJ 7 ALPHA
IF( ABSt BJ - BPREV ) ~ ABSL D & BJ ) ) 9999, 9999, 300
300 BPREV = BJ
320 CONTINUE
(%
C ERROR - REQUIRED TOLERANCE NOT OBTAINED. SEYV ERROR INDICATOR 10 '3 AND
C RETURN .
c
1ER = 3
9999 RETURN
£ND
SUBROUTINE BESY( Xo No BYy IER )
c

C THIS SUBROUTINE CALCULATES THE Y BESSEL FUNCTION FOR A GIVEN ARGUMENY
C Xy ANG UKDER Neo THIS SUBROUTINE WAS TAKEN FROM THE 18M SCIENTIFIC

C SUBROUTINE PACKAGE

c

1€R =0
IF{ N «GE. 0 ) 60 Yo 20
(4
C ERROR ~ NEGATIVE ORDER. SET ERROR INODICATOR TD 1 AND RETURN
c
JER =1
60 TO 9999
20 IFL % ) 409 €0y 60
c

36
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00211
00212
00213
00214
00215
00216
00217
00214
‘00219
00220
00221
an222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
06234
60235
00236
00237
00238
00239
00240
00241
00242
00243
00244
002465
00246
00247
00248
G0249
00250
000251
00252
00253
002%4
002%5
00250
00257
00258
00259
00260
00261
00262
00263
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'c: ERROR ~ ARGUMENT Z2ERO OR NEGATIVE. SETV ERROR INDICATOR TO 2 AND umgg::;
40 JER =2 00266
60 YO 99 00267
c 00268
C BRANCH IF X IS LESS THAN OR EQUAL TD 4. 00269
c 00270
60 IFl X = 4¢ ) 100, 100, 80 0027}
c ' 00272
C CALCULATE YO AND Y1 FOR X GREATER THAN 4. 00273
c 00274
80 T} -4 /7 X 00275
T2 sT1PT) 00278
PO s ¢ ( (1 -.0000037043 @ T2 ¢ 0000173563 ) @72 - 00277
1 +0000487613 ) @ T2 ¢+ 00017343 ) ¢ 12 = 001753062 00278
2 )3 T2 ¢ 3989423 00279
Qo ®= ({ { ( 0000032312 #T2 - .0000142078 ) ¢ T2 ¢ 00280
| +0000342668 ) ® T2 = 0000069791 ) ®# T2 » 0028)
2 0006564326 ) @ T2 - 01246694 00202
Pl = § { 0 1 +0000042414 ® Y2 - ,070020092 ) P V2 & 00263
. ) «0000580759 ) » T2 ~ ,000223203 ) P V2 + 00284
2 «002921826 ) & T2 ¢ 39089423 0028%
Q1 s ( { (( =.0000036594 ® T2 ¢+ ,00001622 ) @72 -~ 00286
} +0000398708 ) @ T2 @ 0001064741 )} 12 ~ . 00287
2 000063904 ) ® T2 ¢ 03740084 00288
A ® 2. 7 SQRY( X ) 00289
[ = A s 71 00290
c X ~ ,7953982 00291
Yo aASPO®SINIC )+ Q0sCOStLC ) 00292
L v = =ASP)LOCOSIC)+BPQ1PSINIC) 00293
e 60 70 160 . 00294
c 0029
C CALCULATE YO AND Y1 FOR X LESS THAN OR EQUAL TO 4 ' 00296
(4 ' 00297
100 XX 258X . 00298
X2 s XX ® XX 00299
T w ALOGE XX ) ¢ .ST72157 - 00300
Sun ® 0.0 00301}
TERM "3 ] 00302
Y0 a v 00303
00 120 L=1,15 : 00304
IFL L oNE. 1) SUR = 1, 7 PLOATI L=1) ¢ SuN 00305
kL =L 00304
TS s T ~ SUN 00307
TERM s (~X2STVERN 7 L FL 8¢ 2 ) )8 (1, =1.7 0 FL ¢ 00308
1 1S )} 00309
s Y0 ® TERM ¢ YO 00310
220 CONTINUE 00311
TEHM SXX S (T = 8) 00312
o SUM ® 0.0 00313
vl ® TERN 00314
00 140 L=2,16 00318
Sus = 1e # FLOATS L=] ) ¢ SN , 00316
b1
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FL =L ‘ 00317
FL s FL -1, 00318
TS s T - SUN 00319
TERM (=2 OTERN /7 L FL OFLL ) ) ® ( ¢ TS = .5 7 FL ) 00320
1 /7 LTS 0.5 /72F1)) 00321
vl s TERN ¢ Y] . 00322
140 CONTINUE 00323
P12 » 6366198 0U324
\{" s PI2 % YO ! 003:%
vl BPI2¢ (Yl =1.7K) ‘ 00326
¢ 00327
C CHECK IF ONLY YO OR Y1 IS DESIRED 00328
¢ _ 00329
160 IFt N 6T, 1 ) ¢0 Y0 180 00330
c 00331
C RETURN YO OR Y1 AS REQUIRED 00332
c 00333
8y » Y0 00334
FU N oEQe 1) 8Y » v1 00335
60 10 9999 » 00336
‘ c 00337
; C PERFORM RECURRENCE OPERATIONS TO FIND YN{X) 00333
| C 00339
: 180 YA = Y0 . 00340
ve = VY] 00341
K .1 00342
200 T = FLOAT( 29K ) 7/ X 00343
1 YC =T % Y8 - YA 00346
; c 1F( ABSL YC § - 1.0E70 ) 240, 240, 220 gggas
! ' Y Y
. C ERROR =-BY HAS EXCEEDED MAGNITUDE OF 10¢970. SET ERROR INDICATOR TO 3 00347
| C AND RETURN 00348
: 'S ' 00349
‘ 220 1ER =3 00350
! 60 10 9999 00351
i 240 K =1 eK 00352
! IF( K EQ. N ) ‘' 60 70 260 00353
YA = v8 00354
ve = YC 00355
60 10 200 ‘ 00356
260 BY = v 00357
9999 RETURN 00358
€ND 003%9
BLOCK DATA 00360
CUMMON /DFAULT/ LOCM, LOCP, HTR, OR, EMX, FRQs XOe RO, 00361
1 THOy X(505, RISO), THMIS0), BETAM(SO), PSINISO), 00362
2 PXi50)s PR{SO)s THPI50), M{50), NUS(50), 00363
b 3 IDIRES0)e PREFe AMISO), PHI{30)s ICHK, 00364
, 4 S1GXs SIGRy SIGTy SIGBy SIGP, 1EMUs SPEED 00365
! C 00366
C CONSTANT DEFAULYT VALUES 00367
v c 00368
‘ C LOCM  ~ NUMBER OF MEASUREMENT LOCATIONS 00369

L[]
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c LOCP = NUMBLR OF PREDICTVION LOCAYIONS 00370
N c HTR ~ MU /7 TIP RATIO 00371
o C OR - QUTER RADIUS ) 00372
3 c EMX = AXJAL MACH NUMBER 00373
¥ c FRY ~ TEST FREQUENCY 00374
% ) c SFLED = SPEEL OF SOUND 00375
A‘g < i 00376
" OATA LOCM 7 2 /79 LUCP 7 2 /9 HTR 7 Q.44 /79 OR 7 5.0 /» 0C377
o 1 EMX /7 =u.07 74 FRQ 7 3100. /9 SPEED /7 13566.24 / 28316
; C 379
= C REFERENCE LOCATION VALUES ' 00340 i
B3 c 00384 —
& c b (1] = AXIAL CUMPUNENT OF REFERENCE LOCATION 00382 .
ﬁ c ®o ~ RADIAL CUMPUNENT OF REFERENCE LOCATION 00383 :
b | c THO =~ ANGULAR COMPUNENT OF REFERENCE LOCATION (DE6) 00364
i c 60385 )
" 4 DATA X0 7 00 74 RO 7 0.0 /9 THO 7 040 / 00346 §
4. C 00387 '
s | € MEASUREMENY LOCATVION VALUES 00368
(4 00389
c X = AXJAL CUMPUNENT OF MEASUREMENT LOCATION 00390
c R ~ RADIAL COMPUNENT OF MEASUREMENT LOCATION 00391
C THM ~ ANGUL AR COMPONENY OF MEASURENMENT LUCATION (DEG) 0039 .
c BETAN <~ AMPLITUDE OF MEASUNED vALUE <, 00393 :
K c PSIM = PHASE ANGLE OF MEASURED VALUE (DEG) 00394 7
(4 00395 5
DATA X 7 9.508, 6,582, 4U%0.0 7y R /7 295.0, 48%0.0 /7, 00396 ;
, 1 THM /7 50%0.0 /o BLTAM /7 0.U3136, 0.05097, 48%0.0 /» 00397
1. 2 PSIN 7 97.8, 215.6+ 4800,0 / 06398 :
K C 003y9 .
€ PREDICTION LOCAVION VALUES 0r 400 .
C . Ouatl)
c PY. ~ AXIAL CUMPONENT OF PREDICYION LOC# "ION ' 60402
c PR = RALIAL CUMPONENY OF PREDICTION .OCATION . 00403
g HP = ANGULAR COMPONENTY OF PREDICTION LOCATION (DEG) 00404
0040 :
DATA PX 7 5.788y 2.513¢ 4R8%0.0 /7y PR 7 285,04 48%0.0 /, 00406 ;
1 THP /7 5080.0 / G04017 T
c , 00408 ’
C MODE VALUES 00409
4 00410
c [] = CIRCUMFERENTIAL NODE NUMBER 00el1
c CTTH = RADIAL ORDER 00412 ’
g J0IR = INCIUENT CR REFLECTED WAVE INDICATOR og«l: !
D041
OATA K 7 =25 =24 4890 /o MUS 7 Oy 1o 4880 /4 IDIR /7 1y 1o 48%0 /7 (O41S L
c . 00416
C REFERENCE CONSTANTS 60417
[4 G04L 0
c PREF -~ REFERENCE PRESSURE 00419
C 00420
OATA PREF /7 2.9E-9 / 00421
C 00’ 22
[ ]
-
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C RESULTANT AMPLITUDE AND PHASE VALUES 00423
C 00424
c AM ~ ANPLITUDE 00425
C PH1 = PHASE ANGLE (DEG) 00426
c i ~ CntCK CASE INDICATOR 00627
c 00428
DATA AM / 50%0.0 7/, PHI /7 50%0.0 /7y ICHK 7 O / 00429
C 00430
C BESSEL FUNCTIOM VALUES GU%31
C 00432
COMMDN /BLSSLZ DUM212) g DELKNU, TOLe MMe PI 004323
DATA OELKMU 7 3, /7y TOL 7 0001 /4 Pl 7 3.141593 / 00434
[ Cli438
C ANGULAR CONVERSION FACTORS Go436
C 00437
C DEGRAD -~ DEGREES VO RADIANS 60438
c RAUDDEG - RAUIANS TO DEGREES 00439
C 00440
CGMMUN ZANGLLS/ DEGRADe RADDEG 004wl
DATA GEGRAD 7/ .0174533 /4 RADDEG /7 57.29578 /7 00442
C 00443
c 00444
€ ERROR DEVIAVION COEFFICIENTS 00445
C , 00446
C SIGX  — AXIAL COEFFICIENT €044
c SIGR — RADIAL CUEFFICIENT 00448
C SILYT - AMGULAR COEFFICIENTY 00449
C SIGB - AMPLITUDE COEFFICIENT 00450
c S16P - PHASL CUt#FICIENT 00451
C 00452
DATA SIGX / 0.0 /4y SIGR / 0.0 /9 S16Y 7 0.0 /4 SIGP / 0.0 7/ G0453
1 S$iG8 /7 0.0 7 U0454
tND ' 00455
SUBROUTINE EMUCALE RPRIMEs EMU, EMUPRM, IDERIV ) 00456
C G0457
€ THIS SUBRUUTINE CALCULATES NMODES CHARACTERISTIC E-FUNCVION VALUES FOW00+58
C A PARTICULAR RADIAL VALUE, RPRIME. 06459
') 00460
DIMENSION EMULL )y EMUPRMIL) 00461
COCMMGN ZCNSTNTZ NMeAS, NPRED, NMODES, DUML(6) 00462
CUNMON /KQMUZ  KMUIS0)s QMU(50) 00463
CUMMUN /MUDES/ MOCE (50), LUM2(100) 00464
CCMMON /8ESSLZ  ISIGNy JSIGN, DELKMUy TOLy My PI 00465
REAL KMuU, JPRIME 00466
c 00467
C . " 00468
00 40 I=1,NMODES 00469
[ = JABSt MODEL]I) ) 00470
1F{ M JNE. O ) G0 T0 10 00471
1SIGN =1 00472
4S16N = =1 004143
GO0 T0 20 00474
10 ISIGN = MODE(X) 7 M 00475
10
. - o . e o
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- JSIGN = ISIGN 00476
, IF( 1SIGN <6E. 0 ) 60 T0 20 00477
| c 00478
| C NEGATIVE MOOE NUMBER. IF EVEN, SIGN OF BESSEL FUNCTION WILL BE e¢l. IF 00479
- C O0DD, SIGN OF LESSEL FUNCTICN WILL BE -1, 00480
i [4 . 00U481
. IFE { N/ 2) 02 EQe M) ISIGN = ) 00482
i 20 CONST = KMU(I) ® RPRIME 00483
L c 00484
b C CALCULATE BESSEL FUNLTIONS OF FIRST AND SECOND KIND FOR KNULI VSRPRIME 00465
i (4 00486
P CALL BESJ( CONST, My EMJs TOL, JERL ) 00467
i CALL BESY( CONST, M, ENMY, 1ER2 ) 00468
P CALL BESJ( CONST, M-JSIGNy EMM1,e TOL, IER3 ) 00489
T Emml = ISIGN © JSIGN © EMM] 00490
O €M = ISIGN ® EMY 00492
- ENY = ISIGN & EMY €0492
B c 00493
C CALCULATE CHARACTERISTIC E-FUNCTION 00494
c 00495
EMULE) = EMJ + UMULT) © EMY 00496
IFL 10ERIV .\E. O ) 60 TO 40 00497
IFC KMULE) ) 30, 25, 30 00498
C . 00499
C (0,0) CASt. StT DERIVATIVE TO 0.0 00500
C 00501
25 EMUPRMIT) = 0.0 00502
GO YO 40 00503
c 00504
€ CALCULATE DERIVATIVE OF CHARACTERISTIC E-FUNCTION 0050>
C ‘ C 00506
30 JPRIME = EMM1 - MODE(I) © EMJ 7/ CONST 00507
YPRIME = 2, /7 ¢ P1 © CONST ® ENJ ) + JPRINE © ENY /7 EMY 00508
EMUPRM{T ) = KHUCED * { JPKIME ¢ QMULL1) = YPRINE ) 00509
40 CONTINUE 00510
9999 RETUKN 00511
END : 00512
¢ FUNCTIUN FALZIP (FUNCYs AL 5 BR o TOLy ROOTs ITER, YY) oosis
00514
C CURRESFUNDS TO OLD VERSION (FALSIE) ARGUMENT LIST AS FOLLOWS (THIS IS 00515
C FOR INTERNAL PURPOSES UNLYs IN USt THE TWO ARE INTERCHANGEABLE). 00516
c 00517
(o FUNCTION FALSIE (AXRy  XXLes XXRy TOL, ROOT, ITER, YY) 00518
c 00519
c 00520
! € THIS RUUTINE USES A COMBINATION OF FALSE POSITION AND bASECTION 00521
d c TECHNIWUES TO SOLVE FUR A RDOT (SROLT®) OF A GIVEN FUNCTIDN 00522
I C (*FUNCTY) WHICH HAS ONE ARGUMENT (THE INDEPENDENT VARIABLE). 00523
. C 00524
f € *AL,BK® DEFINES VHE INTERVAL TO BE SEARCHED. 00525
: c 00526
i C  THE VALI". RETURNED BY THE FUNCTION 1S FALZIP. FUNCT(FALZIP) s ROOT 00527
i c 00528
Tk .
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SC.PANLIB. L4 9.0 12.50.00
C THt SEARCH CONVINUES UNTIL TWO SUBSEQUENT GUESSES ARE WITHIN *TOL® 00529
c OF EACH OTHERy OR UNTIL *1TER® ITERATIUNS MAVE TAKEN PLACE. 00530
c , 00531
€ *YY' 15 RETURNED AS FUNCT(FALZIP)s AND SHOULD BE CLOSE YO *ROOTS, 00532
C 00533
C THE TECHNIQUE WAS ADAPTED FROM AN ALGOL SUBROUTINE APPEARING IN THE 00534
< COMPUTER JUURNAL 12 §1969) = SEIGENVALUES OF ASX = LAMBDA®BSX 00535
c WlTH EANU SYMMLYRIL A AND B® BY G. PETERS ¢ JoHe WILKINSON 00536
C 00537
EXTEKNAL FUNCT 00538
REAL INVEKP 00539
c 00540
€ J 15 COUNT UF TTERATIONS. 00541
L4=0 00542
A= AL 00543
b = bR 00544
c 00545
C EVALUATE FUNCTIUN AT LEFY (A) AND RIGHT (B) BRACKETS. 00546
AF = FUNCT (A) 00547
1 BF = +UNCT (B) 00548
, ¢ 00549
: C THE FULLONING (THROUGH STATEMENT 3) DLTERWINES IF THE FUNCTION IS OF 00550
c UPPUSITL SIGN AT THE ENDPOINTS GIVEN. 00551
ISw = A . 00552
IF (bF - RUOT) 24 75, 3 00553
2 1M = -1 00554
3 IF (IAF = ROUT) * 1SW) 50, %0, 85 00555
‘ C 00556
! C STATEMENT 5 INCKEMENTS THE COUNTER J3 FIRST TINE THROUGH GO TO 50. 00557
W ENER 00558
¢ 00559
C Ik LEFV BKACKET HAS *SAME® FUNCTION VALUE AS RIGHT, USE BISECTION. 00560
c OVH=RWISt, SEV UP INVERPULATED POINY FOR POSSIBLE USE. 00561
IF (ABSUULAF — BF)/ZBF) = 1.E-5) 10y 10, 15 . 00562
10 INTLRP = BISECY 00563
60 TO 20 00564
; 15 INTERP = (ASHF = BOAF ¢ (B-A)SROOT) / (BF-AF) 00565
! c 00566
: C 1F WITHIN A TOLERANCE OF THE BRACKET B, MOVE THE INTERPOLATED POINT 00567
c UNE TULERANCE AWAY, 00568
20 1F ((ABSCINTERP-U)/ABS (INTERP¢B)) -2.8TOL) 22,23,23 00569
22 INTEKP = 8 ¢ (C - B) 7/ ABS (C - B) © TOL 00570
C 00571
C SET A=B (B 1S ALWAYS THE POINT WITH SMALL&ST (ABS) VALUE OF FUNCTION.GOST2
' 23 A= B . 00573
AF = BF 00574
00575
USE POINT CLOSEST TO B (INTERP OR BISECT) AS NEW B AND EVALUATE BF. 00576
1F (LINTERP = BESECT) © (B ~ INVERP)) 30, 250 25 00577
25 B = INVERP 00578
G0 TO 35 00579
30 b » BISECT G0%80
35 BF = FUNCT{B) Go561
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BFMR = BF - ROOY 00582
C . 00%22
C IF CF 1S ON THE SAME SIDE OF THE ROOT AS BFy LEY POINT C = POINT A. 00584
&0 1F LICF = ROOT) @ BEMR) 55, 75, 50 00565
50 C = A 00586
CF = AF 00567
C 00568
C JF CF IS CLODSER (ABS) TO ROOY THAN BF, SWNITCH POINTS B AND C. 0058y
[ IN ANY CASEe B AND C ARt THE TWO BRACKETS. ALSO BF ]S CLOSER YO THEOG590
C RUOT THAN CF 1S. 00591
55 IF (ABSIBF -~ ROOT) = ABSICF - ROOT)) 60, 60, 57 00592
ST A =8 00593
AF » BF 00594
8 = 00595
bF = CF 00598
C = A 00597
CF = AF 00599
¢ 00599
€ SEY UP BISECTION POINT. fFf CLOSE ENOUGHe FINISH UP. OTHERWISE 60 00400
C BACK 1F JTERATIUN COUNT DOESN®T EXCEED MAXINMUN, [11F7.Y7) §
60 BISELT = (B ¢« C) /7 2, 00602
1+ C(ABSIBRSECT-B)/ZABSIBISECT+B)) -2.8TOL ) 75,065,465 006603
65 IF (J - 1TER) 5, 70, 70 00604
70 WRITE(691000)JeBoBFeLeCF . 0060%
1000 FURMAT (1HUZ77 30Xy *IN FALZIP., AFTER®, 14, * ITERATIONS® // 00606
1 AUk, *bHRACKET 1 = %y G15.8, 5X, *FUNCTION = *, 615.8/ 00607
2 l“x. CARACKET 2 = .' Gl5.89 5X,o SEUNCTION = .' G‘scal (X1 ]
3 SXy CBRACKLT 1 WAS RETURNED AS RESULT.®) 00609
75 HALZLIP = B 00s10
YY = UF 00611
RETUKN 00612
80 FALZIP = A 004613
YY = AF * 00614
RETURN 60&615
85 WRITt 6y L100)R0O0T A, AF 4B ,4BF 00616
1100 FORMAT {'0%83IN FALZIPs ROOTY GIVEN (=%, G15.8, ®) DIDN®®T FALL BEYO00617
IWEEN VALUES OF FUNCTION AT BRACKETS GIVENSssoy 00618
2 10Xy *BRACKET 1 = 8, G15.8y 5Xy *FUNCTION = °y G15.8 /7 06619
3 10XKe CBRACAET 2 = ®, (G15.89 5Xy *FUNCYION = *, G15.8 7 00620
& 40Xy *TERMINATING RUN® ) 00621
sToP 00622
END 00623
SUbROUVINE INPUT( TEND ) 00624
c 60625
C TH1S SUBKUUTINE INPUTS THE DATA REQUIRED FOR THE EXECUTION OF A CASE 00626
C 00627
COMMON /DFAULTZ LOCMy LOCPs HTRy, ORy EMXe FRQ, X0, RO, 00628
1 THOy X(50)e RE50), THMI50)y BETAMISO)s PSINIS0)y 00629
2 PXI50), PR(50), THPI50), MI50), MUSI50), 00630
3 10IR(50)¢ PREFy AMIS0), PHI{50), 1LHK, 60631
4 SIGX, SIGRy SIGY, SIGB, SIGPs l1EMU, SPEED 00632
COMMON ZCNSTNT/ NMrASe NPRED, NMODES, SIGMA, By MXe FREQs Ay 00633
1 UMELA 00L34
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COMMON ZREFS/ XREF, RREF, THREF 00633
COMMRON /MEASURZ XM{50), RN(50) ¢ THETAN(S0), BETAISO)e PS1{50) 00636
CUMMON 7PREULTZ XPI50), RP(S0)y THETAP(S50) 00637 :
CUMMUN ZMULESZ  MOUE 1500, MUI50)e IWAVE(50) 00638 !
CCMMUN /ZBESSLZ  DUMB(5), P1 00639 .
COMMUN ZREFCUNZ REFPRS . 00640 :
COMMON ZANGLES/Z UEGRADy RADDEG 00641 :
COMMUN ZAPHIMUZ AMULSO)s PHINULESO)y BCHECK U064 2 o
COMMUN ZEMUSZ  ENULS0450) ¢ LRUP(50,500) EMUPRNES0,50), LEMPRY 00643 x
CUMMUN ZOVIATEZ SIGMAX, SIGMARs SIGMAT, SIGRAB, SIGNAP, OUMZ2(150),000644 :
| 10tV 00645 .
C 00646 “;{
NANELIST ZINDATAZ LULM. LOCP, HTR, ORy EMX, FRQy XO, 00647
1 THUe X9 Ry ThiN, BETAR, PSIMg PXy PRe THPg Ny 00648
2 MUSe 1UIRy PREFy VREFe AMg PHI, ICHK, 00649 :
3 31G6Xe SIGRe SIGT, S1GB, SIGP, IEMU, SPEED 00650 g
REAL MX, LREF 00651 A
00652 5
c 00653 "
1ENO =0 00654 :
_ READ 15 INDATAEND=9998) 0065% :
¥ C 00656
€ SEV UP INVERNAL PARAMETERS 00657
4 . 00658
7] NMEAS = LOCK 00659 1
: NPRED s LOCP 00660 #
NMOLES = LOCM 00661
1 SIGMA = HIR 00662
MX = EMX 00663
FREQ a FRQ 00664
REFPRS ® PREF . ' 00665 d
1CHECK = JCHK 00666 .
} ARLEF = X0 g 60667 ;
H KREF = RO 00668 '
gl THREF a THO ® DEGRAD 00669
<4 () = OR . . 60670
5 A = SPEED 00671
; 1ENPRY = JtMy 00672
SIGHAX = S1GX 00673
SIGMAR = SIGR 00674 ,
SIGMAY = SI6T 00675
SIGMAB .- S1GB 00676
SIGMAP = SIGP 00677
00679
DO 20 I=1,NMEAS 00679
xMi1) = X(1) 00680
RMII) s R(1) 00681
THETAM(T) = THM(I) * DEGRAD 00662
PSILI) = PSIMII) & DEGRAD 00683
Belalld = BETAMCI) 00684
20 CONTINUE 00665
00686
DO 46 1=1,NPRED 00687
L]
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XP(l1) = PX{I) !
RP(1) = PRII) '
THETAPEY ) = THP (1) ® DEGRAD
40 CUNTINUE
Cc
DO 40 I=1,NMODES
MODE (}) = W(I)
MULl) = MUSLI)
IWAVE(]) a 10IREI)D
AMUILT) = AMI1)
PHIMUI(]) = PHY(I) © DEGRAD
60 CONTINUE
c
L0 80 J=1,20
DO 80 k=1,20
EMULIeJ) = 0.0 !
ENUP(1,3) = 0.0
EMUPRM(14d) = 0.0 hi
80 CONVINUE
C
C CALCULAYE KADIAN FREQUENCY
Cc
OMEGA = 2., © P1 % FREQ
C
c
C SET INDICATOR FOR ERROR SOURCE STANDARD DEVIATVIONS
C
1F( SIGMAX } 200, 100, 200
100 IF( SIGMAR ) 200+ 120, 200
120 IF( SIGMAT ) 2004 140, 200
140 I1Ft SIGMAB ) 200y 160, 200
160 JF( SIGMAP ) 200, 180, 200
160 1ptv = 0
G0 TO 9999
200 10EV = 1
GO TO 9999
c
C END OF DATA SET
c .
9998 1END =]
9999 RETURN

END
SUBROUTINE XMUCALE VALUEs DELTAs KMUy RIGHT )

(o
C THIS SUBROUTINE CALCULATES VTHE CHARACTERISTIC NUMBER, KMU
C

EXTERNAL BESL]1, BESL2

COMMUN /CNSTNT/ DUMLI3), SIGMA, OUN2(S5)
REAL KMUy LEFT

30 IrLUS = 0
IMINUS = 0
c 35 [F( SIGMA ) 50, 40, 50
ORIGINAL PAGE )]
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00688

00689
00690

00691

00692

00693

00694
00695

00696
60697

00698

004699

00700
00701
006702

00703
00GTu4
00705

00706
00707
00708
006709
00710
00711
00712

007123
G014
0oMNS5
00716
00117
00718
00719
00720
00721
00722
00723
00724
00725
00726
00727
00728
00729
00730
00731
00732
00733
00734
00735
00736
00737
00738
00739
00740
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40 KMy s BESL2{ VALUE ) 00741
60 %0 &0 00742
S0 KMU ® BESLL{ VALUE ) ‘ ' 00743
c 00744
60 IF( KMU ) 80, 65, 70 00745
65 RIGHT = VALUE 00746
60 70 130 00747
70 1PLUS al 00748
G0 10 % 00749
80 IMINUS =1 00750
c 00751
g DETERMINE IF LEFT AND RIGHT BRACKETS HAVE BEEN FOUNO. gg;gg
90 IF( IPLUS .EQe 1 AND. IMINUS .EQ. 1 ) GO Y0 100 00754
c 00755
C BRACKETS NOT FOUND. RECYLE. 00756
c 00757
VALUSY = VALUE 00758
VALUE = DELVA + VALUE 00759
G0 TO 35 00760
c 00761
€ BRACKETS FOUNDs CALCULATE KMU 00762
c 00763
100 LEFY = VALUSY . 00764
RIGHT = VALUE 00765
IFt SIGMA ) 110, 120, 110 00766
110 kMU = FALZIPU BESLl, LEFT, RIGHT, 001y 0.0, 504 Y¥Y )} 00767
60 10 130 007648
120 KMy s FALZIPU BESL2, LEFT, RIGHY, .001, 0.0y 50, YY ) 00769
130 RETURN 00770
END . 00771
SUSRUUTINE KQCAL 00172
c ' 00773
€ THI1S SUBROUTINE CALCULATES THE CHARACTERISTIC NUMBERS KMU AND QMU gg;;;
C
COMMON /MODES/ MODE150)¢ MUISO), INAVE(50) 00776
COMMON /KUMUZ  KMU(50), QMUI50) 00777
COMMOUN /BESSLZ ISICNy JSIGN, UELKMU, TOL, Mg PI 00778
CUMMOCN /CNSTNT/ DUKL{2)y NMODES, SIGMAs DUM2(S) 00779
REAL KMUy KMUPRM 00780
c 00781
DO 100 1=1,NMODES 00782
C 00763
C CALCULATE ORDER FOR BESSEL FUNCTION EVALUATION 00784
c 00785
M = 1ABS( MODE(I) ) 06786
1Ft M .NE, 0 ) 6G 70 10 00787
ISIGN =1 00758
JSIGN = -1 00789
BRAKTL s .1 00790
60 10 20 . 60791
10 1SIGN = MODE(I) / M 00792
JSIGN s ISIGN 00793
46
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BRAK TL - N 00794
1F( 1SIGN +GEe O ) 60 70 20, i 00795
L 60796
L NtGATIVE ORDER. IF EVENy SIGN OF BESSEL FUNCYION WILL BE el. IF ODD, 00797
C SIGN OF BESSEL FUNCTION WILL BE =), 00798
¢ 00799
IFt (LM77 2) ¢ 2 EQe B ) ISIGN = ) 00400
C 00601
20 NUMMUS = MU(I) o ) 00802
C 00403
C CALCULATE CMARACTERISTIC NUMBER XMU CORRESPONDING TO MODE(I) AND MULI)O00BU4
C THE VALUE OF KMU WILL BE THE MU(1)e]l ROOT OF THE EQUATION DEFINING 00805
¢ THE SYSTEM DF SIMULTANEOUS EQUATIONS 00806
¢ 00807
KMUPRM = 0.0 00808
D0 40 J=14NUMMUS 00809
1Fl M JEUe O AND. J +EQe 1 ) GO0 10 40 00810
CALL KMUCAL( BRAKTL, DELKMU, KMUPAM, BRAKTR ) 00811
BRAKTL = BRAKTR 00812
40 CONTINUE 00813
KMUL]) = KMUPRM 00614
c 00815
€ CALLULATE CHARACTERISTIC NUMBER QMU CORRESPONDING TO MODE(I) AND MU(1)00816
2 1F THE HUB/ZTIP RATIO IS ZEROQ, SET QMU TO ZEKO AND CONTINVE 00817
00818
IFL SIGMA ) 60, 60, 80 00819
60 UMULT) = 0.0 00820
60 YO 100 00821
80 }F( KMULL) ) 90, 60, 90 00822
90 CALL BESJ( KMUPRM, M-JSIGN, EMM1, T0L, IER ) o023
EMML = ISIGN & JSIGN * EMML 00624
CALL BLSJ{ KMUPRM, M, EMJ, TOL, I1ER2 ) o0cs2s
CALL BESY{ KMUPRM, M, EMY, IER3 ) ' 00826
EMJ = ISIGN & EMJ 00827
T\ e ISIGN ® EMY 00828
CALL BESY{ KMUPRM, M—JSICN, EYMl, 1ER4 ) 00829
£YHl a2 JSIGN & JSIGN & EYM] 00630
A « EMML = ( M ® JSTYGN ® ENJ ) /7 KMUPRM 606831
b = EYML = ( M % JSIGN * EMY ) /7 KMUPRM 00632
STGMAK = SIGMA & KMUPRM 00833
CALL BESJ{ SIGMAK, M=-JS1GN, EMM1, TOLs IERS ) 00834
CALL BESJE SIGMAKe My EMJ, TUL, IERS ) 00835
CALL BESY( SIGMAK, My EMY, IERT ) 00636
CALL BESY( SIGMAK, M-JSICN, E£YMLl, IERS ) 00837
EMM] = 1SIGN ® JSIGN * EMML 00638
EYML = ISIGN ® JSIGN ¢ EYML 00839
EMJ = ISIGN * EMJ 00840
EMY = ISIGN ® ENMY 00541
C s EMM] = ( M * JSIGN ® EMJ ) /7 SIGMAK 00842
0 = EYHl = ( M ® JSIGN ® EMY ) /7 SIGMAK 00643
omut 1) = - ( A*C®SIGMA ) 7 { B + D ¢ SIGMA ) 00644
100 CONT INUE 00045
9999 RETURN 00846

[ ]
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END 00847
SUBROUTINE PRINT 00848
¢ . 00649
€ THIS SUBRGUTINE PRINTYS INPUY AND CALCULATED VALUES ) 00850
c 00851
COMMON /CNSTNTZ NMEASs NPRED, NMODES, SIGMAy By MXy FREQ, Ay 00652
1 OMEGA 00653
COMMON /REFS/ XREF¢ RREF, THREF 00854
COMMON /MEASUR/Z XM{i50), RMI50), THETAN(50), BETA(30), PSII50) 00855 .
COMMUN /PREDCTYZ XP{50)y RP(50)¢ THETAP(S50) 00856
< CCMNUN /7MOLES/ MODE(50)y MULISODy IWAVELS0) 00857
o CLMMUN ZENUS? EMUL50,50), EMUPI50,50), EMUPRNISO,50), IEMPRY 00858
) COMMON /ANGLES/ DELRADe RADDEG 00659
T COMMON ZOUTPUTZ AMPRLES50)y PHASERISO) 00840
C COMMUN Z7REFCON/ REFPRS 00861
5 COMMON /ZWAVENLZ KX150) 00862
R COMMON Z7KQMUZ KMUE50)e QMUL50) 00863
o COMMUN ZAPHINUZ ANULISO)e PHIMULS0) s ICHECK 00864
C COMMUN suVIATEZ SIGMAXy SIGMARe SIGMAT SIGMAB, SIGMAP, SIGAMIS0),00665
2] 1 SIGYN{I50)y SIGAMC(50)y IOEV 00866
: COMMON ZOERSUM/Z ARNSUMISU) e PRNSUMIS50)e AXNSUN{ISO), PXNSUNISO), 00667
3 | ATNSUM(50) , PTNSUMISO), ABNSUMISO), PBNSUNISO), 00868
4 2 APNSUM{IS50), PPNSUM(50) 00869
" COMMON /DERIVS/ DAMORN{S5Gs50)9s VDAMANS(50¢50)¢ DPHDRNI 50,500, , 00670
1 DPHRNS150450)s DAMDXN(50450)s DAMXNS{50,50), 004871
2 DPHOXN(50950) s DPHXNS(50950) ¢ DAMDTN(50,50), 00872
3 DAMTINS (50905009 OPHDTNI(504500)9 OPHINS(504501), 00873
& DAMDBNIS0450)y DANUNS(50550) DPHDBNE50450) a0874
5 DPHBNS(50+50)y DAMUPNES0950) 9y DAMPNS(50450), 008675
6 DPHOPN(50U.50)y DPHPNS(50,50) 00676
COMMON /RCOMPZ XALOMP{50) 9 RACOMPIS0) s TACOMPEISO) o BACOMP(50), 00817
1 PACUMPI50) 9 XPCOMP (500 9 RPCONP(50), 7?(0’\?(5?.0 00678
2 BPLOMP(50) 4y PPLOMP(50) 90879
DINENSION AMUDB(50), OtVDB (50) . 00880
1 COMPLEX KX 00661
REAL AMUy MX 00882
f c Q0%83
€ CONVERT INTERNAL UNL1TS TO ODUTPUT UNITS 00884
C . 00885
THREF = RADDEG * THREF 00686
c 008687
DO 20 1Is=1,NMEAS 006e8s
: THETAMI 1) = RADDEG & THETAMII) 00669
D PSICLD) = RADDEG & PS1(]) 00890
“i 20 CONT INUE 00891
: C 00892
00 25 I=]1.NPRED 00693
THETAP(E) = RADDEG * THETAP(]) 00094
PHASERIT) = RADDEG * PHASER(X) 00895
AMPR (1) s 20« * ALOGIOt AMPR(I) /7 REFPRS ) 009%6
25 CUNTINUE 00897
Cc 00698
00 3C I=loNMODES 00899
48
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Kxt1) = RADDEG ® KX(I) ,
30 CONTINUE
C
00 35 I=1,NMODES
PHIMULT) = RADDEG © PHINU(I)
AMUDB(1) a 20, ® ALOGLOU AMUCI) 7 REFPRS )
35 CONTINUE
c
IF( 1DEV oLE. O ) 60 T0 50
DU 46 1=1,NMODES
DEVLBIL) = 20, ® ALOGLO( 1o + SIGAM(I) /7 AMUCI) )
40 LONT INUE
c
DU 45 I=1,NMODES
DIVSUR e 1. 7 AMULT)
XALUMP(I) = DIVSDR ® SURT( XACOMP(1) )
KACUMPIE) = DIVSOR ® SQRT( RACOMP(I) )
VACOMP(1) = DIVSOR @ SURT( TACOWP(T) )
BACGMF(I) = DIVSOR ® SQRY( BACONP(I) )
PACUMP(1) = UIVSOR ® SQRY( PACUMP(3) )
XPCOMP(1) = SUKT{ XPCOMP{I) )
RPCOUMPIE) = SUKT( RPCUMP(I) )
TPCUMPII) = SUWRTY TPCOMPLED )
EPLUMFIL) = SURTL BPCOMPLI) )
FPCUMP(E) = SUKT( PPCOMP(I) )
45 CONIINUE '
c
50 DU 55 1=1,NMODES
LIVSUR = 1.0 / AMU(])
AKHSUMIT) = DIVSOR ® SURTL ARNSUMIT) )
AXNSUMIL) = DIVSUR ® SUKT( AXMSUM(I) )
ATNSUMEI) = DIVSOR ® SQRT( ATNSUM(I) )
AINSUMIL) = DIVSOR % SQRT( ABNSUM(I) )
APNSUM(1) = DIVSOR ® SOFT( APNSUMII) )
PRNSUM(I) = SURT( PRNSUM(I) )
PXISUN(T) = SORTE PXNSUMEL) )
PINLUMEL) & SURT( PINSUM(CID )
PENSUMCI) = SORT( PBNSUM(1) )
PPNSUM(I) = SORT( PPNSUM(I) )
55 CONTINUE
c
C CONVERT ANY NEGAVIVE ANGLES VO PUSITIVE ANGLES FOR PRENTVING
c
CALL ANGPOSU PHIMUs NMODES )
CALL ANGPDS( PHASER, NPKED )
C

C PRINT INPUT VARIABLES
C
WRITE(L49000)

ot/2%/M7
12,50.00

00900
00901
00902
00903
00904
0090%
00906
00907
00908
00969
00910
00911
00932
00913
00914
00%1 >
00916
00v17
006918
00919
00920
60921}
00922
00923
00924
00925
00v26
00927
00v<8
00v2%
00%3C
06931}
00932
00v33
00934
0093s%
00938
00937
00938
00939
00940
00941}
00942
00943
00944
00945
00946
00947
00949

9000 FOKMATE 1Hl,y Té45, *ess MODAL CALCULATION COMPUTER PROGRAM #9888 00949

WR1TE(6,90001) NMEAS, NPRED, NMODES

00950

9001 FURMATL /74 V564 %eve INPUT VARIABLES cee ' /79 T5¢ *NUMBER OF MEAVO951
LSUREMENT LOCATIONS = ®, ]2, T5])y *NUMBER OF PREDICTVION LOCATIONS =00952

ORIGINAL PAGE 15
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2 % 12, 196, *NUMBER OF (MODE,MNU) SETS = %, 12 )

WRITE(6+9002)

9002 FURMAT( /79 1Ko ®cee INPUT MODES cee® /7y T35y "NMODE®y T14,

e P,

[Fr. A s S

ov/2%/77
12.50.00

00953
00954
00955

1'CIRCUMFERENTIALY, T34y "RADIAL®y T4To *WAVE®s /y V16e *MODE NUMBEOO954
2R%y T34y °ORDER®y T43, *INDICATOR® )

U0 60 1=),NMODES

WR1TE(699003) 1, MODE(X), MUC1), IWAVE(L])

9003 FOKMAT( S5ky 129 11X, I4y 13X, 12, 11X, 12 )

60 CONTINUE
C
C PRINT REFERENCE VALUES
(4
WRITE(699004) REFPRS

00957
00958
00959
00960
00961
00962
00963
00964
00965

9004 FLRMAIL /779 Xy ®ece REFERENCE VALUES oo’y /7¢ TS5 *REFERENCE PROOG966

LESSURE = %y E9.4 )
C
C PRINY TEST GEOMETRY AND CONDIT 10NS
c

WRITELbL,9005) SIGMAe Be MXy FREQy Ay DNMEGA
9005 FLKMATL /77y IXy %ece VEST ( EOMETRY AND CONDITVIONS <oe? /79 15, 00912
1°HUB /7 TIVP RATIO = %y FB8.3y V42, "OUTER RADJUS OF DUCT = % F8.2, 00973

2784, CAXIAL MACH NUMBER = %y F8,2, /y T5, *FREQUENCY = %y FB8.2,
37429 *SPEED OF SOUND = %, F8,2, T84y °F DJAN FREQUENCY = 9,

4F10.2 )

(9
C PRINT CALCULATED MODAL AMPLITUDES AND PHASES
c

WRITEL699000)
WRITE(6,9000)

00967
009¢8
00969
00970
00971

00974
00975
00976
20977
00978
00979
00980
00991

9006 FORMAT( //9 V459 ®ece MODAL AMPLITUDE AND PHASE CALCULATION <..%y 00982
1//¢ Xy %eee CALCULATED MODAL AMPLITUDES AND PHASES «ee®y /79 T5¢ 00983

2°MLLE"y T12¢ *CIRCUMFERENTIAL?y T30,
32(6X o "AMPLITUDL ")y T84y *PHASE®s T98,s *AXIAL WAVE NUMBER®,
©T125, *kKMU®y /9y Tléy "MODE NUNBER®, T30,
59 123 *{PRESSURE)?®y T71, *{DB)°®y TB2,

67109y *IMAGINARY?®, 7 )
DU 80 1=1,NMOGES

WRITE(6L99007) 1y MODE(1), MUIX)y IWAVE(ID, AMU(I), ANUDBII),

PHIMULT)y KX(I)}y KMU(X)

1
9007 FORMATI 5Xg 12y 9Xo J4s 1llXs 12y 0%y 129 B4y El2.69 3Xy E12.6y

14(3XyF10.4) )
80 CONTINUE

C

C PRIKT REFERENCE LOCATION VALULS

c .
WRITE(6,9008) XREF, RREF, THREF

"RADIALYy TAL,

*{DEGREES)*y T98,

SMAVE®, T4T, 00984

00985

*ORDER®y 139, °*INDICATOR®O0YES
*REAL®y 00937

00988
00989
00990
00991
00992
00993
00994
00995
00996
00997
0099¢

9008 FORMAT{ ///v 1Xs *ace REFERENCE LOCATION oee®y /779 T10¢ *X°%y T279 00999

1%R%, T42y *THETA®y //y 4Xe EL2.09 215X ¢EN2.6) )

C
C PRINT MEASUREMENY LOCATION VALUES
C
IF( ICHECK .GT. 0 )
WRITE(6,9009)

S0

60 T0 110

01000
01001
01002
01003
01004
01005

f g e s e e
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9009 FORMAT( ///9 1Xy %eece MEASUREMENT LOCATVIONS ocee’e 770 TS5, *LOCATIOO0N006
IN®y T23, X%, Y40, °R®, 755, *THEYA®, T70, °ANPLITUDE®, TE9, 01007
2°PHASE®y /o Tby 'NUMBER®, T734 *(B)%y TB9e *(PSI)%y 7 ) 01003
DO 100 1=1,NNEAS 01009
WKITEL6,9010) Lo XMEIXDe RM(I)y THETAM(L), BEVALL), PSI(]) 01010
9010 FURMATL "Xy 129 3Xy IUSXRoF12.6)9 5%y EL12.69 5%y F12.6 ) 0101}
100 CONTINUE 01012
Cc 01013
C PRINT PREDICTION LOCATION VALUES 01014
Cc 01015
110 WK1TELS,908)) 01016
9011 FLRMATL /779 MRy %.0e PREDICTION LOCATIONS oee®y /7y TS5, °LOCATIONOLOL?
1% T23¢ 'X%y 140, °*R%, T55, *THETA®y, TT70, ®*AMPLITUDE*, TB9» olols
2'PHASE®y /¢y T69 SNUMBER®, T099 *(RESULTANT)®, Tus, S(RESULTANT)®*, 01019
3/ ) 01020
00 120 1=1¢NPRED 0102?
WhITECE,9010) Jo XPUIDe RPIIDe THEVAPLIY, AMPRII)y PHASERI(I) ulo22
120 CONT JNUE 01023
C 01024
C PRONT SEMSETIEVITY CALCULATION VALUES IF NOY A CHECK LASE 01025
C 01026
1FL ICHECK GT. O ) 60 70 250 01027
WRITELSH,9000) 01028
WRITE(6,9012) . 01029
9012 FOUKMAT( /7y 1459 ®aee SENSITIVITY COLFFICIENT CALCULATION <o0f )} 01030
1Ft IDEV oLEc O ) 60 710 130 01031
C 01032
C PRINT EKROR SNURCE STANDARD DEVIATION VALUES 01033
[ 01034
WRITE (6590130 SIGMAXy SIGMAR, SIGMAT, SIGMARy SIGMAP 01035
9013 FORMATL ///y Xy ?..ee ERROR SOURCE STANDAID DEVIATIONS cee®e 7/¢ 01036
1T7s *SIGMA X0y T2449 °SIGMA R T39, *SIGMA THEYA®, T58, 'SIG’l 8%,01037
2T7%y *SIGHA PS1%, /4y 4Xy E12.64 415X4E12.6) ) 01038
< 0103y
C PRINT MUDAL STANDARD DLVIATIONS 01040
C 01041
WRITE(699014) 01042
Y084 FORMATL ///4¢ 1Xe %aae NORMALIZED STANDARD DEVIATIONS DUE YO ALL ERO1042
lRQa SUUKCLS eeely 77y T5, 01044
19MOUE®y T%29 PCIRCUMFERENTIAL®y T30y "RADIAL®y T4l, °NAVE®y T52, 01045
SONGAMALIZED AMPLITUDE®, 180, *AMPLITUDE®, T105%, 01046
JOPHASE?y /9 Tlee "MODE MUMBLER®, T30y °ORDER'y T39, 01047
4'INUICATOGR®y T57, *DEVIATION®y To0, °DEVIATION®, T103, *DEVIATION®OLO48
SS9 7o 183, (DY) %y V1039 *(UEGREES)®y 7 ) 01049
DO 140 I=]1,MMODES 010%0
Wh1T: 1699015} Ly MODECL}, MUCIDy IWAVE(L)y SICAMC(I)e DEVODBIL)» 01051
1 SIGIM(L) 01052
9015 FURMATL S5Xo 124 99Xy 14y 11X, 12, B8Xe 12s 2Xy 3(11X,EL12.6) ) 01053
140 CUNT INUE 01054
C 01055
C PRINY MODAL STANDARD DEVIATION COMPOMENTS 010%6
c 01057
WRITEL6,9016) 01058
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9016 FORMAT( 7779 L1Xy %aee NORMALIZED STYANDARD DEVIATION COMPONENTS (ER01059

1ROK SOURCE DEVIATION VIMES RMS SUM OF NORMALIZED INFLUENCE COEFFIC01060

21ENTS) oeet ) 01061

WRITE(699017) 01062

' Y017 FORMATE /79 T5, SMODE®e T26, *AMPLITUDE DUE YO ERROR IN®, T92, 01963
1'PHASE DUL VO ERROR INM®y /9 T15, X%, Y27 °*R%s V37e *THETA®, 01064

2751, 8% T62+ "PSI%y TI9y X%, 791, *R' T101ls °THETA®s 7115, 01065

;.
|
|
?
|
;
!
i
|

3vpe, T126, *PSI% 7 ) 01066
0U Leu 1=1,NMOLES 01067
WRITE(699018) 1o XACOMPEI), RACOMP(1)y TACOMP(I), BACONP(I), 01068
i 1 PACOMPIT)e XPLOMPIEDe RPCOMPITDs TPCOMP(I), 01069
2 8PLOMPII), PPCOMPLL) g1070
} 9018 FORMATI 5Ky 12y S5(IXeELLlebdy 4Xy S(1XeE1Lad) ) 01071
160 CUNTINUE 01072
i 01073
| C PRINT INFLUENCE COEFFICIENTS 01074
(4 01075
150 WRITE(G,Y019) 01076
9019 FORMATI ///s 1Xe ®eoe RMS SUN OF NORMALIZEO INFLUENCE COEFFICIENTS01077
1 eeet ) 01078
! WRITLL6,9017) 01079
{ 00 200 I=1,NMGDES 01080
WRIVEL649019) Ty AXNSUMEI} s ARNSUMIX)e ATNMSUMEL), ABNSUMEL). 01081
: 1 APNSUM(I )y PXNSUM(I)y PRNSUN(I)e PTNSUNIT), . 01082
; 2 PBNSUM(TI ), PPNSUNIL) alosl
H 200 CONTINUE 01084
c 0108%
€ PRINT PARTIAL DERIVATIVES oloes
c 01087
WR1TE16,9020) 01039
9020 :oana:c,///. Iy ®aee INFLUENCE COEFFICIENTS (PARTIAL DERIVATIVES ono::
1) eoe alo
D0 240 I=1,MMEAS ! 01091
WRITE(®,902]) 1 01092
9021 FORMATL /7y T«5, SINFLUENCE CUEFFICIENTS FOR MEASUREMENT LOCATION 01093
1 % 12) 01094
WRITE(6,9017) 01095
| LO 220 J=1 4NMDDES 1098
1 WRITE(699018) Jo OAMOXNEI9J)e DAMDRN(I9J), DAMDTN(I,J ), 01097
} 1 DAMDBN (T 93Dy DAMDPN(ToJ) s OPHOXNI(Lod}, 01098
\ 2 OPHDRN(I 433, OPHDIN{I,J) s DPHDEN(14J), 01099
3 OPHOPNIT J) 01100
Y 220 CONTINUE 01101
240 CONT INUE 01102
4 o1lo03
g PRINT CHARACTERISTIC E-FUNCTION VALUES 1IF REQUESTED 01104
01108
250 JFL IEMPRT L LE. O ) 60 70 9999 01106
WRITE L6y 9000) 01107
WRIVE(1649022) 03108
9022 FURMATL /7y 123, %.e. CHARACTERISTIC E-FUNCTION VALUES FOR NMDDAL A03109
IMPLITUDE AND PHASE CALCULATIONS ooo? ) 01110
: WRITZ16,9023) § 1,¥=]1,NMODES ) . 0111}
{
jJ' |
ﬂlﬂTn-vT- ; - 1 — -
. | t L i , l . . ! N
i - H
l . f { 1 t ! ’
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VER 03/25/77
2.0 12.50.00

9023 FORMAT( /774 Xy ®eae MEASUREMENT LOCATIONS oc0% /7y IX, °LOCATIOOLLA2

IN®y Y68y "MODLS®, 27, BX, 15(6X,12)e 7 )
DO 260 J=)yNMEAS
WRITE(6:,9024) Jo ( EMULTJ)eInloyNMODES )
9024 FORMAT( 64Xy 129 5X» 15(1ReF7.3) )
260 CLONTIMUE
WRITL16,902%) ( 1=l yNMOOES )

01113
ol1l4
01115
01116
01117
oliLe

9025 FUKMATL /774 1Xs %ace PRELUICTION LOCATIUNS ooo®e /70 Xy SLOCAYIUNG ALY

1% Toty *MODES®y 779 BXe 1518Xe12), 7 ) ol120
00 280 J=14NPRED onal N
WHAITELuy9024) Jo | EMUPI1¢J) 2 =)y NNODES ) 01122 x-
280 CONYVINUE 01123 -
9999 RETURN 01124 .
END 01125 v
SUBRUUTINE SIMEQCE Ae Co NA, N8y SNGUWL ) 01126 ‘g
c 01127 x
C THIS SUBRUUTINE SOLVES A NA X NA SYSTEM OF SIMULVANEOUS EQUAIONS 01128 :
C  HAVING CUMPLEX COEFFICIENTS USING GAUSSIAN ELIMINATION METHOD. 01129 y
c 01130
COMPLEX A(50¢1)e CUL)e SAVEs ZERO 01131 cx
DATA ZERO / (0.040.0} 7/ 01132 '
C ol133 H f
SNGUL » 0.0 0il3¢ : J
L0 240 I=1,NA . 01135 ¢ 7
C 01136 %’, -
C FIND MAXIMUM ELEMENT IN JTH COLUMN, ROWS I+1 70 NA 0137 L
c 01138 iy
J2 =] 01139 Pt
IFE 1 = NA ) 20, 100, 20 01140 o
20 VALMX = CABS( Atlel) ) Oll4l P
u s { 01142 g
00 60 KZ=JZ,NA 01143 P
8 = CABSE AlKZeI) ) ' Ulles LN
1F1 VALMX - B ) 40, 40y 60 01145 D
0 VALMX =8 01146 L
Mz = K1 01147 P
60 CONTINVE ‘ 01148 {:
4 01149 ¢ i
C INTERLHANGE ROW CONTAINING MAXIMUM WITH ITH ROM o115¢ g?
C 0115 z
LU 60 JR=],NB 61152 -
SAVE = Al1,IK) 01153 N
AlloIK) = AIMZ,1IK) 01154 {
AINZ 1K) = SAVE 01155 i
80 CONTINUE 01156 Hy
¢ 01157 i
C NORMALIZE 1TH ROW 01158 i
< 21159
100 IFU REALE AlIo1) ) ) 160, 320, 160 01160 {
120 IFtL ALMAGL ALI.1) ) ) 160, 140, 160 01161 !
c 01162 ;
C ERROR = COEFFICIENT MATRIX IS SINGULAR 01143 i
C 01154 ,
é_
1
i
* !
33 l
{
} . e e e e e e = it
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PRATT € WHITNEY AIRCRAFY DIVISION VER
SC.PANLIB.L4 9.0
140 SNGUL = 1.0
G0 TO 9999
160 DO 220 LIsJX.NB
AlloL2) = ALLoLZ) 7 Al],1)
IFL 42 - N8 ) 180, 260, 260
180 DO 290 N2=J2,NA
AINZ 4LZ) = AUNZoLZ) = AINZ,I) » ALI,L2)
. 200 CONTINUE
220 CONTINUE ,
240 CUNVINUE
C
‘ € SOLVE Fuk CUEFFICIENTS
c
260 DO 280 MIx1NA
Cinz) = 2ERD
280 CONTINUE
CINAD = AtNA,NB)
NC = NA - )
11 =1
DO 320 I1Z2=14NC
XX = NA
(9 4 = NA - 12
cuz) = AlLZ,NB)
DU 300 N=1,11 ,
Lz = COLZ) - COKKD P ALLZKK) :
KR = KK - 1
300 CUNTINUE
11 =11 ¢ 1
320 CONT INUE
9999 RETURN
END

C

c
LUMMON
CCMMON
COMMON
C UMMON
CLHMIN
COMMUN
LOMMON
CUMMON
COHMUN

] COMMOUN

SUEKRUUTINE SOLVE

'

/BESSL/Z DUMA(S), PI

/JREFS/ XREFy RREFy THREF

/MEASURZ XM{50)¢ RM(50) s THETAM{5Q), BETA(50), PSI(50)
/MOLES/ MODE(50)s DUML(100)

7EMUS/ EMUI50,50)y EMUP(50450); EMUPRMI50,50), JEMPRY
ZAPHIMU/ AMU(50)y PHIMU(S0)e JCHECK

ZCNSTNT/ NMEASe NPRED, NMODES, SIGMA, B, DUM2{4&)
/WAVENDZ KX(50)

JLMATRX/ €QL(50,451)

JOVIATEZ DUM4L155), 10LY

! COMPLEX KXy EXPNT, EQly, EQ(50,51)9 AWSMER {50)

C SEV

DX
DR

51

UP COEFFICIENT MATRIX
00 40 k=14NMEAS

= XM{I) — XREF
= AML1) - RREF

0T/25/17
12.50.00

01165
Cl166
01167
0lls0
01169
01170
01171
01172
01173
01174
01175
01176
01177
0l178
01179
ollso
ollel
ol182
01183
0l1é4
011155
01186
011867
Olls6
01189
01190
cl191
01192
01193
01194
0119%
01144
o1197

€ THIS SUBKUUTINE SETS UP AND SOLVES THE EQUATION SYSTEM ASSOCIATED ¢ITHO119@
C  MEASUKEMENT LOCATION PARAMETERS

01199
01200
01201
61202
01203
01204
0124 o
01206
01207
0120%
01209
01210
1211
01212
01213
01214
01215
0121¢&
01217



PRATY & WHITNEY AIRCRAFY DIVISION VvER
SC.PANL]B. LG ' 9.0
OTHETA s THEVANII) - THREF
[
C CALCULATE CHARACTERISTIC E-FUNCTION VALUES AND DERIVATIVES FOR RPRINE
(4
10 RPRINME «DR /B
CALL EMUCALLE APRIME, EMUILol)y EMUPRMILGEDy 1 )
c
15 DU 20 J=),NMODES
EXFNTY B CMPLXL 0e0¢ REALL KX{J) ) & DX ¢ MODE(J) ¢ DTHETA
EQLlod) = EMULIGI) ¢ CEXPU EXPNT ) ¢ EXP{ -OX @
1 AIMAGE XX{J) ) )
EQliled) ®» EQiIeJ)
20 CONI INUE
C
C SEV UP RIGHT NAND SIDE
C

[aN ol ol

[gR o X o

c
C
C

C

C
C
C
C

EQL1oNMODES®)) = BETALT) ® CEXPL CHPLUL 0.0 PSILE) ) )
EGLL I oNMODES+L) = EQ(1oNMODES+1)

40 CUNTINUE

SOLVE LQUATION SYSTEN

CALL SIMEUCE EQe ANSHER, NMEAS, NMODESele SWGULR )
1FU SNGULR ) 60y 80, 60 .

ERROR — SINGULAR MATRIX. TERMINATE EXtCUTION

60 NM) = NMODES ¢ 1
WHITE(641000) ¢ EQLUZod)gdnloNML Dol=1yNMEAS )

1000 FURMATL /7, 5Re °*COEFFICIENT MATRIX 1S SINGULAR®y ( /7, 1X,

10061346 ) )

stop R
CALCULATE AMPLITUDE AND PHASE VALUES
80 LO 100 =) ,NNMODES
Amut 1) = CABSC ANSNER(I) )
PHINU(L) = ATAN2{ AIMAGU ANSMER(I) Do REALE ANSWER(I) ) )
100 CONTINUE
9999 RLTURN
tND
SULRUGUTINE SENSTY{ Q, NOINM )
THIS SUBROUTINE CALCULATES THE SENSITIVITY COEFFICIENTS ASSOCIATED

WITH THE LQUATION SYSTEM

UIMENSION EMUAVGI50450), IRON(50), ICOLI50)
COMPLEX KXo EUls TERMy ZERUy SUM, QINDIM,NDIM), DET

REAL ANMU

COMWUN /DERIVSZ DAMDRNIES0¢50)9 DAMRNSE504250)y DPHDRN(50,50),
) } DPHRNS(50950), DAMDXN{50,50), DAMXNSI50450),
2 DPHOXNI50, 500y DPHXNS(50050)9 DAMDIN(50450),

ov2s/M
12.50.,00

01218
01219
ol22¢C
01221
01222
01223
01224
0122%
§01226
01227
01229
01229
01230
01231
01232
01232
01234
01235
01238
01237
01236
01239
01240
01241}
01242
01243
01244
01245
01246
01247
01248
01249
012%0
01251
01252
01253
01254
01255
01.56
012%7
01258
01259
01260
01261
01262
01263
01264
01265
012466
01267
01268
Ui269
01270

g4
g

P R

- e e
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PRATT & WHITNEY AIRCRAFT DIVISION VER

SC.PANLIB. L& 9.0
3 DAMINS150,50)y DPHDOTNI 50,5009 DPHINS(50,50)¢
& OAMDBN(50¢50)¢ DAMBNS(50,50), DPHDBNI{50,50),
5 DPHUNS (50,5009 DAMOPNE50450) 9 DANPNS(50450),
[ OPHOPN(50,50), DPHPN3L50,50)

COMMON ZDERSUM/ ARNSUM{50)s PRNSUMLIS50) ¢ AXNSUMI50)e PENSUMLISOD,
ATHNSUMIS50), PINSUM{50) 4 ABNSUM{5Q), PBNSUNISO),
APNSUM{S0)y PPNSUMLSO)

COMMON Z7NCOMP/Z  XALUMPI50) ¢ RACOMPI50) y TACOMP(SO), BACOMP{50),
PALOMPIS0)y XPCUMP LS50ty RPCOMPISO) e TPCOMPISO),
BPLOMPLS0) 4 PPCLMPI50)

N o=

N -

0/25/77
12.50.00

01271
01272
01273
Ql274
01275
01276
01277
01278
01279
01280

COMMON ZOVIATEZ SICMAX, SIGMARe SIGMAT, SIGMAB, SIGMAP, SIGAM(50),01281

1 SILINISO0)y S1GAMCUIS0), IDEV
COMMON ZUNSTNTZ NMtASe NPREDy NMUDGESy SIGMA, By DUMILG)
COMMUN /MEASUR/Z DUN2{1%0), BETAIS0), PSI(50)
COMMUN ZAPHIMUZ AMUIH{S0) 4 PHIMULES))
COMMUN ZEMUSYZ EMUES0,50), EMUPI50,50), EMUPRMIS0,50), BEMPRT
COMMON ZREFLUNZ REIPRS
COMMUN ZAhLLES/Z GLULRAD. RALDLG
COMMON /xWMuy RMULES0) e QMUESO)
CUMMUN ZWAVLEHUZ KX E50)
COHMMUN ZLHATRXZ LQ1L50451)
CUMALN Z7MULLSY  RODELS0), MULS50)
DATA ZtR(U 7 (0.040.0) 7/
c 1]
C CALCULATL INVERSE OF MeASUREMENT LOCATION MATRIX
C

LU 10 J=lyNUIM
DO 10 X=14NUAM
Uil D) z £QltlyJd)
10 CONTINUE
c CALL INVERT( Qe NDIM, DEV, IROW, ICOL )
€ CALCULATE AVERAGE CHARACYERISYIC E-FUNCTION VALUES '
c .
DD 40 J=14NM(IDES
00 20 1z21,NMEAS
EMUAVGLT o) = KRULJ) ® CNUPRMEJSI) 7 | EMULI,I) ¢ B )
20 CONYINUE
40 CUNY INUE

<
C CALCULATE DLRIVATIVES Wl1TH RESPECT TO R

c
DO 100 K=1,NMEAS
SUN = ZERO N
U0 60 J=1eNMOULS
SUM = EMUAVGIK.J) ¢ EQNIKed) & Amuly) ©
CEXPY CMPLX( Ouy PHINULY) ) ) o SUNM
60 CONTINUE
DO BO L=1sNMODES
TERM = QlLoK) & SUM & CEXP{ CMPLX( 0.y ~PHIMUGL) ) )
UAMDRNIK L) = - REALE TERM )
DAMRNSIKsL) = DAMLRNIK,L) o8 2
UPHURN(K L) = — AIMAGU TERM 7/ AMU(L) ) ® RADDEG
L[]
Sn
) T !

01262
01293
01284
01285
gl286
01287
01286
ol299
01290
01291
01292
01293
01294
01295
01296
01297
01298
01299
01300
01301
01302
01303
01304
01305
013006
01307
01308
01309
01310
01311
01312
01313
01314
01315
01316
01317
01318
0131y
01320
oli3al
01322
01323

e

SRR

3

S g
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PRATT € WHITNEY AJRCRAFY DIVISION VER 07/72%/M }
SCPANLIB. LS 9.0 12.50.00 )
UPHRNS (KoL) = DPHORNIK,L) @@ 2 01324
80 CONYINUE 01325 "
100 CONTINUE , 01326 i
C 01327 v
€ CALCULATE DERIVATIVES WITH RESPECY YO X a1328 g
¢ 01329 )
DU 160 K=l,NMEAS 01330 %
SuM = ZERO 01331 2
00 120 J=1NMUDES 01332 5
SN = EQLIKed) & KXEJ) ® ANULJI) & CEXPL CAPLRI O.y 01313 ’
1 PHINUGS)Y ) ) o SUM 01334 ’
120 CONTINUE ) 031335
LU 140 =L NMOOLS 01336
TEKM = QILoK) & SUM & CEXPI CMPLXL 0.y —PHINU(L) ) ) 01337
DAMUXNIRsL) = AIMAGE TERM ) 01338
DAMXNS(KsL) = DAMUXNIKoL) o8 2 01339
DFhDXNIK L) = = REALE TERM /7 AMUIL) ) & RADDEG 01340
UPMXNSEK L) = DPHUXN{K,L) o8 2 01341}
140 CONTYINUL 01342
160 CONTINUE 01343
€ 01344
€ CALCULALE DERIVATIVES MITH RESPECT TO VHETA 01345
c 01346
DU 22U K=1,NMEAS R 01347
UM = ZtRU - 01348
DO 180 J=1,NMUDES 01349
SuM = EQliKgeJd) & MODENJ) * AMULD) @ 01350
1 CEXP( CMPLX( 0.y PHINUEJ) ) ) + SUN 013%1
180 CUNIINUE 01352
. DU 200 L=]l,NMUDES 01353
. TERM = QLyK) & SUM & CEXPL CHMPLXE O,y =PHIMUIL) ) ) 01354
UAMDTN(KoL) = AIMAG! YERM )} 7 RADDEG 01355
DAMINS KoL) = DAMDYN(K,L) ®e 2 ' 01356
DPHDTNIK,L) = ~REAL( TERM 7/ AMUIL) ) . 01357
DPHINSIK,L) = DPHDINIK,L) 8 2 01356
200 CULNTINUE 01359
220 CONTINUE 013606
01361
€ CALCULATE DERIVAVBVES W1IH RESPECT TO BN 01362
: c 01363
; LU 260 L=1,NMODES 01364 -
- DU 240 KeloNMEAS 01365 {
TEKM = QtLeK) ® CEXP{ CHPLX( 0.y PSIIK) ~ PHIMUIL) ) ) 01360 ;
LAMDSN(KoL) = REAL( TERM ) 013567 3
DAMBNSIK9L) = DAMDBN{K,L) *» 2 01369
DPHUENIKoL) = AIMAGI TERM /7 AMUIL) ) ® RADDEG 01369 i
LPHONS (KoL) = DPHUBNEK,L) ¢ 2 01370 s
240 CCNTINUE 01371 C&
260 CONTINUE 01372 *
c 01373 .
€ CALCULATE DeRIVATIVES WITH RESPECT 10 PSI 01374 i
¢ 01375 #
DU 300 L=1,NMODES 01376 B
®
K
57 !
i
T
P
i J‘ ;
H i
foodss
A \ L 1. 1 PRI o o ————— ¥
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MPANL IBLLA

[aNaX ol

3N

1

280
300

DO 280 K=) NMEAS

TERM

VAMUPNIK oL )
DAMPNS (KoL )
DPHDPNIKoL)
DPHPNSIK oL )
CONT INUE
CONY INUE

= QlLeK) & BFTAIK) & CEXPU CMPLX{L 0.y PSTIK)

PHIMNULLY ) )

- AIMAG( TERM ) / RADDEG
DAMUPNIK L) *¢ 2

REALL TERM /7 AMUIL) )
DPHDPN{K,L) ®¢ 2

CALCULATL SUMS OF DERIVATIVES

320
340

360

380

400
420

480
500

D0 340 J=1,NM0DES

Sunn

= o.o

0O 320 1=1,NMEAS

SUMM

COUNT INUE
ARNSUMIJ)
CONT INUE

= DAMRNS(I,4) ¢ SUMM

= SUMM

DU 360 J=1,NMODES

SUMM

L0 360 1=1yNMEAS

SUMM

CONT INUC
FRNSUMLY)
CONT INUE

= DPHRNS{I1sd) ¢ SUMM

= SUMM

DO 420 J=1,NMODES

SunM

z 0.0

DO 400 1=14NMcAS

SUNMM

CUNTINUE
AXNSUMLJ)
CUNT INUE

= DAMXNS(Isd) ¢ SUMN

= SUMM

00U 460 J=1,NMODES

sumMM

= 0.0

00 440 I=1,NMEAS

SUMM

CONT INUE
PXNSUM{J)
CONTINUE

€ DPHANS(IoJ) ¢ SUNMN

= SUMM

LO 500 J=1yNMODES

SUmMM

= 0.0

DC «80 1=14NMEAS

SUMM

CUNT INUE
ATNSUMLY)
CONT JuE

= DAMINS(I9Jd) * SURN
= SUMM

DU 240 J=)yNMUDES

VER
9.0

07725777
12.50.00

01377
01378
01379
01380
cl381
0112
01393
01384
01385
01386
01347
0lis8
01399
01390
01391
01392
01393
0139«
01395
01396
01397
01398
01399
01400
01401
01402
01403
01404
01405
01406
V1407
01408
01409
01410
Ol4ll
01412
01413
Olaléd
01415
Ol4le
01417
0418
01%19
01420
ol4zl
01422
01423
0l424s
01425
0426
01427
01428
01429



PRATT & WHITNEY AIRCRAFT DIVISION VER

SC.PANLIB.LA %0
SUnn = 0,0
DO 520 I=]NNEAS
SUNM = DPHTNS(1,J) © SUMM

520 CONY INVE
PINSUNLJ) = SUMM
540 C(ONTINUE

LO 580 J=1,NNODES

SUMM = 0,0

00 560 I=1,NMEAS

SUNM = DAMENS(I.J) ¢ SURM
560 CONTINUE

ABNSUMLYS) = SUMM
580 CUNVINUE

00 620 J=1,NMUDES

SUMMN = 0.0

DO 600 I=1yNMEAS

SUMM = DPHENS(1ed) ¢ SUMM
600 CONTINUE

PENSUMEY) s SUMM
620 CONT INULL

00 660 J=1,NMODES

Summ = 0.0

DO 640 1=14,NMEAS

SUMM = DAMPNS(I,J) * SUMM
640 CUNTINUE

APNSUMLY) = SUMM
660 COMNTINUE

LO 700 J=14NMODES

SUMM = 0.0

DD 680 I=)yNMEAS

SuMM & DPHPNS(1,Jd) ¢ SUMN

680 CONTINUVE

c
C
c

¢
C
c

PPNSUMLY) = SUMM *
TO0 CONTINUE

CALCULATE COEFFICIENTS OF DEVIATION FOR EACH MODE IF REQUESTED

IF( IDEV .EQ. O ) 60 70 9999
SILR = SIGMAR &¢ 2
S1GX = SIGMAX ®¢ 2
S167 = SIGMAY *s 2
by (v} = SIGMAB #»¢ 2
S1G¥ u SIGMAP % 2

CALCULATE COMPONENTS OF MODAL STANDARD DEVIATIONS

DO 720 I=1,NMODLS
XACOMP{1) = AXNSUMII) ® SIGX
RACOMP(I) = ARNSUM{I) ¢ SIGR

oT/725/77
12.50.00

01430
01431
01432
01433
014l
01435
01436
01437
01438
01439
01440
01441
01442
01443
[{J LT L)
01445
Ol44es
01447
01448
01449
01450
Gl451}
01452
vles3
01454
01455
01456
01657
01458
01459
01460
01461
01462
014063
0lacs
01465
01466
01467
01468
01469
01470
01471
01472
01473
01474
01475
01476
01427
01479
01479
01460
0l4nl
01482

59

e,




o PRATT & WHITNEY AJRCRAFT DIVISION VER orwasrnm

SC.PANLIB. LA %0 12.50.00
TACONPL]) = ATNSUMEI) * SI1GV 01483
BACOMPLI) = ABNSUM(1) & SIGB 01484
PACOMP (L) s APNSUMII} & SIGP 01485
| 720 CGMT INUE 01466
! DO 740 1Is=1,NMODES 01487
XPLOMFLL) = PXNSUMEI) * SIGX 01480
RPCOMP(]) = PRNSUMLI) # SIGR 01489
TPLOMPLD) = rINSUM{L) » S1GY 01490
BPCUMP(T) = PBNSUMIT) * S1GB 01491
PPCUMPLT) = PPNSUMIL) & SIGP ' 01492
740 CONT INUE 01493
L0 760 I=1oNMODES 01494
~ S1GaMt]) = SURT( XACOMPLI) ¢« RACOMPII) ¢ TACOMNP(I) ¢ 01495
‘ 1 BACUMPIL) + PACOMPII) ) 01496
" SIGINMNLI) = SURTL XPCUMP(1) ¢ RPCOMPII) ¢ TPCOMP(L) o 01497
Ty 1 BPCOMPII) « PPCOMP(]I) ) 01494
SIGAMC(]) = SIGAM{I) 7 AmU(]) 01499
760 COUNT INUE 01%00
1. 0lsvl
o 9999 RETURN 01502
- ; tND 01503
. SUBROUTINE INVERT( Ag Mo Dy Ly M ) 01504
! c . 01505
: C THIS SUBROUTINE INVERTS A COMPLEX MATRIX. THIS PROCEDURE WAS ADAPTED 01506
; C FROM THE 18M SCIENTIFIC SUBROUTINE PACKAGE 01507
c 0150R
DIMENSION LE1),y MIL) 01509
CCMPLEX AlL)y BIGA, HOLD, Dy ONE, ZERD 01510
OATA 2ERO 7 (0.04040) /9 ONE /7 (1.050.0) 7 01511
c 01%12
€ SEARLH FUR THE LARGEST ELEMENT 01513
c 01514
1) = ONE ' 01515
NK = ~N : . 01516
00 380 K=1.N 01517
NK = N + NK 01518
iKY s ¥ 01519
HIK) = K 01520
KK s K ¢ NK 01521
EIGA = A(KK) 01522
00 60 J=KoN 01523
12 aNS({J=1) 01524
DO 60 laKeN 01525
14 =12 ¢+ 1 01526
20 IF( CABSt BIGA ) — CABSt A(lJd) ) ) &0, 600 60 01527
40 B16A = Alld) 01529
LK) =] 01529
nix) =J 01530
60 COUNTINUE Q1531
c 01532
C INTERCHANGE ROWS 01533
c 01534
J = LK) 01535
ORIGINAL PAGE Ir
OF POOR QUALITY
60




PRATT € WHITNEY AIRCRAFT DIVISION VER C172%/70
SC.PANLIB, LG 9.0 12,50.00
1IFC =K ) 120, 120, 80 01536
80 K1 sK~-N 031537
00 100 I=1¢N 01538
K1 = N ¢ Kl 01539
HOLD s =A(KI) 01540
J1 Kl ~-K®odJ 01541
AlRl) = AlJD) 01542
Ad1) = HOLD 01543
100 CONYINUVE 01544
c 01545
C INTERCHANGE COLUMNS 01546
c 01547
120 1 = NIK) 01548
IFL 1 =R ) 180, 180, 140 01549
140 4P sNe(L=-1) 01550
00 160 J=1,N 01551
K aNK ¢ J 01552
J = JP ¢ J 01553
HOLD = —AlIK) 01554
ALIK) = A(J1) 01555
AUI) s HOLD 01556
160 CUNTINUE 01557
c 01558
C DIVILE COLUMN BY MINUS PIVOT ( VALUE OF PIVOV IS CONTAINED IN BIGA ) 01559
C 01560
180 IF( CABSU BIGA ) ) 200, 200, 220 01561
200 O ® 26RO 01562
G0 TD 9999 01563
220 DO 260 I=1,N 01564
IFt 1 -k ) 240, 260, 240 01565
2640 IK = NK ¢ 1 01566
AIK) ® AUIK) 7 ¢ ~BIGA ) 01567
260 CONTINUE ! 01568
c 01569
€ REDUCE MATRIX 01570
¢ 01571
D0 320 IaleN 01572
1K = NK @ 01573
HOLD e ALIK) 01574
14 =1 ~¥ 0157%
DO 320 J=1,N 01576
14 2 JJeN 01477
1IFL T -k ) 280, 320, 280 01578
280 IFt 4 - K ) 300, 320, 300 01579
300 xJ s Jd =] ¢ K : 01580
All1J) ® HOLD © A(KJ) ¢ Af1J) 01581
320 CONYINUE 01582
¢ 01583
C DIVILE ROW BY PIVOY 01584
c 01585
xJ =K =N 01586
00 360 J=1,N 01567
KJ =N+ KJ 01598

ruy

1

; .
T ! ‘
wer! uith it I TPTeAN Fanmrrrire o Bows

H

RS-
k ; ‘". i ula.;.a-.‘..iu» USRI A aiym.r;pmhas&.nﬂawamm‘ sﬁ}. g
e s B v il ’

s ‘rm.‘-.,jh i



PRATTY £ WHITNEY AIRCRAFT DIVISION

SC.PANLIB.L4
10 J =K ) 340, 340, 340
340 AtKJ) = AIKJ) 7 BIGA
360 CONTINUE
4
C CALCULATE DETERMINANT
c
0 =D ®B8IGA
c
C REPLACE PIVOY BY RECIPROCAL
c

AlKK) ® ONE 7 BIGA
380 CONTINUE

c
g FINAL ROW AND COLUMN ENYERCHMANGE
K o N
400 K =K -]
IFL K ) 9999, 9999, 420
420 1 = Lix)
It -K) 4800 4809 440
440 JG aNS$ {K-31)
JR aNs${]-1)
DU 460 Jds)yN
JK = JQ ¢ J
HOLD = A{JK)
J1 s JR ¢ )
AlJK) = «<Af{Jl)
AtI1) = HOLOD
460 CONTINVE
480 J s BiK)
1Fl -k ) 400, 400, 500
500 K1} =K ~N
DO 520 I=1,N
Kl = N ¢ K1
- HOLD a AlKY)
Ji a Kl ~K ¢
AlnNl) s «-AfJ])
Aldl) = HOLOD
520 CONTINUE
60 TO 400
9999 RETURN
END

$88e% ALOVE ACTION SATISFACTORILY CORPLETED seoss

VER
%0

0r/725/M
12.50.00

01569
01590
01591
01%92
01593
0159«
01595
014596
01597
01598
01599
01600
01601
01602
01603
01604
01605
0106
01607
0l609
01609
014610
ols11
01612
01613
01614
0l61%
0l616
01617
01618
01619
01620
01621
01622
01623
01624
01625
01626
01627
01628
01629
01630
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APPENDIX C
MODAL CALCULATION PROGRAM

SAMPLE CASE

o
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