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A COMPUTER PROGRAM FOR AUTOMATED FLUTTER

SOLUTION AND MATCHED-POINT DETERMINATION

By Kumar G. Bhatia*
Langley Research Center

SUMMARY

The use of a digital computer program (MATCH) for automated determination of
the flutter velocity and the matched-point flutter density is described. The program is
hased on the use of the modified Laguerre iteration formula to converge to a flutter

crossing or a matched-point density.

A general description of the computer program is included and the purpose of all
subroutines used is stated. The input required by the program and various input options
are detailed, and the output description is presented. The program can solve flutter
equations formulated with up to 12 vibration modes and obtain flutter solutions for up to
10 air densities. The program usage is illustrated by a sample run, and the FORTRAN

program listing is included.
INTRODUCTION

An automated method for determining the flutter velocity and the matched-point
flutter density is described in reference 1 which contains the theoretical development of
the method and outlines the computational steps necessary to implement the method on
a digital computer, However, reference 1 does not contain detailed information about
the computer program MATCH that was developed to implement the method. The purpose
of this report is to serve as a user's manual for this computer program. The basic equa-
tions used in the computer program are repeated from reference 1, and the general
program organization is described. The purpose of all the subroutines used is stated,

and flow diagrams for the two main subprograms are included. The program input and

*NRC-NASA Resident Research Associate.



output are described, and a sample run of the program is included in appendix A. The
FORTRAN program listing and the Langley library subprograms used by MATCH are

described in appendixes B and C, respectively.

The present report relies on reference 1, but this report contains complete infor-
mation regarding the use of the computer program. It is, however, recommended that
reference 1 be used in conjunction with this report for a complete understanding of the
theoretical basis of the procedure implemented, '

SYMBOLS
[A] nondimensional aerodynamic matrix (see eq. (4))
[AI] = 47(BR)3 (—S—Sﬁ 2 (%{-)2 [A]
[AF] = p[Al]
Ag airspeed
BR reference chord length
F=V- AS
{G} vector of damping functions (see eq. (5))
{G1} tirst partial derivative of {G} with respect to %
{G2}  second partial derivative of {G} with respect to %{-
(1] identity matrix
I0K current value of I];.- (see eq. (6)) |
k re&uced frequency



NM number of modes

%RFIE vector of predicted values of Il{- corresponding to flutter crossings
[SK] symmetric structural stiffness matrix
[SM] symmetric structural inertia matrix

58 semispan

ij} eigenvector (see eq. (1))

) velocity

Vi lowest flutter velocity for an air density
%Vm} associated eigenvector (see eq. (2))

Vg flutter velocity
X,y Cartesian coordinates

u eigenvalue {see egs. (1) and (2))

p air density

Py | air density at sea lével
w harmonic frequency
Superscripts:

R,1 denote real and imaginary parts of a complex number, respectively



T denotes a matrix transpose
Subscript:
m denotes the mode number
Subscripts following a parenthesis denote derivatives.
GENERAL DESCRIPTION OF THE COMPUTER PROGRAM:

The basic equations used to implement the procedure for the flutter solution and
determination of the matched-point flutter condition and the general organization of the
computer program MATCH are described in this section. A matched-point flutter condi-
tion is obtained when the flutter velocity, air density, and Mach number are consistent for
standard atmospheric conditions. The aerodynamic matrices are generated external to
the present program and are required as input to MATCH. These matrices are calculated
for a given'structural configuration and a fixed Mach number, The reduced frequency
range of interest is selected, and the aerodynamic matrices are evaluated at discrete
values of the reduced frequency within the selected range. The Mach number is held

fixed in the program, and therefore the same set of aerodynamic matrices is used.

The program can be used to obtain a flutter solution at one or more air densities
or to determine a matched-point density. For a flutter solution at a specified air density,
an initial value of the inverse of the reduced frequency is input to start the iteration pro-
cedure, and the program will automatically determine the velocities at which the damping
becomes zero, if any, within the range of reduced frequency for which the aerodynamic
matrices have been input, I a matched-point density is desired, an initial air density
and an inverse of the reduced frequency are input into the program. The program deter-
mines the lowest flutter velocity for the input density. This flutter velocity will, in
genéral, not be the same as the airspeed corresponding to the input density and the fixed
Mach number. A new air density is predicted fo yield the matched-point flutter condition,
and the lowest flutter velocity for the predicted air density is determined for comparison
with the airspeed (at the predicted density). This procedure is repeated until an air
dengity is determined where the lowest flutter velocity is within a specified tolerance of
the airspeed.



The program is dimensioned for a maximum of 12 modes and 10 air densities,
that is, the structural and aerodynamic matrices can be up to (12 X 12), and flutter solu-
tions for up to 10 air densities may be obtained during one run. The program does not
provide a rigid-body mode capability, but it is possible to extend the program to include
rigid-body modes. The program requires a field length of about 46 000 cctal storage
locations plus the field length required by the loader.

Equations Required To Implement the Procedure

The basic equations to implement the flutter solution procedure and to determine
the matched-point flutter density are stated in their final form. The derivation of these

equations is given in reference 1 and is not repeated here.

The characteristic flutter equation is expressed as an eigenvalue problem in

matrix form by

[[SK]—I [(sm] + [AF]] - ,um[I]] ULt =30} (m=1,. .. NM (1)

where ¢, and {Um§ are the complex eigenvalues and eigenvectors, respectively. The

associated eigenvectors %Vm} are determined from the following equation:

(1511 [(sm] + [AFTT] - umli]| Jvid =fof  m=t. N0

where
[AF] = p[AT] (3a)

[AI] = 47 (BR)3 (%)2 @2 [A] (3b)

and the elements of [A] are nondimensional. Each element Ajj of matrix [A] is defined by

_ 1 Apj(xx Y) . dx dy
Aij =g, J f hi(x, y) (BR) (L pvz): {SS/BR) (SS/BR) @)
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where hi(x,y) is the displacement in the ith vibration mode, and Apj(x, y) is the aero-
dynamic pressure over the lifting surface S induced by the downwash associated with

simple harmonic motion in the jth vibration mode.

A flutter solution is obtained (for an assumed density p) when the imaginary part
of one of the eigenvalues of equation (1) (or eq. (2)) is zero. A damping function G(M)

is defined for each eignevalue p,, and is given by

I
G(m) =% (m=1,... NM; M=1,... NM) (5
Hm
where
Hm =P1;”1 + ‘IHIIn

Thus, a flutter solution is obtained when one of the damping functions is zero and the
corresponding frequency is real (p?n >0). Each G(M) is regarded as a function of the
inverse of reduced frequency T
A modified Laguerre iteration scheme is used to predict a value of % for which
the damping function would be zero and the slope of the curve for damping as a function

of Ilc_ is positive. The modified Laguerre formula used to predict a zero of G(M) is

RFI(M) = 10K - GM \ (6)
[61(M)]? - [6(M)] [G2(M)]

where IOK is the current value of % and RFI(M) is the predicted value of % corresponding
to G(M) = 0. The first derivative (G1{M)) and the second derivative (G2(M)) of G(M) with

respect to % are evaluated from the following expressions:

(+Fo)1 - GO0RT)

1 1
K K '
G1(M) = “11;{1 (7
and
G‘;n)ll - G(M)(uR)u_ - 2(}1(1\.&)(;111}1)l
G < k& kK K
(M) (‘”1]%)1 (8)
k



The expressions for (’“m) and (u m) are given by equations (9) and (10) of

=l

1
k

=

reference 1,
The flutter solution is determined by using equations (1) to (8), and there may be
several flutter crossings where one of the damping functions is zero. The flutter solution
consists of the values of %, and wz and v; for the flutter mode {eigenvalue for which the
damping is zero) at each crossing. The lowest flutter velocity Vf thus obtained will, in
general, not be consistent with the airspeed Ag for the assumed Mach number {(fixed) and
the assumed air density determined from the standard atmosphere (ref. 2). An iterative
scheme similar to that used for the flutter solution is used to predict an air density at
which the lowest flutter velocity and the relevant airspeed will be nearly the same. A

function F is defined as
F=F()=Vy-Ag (9)

where £ = \!ipof, and V; and Ag are also regarded as functions of ¢{. It is apparent that
a zero of F will yield a matched-point density. The predicted zero of F, that is, Ep, is

determined from the Laguerre formula

fp= £- 2 (10)
p /2
(F), + sen [(F),]{[(F), ]2 - 27(F),, |

where(F); and (F) g, respectively, are evaluated by using equations (18a) to (20f) of
reference 1. A flutter solution is again obtained for the air density corresponding to &p,
and the value of F is determined. If F is within some acceptable tolerance, then the

iteration is terminated; if F is not within the tolerance, the whole procedure is repeated.

Organization of Program MATCH

~ The program MATCH is divided into the two major subprograms LEFCROS and
CROSMAT. LEFCROS is the subprogram which controls the basic flutter solution capa-
bility, and CROSMAT controls the determination of the matched point. Both of these
subprograms call various other subprograms, and since flutter solutions are required
as a part of the matched-point search CROSMAT calls LEFCROS. Simplified flow dia-
grams of subprograms CROSMAT and LEFCROS are presented and the various sub-

routines called by these two subprograms are described subsequently in this section.



Simplified Flow Diagram of Subprogram CROSMAT

IMATCH =1

¥
= Pol?
7

rCALL LEFCROS

A
CALL SOUND

¥

F=Vi-Ag Legend:

Y

PER = F x 100 /Vf indicates call to a subroutine

PERF convergence tolerance for
h matched-point flutter
velocity

No

CALL DERVDEN

Y

H-= [(F)g]z - 2F(F)g;

e

Predict ¢ 5
j L p= gp /p() t
Predict 1/k for +

lowest flutter
velocity crossing CALL FOMATCH

‘L Y

IMATCH = IMATCH + 1 -
t=ip

N




Simplified Flow Diagram of Subprogram LEFCROS

Read input

Is
SK
diaE;m;IAl?

Calcylate
(31

No
G ]

Is
‘ABS(RFIMIN
- RFI(NR}) &
DEL/2.0?

Yes Calculate
—  fluiler
veolecity

Legend:

—

ND
NROOT
NITMAX
RFIMIN

RFIL,RFIR

IMATCH =0

indicates call tu a subprogram

number of densities for which flutter
solution is required

nunzer of flutter crossings to be
searched [or ezch density
maximum number of jterations
per erossing
guess for 1/k at a crossing
mininman and maximum valves of 17k,

respectively, for which aeradynamic
information is availahle

2 matched-point flutler solution 18
not required

Check for the
lowest flutter
velocity




The aerodynamic mafrices and their derivatives are stored in the program on a

random-access file for easy retrieval during program execution. This aerodynamic

information is furnished as input to the program by the user. The random-access file

is generated in subprogram RANDAX which is called from subprogram LEFCROS. The

required aerodynamic matrix and its first two derivatives are retrieved from the random-
access file by calls from LEFCROS to subprogram GETAERO and entry point GETDAER,
These and other subprograms called from CROSMAT and LEFCROS are briefly described,

Subprogram

SOUND

DERVDEN

FOMATCH

MATINV

RANDAX

GETAERO

EIGSOL
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Description

Determines the airspeed and its first two derivatives with respect to £
between geometric altitudes of -5000 meters (¢ = 0.7964651669) to

20 000 meters (¢ = 3.711884976). The airspeed is expressed as a second-
order polynomial in ¢ for altitudes between -5000 meters and 11 100 meters,
and as a constant between 11 100 meters and 20 000 meters. This functional
representation is based on data from U.S, Standard Atmosphere, 1962 (ref. 2).

Evaluates the first two derivatives of the flutter velocity with respect to .
It also determines the first two derivatives of the reduced frequency and the
flutter frequency squared with respect to £ It calls subprogram TMMPROD
to evaluate a matrix triple product.

This is an entry point in LEFCROS, and is called from CROSMAT.

Langley library subroutine used for determining the inverse of the stiffness
matrix when the matrix is not diagonal. (See appendix B.)

Called only once to read nondimensional aerodynamic matrices from a disk
file, convert them to appropriate dimensional form, and write them on a ran-
dom access file. It uses computer-system-dependent Control Data subrou-
tines OPENMS and WRITMS at Langley Research Center. (See appendix B.)

Called to retrieve the aerodynamic matrices corresponding to a value of the
inverse of reduced frequency from the random access file generated by sub-
brogram RANDAX. It uses computer-system-dependent Control Data
subroutine READMS. (See appendix B.)

Called from LEFCROS to determine the eigenvalues, eigenvectors, and
associated eigenvectors by solving equations (1) and (2). It calls Langley



Subprogram Description
library subroutine EECM to solve these equations (see appendix B), and

subprogram TMMPROD to evaluate triple matrix products.

GETDAER This is an entry point in GETAERO and is called from LEFCROS to retrieve

the derivatives of the aerodynamic matrix from the random access file.

DERF Called from LEFCROS to evaluate the first two derivatives of the inverse of
flutter frequency squared with respect to the inverse of reduced frequency.
It calls subprogram TMMPROD to evaluate the matrix triple products

required,

LEGROOT Called from LEFCROS to calculate the predicted values of the inverse of
reduced frequency corresponding to zero damping crossings by using
equation (6), and arranging the predicted values in ascending order. It
calls subprogram DAMPAR to calculate damping from each eigenvalue by
equation (5).

INPUT AND OQUTPUT DESCRIPTION
Input

The input required by the computer program is described. There are two types

of input to the program: -
(1) Aerodynamic matrices through a disk file (tape 4)
(2) Namelist input

Description of tape 4. - All the aerodynamic matrices are in nondimensional form.

These matrices must be generated by the user and provided as input to the program on a
disk file (tape 4) in a format and arrangement that is compatible with the program read
operations described. Tape 4 is rewound in the program and all information is read in

binary.

The first read statement executed is
READ(4) NK, MACH,NM

where NK is the number of reduced frequencies for which aerodynamic matrices are on

tape 4 (NK = 1600), MACH is the Mach number at which the aerodynamic matrices have

11



been calculated, and NM is the number of modes defining the size of the aerodynamic
matrices. The next 3NK read operations are described by the following three read state-

ments executed NK times:
READ(4) RF, X, (AR(L, M), L=1, NM), M=1, NM), ((AKL, M), L=1, NM), M=1, NM)
READ(4) ((DAR(L, M), L=1,NM), M=1, NM}, (DAL, M), L=1, NM), M=1, NM)

READ(4) ((SDAR(L, M), L=1, NM), M=1, NM), ((SDAX(L, M), L=1, NM), M=1, NM)

where

NM number of modes, =12

RF reduced frequency for which the six aerodynamic matrices have been
calculated

X a dummy scalar (real}, not used in the program

AR real part of (NM X NM) aerodynamic matrix defined by equation (4)

Al imaginary part of (NM X NM) aerodynamic matrix defined by equation (4)

DAR first partial derivative of AR with respect to reduced frequency

pal first partial derivative of Al with respect to reduced frequency

SDAR second partial derivative of AR with respect to reduced frequency

spal second partial derivative of Al with respect to reduced frequency

It is required that the aerodynamic matrices be on tape 4 for increasing values

of the inverse of reduced frequency é and at a constant increment of % . For example,

if the first value of % for which the aerodynamie matrices are on tape 4 is RFIL
(RF1= 1/RFIL), the second value of % must be RFI; = RFIL + DEL (RFjy = I/RFlz), and
the last value of % must be RFIR = RFIL + (NK-1) DEL (RFNk = 1/RFIR) where DEL is

the constant increment in % .

Description of namelist input. - The following two namelists are read from the input
file in the order presented.

(1) NAMELIST/NAMATCH/PERF, MAXMAT, MACH, ITROPO, IMATCH
'~ REFSLD, UNITL

(2) NAMELIST/NAM1/SK, $M, LSTIFF, SS, BR, NM, RFIL, RFIR, DEL, NROOT,
NITMAX, ND, RHO, RFIMIN, IPRT, IOPT

12



The dimensional parameters in the namelist statements determine the force (for example,
newtons, pounds, etc.) and length (meters, feet, ete.) units with which the program
operates; the unit of time used is seconds. The user must therefore prepare the name-
list input to be consistent with any desired force and length units. The definitions of the

various namelist input parameters in NAMATCH are

PERF Nondimensional convergence tolerance for matched-point flutter solution.

Airspeed

- x 100 £ + “RF.
Lowest flutter velocity *

The program will terminate when |1
Not required if IMATCH = 0,

MAXMAT Maximum number of iterations permitted for the matched-point density
search. Not required if IMATCH = 0.

MACH Mach number (real variable) for which the aerodynamic matrices have been
calculated. Not required if IMATCH = 0.

ITROPO  Defines the initial air density for the matched-point search if
0, initial density = sea-level density '
1, initial density = density at altitude of 11 100 meters
-1, initial density = RHO(1) from input for namelist NAM1.
Not required if IMATCH = 0,

IMATCH If IMATCH = 0, flutter solutions for densities in namelist NAMI are required.
If IMATCH # 0, a matched-point flutter solution is required.

REFSLD Reference sea-level density in —E(% units, Not required if IMATCH = 0.
Length ‘

UNITL Ratio of the number of length units selected to 1 foot. Not required if the
length units selected are feet.

The definitions of the various namelist input parameters in NAMI are

SK Symmetric structural stiffness matrix (Egrfgct% units) or symmetric structural

T ... {Length .
flexibility matrix ( Foree un1ts), (NM X NM).

. ' 2
S : : ; Force-sec
SM ymmetric structural inertia matrix (——-——-—-Len T ), (NM X NM).

LSTIFF H =0, SK is diagonal stiffness matrix.
If = +1, SK is nondiagonal symmetric stiffness matrix.

If =-1, SK is flexibility matrix, and may or may not be diagonal.

13



SS

BR

NM

RFIL

RFIR

DEL

NROOT

NITMAX

ND

RHO

RFIMIN

IPRT
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Semispan (or reference length) used to generate the aerodynamic matrices
(Length units).

Reference chord used to generate the aerodynamic matrices (Length units).

Number of vibration modes used o generate aerodynamic matrices.
Maximum value of NM is 12,

Inverse of reduced frequency {nondimensional) corresponding to first value

of reduced frequency for which aerodynamic matrices are on tape 4.

Inverse of reduced frequency (nondimensional) corresponding to last value

of reduced frequency for which aerodynamic matrices are on tape 4.

Constant increment of the inverse of reduced frequency (nondimensional)
at which the aerodynamic matrices are on tape 4, for example, the first

set of matrices are for %= RFIL, the second set for %: RFIL + DEL, etc.

Number of flutter crossings desired. If the program cannot determinre all
the NROOT crossings within the selected range of RFIL to RFIR, it will
continue with execution of the next task, if any.

Maximum number of iterations per crossing allowed for convergence, If a
crossing cannot be determined in NITMAX iteration, the execution will be

terminated. Suggested value 5.

Number of densities for which a flutter solution is required (1 = ND = 10).
If IMATCH # 0 in namelist NAMATCH, then ND should be input as 1.

Force —(Second)2

(Length)*
flutter solutions are required. K IMATCH #0 and ITROPO = -1 in namelist

NAMATCH, then RHO(1) is the initial density for the matched-point density
search. If IMATCH# 0 and ITROPO # -1, no input is required for RHO.

One-dimensional array of input densities ( units) for which

Initial guess for inverse of reduced frequency to start search for first flutter
crossing. Experience with the program indicates that the convergence from
a value of RFIMIN which is higher than the inverse of reduced frequency for
the (actual) first crossing is faster than that from a RFIMIN which is lower.

Determines amount of output printed by program. It is nominally set to zero

within the program, and if nominal outiput is required, then it can be omitted



from the namelist input. This procedure will be discussed further when

the program output is described,

IOPT Unused parameter, not required.

Output

The program output is described in this section. The program output consists of

two categories:

(1) An output summary on a coded (BCD) disk file (tape 7) which may be routed

for printing.

(2) Output file containing either a nominal printout (IPRT = 0 specified by input)
or a detailed printout (IPRT =1 or 2).

The first category of the output is described first and is followed by the second category.

The output is in all cases in units consistent with those used for the program input.
The output summary on tape 7 includes the following:

(1) Air density and the initial value of % for each air density at which a flutter

golution is determined.

{2) Root number, flutter velocity, the inverse of reduced frequency, and the total

number of iterations required for each flutter crossing determined.

(3) Iteration number, air density, square root of sea-level density/air dqnsity,

lowest flufter velocity, airspeed, and (1

Airspeed
" Lowest flutter velocity) X 100 for each

matched-point iteration, if matched-point density search is executed.

(4) Informative messages:
{(a) "FOUND NR ROOTS, RFI FOR THE NEXT ROOT PREDICTED = X,
IS BEYOND RANGE." This message is printed when the predicted
inverse of reduced frequency (X) for the NRth crossing (NR = NROOT)
is not within the range RFIL tc RFIR.

(b) "RFI PREDICTED FOR THE NEXT ROOT =. . ., DIFFERENCE FROM RFI
FOR PREVIOUS ROOT LESS THAN DEL/2.0." This message is printed
to inform the user that the next flutter crossing is within DEL/2,0 of
% for the previous flutter crossing; therefore, the next crossing is taken
to be at the same value of % as the previous flutter crossing,

15



(5) Various messages explaining abnormal termination:

(a) "MATCH-POINT ITERATION DID NOT CONVERGE IN MAXMAT
ITERATIONS. "

(b) "ARGUMENT OF RADICAL IN LAGUERRE = X, ITERATION NO. =, . ,
DENSITY=. . ., VEL =, ., ., SPEED OF SOUND * MACH=. . ." This mes-
sage is printed out when X is negative during a matched-point density search,.

" (¢) "TARGUMENT OF RADICAL IN LAGUERRE ITERATE IS NEGATIVE FOR
NM MODES." This message is printed out when a real value for predicted
inverse of reduced frequency for a flutter ¢rossing (from eq. (6)) cannot

be obtained for any of the NM modes.

(d) "RFL=. . ., IS OUTSIDE THE RANGE OF VALUES." This message is
printed when the initial value of the inverse of reduced frequency input
in the program is outside the range RFIL to RFIR.,

(e} "PROGRAM TERMINATED, COULD NOT FIND ROOT NO. NR IN NITMAX
ITERATIONS. "

(f) "NUMBER OF EIGENVALUES COMPUTED M." This message is printed
out from subprogram EIGSOL when during eigensolution, convergence is
obtained for only M < NM eigenvalues,

The second category of the output depends on the value for IPRT (0, 1 or 2). In
all cases, the printout described for tape 7 is included. The output for IPRT = 0 is
described by stating the additional output relative to printout on tape 7, output for IPRT =1
is described by stating the additional output relative to IPRT = 0, and the output for
IPRT = 2 is similarly described.

For IPRT = 0, the following information is printed in addition to the information
written on tape T:

(1) Printout of the two namelists.

(2) Eigenvalues and the predicted values of the inverse of reduced frequency (RFI)
in increasing order of magnitude, for flutter crossings at each iteration. RFI = 1000, 0000
- indicates that a real value for the inverse of reduced frequency corresponding to a flutter
crossing could not be predicted for that mode. RFI = 3000. 0000 indicates that the real
part of the eigenvalue corresponding to that mode was negative.

16



(3) Flutter eigenvalue number, eigenvalues, correspondence of the predicted
crossings (which are arranged in increasing order of magnitude) to eigenvalues (which
are obtained (and printed) in the decreasing order of their absolute values from the eigen-
solution), root number, flutter velocity, the inverse of reduced frequency at the erossing,
and the total number of iterations required for convergence for each flutter crossing
determined. The number of iterations for convergence include the last iteration for the

convergence check,

(4) The inverse of reduced frequency, the first and second derivatives of reduced
frequency, flutter frequency squared, and flutter velocity with respect to £, for each

match-point iteration,

(5) Predicted values for ¢ and the inverse of reduced frequency for a matched-point

solution for each match-point iteration.

For IPRT =1, damping, the first and second derivatives of damping with respect
to % , argument of the square root in equation (6), and the.predicted crossing are printed
for each mode during every iteration for a flutter solution. If IPRT = 2, the eigenvectors
and assoclated eigenvectors, and the eigenvalue derivatives are printed during every

iteration for a flutter solution,
CONCLUDING REMARKS

A digital computer program MATCH for automated determination of the flutter
velocity and the matched-point flutter density has been described. The program was
based on the use of the modified Laguerre iteration formula to converge to a flutter

crossing or a matched-point density.

A general description of the computer program and the related subroutines has been
included. Detailed descriptions of the output, input, and input options have been presented.
The program can solve flutter equations formulated with up to 12 vibration modes and can
obtain flutter solutions for up to 10 air densities. ’Use of the program is illustrated with
a sample run and the FORTRAN listing is included.

Langley Research Center,
National Aeronautics and Space Administration,

Hampton, Va., September 10, 1973,
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APPENDIX A
SAMPLE RUN OF PROGRAM MATCH

The input and output for a sample program run are presented in this appendix in
order to illustrate the application of the program. The units used in this sample run are
pounds and inches; the program dictates use of second as the unit for time.

This sample run is for the all-movable control surface example of reference 1.
The flutter equation is formulated with five vibration modes and the aerodynamic matrices
have been calculated for a Mach number of 0,6. A matched-point flutter solution is
required, and the initial values of air density and the inverse of reduced frequency are

2
1.146797839 X 1077 lb'_%- (sea-level density from ref. 2) and 6.5, respectively. A
1n

detailed output is desired, and IPRT = 2 is input, The namelist input for a sample run

follows.,
PROGRAM NO——— LANGLEY RESEARCH CENTER DATE. . ...
CORED BY — FORTRAM . PATA CODING FORM PAGE. . OF.
DIVISION, SECTION JOB CRDER TASK NO
AT | eoRTINUaTION FORTRAN STATEMEMT Apcrairicarion
1 3le)7 & R0 N1 1203 014 15 16 1T 9N 19 20 21 33 2 2« 35 24 27 2839 Jo 3132 13 34 35 16 07 M 3940 41.42 43 44 A5 44 AF 4N Y 33_F]_52_33_54 5k 5h 37 AD.49. TO 71 T1i7H 7R.75 76 37 70 19 M

y 2

»
839.E-0.7., .|

¥ 2N ST B0 6| 82 63 bd B3 Gk BT . -3
NAMATICH [PIERF,=1,.0, MAXMAT,-3 , MACH=0.6 , ITREPG =0, IMATCH =1, REFSLD=1.1,46791

1
P B S SR G S SR U PRI S | 1 PR P IR
1

T UINITL=12.03

| IR

|
I 1 S Loed e ]
' s L L 1 f [T R S !
3 1 1

1
. ]
Lalid 1 il 1 L L ) R | Forya | Loy TR L 1L
T B T [} L1 I S T T N T S TR | L P | 1 Il et by ] I N [ SO R T S, N TN Lol 0o FEN O BRI R
7‘$7|NIA‘M1 SI_KL( 1,)=4.049 801, 12%0.0,.1.016E03,12*¢ .+0 ,6.2ED3,12*0.0,5. 521803 ,12%¢[. 0,
I o PRI ST R PR I L el N I : PO S T TR Bl RN S
PRETTR daa b, .21 865E004 ., . I 1 [ T N S S MR S RPRE I

VAR SN SN VW U N Sy " el [P | L

s - TS R e L RV R T S S T -
L BmM(1),=7.6315-03,,,1,2%0.0.4,.%81F-03,,12+%0.,0.2.49E-03,,12%0.0,7.,562 E-.04],.12%0,..0 4

TS I Lt 1 1 F N T ) U T YN U S Nty O T T T AP U S T T T MY S NS S A S ST T S A T T ST S | S RN S D T WY Y D TSNS S S O VN OSTRN) JOO0 OUT SY o S

A et )1.,'_9,3;3.E.'|0‘3.l M| PRI N L 1 1 1 1 ! ela a1 P B
i PP T T RS R 1 U D YU T S SRR B B R SRR

. LSTI{FF-0,858=16.0,BR=6.5 6 NM=5, RFIL=1.0,RFIR=20.0,DEL=0.05 NR Qf.(lla?g .

T TR T S T

| I i} IS T T S I VSN O VT S N [NV S S S SO S S | T W RV S T -,

NI TMAX=5/, ND=1, RH® (1), =1.,14 6797 83 §.5- 07 BFIMIN-8.5 L1 PRT =2 % Vo] i
[ Pt L TR R 1 | - 1 1 A 1 O J TR S T T RIS R P IS
1 L 1 L L | PRV | 1 FUR I T T T 1 X 1 n il |- TR
] [ [ v 1 ] I L U S O S S R R T | 1 P | 1 | L PO R S T \ [
I [ ! Ll | BRI B | 1 I 1, L b [P
RSP T | P R SR | 1 R | L I 1 [ ——
1 | 1 [P WP | T PO 1 J P | H R
R o M B R | P [T S A ST EEVSUP TR TSR IR SR B 1 M P P L Lo
LR I 1 TN U TR STV YO ST ST S B T JO TN S R SN | 1 1 n iy ] 1 1 | [ELR
Ll L P i S R S N TP | P ST R N VRN AR ST S TR A ST B R )

FASA-Tangley Form 57 {MaR 69) NOTE: WRITE WUMBERS 10, LETTERS 1 g!u GZ C, SYMBOLS /., *

18



APPENDPIX A — Continued

Note that namelist NAM1 does require an input for air density since ITROPO = -1 in

namelist NAMATCH.

The program output is in two parts: (a) summary on tape 7 and (b) output file.

The output obtained from the sample run follows,

{a) Listing of tape 7

DENSITY = 1.146798E=-0T » RFIMIN = 65000
RDOT NUMBER 1l 5 VELOCITY = €316.T02 » RFI = 10.800 4 NO. OF ITERATIONS
ROOT NUMBER 2 » VELOCITY = 29430,954 4y RF] = 114350 + NO. OF ITERATIONS
FOUND 2 ROOTSs RFI FOR THE NEXT RDOT PRECICTED = 2248007 415 BEYONL THE
[TERATION NDe L DENSITY = 1.1468E-07 SURTISEA LEVEL DENSITY/DENSITY) =
FLUTTER VEL = 6e316TE+03 AIR SPEEU = 8403561E+03 (VEL-AIRSPEED)I*100/VEL
DENSITY = T«B06L31E-08 » RFIMIN = L3al467
ROOT NUMBER 1y VELOCITY = 7650.904 4 RFI = 13.150 » NO. OF ITERATIONS
ROOT NUMBER 2 ¢ VELOCITY = 35709.560 ¢ RF| = 13.800 4 NO. OF ITERATIDONS
FOUND 2 RDOTSy RFI FQR THE NEXT ROOT PREDICTED = 276403 915 BEYOND THE
ITERATION NO. 2 DENSITY = 7+8061E-08 SQRTISEA LEVEL DENSITY/DENSITY) =

FLUTTER VEL = Te6509E+03 AIR SPEED = Te6504E+03 (VEL-AIRSPEED )*1Q0/ VEL

REQDy = 3
REQDy = 1
RANGE

1. G000E+00
T 272204
REQDy = 1
REQDy = 1
RANGE

le 2121 E400
= '« 0065
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APPENDIX A — Continued
(b} Listing of output file

$MAMATCH

PERE = 0.1E401,

MAXMAT = 3,

MACH = (J.6%+00,

ITROPD = =1,

IMATCH = 1,

AFFSLD = D.1146T79T7839E -5,

UNTTL = Q.125+02,

$END

$NAM]

SK = 0.40“9F"011 [t 0.9 0.0, Qely Q.04 0.0 Da0y 0.0y 0.0,
0.0y D0a0sy J.0, 0.10167+03, 0.0y 0.0y 0.0y 0.0y 0.0, 0.0+
O.D’ 0-0’ 0.0! 0.0! 0.0' 000’ 0-62':"03' 010' OIO! 0.0'
O«0r 0.0y 0.0+ 0.0, 0.0¢ 0.0y 0 0r 0.0y 0.0s D.S5521F+03,
000 0.0s 0.0+ 0.0 D0y 0,0y 0.0y 0.0, 2.0: 0.0, 0.0,
040p 0.2165%+404, 0,04 0.0y 0.0y 0.0y 040y 0.0, 0.0 0.0,
Q.00 0.0y D.0¢ 0.0 To Ty Iy 1o Ty Ty Ty Ty 1, T4 T, 1, 1, 1, I,
Ty To Iy Io by T4 Ty Ty D4 1y I9 Ty T4 Ty By Iy Iy D4 Ty 14 Ty 1, 1,
T To To Iy Iy Ip Ty Ve Iy 14 Iy B¢ Ty T4 Ty T4 1y L4 14 T4 0y 1, 1,
I' If I' !l IQ [’ l) 11 11 " I, Iy [' !1 Iv I! I! I!

SM = 0-7631:'02' O-O' 0. ’)' 0-0' O-o' 0.0' O-O' 3-0’ 0-07 0.0.
ey 0e0r 2402 0.4741F-02, 0.0, OO0y D.0s D0y 0.0, 0.0y
D.Op 0.01 D-Ol 090; 0-0! 0.0! 0-249'.:"021 OIOI OoOf 0-09
OlOt 0. 0, D-Ol 000! 0.0' 010' DCO, 0-0' 300! 0.7562?’03'
0-0' 0.0‘ 0.0; 0909 000’ 0-0' 0-01 0.01 0.01 0-0' DCO'
D.U' 011933:-02’ 0001 0-0' D.Of D.D' D-O' 0.0’ 0.0! 0-0'
0.0y 0.0+ VaDs 0404 Ty [e 1, 1, I, I, Ie Te Iy 14 Ty T4 I, 1, 1,
Ty To T To Ty Ty Ty 1y Yo Dy Iy Ty By Ty Iy T, 1, 1y 1,4 1, T T4+ 1,
Iv Tv By 1y T4 I3 Dy Iy Ty Ty 14,014 Ty 14 0y I, I, Ty Ta Ty Iy T4 T»
Yy Ty Is T4 Ty Iy Iy To T4 T4 I, 1,4 I, I. I, 1, 1, 1,

LSTIFF = 1,

S8 = 0Da.16F+02,

Bge = (0.65%+01,

NM = Dy

RFIL = D.1F+01,

RFIR = (.2E+02,
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DEL

NRODT

NTTMAX

ND

RHO

REIMIN

IPRT
10PT

$END

0+5E=-01,

ER)

Sy

1,
0114679782395 -06b,
0.655+01,

2y

Oy

APPENDIX A — Continued

Ty

Iy

1y

T,

Ly

Iy

Ts

L,

I,
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(44

DENSITY =

EIGENVALUES
1.814F=D3

ETGENVECTDRS
9.941F-01
1.T5TE=-02
1. 530F-03

—Z2.434E-04
-3.290E~-04%

1.14679BE=DT

~1.1T4%=~04%

1.068€-01
=2.1T4E-03
3. 04BE-04
—1. 799F-0%5
=S.137E-0%

ASSOCYATED EIGENVECTORS

1. 359F+ 02
1.247E-01
=5.T30E~02
-2, 049%-01
1.544%-03

DERIVAT [VES OF INVERSF OF FREQ.
FIRST DERTVATIVE

=5+ 6605+ 00
2. 024F-01
-1. 883E-02
—2.819%-02
1.960E-03%

-2, 384F -0F

SFCOND DERIVATIVE

-3.889E-06

DERIVATIVES OF INVERSE OF FREQ.
FIRST DERTVATIVE

—22 21 4E-0T=

8.261FE-08

SECOND DERIVATIVE

1.5023E-06

2.10TF-07=

RFEIMIN = 6.5000
7.226%-05 =2.5T7BF-0&
—2.112F-02 -3.943F-0D2
9.¢T79F-0] 2.985F-02
-3,409€-02 =-2,620E-02
L.669E=03 1.006E~-03
T.155F=~03 2.551F-04
65.126F+«01 1.4TEF+00
1.355F+02 B.425F-01
-4.500FE+00 2.2095-02
=5.099E+00 4.345E-02
1.017F+00 8.8778-02

T+335F=06

~2.5735-06

SQUARFD, NUMETR 1
-1.815F-05

S.585F-04+

SQUARFD, NUMBFR 2
-8.565F-08

2.635F-08+

DERIVATIVES OF INVERSE OF FREQ. SQUARED, NuUMpFR 3

FIRST DERIVATIVE

1,6820-07

SECOND DERIVATIVE

3.53TE-08

+828E-0%=

=5,1T5E-08

-1.9A89E-09

£.119F=10+

DERIVATIVES OF INVERSE OF FREQ. SQUARFD, NUMARER 4

FIRSY DERIVATIVF

2. 029707

SECOND DFRIVATIVE

=1.305F~09

OERIYATIVES OF INVERSE
FIRST NERIVATIVE

=3.590F=09=

SECOND DERIVATIVE

=62 T49E-09

-8.536E-10=

SUBRQUTINE LEGROOT

DAMPING
-1.1006E-02
«2.197BE-D2
~3.56T3E-02
~4.3937TE-02
-6.4T11E=-02

ITERATION 1
6.5000

OF FRFQ.
-9. 152E-C9

~6a.243F-08

3.001%-09

~T.093F-09

2.182F-09+

SQUARETD, NUMBER &
—T.242E-09

2.228F-09+

4.507T7-06&

-1.8588-02
4,0%2F-03
1.179F-02

=&, 264503

-5.493F-02

T =T.246€+00
4 253400
1,0495401
1.090F+01
5,0296-01

=1.647E~07

1.5825FE-07

Q.852F-0%

-3.242F-08

~5.24TF-09

=1.313%~0T

T.782F-02
2+246F-21
F.452F-01
1.020%~01
-3.169F-D2

4.T197+01
~6,595F+01
-3.436F+02
-1.698E+02
3.,141F+00

=1,500F=-07¢

1.493F-07+

4.4BLIF-09+

—3.042F-09+

-4, T99E-10+

FIRSY DERIV

—2.239T7TF-02
1. 70463F-04
2.9424F-03

-8. 4452F-03

-1.0859E-02

9.8287

SECOND DRIV
=1.2423E-03
1.6283F-02
2.9765F-03
-1.44765-03
=5.4837E-DG

10.1649 13.56217

RADICAL TN LFGUFRRF

—8.6567F-06
3.5923F-05
1.14B85F-34
TaTITSF-08
8.2564F-05

22.3160

1000.0002

2.1705=-06

=1.012E-01
~5.166F-02
2.288F-01
=4.899F~-01
1,274F-02

-1.553F+0]
2+209F+01
4.056F+01

=4.811F«02

~3.2775-01

-1.106F-05

3.883F-06

T.B26F-08

2.355€-08

-4 .503F-09

CIGFNVALY

=-2.38BE-08

1.202F-0!
B,887F-02
~-3.272F-01
T7.512F=01
-2.593F-02

-2.226F+01
4.4TOF+ 01
T.1264F+01

“T7.497E+02

—2.077F-01

~5.656F-06

2.510F-08

1.735E-09

-2.T31F-09

=2.402F=-09

9.083E-0T

B.T04F-03
9.186E-02
-1.442E-02
-3.,822E-04%
-5.253F-01

-2.154F+01

3.338F+01
-3.390E+01
-5.459E+01
-2.535E+02

E NO. PROJECTFED CROSSING

4

3
2
5
1

1. 0000F+02
1.0167TF+01
F,828TF+00
2. 2316F 401
1.3622%4+01

-3.991F-03

-6.108F-03
-1.200E-01
3.318F-02
S5.495F-0%
8,2655-01

—4.550F+21

b.238F+01
~&y ] 45F+01
~T.4655E8401
~4.463F 02

panunuo]) — vy XIdNdddv
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EIGENVALUES
1.TL11E-03

EIGENVYECTORS
9.758E-01
~4.246E-02
3,6828-03
=5.892E-04
-7.939E-04

ASSOCIATED RIGENVECTORS

1.432€+02
3. 46TE-01
-l.4B4E-01
~5.2BTE-OL
9.317E-03

FIRST DFRIVATIVE

SECOND DERIVATIVE

-4.29BE-D6

FIRST DERIVATIVE

SECOND DERIVATIVE

1.90TE-06

FIRST DERIVATIVE

SECOND DERIVATIVE

1.090€-07

FIRST DERIVATIVE

SECOND DERIVATIVE

-1. T98E-04% 1.093F-0& -1.245F-0¢
2. 142E-01 -6.039%-02 -46.409F-02
=-1.25TE~02 2 +930E=-01 ~5.561%-02
1.2B0F-03 ~5.386E-02 -2.8649E-04
=1.564E-0% 1.050F-02 Ge 330F-04
-2.520E-Q4 1.145%-02 -2.518F-04
—1.554E+01 1.012F+02 l.464T¢Q0]
3, 42TE-01) B.BIOE+OL 6.152E+00
-2, 961E-02 =5.504F+00 =-6.233E-01
-3.823F-02 -B.T799F+00 -1.20TF+00
3. 298E-03 1.079E+00 1.430F-01
DERIVATIVES DOF INVERSE OF FREQ, SQUARTD, NUMAER 1
=3.T45F-08% =-1.930F~05
-5.09TE-07= TLBDSE-06 1,919C-06+
DERIVATIVES OF INVERSE DF FREQ. SOQUARED, NUMSER 2
1.-399%-05 1.042F-06
5.0 4E-0T= —2+B41E=06 ~2.114E-07+
DERIVATIVES OF INVERSE OF FREQ. SQUARED, NUMBER 3
4, 22BF-0T 3.084F-08
9. 428E-07F= ~8.5BSE~08 =H.261E-09¢
DERIVATIVES OF TNVERSE OF FREQ. SQUARED, NUMAER &
7. 324F-08 -2.60%F-08
=3.5T6E~-09= ~1.487F~-08 5.286F-09%

-6.581E«08

DERIVATIVES DOF INVERSE OF FREQ.
FIRSY DERIVATIVF

=3.419%-08

SFCOND DERIVATIVE

—T.834E-09

—1.456E-00=

SUBROUTINE LEGROOY

DAMPING
-1.0141E-D2
-1.1390E-02
=2.9233E-02
-8.3760E~02
-1.05098-01

TTYERATION 2
9.8500

6. 942E-09

FIRST DERIV

SQUARFED, NUMBRR &5
-1.103%-08

24240F-09+

SECOMD DERIV

S5.324F=06

-1.923E-02
1.2B4E-02
T.4855-02
Te246F-03

~T.3008-03

=1.070%¢01
5.314%+00
1.57TR+01
4,578%¢01
9.543F-01

—4.560F-07

4.6TBE-0T

6.5705-08

-7.316FE-08

=4+328F~09

=-5.602%-+08

2.389¢-]31
4.600F-01
8.,053F=01
2.737F-01
~4.,0B6F-02

4.980F¢31
=6.2T6F+01
=2.510F+02
~3.440Fe02
—9.024%-31

~3.804F-C7+

3, TTEF-07+

S.T22F-09+

-1.743E-09+

=1.049E=-09+

6.3582E-02
1.0989F-02
-8.8569%-03
=1.6632%=02
=1.3580%=-02

10.8007

11.24838

9 4621F-04
1.9996F-03
=1.55T7TE-03
=-3.BRE8E-03
=1.1563E-D2

14. 9460

RADTCAL TN LEGUERRE
: 5.0024%=-05%
1e4354F-00
3,2907€-05
-4.9108F-05
6.29205-05

23.0979 1000.2000

2.698E-06

2. TA6F-02
1.5665=02
=9.5946E~02
1.199F-01
5462065~-03

L.360F+0]
=3.273F+0)
=5.560F+01

1.42T7%+02
=3.435%+00

=1.145F=05

6,280F=-06

1,291F-07

2.222F-08

~1.045E-08

EIGFMYALJ

-T.886E-08

1.87T3E-01
3.245F-02
-T7.555F-01
" b.070F-01
~6.979%=03

-6,253F+01
1.096E402
2.195F+02

=T .509C4+02
1.786F+01

=4 . 049F~-006

3.385E-07

1.004E-08

-7.119F=-0%

-2.647F-09

F ND.

[t - SR ]

A.356F~-07

-4,1T0E~03
1.1238-01
5.7TT6F-02

-3.436k-02

-3.68TF-01

-1.B0TF+01

2. 8695 +01
~3.578E+0L
—2.5619F401
-1.740%+02

PRAJFCIED CROSSTING

1.1284F+01
1.0801%+01
1.4946T+01
1.0000F+02
2,3098F+01

-6.,999%-08

=2.716F-02
-2.201%-01
-6.003F-02
S.27T0F-02
B.H499F-01

-B.209F+01

1.18BF+02
~6.738F+01
-1.247E+0D2
-5,421F+02

panunuo) — v XIANAIddV
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EIGFNVALUES

1.674E-03 -1.9B4E-04 1.235F-04 -—6.779F-09 5.9T&F-06 -2.273F-28

EIGFNVECTDRS
9.718E-Q1 2. 291E-01 ~6.521F~02 -~B8.207F=02
-5.209E-02 =1.T29E-02 9.908%-01 6.105F-02
4.516F=-03 1. 7TE4E-02 =5.T764%-02 -7.158F-03
—T.234F~0% —2.206F-04 1.1175-02 1.710E~-03
-9.7395-04 -3, 4228-04 1.232%-02 1,225¢-02

2+867%~01 -8.,232F=]2
4.926F=01 -1.877F-31
$.596F-01 -3,135F-D1
2.909€-01 -1.161%-01
-3.507¢-02z 1.986F-02

aS5NCTATED ETGENVEC TORS
1. 4564E+02 -1.59BE+01 1.,125F+02 3.794F#00
4,349F~01 4,015E-01 T.BTIFe0Y  —4.622F+00
-1.8603E-01 -3,5649F-02 =-5.6%98F+00 4, 803F-D2
-6.4634%-01 -5,2228-02 -9.7T79F+00 -2.072F-01
1.17T1E-02 3. 969€-03 1.0505400 =2.366%-03

~4.,0T47+01 -2,557F«01
5.109F+01 2.238F+01
2. D44aF+D2 8.561F+01
3.3366+432 L.663E+02 6.80TE+02 3.
1.098F+GD 1.261F¢QQ “2.345F¢ 0l 2.

—1.134F+02 -T,.

DERTVATIVES OF [NVFRSF NF FR<), 5DUARFD, NUMBFP 1

2.737€-06 -1.04T7F-07

14+605F=01 =8.08&F~02
-5,950E~02 =9.165E-03
—T«41TE-0O1 3.5443E-01
5.T98E-01 -2.6206-01
~5.322F-03 +~T7.,256F-03

6.662F+01 3.8228401

-2.355F+02 -1.43TF+02

T.995€-07

~T.911E~03
2.411FE=01
1,401F-Q1
-8.150E-02
-8.000E-01

-6, 9230401
S575+01 1.034E+02
-T.284E+01
S09F+ 02 ~5.850F+01
115E+01 -4.T67F+02

FIRST NERIVATIVE ~&4.162%-0% -1.58565-05
SECONO DERIVAT[VE
=4 4TOF=06 =£,5631F-07= T« TITE-05 3.6TTF-D&+ -5.8665-0T -5.033F-07+ ~1.159F-05 -3.83T7F-06

OERIVATIVES OF INVERSE OF FRFQ. SQUARFND, MNUMBFR 2
FIRST DFRIVATIVE 1.588=-0%5 1.589%-06
SFCOND DERIVATIVE

2,082 -06 B, 55 4E-0T= ~2.941E=06 =2,943F=0T7+

PER [VATIVES OF INVERSF OF FREQ. SQUARED, MUMBFR 3

5.9275-07 4.993F=07+ 4.631F-06 4.504F=07

FIRST DFRIVATIVE 5.287F-07 3.8967-08
SFCOND DERIVATIVE
1.125F-07 TaT386F-09= -9.790F-08 -T.214F-09+ &.327F-08 J.8TRE-NI+ l.472F-07 1.107c-08

DERIVAT[VFS COF [NYERSE OF FRFEQ. SQUARED, NUMRFR 4
FIRST NERIVATIVE 1.05305-08 -2.TB1E-0B
SECOND DERIVATLIVE
~6,3JTE-08 =2,5T798=10= ~2.018FE-09 S.150F-09+ =5.4A25=08 1.42)5=09+

DFRIVATIVES (OF INVERSE OF FREQ. SQUARFD, NuMBEs S
FIRST DFRIVATIVE —%. 183=-1B -1.256F-Q4
SECOND OSRIVATIVE

2.969F=09 =5.828F-09

-8,379E-09 -1.T7T2E-09= T.755F-0% 2.7325¢-09+ —%.4863E-09 -1.2985-0%4+ -1.167TF-08 -2.800F=09
SUBRDUTINE LFGRCOT
OsmM? NG FIRST DRIV SFCOND DERLY #ADTCAL IN LEGUFRRF TIGFNVALUE ND. PROJFCTFD CRADSSING

1.0RD4F+01
1.1352F+0}

-5.4084E-05 1.28745-02 1.9962F-03 1.6586F-14 4

-3.8043%-402 &, B8552F-02 1.5321%-04% 4, T5T9E-05 2

-3, 2242802 =1.0006%-02 —3.067TE~04 6. 544T5-05 &

=-1.J1%83E-01 -2.1024%-02 —5.4824F-03 —1.14T2F-D% S

-1.1455F-01 ~1.4812E-02 -1.44958-03 4.75536-05% 1
TTERATIDON 2

10.8000 10,8043 11,3515 15,5271 27.9913 1000.0000

FLUTYER FIGENVALUT NO.
Y.6T37F-02 -1.9841E-0%

2y EIGENVALUSY
1.23518-04 -6.7T786F-0%

5.9759F-046 —2,2734F-08

RF1 FOR PREDICTFO CROSSINGS CORPESPOND TO EIGFNVALUES RuMmBFRS
2

2 3 4

RONT NUMAFR 1

VELOLITY = £315.702

RFY = 10,4800

2737506 —-1.0469E-0T

NA, OF ITFRATIONS RFQO, = 32

1.552TE+0]
1.0000E+03
2. 79915401

T.99596-07 -8.1170%-08

-B.117€-08

~3.673E-D3
=1.266F=01
-3.883%-02
3.218%-02
5.069F-01

-6.625E+01

F.590F+01
-3.6115+01
-1.016F+02
-3.T32F+02

PanuUIIu0) — ¥V XIANAddY



G%

S IGENYALUES

1.6%0E-03 -2.094E-04 1.326F-04 F. T185-07 6. 2845-06 -1.679%-10
EIGENVECT ORS
9.657F-01 2.521E-0D1 ~8,3385-02 =8.0237F-02 3.0688-01 1.249%-31
-5.795E-02 -2, 148E-02 F.899°-01 -5.282F-02 5.26495-01 1.T34F-01
S+ 019F~02 2. 092%F-02 —6,026F-02 -5,4558-04 &.640F-0F 1.531F-01
~8.0545-0% -~2.781E-D% 1.170%-D2 2.869F-04 3.153F=01 9.380%-02
=1.083F-03 -4,215F-049 1.288°-02 -1.8%05-0¢ -3.835F-02 -6.209F-03
ASSOCIATFD FIGENVECTORS
1.4823E+02 -1.835F+01 1.,170F+02 1.803F+Q1 —4.632F+01 5.0425400
5. J00E-01 4.338%-01 T.340F+01 3.652F+00 4.986%+01 -1.371F+07
~2.116E-01 -3,844E-02 -5.6755400 -5.943F-01 1.985F402 -%5.T658+01
-T7.539€=01 -5.232E-Q2 -1.017€+01 -1.2895+00 3.729E402 -B.327F+01
1.32e5-02 4. 303F-03 1.+01&6F+00 1.044F5-01 1.T96F+30 1.903¢-01

DERIVAYIVES OF INVFRSF OF FRYQ, SQUARED, NUMBFR 1

FIRST OFEPIVATIVE -4. 411%-05 —2.925F-05
SECDND DERIVATIVE
-4.5B6E-06 <=7.T6T6-0T= T.TT25-06& 2.569E-0b6+ —b.s I555-0T7 =

DERIVATIVFS OF TNVFRSE OF FRFQ. SQUARFD, MNUMRFR 2

FIRST DERIVATIVE 1. TO&E-D% 1.97%F~05

SECOND NERTVATIVE
2.201F-06 TWET1E-0T=

=2.004FE-06 -3.4B855-07+ 6. TR2F-07

NERIVATIVES OF INVERSF OF FREQ. S50UARFD, NUMBER 2
FIRSY DEPIVATIVF 5. 904507 4.306F-08
SFCOND DFRIVATIVE

1+117F =07 Ta2T4F-Q9=

-1.040E-07 -T.588F-09+ 5.932¢-08

DFRIVATIVES OF INVFASE OF FRFQ. SQUARED, NUMBER &4

FIRST DERIVATIVF =2+ 3095 =08 -2.752F-08

SFCOND DER [vATIVE
=~5.94T5<N8 1l.2228=09= 4.040E-f9

4.9508-09+ -5.T7385-n3

AFRIVATIVFS OF INVERSE TF FREQ. SQUARFD, NUMAER 5

FIRST DERIVATIVF ~%. 650508 -1.357F-0B

SFLOND DERIVATIVE
-8.827€-09 -Z2.020F-09= =4, 5B1F-09 " -

8.2125-09 2+ 39EF 09+

SUBROUT[NE LEGROOT

5.,952F-07+

5.906F~0T+

F42TF-09+

2.T1TF-09+

1.500F-094+

PAMPING FIRST pEaly SECOND DERIY SA0ICAL 1IN LEGUSRRE

T+33086~03 1.3969%-02 Z2.0545F-03 1.9055F-04&
-2.6727E-D% 5,R553%~02 -1.3013F-04 4.5992F-05
-4,3870E-02 -1.0428%-02 -6« 8352E-Q4 T.BILLF-05
-1.1298£-01 ~2.4332E-02 -6, 837002 =1.8426F=04%
-1.2693F=G1 -1.56565€-02 ~1.6509E-03 1.5592E-0%

ITERATION 1

11.3500 10.804% 11,3539 16.286% 372.930& 1000.00Q00

FLUTTFA FIGENVALUE WO,
1.65015~-03 ~2.0944E-0%

3, TIGENVALUFS
1.32545E-04 9,71805-07 6.2836E-06 -1.6TI4E-1)

GFl FNa PREDICTED CROSSINGS CORRESPOND TN SIGEWVALUFS NUMBERS

2 3 4

ROOT NUMBFR

2 4 VELDCITY = 20430.954 4 RF] =

11.350

2.734F-06

L.67T3F-01
-1.T146-02
-B.,060F-01

4,983€£-01

2a64BF-03

B.2155+01
=1+4TOF+02
=2.989F+02

Ta134Fe02
~4.03258+01

=1.168F-05

4.5296-08

1.564F«07

=6 .144F~09

-1.2%6E-08

FIGENVALL

24T7340F =06 -1.,1994E-07

NN, OF I[TFRATINNS RFOOD, = 1

=1+199E-0T T.752E-07
4.338E-02 -1.125F-02
-1.575%-02 ?.TH61E-01
=2+ 407E~0Q1 1.8712F=01
1.1576-01 -1.025F-D1
~%.8LTF-03 -8.799F~-01
-1.725=+DL —A,843F+J1
2.124%+01 1.319% 402
S.4846F+01 -8,196€+01
-1.739€+02 ~1.249E+02
-£.97SF-02 -5.688F+02
~3.750F-06
5.2 535-07
1.143€-08
- 6.345E-09
-2.916F-09
£ NDa PRJFECTEN CRNSSTNG
e 1.0804F«0]
2 1:.1354E+01
4 1.6287%+01
s 1.0000Fs02
1 3.2931F+01

T.751 TF-0T -8.8356€-08

-8.836F-08

-5.36DE~03
-T.365E-02
-1.,356F-02
1.7265-02
3.130%-01

~5.4T3Fe0Y

T-.951F+01
-1.8995+D1
~B.66TE+OL
—2.T6TF*D2
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FIGENVALUTS

1.3705-02  ~-3.269%-0% 2 49RE-04 2.T87F=-05 1.354%-4%
EIGFNYSCTPRS
=7.335F=01 ~6.544F-01 1.431%-01 2. 2775 -01 5.1627-01
9.177€-02 1.334F-01 -9,352F-01 -2,180F~01 7277001
-7, T64F~03 -1,187E-02 &.9275=07 2.0T0°~07 3.0987-01
L.291E-03 1.849€-013 -1.318=-02 =-2,750°-72 2.9775-01
1,7025-03 2.515F=03 -1.801F=-02 -£4£,202¢-03 -1.7*8¢-02
ASSOCIATFD EIGEMVFLTORS
~1.640F¢Q2 T.921+01 -1.736F+02 9.TA8F+90 —%.6257+00
-l.TBEF+ 00 -6.%415-01 —2,822F+D1 1.201F+01 3.094F+01
£.416F-01 =%,128F-02 5.363F+00  =1.144F+00 1.253%+02
2:223F+0G ~2.7245-01 1.36N07¢01 -2.225F+00 401 TE+02
=4,304F=02 -1.884F-03 ~=7.713¢c-01 2.2555-01 1.27BF40D0
DOFRIVATIVES OGF INVERSE OF FRED. SQUARSD, MUMAFR 1
FIRST DERIVATIVE =7.062F=05 -2.984F-05
SFLOND NFRIVATIVE
-6.194F-08 -4.19%F-06= B.66KRC-Db 2. 6615 =06+ =1.7445-06 -
DERIVATIVFES OF INVERSFE OF FREQ. SQUARPFD, NUMBFR 2
FEIRST NERIVATIYC 34169 =75 Tel59F-N5
SECAND DER[VATIVF
3,7585=06 4+ 183F-04= ~2.8R09%-08 -1,411F-04+ 1.T2RE=06
NFERIVATIVES OF TNVFRSF OF FoEQ. SQUARFD, NUMASFR 2
FIRSY NERIVATIVE 1.132°-06 9.201=-08
SELNMD NSRIVATIVE
1.147F=07 l.410F-08= -1.3896-27 =-1.129%-DA+ 64,4947 =09
NERTVAT IVES NF INYFRSFE JF FREQ, SIAPFD, NUMRRP &
FIRST QR IvVATI e -1.999=-07 -31,RR5F-09
SECOND TSRIVATIVE
-1.282F~04 A.123F=33= Zo442F-00 4.TRET 10 -6.370F-10
DERIVATIVES OF INVFRIE AF FOFQ. SQIARFD, KUMRFE §
FIAST NSPIVATIVE =1.160%~07 -2.502F-08
SECOND DFERIVATIVE
-2,3T8F-08 -7,5456-07= 1.423F=08 4.79TF-09+ -1.45%6-C8 -
SUBRNUT [NF LFGRNAT
DAMPING FIRST DFRIV SFCOND DERIV QADTCAL
tL1156F-01 3.18947-02 6.97765-03
3.0272F=02 5.4797C-02 -1. 68065 =04
=1.72090F-01 -1 14679-92 1.0R44FwD3
-2.787CF-01 -2.4091F-0" -T.65380%-07
=4,3019%-01 —-2.28% -0 =1.80175-01
[TERATIONN 1
16.3000 3.0710 11.191% 22.B007 1900.0000
FAuUND 2 RONTS, RPFT F0R THE NEXT @00y pepepteTep = 22

«B0JT 413 BFYNND THE RANGF

319 °-07

B.6=9F-02
1.06RF-D1
1.456%-03
2.206F-02
Y.44TF-32

—6.1225+010
-2.860%+00
~1.5&860+01
—241665401
9+ 164F=02

3.568F-0n04

34 55TF =06+

Febb6T-09+

TeE625-09¢

6.730F-09+

TH LEGUERRE
2.38165-04
2.F1147-05
2.40907-04
=6.65T75=24
-2.5995F-02

1000.0000

2.090°=06

-7.224F=02
6.7995-02
5.16TF=01

-1.8854F=p1
3,491 F-02

=T 11670l

-2.109F-07

1.166%-01
-9,A98%-072
-7.5T77F-01

2.982°-m
-3.929F-03

-1.0%284+07

haD1TF-07

4. 620F-02
-1.68AF-01
-F.841F-01

1.2745=01

2.5918-01

=54, 6187 ¢Q1

l.1atv+02 2.002%+02 8.168F«0)
2.TETF+02 5.,006F¢02 1.2108+02
~3.R02F#02 -£,008%:02 -l.3g4%¢02
A.601F+01 2.383F+02 L. 7877+
—1.310F-05% -—4,2A87%°-06
5.911°~08 «07BF-086
2. IREF-0F 1.575%=08
-3.660F-08 B.4B0F-11
-2.146F=08 =-5,T712%-09%
STGENVALUS MO, PRAJFCTEY CANSSING
2 9.0T10E+20Q
3 1.11917+01
4 2.72B801F+ 31
1 1. 03005423
& 1.0000F+23

-1.,9ARE-17

-5.061F-07
2.8865-0D}
5.281F-07

-2.0R5F-0"

=5.6225-01

3.768%+02
-5.6%96F+02
6.060F+QY
5. 547F¢07
1.622F+07
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TTERATION NO. 1 DENSITY = 1.1468€-07 SQRT(SFA LEVEL DFMSITY/DENSTTY) =

1.0000F+00

FLUTTFR yE| = 6.316TC#)3 AIR SPEFD = 9.0261F %03 IVFL~-ATRSPEED]*100/VFL = —327.2204

RFOUCED FREQ. = 10.800

*®«THE DERIVATIVES ARE W.R.T, SQRT{SFA LEVEL DENSETY/DENSITY) #%

DERIV. OF REQUCED FREQ, = —9.48D0F=-02
DERIV. OF FREQ**2 = —4,T296E+02
DERTY. OF VELDCITY = &6.2828F+03

SFCOND DERIYV. OF RF = 1.9344F-01 4 SECOND OERIVY, OF

FREQ**2 = 1.0175E+03 ,

SECOND DERIV.

DENSITY = T.806131E-08 4, RFIMIN = 13,1467
EIGENYALUTS
L.659E~03 +1,643E-04 1.2488=04 =9.9956-10 6.001E-06 —1.774F=08 2.T35F-08
ETGENVELSTORS
9. 75TE-01  2.120E-01 ~T.332F-02 =6,663E-02 2.9505=01 =5.938F-22 1.68TF=01
~5,355€-02 ~1.582E-02 9.930€-01  2.038F=02 S.126F-01 =1,.407£-01 -5, T44%=03
4.662F-D3  1,5556-02 —54833F-02 ~-4.163E-02 6.8558-01 =-2,377F-01 -T.805F-011
=7.412F-04 -2,032E-04 1.127F=02 1,010F-03 3.0216-01 -8.712F~02 5.069€-01
-1.703€-03 =3, 1196-0% 1.746E-02  6,382F-04 -3,7T16F~02  1.539E-D2 ~4.,054E-03
8550CIATED EIGENVEC YORS
1.472E+02 -1, 651€+01 1,131E402  6.579E400 ~4435TF+DY  -1.999E+01 T.192E+01
4,568F-01 3, 260E-D1 T.TO9E4DL  -1.4DTF+00 5.2925401  1,679F+01 -1.245E+02
-1.302E-01 ~-2,645E-D2 -5.585E¢00 -1,328F-01 2.107E402  6.380F+01 ~2.558E% D2
-~6.TT1E-01 -2.9245-02 -9.8085+¢D0 -4, 672F-01 3.513C402  1.27SEsD2 T.006F+02
1,207%€-02  3.092E~03 1.064154¢00 2.341E-02 1.311F+00  1.052E+00 —2, 455401
DERTVATIVES OF [NVERSE JF FR%Q. SQUARED, NUMBFTZ 3
FIRST DERTVAT[VE =3.483E-05 -1,356E~05
SECOND DERTVATEIVE
-3.013F-06 =3,8956-07= 5426B5-06  2.,063F-05+  -4,3755-01 -2.94LF-0T+¢+ -7.904E—0&
DERIVATIVES QF INVERSE NF FAFQ. SQUARED, NUMBER 7
FIRST NERIVATIVE 1.331F-0% 1.121E-06
SFCOND NERIVATIVE
1.4605-06  3.B826E-0T= -2.024F=0b -1.T055-DT+ 4.413F-07  2.919E-0T+ 3.043E-06
DERIVATIVES OF TNVFRSE NF FREQ, SQUARED, NUMAFR 13
FIRST NERIVATIVE 9. 414E-0T 2.692F-08
S5FCOND DERIVATTVE
T.6655-D8 - 4, 3056-09=  —6,713F=08 -4.094C—Q9+ 4.291€-08  2.120E=09+ Y .009E-07
DERIVATTV.ES OF TNYERSF OF FREQ, S0U40SD, NUMAER &
FIRST DER[VATIVF 6.3B0F-D9  -1,R056-08
SECOND DERIVATIVE
~4.310F-08 -5.573E-11=  -9,704F-10 2.BB26-09+ =4,357¢-08 0.841F-10% 1.440F-D9
DERIVATIVES 0F [NVERSE DOF FAFQ. SQUARED, NUMBER 5
FIRST NFRIVATIVE -3.5165=08 -B,526F-D9
SECOND NFRTVATIVE N
~5,TT6E—09 -1.013F-09= 5.34TE-09  1.21ZF-09+ -3.0B95-09 =-7,440F-10+¢ -g.034E~08
SUBROUTINE L¥GROOT
DAMPING FIRST DERIV SECOND DFRTY RANICAL TN LEGUERRE ETGENVALY
=8,0085E-06 B.9R4SF-03 1.15005-03 A, 0731F~05
~2.9531E-03 4.569812-01 6.3973S-05 2.22812-25
~3,1908E-02 -5, 0534 F-D3 ' —4.9120t-04 3.1293F-05
=8,48356-02 -1,4585F-02 ~3.1776F-D3 -5, 6847605
~94839LE-J2 T =1.0185F-02 ~B43629F=04 2.1048F=05

OF ¥ELe 6.0119F+01

-8.727€-08

-5.985F-02
-T.547F-03

2.527e-01
=1.948%-01
—6.419%-03

2+903F+ 01
-5.839E+0D1
=1.100€+02

2+611E+02
-1.T1&E¢ )]

-2+158%-06

22 6123E-97

6.2T95~09

~2.822F-09

=1.5081F-09

T+959€-0T

~4.900F-D3
2.692E~01
1.39BE-01
—8.4&50E=-02
-%.402E=-01

-9.691E+01
1.429E+402
=T.946F «0}
-1.432E+02
~6. 094E+02

E NO. PROJECTFD CROSSING

2

3
4
5
1

TL21510401
1.2TT6F+01
1.88545+01
1.0000£403
1.45975+01

-6.T52E-08

~6. T6TF-02
b4eB42E=(2
S.11BF-02
-2.2715F-Q2
-1.048E-0D1

-5.1T9F+0]
5.932F¢Q0
1.603F¢Q]1

-l.216F+01
1.6B4F+0]
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ITFRATION 1

12.1500 12.1509 13.7759

FLUTTER ETGENVALUF NO. = Ty TTGENVALUFS

1.6654%-03 —-1,6426E-04 1.2481%-04 -3.9954F=10 6,7067€-06 -1.7738E-08

18.A%5%0 34,597

RF] FAR PRAFDICTID CROSSINGS CNRRESPOND TN FIGENVALUES NUMBRPRS

2 3 4

o 1000.0000

2,7251F-06 -B,.T272F-08

RONT NUMBER 1 VELOCITY =  T650.904 , RF! = 13.150 4, NN, OF TTFRATINYS 1€Q0, = 1

EIGENVALUSS

1. 6458-03 -1, T32F-04 1.338%=04 B.130F-07

CIGENVECTNRS

9.772=-01 2.020E-01 -8.001F-02 -T7.497c-02
~6.212%-D2 -1.77T4E-0Q2 ?,906F-01 S5.12357-02
S.2385-03 1.7338-03 -5.020F-02 —6.222F-02
-8.324F-06 =2,293€-04 1.162%-02 1.423F-03
-1.1255-03 -3.4B7E-0D% 1.291F-072 1.0R2€-03

ASSNCIATFD EIGENVECTNRS
1.496F+02 -1l.425%+0Q)
5.0975-01 2. 6605-01

-2.149F-01 -3.357€-02
=7.6462F-01 ~=4,9275-02
1.359€-02 3. 498E-03

1.189F+02 3.622F+00
T2695401  -3,9T6F400
=5 +590F+00 5.484F-02
-1.078F+0F -1.4652F-01
1.012Fe00 -1.152F-072

OFRIVATIVES OF INVERSE NF FREQ. SOQUARED, NUMAFR 1

FIRST DERIVATIVE =1, 6665-05 -1.295F-0%5
SECOND DERIVAT[VF
-31.168F-06 -4,533F-07= 5.312F-D8 2.005F =06+

OFRIVAT IVES OF [NVFRSF OF FREQ, SOQUARFD, NUMBFR 2

FIRST DR IVATIVE L. 428F=05 1.390F-06
SECOND DERTYATIVE
L.551F-08 4u 46 BE-0T= ~2.0T0E-06 -2,0135-07+

DEGIVATIVES NF INVERSF NF FRFQ, SQUARFDy NUMBER 2

FIRST DERIVATIVF 4.911F-27 2.9626-08
SECOND NER[VATIVE
T.606E5-08 4.068F-07= ~7.117E-08 -4 ,292E-C9+

DERIVATIVES OF [NVERSE OF FRFQ. SQUARED, NUMBFR &

FTIRST DERIVATIVE -2.0725-08 ~1,871F-0R
SECOND DERIVATIVE
-4.0125-08 T4 0OE-12= 3,002¢€-99 2. T12F-0T+

NFRIVATIVES OF [NVFRSE 3F FREQ. SDUARSD, NJMRER 5

FIRST OFRIVATIVE -3.%01%-0D8 =9.328F-0%

SECOND NFRIVAT[VE
-6.097F=03 =~1,151F-03=

S.654E-09 1.252F-09+

SUBROUTINE LEGRCOT

65.310F-06&

3. 1525-01
S.656F-0]
§.650%=-01
3.18945=-01
~3.238%-02

~4. 5265401
5.022F+01
1.53%6F+02
3.75TFe02
1.791Fed0

-5.057¢-07

5.072F-07

4 .032%-08

=3 .850F-08

-3.249F-0%

OAMPING
&.0773F-0Q7
1.02370-04

—3.64575-02
-%.5037F-02
-1.0519%-01

FIRST DFATy

. T5375-03
4.6870°-02
-7,13077-02
-1.68A85~-02
=1.074T=-07

SECOND DERIV
1.1888F-03
~8.+6030E-05
=3.72845-0%
-3.9454€-03
-9.5653F-04

6.459%=10

1.0675-01
L.489E=01
1.309F-01
Ae0I0F=02
-5.2995-03

4.5015+00
-1.174F+01
~4,308F+01
~T.2055+D1
1.3586-01

-1.473F-0T+

3.453F-0T¢

1.B9TF-09+

1.5T5F-09+

—0.56%F-10+

RANICAL TN LFGUFORF

B.TT14F-05
2.13T7F-05
3. T253F=05
—9.0099F~05
1.4BHSFE-DS

2.720€-06

1.674E-01
-1.873r-02
-8.094F-01
4.95TE-01
1.ABOF-53

B.254E+01
-t 47156402
-3.001F+02

T+13QF+02
=4.101E+01

=T .976F~-06

3.113F-08

1.069€-07

~4.5LTE-D9

=R.497E-09

FIGENVALUS NO.

—-9.954F-08

%a296F-02
-1.420%-02
-2.346%-01

1.167T£-01
-B+243F-03

=1.794F+01
2.406F+01
5.850F« 01
-1.747R+02
1.729F+00

=2.111F-06
3.0306-D7
5.4 6509
-3.54TF=-09
-l.646E-09

2

E]
4
5
1

T.9%9DF-07 =6.T5295-08

T.718F-Q7

=7.202F-03
Z2.687%=01
1.6656-01
=9.538F-02
-8.945F-01

-1l.055F¢02

1. 549E¢02
=T.TS56F+01
-1.537F+D2
b, 249E+02

PANJFCI =N LROS5SING

1.3151F¢D1
1.371785401
1.9TT3F4Q1
1.00005+02
4210645401

=T.335¢-086

-9,.833¢-02
%.967E-02
9.2B5F-02

~4.,397F-02

—2.651F-01

1.1750+01
-E.B90F+01
F.139F+00
1.D6TF+Q)
1,2377+02

peNuUIUO) — ¥V XIANAJIdV
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1TEQATION 1
13.1782

13,8000 12.1511 19,7731
FLUTTER EIGFMNVALUF NO. = 1, FIGENYALUFS
1.646625-03 —1.T315E-D4 1.3377%-04 8.1.299F-07 6.320986-06

RF] FDA PREDICTED CROSSINGS CORRESPOND TR FIGENVALUES Numps=as

2
®OCT NUMBFR 2 4 VELOCITY = 35709.580 , RFI =

ETIGFNVALUES

1,365E=-03 -2.7025-04 2.532F-04 2.3T5F-05
EIGENVELTORS
-B8.583F-01 -4&4.8%58%-01 1,715F-01 1.998F-01
1.239F-01 1.082F-01 -9,418F-01 -1.951F-01
—1.068E-02 -9.686E-03 T.019F-02 1.829F-02
1.734%-03 1. 4998-02 -1.327T%-02 =2.299F-03
2.310%-02 2.042E-03 -1,519F-02 -2,726%=03
ASSOCTAYED EIGENVECTORS
-1.782F+02 5. 18TE+ 0L -1.751F+02 1,028F+01
=1.745F+00 -7.132E-01 =3.B836E+01 1.045F+01L
6. 62%5-01 1.639E=02 Sa359F+00 -1.01BE+00
2.321€+00 -1.08B7E-01 1.358F+0Y ~2.107F+00
~4,389E-02 -5.645E-03 ~7.002F-01 1. 790F-01

NERIVATIVES OF INVERSE NF FASQ, SQUARED, NUMBFR 1

FIRST NERTVATIVE ~5.964E-05 -2.073t-05
SECOND DERIVATIVE
~4.TTBE~06 —2.0661F-06= 5.039%~-06 2+1058F-N5+

DFRIYATIVES DF INVERSE OF FREQ. SQUARFND, NUMBFR 2

FIRST NRRIVATIVF 2. T46F =05 8,.317F-06
SECOND NERIVATIVE
3.108E-06 2.5 TR~05= -2,TA1E-06 -BJ422F-0T+

NERTYATIVES OF INVERSE NF FREQ. SQUARFD, NUMBER 3

FIRST NERIVATIVE 9.3505-07 &, 267F-08
SECOND DERTVATIVE
T.833E-08 T.921FE=09= -9.,468F-08 ~-6.346F-09+

DERIVATIVES OF INVERSE OF FREQ. S5CUARED, NUMBER 4

FIRST DCSRIVATIVE -1.634F-07 -2.658F-09
SFCOND NERIVATIVE
~R. h&IE-00 4.528F=-09= l.5%4%-08 2.697E=~10¢

DERIVATIVES OF INVERSE OF FRFQ. SQUARFN, NUMAER 5

FIRST NERIVATIVE -9.668F-04 =2.3B3E-08
S5CCOND DERIVATIVE
—1.628F-08 =~4.,255€-0%= 9. T91E-09 2.4135-09+

41,0639

5.4591F-10

13.800 , NO.

1000.

4000

2.,7303¢-06 -9.9540E-08

OF [TERATIONS REQD, = 1

1.055%-0%

5.171¢F-01
T.295+-01
3.094%7-01
2.977-01
—1.T24F-02

~4.607F¢01
31.111F+01
1.7645+02
440157402
1.330E+00

-1.685F~-06

l.6T65-06

3.095-08

-3.926F-10

-1.122F-08

2+6205-07

T.622F-02
9.714E=02
4.9T79%~D3
2.26%5°-02
9.902E=046

~4.483F+00
-2.TSHE+00
—1.461F+D1
-3.092F+01

5.839F=02

=2.294F-05+

2.288F-06+

5.421F-09+

4.2145-09+

-31.462F=-09+

2.091FE-06

-1.339F-01
1.156F-01
8.873F-01

-3,43R8F-01
1.717E-02

-1.223F+02

2.258E+02
5.620E+02
~6.914F+02
2.522F+02

-%.122F-06

%.213F-06

1.422E-07

-2.582F-08

-1.475F-08

T.TYA1F=-0T -7.32350°-08

=-1.736F-07

=2.992F-02
3.068F=-02
2.3226-01
-T.952F=02
2.718F=02

3.1568F+01)
—4.339E+01
-1.0175+02
1.605%+02
-1.228F+01

-2.4TLE=06

1.,211E-0%

9.B846E~09

4.5165-11

~3.205€-09

1,968F-0T7

5.131E-02
-3,235€-01
-6.243E-01
2.382F-01
6.108%-01

3.576E+D2
=5.T12E+02
T.900E+01
S.4b2E+D2
1.658E+03

-l.626F-0T

2.691F-02
-8,529E-02
-2.157E-01
T.416E-02
1.094E-01

1.095E+02
-1.8196+02
-92.,035E+01
2.244F4+02
3. 054%+02

panunuo]) — V XIONHddV
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SUBRTWTINE LEGROOT

NAMPING FIRSY DERIY SFCOND DFRIV RADICAL IM LFGUERRE
9.37TT1E-02 2.2666%-02 4. %264F-03 9.8671F-D25
2.59323%=02 3.TI1TE-02 -9 .580TE-05 1.6314E~-05

=B,3046E«02 =7.T608F=-02 6.03685-04 1.1079E-04%

-1.9804F-01 —2+.38BTE-02 -4.T313FE-03 =3.6630E~D4

“4.0967F-01 -1, 598%E-01 =1.0542E-01 -1.T634F=02
ITERATION 1

19.7500 10.3100 13.3771 27.6403 1000 .0000 1000.0000
FOUND 2 RDNTS, RFI FOR THF NFEXT ROAT PREDICTED = 27.6402 415 BEYOND THF RANGE

ITERATINN Ni). 2 DENSITY =

FLUTTER VEL = T.465095+03 ATR SPEED = T-6504F#03 (VEL-ATRSPEED)

7.8061€~08 SQRT[SFA LEVEL DENSITY/DENSITY) = 1.

*100/VEL

EIGENVALUE NO,

e oW

2121 E#*00
« 0065

PROJECTFD CROSSING
1.0310E+0]
1+35TTE+01
2. THRDE4D]
1.0000%+03
1.0000F«D3

PIPRRUC) — ¥ XTANHJIAY



APPENDIX B
FORTRAN PROGRAM LISTING

The FORTRAN program listing for program MATCH and related subroutines are

presented in this appendix.

Program MATCH

NVFRLAY (MATCH,0,01 ’
PRIGRAM MATCH(INPUT=1,0UTPUT=1,TAPY4,TAPFT7=1,TAPFBAR,

1 TAPZ5=TINPUT, TAPFA=NUTPUT)
(7 %o o e e e dr ok ok Ak o dxde o Wk dededodpde ok o ek IE T T TL SR 23 222t bttt
Cx KUMAR G.AHATIA, JILY 2441972 x
C* FINDS FLUTTER MATCH POINT Ne CROSSINGS Fre SPECIFIED DENSITIES *
c* PERF = MAXIMUM (VELDNCITY=SOFEFN NF SOUNNAEMACH)®100/VELOCTTY *
C* TOLERANGCE SPECTFIEN F£NQ TERMINATINAN [IN PRRCENT) *
C* MAXMAT = MAXIMUM NUMRBER 0OF [TFRATINNS ALLDWFD *
C* ITRCPO DFEFINES THT INITIAL DENSITY FOR MATCH PNINT SEARCH *
C* = 0, TINITIAL DFNSITY = 5S4 LEVFL DENSITY %
C* = v, INITIAL D=NSITY = DFNSITY FOR GEOMFTRIC ALTITUDE  NF *
C* 36,200 FEET ®
C* ==1, INITIAL DENSTITY = BHN(1} IN NAMFLIST FOR L EFORDS *
L= [MATCH = ¢ COMPUTES FLUTTFR CPNSSINGS AND VELOCETIFS FNR SINGLF %
= 0P MULTIPLE DEMSITIES AS SPECIFIFD IM LFFORNS *
C= = 1 MATCH PNINT 15 GOMPUTED WITH INJTTAL DFNSITY SPROIFTED®
c=* rRY ITRTPY *
c* RECSLD = PEFERENCE SEA LFEVEL OFNSITY TN APPPOPRTATE MASS UNITS *
C* HNMTTL = 1 IF ALL LENGTH UNITS ARF IN FFET, NO INPUT 2°QUIRFD *
C* MO, DOF LENGTH UNITS / FOOT, MUST BF INPUYT FNR MATCH-POTNT*
c* SFARZH WHEN THE LENGTH UNITS  *
[ SELEFTFD ARRE OTHFR THAN FFET  «
(e doae e o oo e e e e e e T Aokl e de ko Ak ok kb ok Al ke otk R ok ke e e e e ok ek

RFAL MACH
NAMEL IST/NAMATOH/ PERE MAXMAT,MACH,TTROPO, TMATCH,RFFSLD,UNTTL
UNETL = 1.0 i
READ {5 ,NAMATCH])
WRITF (64 NAMAT CHY
IF [ IMATCH .%Q. 2 ) G0 TN 14N
CALL CRNSMAT(MACH, PERF,MAXMAT, [TROPO, REFSLD,UNTTL)
G0 TN 200
100 CALL LEFCROS{IMATLH,RHNM,,RFIMIN, SYFL)
200 CONTINUR
=ND
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APPENDIX B — Continued

Subroutine CROSMAT

SUBROUTIN®T CROSMAT(MACH,PFRF ,MAXMAT, I.YROPD,REF ,UNT TL)
COMMON/DERTVYS / DRE .DMU,DVEL, SNDRF,SDMU, SDVFL

COMMON NM NMAX,NETG,NVFC

REAl, MACH

DENTROP = 1,836R26€E82

IMATCH = 1

NDER = 2

NL = 2

NL1 = NL - 1

TF {ITROPD) 5,4,7,8

& KN = ~1,0
6N Tn 9

7 RHN = RFF
50 TH 9

8 2HY = RFF * 2,9639%-01
DRET = =RFI#RFI%NIF

SNRFT = 2.0%0RFI*IRFI/RF]I - RFIxRFIXSORF
REI = RFI + DRFI*NEL + J.5#SNRFTANEL 2DF|
6N 17 1
500 RETURN

1000 FORMAT (//+43H MATCH=-POINT ETECATION DIN NNOT CONVERGE TN 12,
1 Y1H ITERATINNS)

2000 FAORMAT{/,25H ARGUMENT NOF RADICAL IN LAGUFRRRF = ,F17,3,18H, ITFRAT!
10N NO. = 413,12H, DFNSTITY = ,%12,4,8H, VFL = 4F9,2,/,10X,24H, SPFF
20 0OF SCUNC*MACH = ,F9.3}

2500 FORMAT(1HY)

3Q00 FARMAT[//4,14H [TEAATION MAL, 12,114 DENSITY = ,Fl2,4, ?SH SQRT({SFA
ILSVFEL DENSTITY/NFENSITY) = ,F1l2.4,/7,16H FLUTTER VFL = L,F12,4,
2124 ATR SPRED = 4R12.4,26H (VEL-ATRSPEFDI*100/VEL = ,FB.4)
=ND

Subroutine DERVDEN

SUBROUTING DFRVDEN{RHDI,NDFR, RFT)
C=* RHD = SQAT(REFERENCE DENSITY/DENSITY)

CNMMON/DERI VS / DRF 4DMU,DVE Ly SDRF ,SDMU, SDVFL

COMMON NM,NMAX  NETIGyNVFC

COMMON/BLKL/ AF,DAF, SDAF

COMMON/BLK2/ FIGeVEC,AVEC,DIFS,5DIFS

COMMON/BLKA/ TP,TP2

COMPLEX VSAU4RI1LRI4,RIG,RIT,RI7,R18

COMPLEX AF(12,120+DAF(12,12),50AF{12,12},E1GI12}1,¥FCI(L12,12},

1 AVEC({ 12412 }4DIFSI12),5DTFS(12),TP{12,12),TP2(12,12)
Ct*tt**t***l***t*****t#***t#*tti********t****##t#*###***tkt*#*##*###t*##

C* KUMAR Ga BHATIA, JULY 21,1972, *
Cw COMPUTES DERT VATIVES WITH QESPTCT TN SQRT{2,.378E~0/DFNS ITY) *®
C* DVFL = FIRST OFRIV OF VELACITY, SDVFL = SFCOND DFRIV NF VELACTTY #
c* NMU, SDMU ARE THE FlasT AND SSCOND DERIY,RFSP, NF FLUTTER FREQ%#*2 &
c* DRF, SDRF ART THE FIRST AND SFECOND DFRIV,RFSP, OF RFDUCED FRTQ, &
C= NDER = NUMBER 0OF NDERIVATIVSS REQUIPFD, 1 OR 2 *
CEERRER ik Nk ko kddodd ko h bk Eh ok ke e e S N C R AR Nk Ak ke g
REWIND 4

REATI(4) MyRFT 4VEL, VSAULFTIG+VFC ,AVEC, AF, TP
RHNS = RHO*RHO



APPENDIX B - Continued

TIGH = FIGIM)

CALL TMMPROD(AVEC, AF WEC s NMo NVFC NMAX,NOFRTP2Z)
EIGMT = 1.0/FIGM

RI1 = Z2.,0%TPZ2{M,M)/7HD

R2 = —REAL{TP (MM} )

A2 =-AIMAG{TPIM, ™))

NRF = —~AIMAGIRIY}/A2

DMJ = EIGMT #( RFAL{RI1I+DRF=*R 2]
CNEF 0 5=ClI GMEDMU — RFI*DRF

DVEL = VEL*COEF

PRINT 1000, RFI,0ORF,DMU,DV"L
IF (NDFR L.FQ. 1) IETURN

R14 = 2.0%C [GM=DMUEDMU

RIS = 0.0

G CNNTINUF

10

LALL LEFCROS(TMATCH,RHN, RFT, ¥VFL)
OFEN = SQRT{RTF/RHDI)

NENL = DEM

NENT = 1.D/DFN
Gy T 2

CANT ENUE

IMATCH = IMATCH+I
veLL = VEL

MENL = DFN

RHN = RFFENFNTIEDENT

CALL FOMATCHIIMATCH,RHO,RF T, v L)

CONT TNUE

CaLL SCUNDIMACH,DEN,S505,0505,50505)
530S = SOS*UNITL

0505 = DSNSHUNMITL

SOSOS = SDSOS*UNTTL

£ = ¥EL-50§

PFR = F#100.0/VFL

PRINT 2500

PRINT 3000y TMATCHRHNGDFN,YEL,505,PFR
WRITE(T7,3000) IMATCHWRHO,DFN,VFL,S505,PER
TF { ABS(PER}) -~ PFRF 1 500,500,5

IF [ TMATCH L NE, MAXMAT) GO T 10

PRINT 1000, IMATCH

WRITE{7,1000) IMATCH

G TN 500

CALL DERVOENIDENJNDSR,RFT)

IF (DEN JNE. OENTROP) GO YO 200

[F {F .GT. 0.0) G TO 200

NDsSIS = 0.0
SDSDS = 0.0
CONY TNUF

NF = DVEL - DSOS
SNF = SDVEL-5DS0S

. H = NLI*(NL1%DF*DF =NL*F%5DF)

250

250
270
280
290

If (H .GE., 0.0} G) 7O 250

PRINT 200Cy H, IMATCH,RHD,VEL,505

WRITE(T,2000) Hy IMATCH,RHD,VEL,50S

G0 T0O 500

CONTINUE

H = SQRT(H}

H = STGN({H.DF)

DEY = DFN = NL*F/{DF+H)

IF {DENL - DENTROP} 2604290,270

fF (DN — DENTROP} 290,290,280

1F (DEN - DENTROP) 280,290,290

NEN = DENTROP

CONTINUE

DENT = 1.0/DEN

NDEL = DFN - DEML

00 100 L=1¢NVEC

IF (L .F¢. M) 50 T 130

RIT = DRF*=DAFXTP{L ,MIXTP (ML} ~ 2.0/RHO*DRFH{TP2{L4M)*TP(M,L}+
1 TPZIMyL)*TP(L MY + 4, 0/RHDSHTP2{L ,M}*TP2IM,L)
RIT = RIT /1 1.0-SIGM/EIGIL) )

33



APPENDIX B — Continued

Ri5 = RIS + RIT
100 CONTINUF

218 = 2.0*EIGMI*RIS

Q1T = -EIGMI® [ 6., 0£TP2{M,M) /RHOS—4,0%TP (M,M)*DRFFRHN+YS AUSDRF =
1 DRF 1}

RIA = =FIGMI*TP(M, M)

SNRF ~ATMAGIRIS+RI4+RIT) /ATMAGIRIB)

SOMU = REAL{RIS+RI4#RIT} + REAL(RYIB)*SDAF
SOVEL = OVEL&COFF + VEL*( Q,S*FIGMX(SDMJ-FIGMEDMURDMUL + RFETX{RF]=*
1 DRF*ORF-SDRF) )
PRINTZ000, SDRF,SDMU,SDVFL
RETURN
1000 FORMAT(//,17H REDJCED FRFQ. = ,FB.3,/463H ®=xTHF DFRIVATIVES ART W,
1R.T. SORT(SEA LEVEL DENSTITY/DFNSITYI#**,/,/,28H ODERIV. OF REDUCFD
ZFREQ. = +FLl2,44/422H DERIV. 0OF FREQ¥®2 = ,%12,.4,+/,
3 23H DFRIV., OF VELOCITY = ,F13.41)
2000 FORMAT(/,22H SFCOND OFRIV, JF RF =,513.4,294 , SECOND DFERIV, 0OF FR
1EQen? =, F13.4y24H 5 SECOND NFRIV, 0F VFL=,513.4])
SND

Subroutine SOUND

SUBRAUT INF SCUNDIMACH, RHO, 515, D505,50505)

RSAL MACH
C* M) = SORT({SFA LEYEL NENSITYI/SQRTIDFNSITY)
IF (RHOD .GT. 1.83682£382) 50 YN 10
A = 1515.638571
3 = -520.06920622
C = 121.1824916

SIS = MACH#®( A+RHO*(B+7HO%C) }
N§IS = MACHX[ R+2,0%RHN%C}
SIS0OS5 = MACH * 2,0 % C

QETUAN

10 §SNS = MACH%96R8,08
isSnNS = 0.9
SNSOS = 0.0
RETURN
SAD

Subroutine LEGROOT

SUBRNAUTINE LEGRCOTINETIG, ICAN,RET G, IAR, TPRT,NL)
COMMON/RLK2/ FIG,VEC,AVEC, DIFS,SNDTFS

CNMPLFX FIGIL21,VFCI12,12),8V50C[12,12),DIFS{12),SDIFSTY 2
DIMFNSION RFTI (1) ,1CONLYH,G{Y),02R(1)

REAL TOK,MINIOK

r* KUMAR G, BHATTA, JUNF 12,1972. ®
Cx* COMPUTFES THF ROOTS USING MOIFIFD LEGUERPEF ITERATION, WHFRE THE *
C# ROOTS CORRESPOND T THE TMAGIMNAPY PART NF [NVERSF OF THF FREQ.*
C# SQUARFD AS A FUNCTION OF INVERSF OF RFEDUCED FRFQ.IRF). ®
C* AT I[NPUYT RFI{1) CONTAINS 1/RF WHTRE FUNCTION4DFRIVATIVES ARE KNOWN
C* AT NUTPUTY RFI{4) CONTATN PROJECTED ROOTS *
of PADJECTED CROSSING = 2000, RFAL PARY OF FIGEUNVALUF IS NFGATIVF ®
C* PROJECTED CROSSING = 2000, ICONCJ) «NE, D =

C* PROJECTED CROSSING = 1000, REAL RFI(J] COULD NOT 8% PREDICTFD &

C* EERERE RN KRR RN RS S AR AN BB R ER G A RAR RN A R R RS R kR ek hkhE bk &k

10K = RFI{l)

RFI2 = 0.5%10K

N = (

CALL DAMPAR(NEIG,S1G+G, IAR )
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11
12

1%
16

20

130

200

250

APPENDIX B — Continued

TE (IPRY  NF, O PRINT 10300
DO 200 J=14.NEIG

1 TARLJY
1
1.

EEI |

«0

.0

= 0.0
IF ( G{1} LFQ. ~1000.0 ) GN TO &
1F (ICCN{J)} 4EQ. O) GO TO 5

s Dol

1
G
G2
A

RFI(J) = 2000.0

RFIJ = RET{J}

5 YO 100

RFT(J) = 3000.0

afFlJ = RFILA)D
GN TO 100

CONT INUF
AQ = AIMAGUEIGIIND
Al = AIMAGIDIFS{IHI
A7 = AIMAGISDIFSIIN]

RO=RFAL(EIGII}} $ RYI=REALIDIFS(II} $ P2=REALISDIFSITH)
GO = GI(I} ¢ G! = (Al - GO®R1I/RO $ G2 = {A2-GO*R2-2 . XGL*R1) /RO

6 = Gl*Gl - GOBG2

IF (NL JNF, 00 A = {NL-1)=%( [NL-11%G1#G1-NL*GO*G2 )

1F { A .GTe 00 ) GO TO 10
IF (GO .LV. 0.0) 50 T 8

1F (61 .GF. 0.00 3FILJ) = IOK - GI/GL
IF (Gl .LT. 0.0} RFILJ) = I0K + GO/G1
IF (QF1{J) .LT. BFI2) RFI[J) = RFI2
GO TO 12

CONTTINUF

N=N=+1

RFT(J) = 1000.0
RFTJ = RFILJ)

GO TO 100
IF (NL .EQ. O} GO TN 11
RFI(JY = IDK - MLEGO/(GLESQRT{A) ]
GN ¥ 12
RFI{J) = 10K — GO/SQRT{A)}
CONTINUE
QFt1J = @FILJ)
IF { J «€Ce 1 ) G 'O 100
1F { RFIJ .GF. RFILJ=-1) 1} GO TN 100
J1 = J -1
DN 15 1=1,J1
1€ | RFIJ GF. RFI{J=1} ) GN TO 16
JMIN = g - 1
CONTINUE
SAVEL = TARI(J)
JIMIN = J-JMIN
0N 20 I=1,JJMIN
TAR(J-T+¢1) = IAR(J-1)
RFILJ-1+1) = RFI(J=1)

RFI(JMIN) = RFI1J
TAR[JMIN) = SAVFI
CONTINUE

IF {IPRT .FQ. 0} 30 T 200
PRINT 1500,G03sG1,G2,4,1I,RF1LJ
CONT INUE :
1€ { RFI{1} L6GT. 2.0 ) GD TO 400
IF ( RFI(NEIG) JLF. 0.0 ) GO TN 400
NFIGL = NFIG - 1
D0 300 J=1l,NEIG]

JJ = NEIGY —-J + 1

IF [RFILJJ)) 250,250,300

JJ1 = JJ + 1

DO 200 1=1,J4d
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RFEI(T) = RFI(JJ1)
300 CONT INUE
400 CONTINUE
tF { N .LT., NFIG) RFTURN
PRINT 2000, N
1000 FORMAT(/ +19H SUBRIUTINF LFGICOT, /46X ,84 DAMPING,10X,124 FIPST DFRI
IV TX+13H SECOND DERIV,4X,20H RADICAL IN LFGUFRRF,3IX,15H CIGENVALUF
2 NDL¢3X;19H PROJECTED CROSSING)
1500 FORMAT{4(5X 511,49 5% 1, 10X, 12,73X4"11.4) :
2000 FORMAT(//.+38H ARGUMENT 0OF LAGUSRRF TS NFGATIVFE £0OR ,13,7TH MDDES)
=ND

Subroutine DAMPAR

SUBRAOUTINFE DAMPARINTIG,FIG,G, 1AR)
COMPLEX EIGIY)
DIMENSION G(Ll),TAR{1]
1an{l) =1
G{1) = AIMAGIFIGILI}/RFALITIGIYI) )
IF (REAL(TIG{1H) .LE. D.0) G(1) = =1000.0
NN 5 T=2,NRIG
TAR{I) = 1
GII) = AIMAGIEIG(TYI/RFALITIG(I))
IF (REALIFIGIIN) LLF, 0,0} G{I) = ~1000.0
IC 1
Il I -1
Do J=1,s11
=11 =-(J=-11}
ICC = TAR(IC)
MM = TAR(M)
IF (GLICCY LS. GIMMY) GOY T §
IT = TAR(M])
IAR(M) = TAR(IC)
TAR{IL) = IT
IC = IC-1
4 CONTINUE
5 CONTINUE
RETURN
END

T

Subroutine GETAERO

SURPOUTINT GETAERD(NM,NMAX (RFI,1D,RFILyRFIR,DFL)

COMMDN/BLK1/ AF,DAF,SDAF

COMPLEX AF{12,12),DAF(12,12)4SNDAF({12,12)
C* GETS AFRONYMAMIC FORCES FRNM RANDOM ACCFSS FILS 88 IF 1D0=0,FLSE
C* GETS DERIVATIVES TDO. FNTRY GFTNDAFR GFTS DFRIVS, DMLY,

Cx RFI = 1.,0/REDUCED FRFQ., RFIMIN = FIRST BPFI RFCORD IN 8B,
Cx OFL = CONSTANT INCREMENT OF RFT 0N 88,

Cx KUMAR G.BHATIA, JUNFE 13,1972,

L

IF (RFI .GE. RFIL .AND. RFT ,LF¥, RFIR} G 7O 10
PRINT 2000,RFI

2000 FORMATI/ % RFI = #,F10.3,%, IS5 DUTSIDS THF RANGF DOF VALUFS *)
5TOP
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10 CONTINUE

NW = 2#NMAXHENMAX

STEPS = (RFI-RFIL)/DEL

IK = STEPS

IR = 2

1F ((STEPS-IK) .LE. 0.5) IR=1
PEL = RFIL + (IK#IR-1)1%DFL

TK = (IK#IR=1)%3 ¢ 1

CALL READMS(8ByAFsNWyIK)

IF (1D .E0. 0) RETURN

CNTRY GETDAER

CAL

L READMS{88,DAF,NW,IK+1)

CALL READMS{B88,SDAF,NW,IK+2)
RETURN

F ND

Subroutine RANDAX

SURROUTINE RANDAX{ NM,NMA Xy SS,BRyRHO, NRF)
DIMENSTON NRF (1)
COMMON/BLKL/AF DAF,SDAF

COMPLEX AF(12,12),DAF{12,12)},50AF(12,12)
DIMENSTON ROU2,12,12),R1{2412,12),R2(2,412,12)
EOUTVALENCE (AF4RD 14 (DAF,R1), [SDAF,R2)

o Ruleiale Ra
. #

THE SUBROUTINE READS FROM TAPFE & ANMD - TR ANSFERS TN RAMDOM ACC=SS  *
FILF (ON TAPE 88, THE AFRQ FORCF+DERITYV MATRICFES ARF MULTIPLIED®
BY DENSITY PARAMETER BFFORF TRANSFFR T BB. *
KUMAR G.BHATIA, JJNE 13,1972
COMPUTE THE DENSITY PARAMETER
DP IS IN LB.SEC®E®2/INCH UNTTS
INPUT  SS=SEYMISPAN,BR=REFERENCS SFMICHORD ARE TN TNCHES
RHD= AT R DENSITY IN SLUGS/FT#H%3
PT = 3,141592&5358979
NP = 4.0%P[ *BRESSESSHERHD
REWIND 4
READ (&) NKg MACH,N™
caLL DPENMS {B8,NRF 41600, 01
NW = ZENMAXENMAX
nn 100 IK=14+NK
SEAN(4) RE, Xy ((ROCLyTyJ) gl =l NM) p =1 oNM} ((RO{251¢d) 4120 ,NM),Jd=1,
NM)

READ(4) {lR‘_l_(1,1,J),!=11NM)gJ=1,NM)'((RIIZn'[vJ)'I=1v\l“)rleqNM'
READ(4) ((RZ(1sTeddsI=1yNM ), U=, M), ({R202,1,J)41=14NM),3=1,NM)
RFI = 1.0/RF
F = DP#RFI%RFI

DO 10 [=1,NM

DO 10 J=1, NM

AF{I¢d) = FEAF{T,J)

DAF(T,4J) = FEDAF(I,J) - 2 .0%RFI®AF{1,J)

SDAF{T1,J) = FHRSDAFII, 3} - DLORRFIR(Z,,0%DAF( 1, J)+RFIZAF(T, V)

10 CONTINUE

IK3 = {IK-1)%3 & 1

CALL WPITMS{A8, AF NW,1K3)
CALL WPITMS(R8,DAF, NW,TK3+1)
CALL WRITMS(88ySNDAF,NwW, IK3+2)
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100 CONTINUE

C*
C*x
C*

C#*
C*
C*
C*x
Lo
L%
Cx
C*x
x
C*
L%
C*
%
C*
C=
Cx
Cx
Cx
C*
Cx
C*x
[
L%
CL*
Cx
C*
C=
Cx
C*
C*
=
C*
C%
C*
C*x
(=
[
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RETURN
END

Subroutine LEFCROS

SUBRMUTINF LEFCROS{TIMATCH, RHOM ,RFIMIN,SYFL }
COMPLEX AF(12,412)1,D4F(12,12),5DAF(12,412),TPI12,12),TP2(172,12),

1 EIGI12),VECILI2,12),AVFC{12,12),DIFS(12),SDIFS(12)
DIMENSION INTHILZ, 20, NF (16000, ICON{L12),45M112,12),5K(12,12),
1 Cl12,12}4RFTI{12),G{12),TAR(12},VEL{12),RHD(10)

EQUIVALENCF (SK,C)

COMPLE X MUM

COMMON NM,NMAX ,NET G, NV RC

COMMON/BLKY/ AF,DAF,SDAF

COMMON/BLK2/ FIG,VEC,AVEC,NIFS,SDIFS

COMMON/BLK3/ TP,YP2

COMMON/BLK4/ SMyCy INTH

NAMEL IST/NAML/ SK, SMoLSTIFF,S5,BR,NM,RFIL,RFIR,DFL,

1 NRIOT yNTTMAX, ND, RHO,REIMIN, TPRT, TOPT

NAMELIST/OPTION/ NMAX,NEIG,NEVRFD, FIGRAT,NL, [CON

Rk Aok bk ok ko kb ok kg Ak dok kb ko ek Ak ki ko kkk

COMPUTES FLUTTER CROSSINGS AND VELNCITIES FOR SINGLE QR MULTIPLEX
DENSITIES, IMATCH = 0 AND ND = NO. OF DENSITIFS, *

FNR IMATCH .NE, Oy THE LOWEST FLUTTER VFELOCITY AND OTHSR INFD IS
RETURNED TO THS CALLING PROGRAM. THE INITIAL GUFSS FOR REIMIN®
1S PICKED UP FROM THE NAMELIST FOR IMATCH = O DR 1, FOR OTHER®
VALUES OF IMATCH THE GUFSS SUPPLIED FROM THE PAPAMFTFR L IST, =

KUMAR G. BHATIA, PROGRAM CHECK COMPLETFED JULY 20,1972,

e el o e ool ks ok kA R Rk kA A ke ke o ok A kok e ok &

DEFINITION AND ASSIGNEMENT OF THE NAMFLIST NAMI PARAMET FRS

LSTIFF = 0 CIAGONAL STIFFNESS MATRIX IS INPUT IN SK, DIAGONAL

FLEXIBILITY MATRIX IS COMPUTEN AND STORFD TN SK *
LSTIFF = +1 FULL STIFENESS MATRIX 15 INPUT TN SK, IS INVERTED AND®
DESTROYED USTING CDC MATRIX INVFRSINN ROUTINF *
LSTIFF = -1 DIAGONAL DR FULL FLEXTBILITY MATRIX IS INPUT TN SK #
SK = GENERALISED STIFFNESS AR FLFXIRILITY MATRIX, SEF LSYIFF #
SM = GFNRRALI SED MASS MATRIX, MAYRFE DIAGDNAL MR FULL *
S5 = SEMISPAN, BR = REFERENCE CHORND - BOTH MUST BF IN APPROPRIATE®
UNITS *

NEL = FQUAL INCREM®NT NN PFT AT WHICH AFRONYNAMIC FORCFS ARF ON  =wW9
TAPE 4 *
RFIL = MINIMUM VALUF DF RFI FNR WHICH AERD FORCFS ARF SUPPLIFD =
RFTR = MAXIMUM VALUE OF RFT FNR WHICH AERD FORCES ARS SUPPLTFD *

TAFPD = 0 AFRODYNAMIC FORCES AND  FIRST TWfl DERIVATIVFES ARF &
SUPPLIFD AT EQUAL RFI INTFRVAL 0OF DFL, STARTING WITH RFIL

TAFRD .NE, 0 DMLY AERODYNAMIC FORCES ARS SUPPLIRD fUOR INCREASING *
VALUFS DOF RFI, STARTING WITH RFTL

NM = NUMBFR OF MODES, NMaXx = MAXIMUM NO, OF MODES ALLOWED = 12

NZIG = NO. OF EIGENVALUES TN BF CNMPUTED, NFIG .LF. NM

NVEL = ND. OF EIGENVECTORS TO BF COMPUTED, NVEC LR, WM

FIGRAT REQUIRED ONLY WHEN NFYRED NF, O, SFE NEYRED

NEVRED = 0 NETG EIGFNVALUFS AND NVFC VECTORS ARF COMPUTED FOR
FIRST AND SUBSEQUFNT SIGFNSOLUTIONS

NEVRED «NF, 0 AFTER THF FIRST FIGENSOLUTION DMLY THE SMALLFST
FIGENVALUES (AND VECTORS) ARE COMPUTFD SUCH THAT THE SMALLFST
EIGENVALUE NDT COMPUTED 1S AT (FAST FIGRAT TIMES THE FLUTTFER
EIGENVALUE

ICON IS INITIALLY SET TN ZRRO, [F ICONIL) IS INPUT "AS NNNZERR
THE L TH LARGEST DAMPING ROOT PROJFCTION FNR FINDING 2F1, 15

NOT COMBLTEN
T LURMPLT ED

LR B S R B B BENE NN
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Cx
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C*
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APPENDIX B — Continued

MITMAX = MAXIMUM NUMAER 0OF TTERATINNS ALLOWED PER ROOT

NRANT = N0, GF RODTS TO BE SFARCHED *
ND = ND. OF DENSITIES FOR WHICH THF FLUTTFR CROSSINGS ARE DESIRFD*
RHY} 1S THF VECTOR 0F DENSTTIES IN APPROPRIATE MASS UNTTS *

IPRT = 0 SUMMARY PRINTOUT ONLY, =1 RODT PROJECTIONS AMD FIGENVALU®
£S5 PRINTFD AT FACH §TFP, = 2 EIGENVALUF DFRIVS. AND SIGRN*
VECTORS ALSO PRINTED AT FACH STFEP
NL SPECIFIES THE ASSUMED NJ. NF ZEaDS 0OF DAMPING AS A FUNCTION DF*
REL, MNL=0 ASSUMES DAMPING AS A TRANSCFOFNTAL FUNCTION, DFFAULT*
VALUE 15 O *
RF] = RECIPROGAL AF REQDUCED FREQUENCY = RFDUCED VELNZITY *®
RFEIMIN = INITIAL GURSS FOR RFI] ®

Ct*ﬁﬁ#**t#*ﬁ##k#t**########t#*#*##*#ﬁ###*###t##t####*#t###**#ﬁt#t*#**###

10

12
14

15

16

20

30
40

50
60

REWIND 7
nn s 1=1,12
ICONCTIY = DO
NLL = O
1apT
TPRT
NEVRFD =
NMAX = 12
READI(S4NAM])
WRITE{6,NAM]}
N=IG = NM
NVEC = NM
IF {I0PY .EQ., Q) GO TN 7
RFADIS,0PTINN)
WRITFE(6,0PT ION}
CONTINUE
DEL2 = DEL/2.0
TF (LSTIFF) l4,&,12
N 10 I=1,NM
D 10 J=1.NM

IF [ J «FQa 1 1 Cll,I1=1.0/8K(1,4J)
CONTINUE
GN TN 14 .
CALL MATINV‘SK'NH,DUMMY!O,DFT’NRF;[NTH'NMAX!ISCALE’
REFRHOD = RHO(1)
IF {RHDOM LFQ, -1.31 RHOM = RHN{1)
1F (IMATCH JNE,., 0} REFRHO = RHCM
CALL RANDAX INMyNMA X,S5,BP,REFRHOLNRF)
ENTRY FOMATCH
1F { IMATCH .FQ. O} GD 7D 16
=1
RHN{ID) = RHOM
CONT INUE
on 500 IN=1,ND
PRINT S000
PRINT 4000, RHO(CINI,RFIMIN
WRITE{T,4000) RHD(TD)},REIMIN
NR = 1
CONTINUE
DN 100 T=1,NITMAX
PRINT 9000
CALL GETAFRO{NM,NMAX ,RFTMIN, O,RFIL,RFIR,D L)
IF (1D EQ. 1 <AND. IMATCH JLF. 1) GO TD 440
DM = RHO(ID1/REFRHD
N 30 TA=1,NM
DN 30 JA=1,NM
AF{TA,JA) = DM = AF{IA,JA)
CALL EIGSOL{NM NMAX,NFIG,NVEC, IPRT?
CALL GETDAER[MM NMAX,RFIMIN, 1,RFIL+RFTIR,DEL)
IF (ID .FQ, 1 +AND. IMATCH .LF. 1) GO TO 60
NN 50 TA=14NM
NO 50 JA=1,NM
DAFLTA,JA) = DM * DAF(IA,J4)
SDAF{1A,JA) = DM = SDAF{TA,.JA)
CALL DERF(2 yNMsNMAX,NYEC,RFIMIN, IPRY}

RFIL{L) = RFIMIN
caLt LEGROUTINE]G§ICUN!RFI;G;!AR![PRT;NL)

Mol
| w]

0
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PRINT 1000, 14 RFIMIN, (RFI(J},J=1,NSIG)
IF {NEVRED .EQ. O} GO TD A0
NEVRED = 0
IM = TARINR)
MM = EIG{IM}
IMIL = TM + 1
DA 70 J=IM1,NM
D = MUM/EIG(J)}
IF (D .GE. FIGRAYT) GD TO 75
70 CONTINUE
NEIG = NM
NVEC = NM
GO 70 B8O
75 NEIG = J-1
NYFC = 2-1
PRINT &000,NVEC
WRITE{T,6000) NVE.
80 IF ( ABS{RFIMIN=RFII(NR}) .L=., DELZ )} GIT TO 110
RFTMIN = RFTINR)
IF (RFIMIN .GT. RFIL .AND. 2FIMIN LT, RFIR)} GO TO 100
NR1 = NR - 1
PRINT 7000, NR1,RFIMIN
WRITE(T,7000) NR1,RFIMIN
IF (NR1 .GT. O) GO TO 400
STOP
100 CONTINUE
PRINT 1500+ NR,T
STOP
110 CONTINUE
IM = TAR(NR]
PRINT 5000+ IM,(EIGIT}.1=1.NRIG)
PRINT 5500, {[AR{(1),1=1,NFIG)
VELI(NR) = BR*SQRT(L.O/RFALISIGITIM)) )*RFIMIN
IF {NR LNF, 1) GO T3 200
120 CONTINUE
REWIND 4
WRITE(&] TM RFIMINGVELINRY yTP2(IM, T}, FIG,VFC,AVEL 4AF, TP
NFROOT = MR
SYFL = VEL{NR)
200 IF {¥YELINR) .GE. VELINFROOT}) GO TD 300
GO TO 120
300 PRINT 3000+ NRSVEL(NR),RFIMIN,I
WRITE{7,3000) NRyVELINR),RFIMIN,!
210 CONTINUE
IF | NR .Fde NRDOT } G2 TO 407
NR = NR+1
TF | ABS{RFIMIN-RFI{NR)) LGT, DELZ )} GO TO 250
RFIINR] = REIMINM
WRITE(T7,8000) RFI(NR},DEL2
PRINT 8000, RFIINR},DFL2Z
T = TAR({NR}
VELINR) = BR*SQRT(L.O/REAL(FIGIINI) }ARFIMIN
IF (VELINR) .GE. VELINFROOT}) 60 70 320
REWIND 4

WRITE(4) IM,RFIMINGZVFLINR) ,TP2{IM,TM)}FIG,VFL,AVFL ,AF, TP
NFRNNT = NR
SVEL = VEL{NR)
320 CONTINUF
PRTINT 3003y MRHyVELINR)RFIMIN,T
WPITE{T7,3000) NR,VFL{NR},2FIMIN,]T
GO 7O 210
350 CONTINUF
RFIMIN = RFI({NR)
I¥ {RFIMIN .GF, RFIL JAND. RFIMIN LE, RFIR) GO TO 20
NR1 = NR - 1
PRINT 7000y NRLI,RFIMIN
WRITF(T7,7000) NR1,RFIMIN
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400 CONT INUF
IF {IMATCH FQ. D) RFIMIN = RFI(1)
IF{IMATCH «NE, Q) GO TO 630
500 CONT INUE
6900 CONTINUE
RETURM
1000 FORMAT{//10H ITFRATIUN'I3;fyFl?.QfBX,SFl?-Qv(/20Xs5F12-4,‘
1500 FNRMAT(/,% PROGRAY TERMINATED, CNULD NOT FIND ROOT NO. *,13, * IN*¥
1+13,% [TERATIONS%)
2000 FORMAT{//.12H ROOT NUMBFR ,13,14H , VELOCITY = +F3.3,
9H 4 RFT = ,F8.,3,29H 5, NI, OF ITERATICONS REQD, = y 12)
4007 FORMAT(///411H DENSITY = ,F15,6,12H 4 RPFIMIN = ,F12.4)

1

S000 FNRMAT(/426H FLUTTER SIGENVALUR ND, = 213, 13H, EIGFNVALUFS,/,

1

7000 FORMAT{/,&H FOUND,13,42H RONTS,

(10F12.4/))
6000 ENRMAT(/,S1H OPTION TN RFDUCS NO. OF FIGENVALUES AND SIGFNVECTORS
1IFXFRCISED, NFEIG AND NVFC SFT FQUAL TO,12)
5500 FNRMAT{/,62H RF! FOR PREDICTFD CPROSSIMGS CORRFSPOND TN FIGENVALUES
1 NUMBERS, {/12151)

1:F10.4421H 1S REYNND THF RANGF)
AO00 FORMAT(/,35H RFI PREDICTEND £’ THE NEXT P0ONT = F10.4,

1 52H, DIFFERENCF FROM RET FOR PREVIDUS ROOT IS LTSS THAN,F8.4)

9000 FORMAT{IHD)
END

Subroutine DERF

SUBRROUTINE DERF{ND,NM:NMAX NVFC,RFT, IPRT)

COMMON/BLKL/ AF,DAF, SDAF

COMMON/BLK2/ FEIG,VEC,AVFC, NIFS,SDIFS

COMMNN/BLK3/ TP, TP2

COMPLEX AFL12,121,DAF{12,121,5DAF(12,12),FTIG{12),VEC{12,12),
AVEC{12,12),DTFS(L2),SNTFS{12),TP(12,12),TP2{12412)1+sA+B:+Cy
MM

C#t#**#**##**t###i$#*t*tt*t#**#i**##*t#****tt*##**tt******##***#ttttt***

C %
C*
C*
Ce*
%
C*
C*
C*
C*
C#
C*
C*
C*
c*
C*
Cx
f*
C*
C*

C#*t#!l***tttt#***#ttt*ﬁ#i***tt***t#*ttttt*#*t*#tt#ﬁ*****##!****t*tt**‘

Co*x
C
C

C

10

NO = MUMBFR NF DERIVATIVES REQUIRED, 1 OR 2,

NM = NUMBTR [JF MODES.

NMAX = MAXTMUM NUMBER 1F MODES DEFINING STZF OF VARIOUS ARRAYS,
NYEL = NUMBER OF FREQUFNCIES FNR WHICH THE DERIVATIVES CAMPUTED,

RF = REQUCED FREQUENCY

STGINMAX) VECTOR DF INVERSE OF FREQUENCIES SQUARED.

VECINMAX,NMAX ) ARRAY NF ETGENVFCLTORS, ONE PER COLUMN,

AVEC {NMAX,NMAX) ARRAY DF ASSOCTIATFED EIGRNVECTORS, ON® PER COLUMN.

AF{NMAX,NMAXY AIR FORCE MATRIX.

DAF [NMAX ,NMAX ) FIRST DERIVATIVF OF AF W.R.T. RFOUCED FREQUENCY,

SOAF (NMAX,NMA X} SECAND DFRIV. OF AF W.R.T., REDUCED FREQ.

DIFSINMAXY FIRST DERIV, OF FIG{NMAX) W.R,T, 1/RF,

SNDIFS{NMAX} SECOND DFERIV. OF SIG(NMAX) W.R.T, 1/RF,

TPINMAX,NMAX) ,TP2( NMAX,NMAX) TEMPORARY STORAGE ARRAYS.

COMPUTES MERTVATIVES NF INVERSFE OF FREQUENCY W.R.T. 1/REDUCFD
FREQUFNCY WHERE LAMBDA=FRFQ#*%*2 15 DEFINFD BY THFE FQUATIDON
(STIFFNESS — LAMBDA(MASS+AF) )VEC = 9

KUMAR G, BHATIA, JUNE 8,1972,

LK B B O NS BE BE NE S BE R NN 3R NE K K BE N BLC AN

COMPUTF THE REQUIRED ELEMENTS OF TRIPLE PRODUCT MATRIX
AVEC TRASPOSED * DAF * VFC,

CALL TMMPROD{AVEC, DAF,VEC , NM,NUFC ,NMAX, 2,TP)

COMPUTE THE FIRST DERIVATIVES OF 1./FREQ#*2 W.R,T. 1/RF

RF = 1.0/RFI1

no 10 M=1,NVEC

DIFS{M) = ~RF*ERF£STIGIMIATR (M, M}

TF { ND Q. 1 ) RETURN

RFI FNR THF NEXT ROQY PREDICTED

41
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COMPUTE THE SECOND DERIVATIVES NF 1./FRFQ%*%Z W.R.T. 1/RF

CALL TMMPROD{ AVFC, SDAF,VEL (NM NVEC JNMAX,1,TP2)

QfF4 = RF*%4

D0 100 M=1,NVEC
MUM = FIGIM)
A = =2.0%RFENIFS(M]
B = 0.0
DN 20 L=1,NM

IF (L .FQ. ™M} GO TO 20
B =B + TP{LMIETPIM,LIZ/{1.0 - MUM/FIGIL))
20 CONTINUF

B = = 2.0%B%RF4EMUM
C = RFGEMJMETPZ {M,M)
SNIFSIM) = A + B + C

IF [TPRT ,TQe 2) PRINT 13004MsNTFS(M)SNOEFSIMIA4B,C

100 CONTINUE
1000 FORMAT(// 484 DFERIVATIVES IF INVERSE OF FRFQ, SQUARED, NUMBER,IZ2,

1 fy 1TH FIRST OSaIVATIVE,F15,2,813,3,/,18H STCCND NFRIVATIVFE

2IF12 2 4E12,.3,1H=y"13,.3,F12 .3, 1F+,F13,2,%12.2,1H+,F13,3,F12.3)

RETURN

END

Subroutine TMMPROD

SUBROUTINFE TMMPROD (A 4NV NNV, NMAX,ND,R ]
COMPLEX A{NMAX 1), DINMAX, 1) VINMAX,1),RINMAX,1),TEMP
T
COMPUTES A #D%Y = R , IF ND=1 THEN ONLY DIAGONALS ARF CNMPUTED
DO 100 I=1,NV
DO 100 J=1,NV
IF (ND LEQ. 1 .AND,.,I .NF. J) GC TO 100
R(I+J} = 0.0
DO 50 K =1,N

TEMP = 0.0
DN 40 L=14N
40 TEMP = TFMP + DIK,L}2V(L,3)
50 R{TsJ} = R{I,JF # A(K,T¥I*TFEMP
100 CONTINUE
RETURN

FNO

Subroutine EIGSOL

SUBROUTINE FEIGSOL{NM,NMAX,NFIG,NVEC, IPPT)
COMMOMN/BLKL/ AF,H, HL
CNMMON/BLK2/ EIGyVFRC,AVFC, CNT,COLM
COMMON/BLK3/ TP, TP2
COMMON/BLKSG/ SMeC, INTH
COMPLEX AF(12,12),H (12,12} ,HL [1212),F1G112)4VFEC{12,12)%
1 AVEC (12,12}, CNT(12),COLM{12},TPL12,12),TP2(12,12),5UM,SUM]
DIMENSTION SM{12,12),C{12,12),INTH(12,2)

T
COMPUTE THE PRODUCT C*(SM+AF )
DO 10 I=1,NM
DO 10 J=1,NM
TP{Iyd) = 0.0
DO 5 K=1,4NM
5 TPiled) = TP{I 4J) + CUTI,KER(SM{K, J}+AF(J,K))

YO
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APPENDIX B — Concluded

CONT INUE
INTH{141) = NM™
INTH(Z2,1) = NVEC

CALL EECMITP,ETG,AVEC, HLy HyCNT,COLM, TNTH,NMAX)
IF (INTHI{1,1) LEQ. NM) GO TR 15
PRINT 1000, INTH{1,1)
S¥DP
CONTINUE
COMPUTE TP2 = SM#AF , AND C*{SM+AF)
D0 20 I=1,NM
DO 20 J=1,NM
TP2{1yJ) = SMIT4JI+AFC(T, )
DN 30 I=1,NM
01N 30 J=1,NM
TPIT,J) = 0.0
DN 25 K=1,y NM

TP{T,J) = T2{I.J} + CUI,KI%*TP2(K+J}
CONTINUE
INTH{1+1) = HNM
INTH{2,1) = NVEC

CALL EECM{TP,EIGsVFCHL Hy CNT,COLM, TNTH,NMAX)
IF (INTH(l,e1) «FEQ. NM) GO TN 40
PRINT 1000, INTH{1,1)
5TOP
CONTINUE
NNRMALIZE VEC
No 50 J=1,NVEC
SUMR = 0.0
DO 45 I=14NM
SUMR SUMR + REALIVEC( Ty J)1#%2 + ATMAGIVEC{T+Jd)hE*2
SUMR SQRT{SUMR)

uon

N 50 I=1,NM

VEC LT 4J) = VECUTI,J1/SUMR
CONT INUE
NNRMAL IZE AVEC
nn 70 J=1,NVEC

SuM = 0.0

0N 60 T=1,NM ¢ SuMl = 0,0

DD 55 L=14N¥
SUMI= SUML# TP2{T,L)*=VECIL,J)

SUM = SUM + AVEC(I,J)*SuMl
DD TO I=1,NM

AVFCI1,J1 = AVRC(I,J) /5UM
CONTINUE
IF {IPRY LEQ, O) 50 T3 100
PRINT 2000, (EIGLT),I1=1,NFIG]
IF ({PRT .EQ. 1) GO TN 10D
PRINT 3000y ((VEC{T,Jbad=1,NVEC), I=1,NM)
PRINT 4000, ({{AVECI Tydi+J=1,NVEC) 4T=1,NM)
CONTINUE
RETURN
EORMAT (//,2(H NUMBER OF FIGENVALUSS COMPUTED,I5)
FORMATU//7+124 EIGENVALUES/{1X,S5(F14.3,F12,32)))
FORMAT{/Z/7+,13H EIGENVECTNRS,/{1X%,51F14,.3,E12,3))})

FNPMAT (//+24H ASSOCIATFED FIGENVECTORS,/, {1Xy351E14.3,F12.2)))

=ND
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APPENDIX C

USAGE DESCRIPTION OF LANGLEY LIBRARY

SUBROUTINES USED BY PROGRAM MATCH

Usage descriptions of the Langley library subroutines used by program MATCH

are presented in this appendix.

Langley Library Subroutine MATINV
Language: FORTRAN
Purpose: MATINV solves the matrix equation AX = B where A is a square coefficient
matrix and B is a matrix of constant vectors. The solution to a set of simultaneous
equations, the matrix inverse, and the determinant may be obtained. If the user does

not want the inverse, use SIMEQ for savings in time and storage. For the deter-
minant only, use DETEV,

Use: CALL MATINV (A,N,B,M,DETERM,IPIVOT,INDEX, NMAX,ISCALE)

A A two-dimensional array of the coefficients., On return to the calling

program, A-l is stored in A.
N The order of A; 1 =N £ NMAX.

B A two-dimensional array of the constant vectors B. On return to calling
program X is stored in B.

M The number of column vectors in B. M = 0 signals that the subroutine
is used solely for inversion, however, in the call statement an entry

corresponding to B must still be present.

DETERM Gives the value of the determinant by the following formula:
DET(A) = (10100) ISCALE(DETERM)
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APPENDIX C — Continued

IPIVOT A one-dimensional array of temporary storage used by the routine.
INDEX A two-dimensional array of temporary storage used by the routine.
NMAX The maximum order of A as stated in the dimension statement of the

calling program.

ISCALE A scale factor computed by the subroutine to keep the results of compu-
tation within the floating point word size of the computer.

Restrictions: Arrays A, B, IPIVOT, and INDEX are dimensioned with variable dimen-
sions in the subroutine. The maximum size of these arrays must be specified in a
DIMENSION statement of the calling program as: A (NMAX,NMAX), B (NMAX, M),
IPIVOT (NMAX), INDEX (NMAX, 2). The orginal matrices, A and B, are destroyed.
They must be saved by the user if there is further need for them. The determinant

is set to zero for a singular matrix,

Method: Jordan's method is used to reduce a matrix A to the identity matrix I through a
succession of elementary transformations: 2, ¢pn-1, . « -, 1. A=1 X these
transformations are simultaneocusly applied to I and to a matrix B of constant vectors,

the results are A-1 and X where AX = B. Each transformation is selected so that

the largest element is used in the pivotal position.

Accuracy: Total pivotal strategy is used to minimize the rounding errors; however, the
accuracy of the final results depends upon how well -conditioned the original matrix is.

Reference: Fox, L.: AN INTRODUCTION TO NUMERICAL LINEAR ALGEBRA

Storage: 542g locations.
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APPENDIX C — Continued

Subroutine OPENMS
Language: COMPASS
Purpose: To open a random access file.

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

where

U The logical unit number,

X The first word éddress of the index.
L | The length of the index.

P P = 0 for numbered indexing.

P =1 for named indexing.

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

numbered indexing.

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

Accuracy: Not applicable.

References: None.

Storage: 1034 locations.
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APPENDIX C - Continued

Subprograms used: GETBA, SIO$, SYSTEM

Error messages: (1) UNASSIGNED MEDIUM FILE XXXXXX

(2) FILE DOES NOT RESIDE ON A RANDOM ACCESS DEVICE,
XXX

{3) INDEX BUFFER IS OF INSUFFICIENT LENGTH, XXXXXX

XXXXXX is the file name. Termination is abnormal in each case.
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APPENDIX C — Continued

Subroutine WRITMS
Language: COMPASS

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

Use: CALL WRITMS (U, FWA,N,)

where

U The logical unit number.

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

N The number of central memory words to be transferred.

I The record number or record name depending upon the indexing mode

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

Method: The specified record is written on the file and an address entered in the index

to reference the record.
Accuracy: Not applicable.
References: None.
Storage: 102g locations,

Subprograms used: GETBA, SYSTEM, SIO$

Error messages: (1) UNASSIGNED MEDIUM, FILE XXXXXX

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

(3) INDEX BUFFER IS OF INSUFFICIENT LENGTH.
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APPENDIX C — Continued

Subroutine READMS
Language: COMPASS

Purpose: To read a recordona random access file.

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

where ]

U The logical unit number.

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

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

I The record number or record name depending upon the indexing mode

set by the initial call to OPENMS.
Restrictions: The file must have been opened by a call to OPENMS.
Method: The disk address of the record is determined by using the index. I n words

are requested to be transferred and there are m words in the record, where m =n,
m words are transferred. If m > n, n words are transferred.

Accuracy: Not applicable.
References: None.

Storage: 131g locations.

Subprograms used: GETBA, SYSTEM, SIO$
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APPENDIX C — Continued

Error messages: (1) UNASSIGNED MEDIUM, FILE XXXXXX

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

(3) RECORD NAME REFERRED TO IN CALL IS NOT IN THE FILE
INDEX

(4) *READ PARITY ERROR*

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

Termination is abnormal,
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APPENDIX C — Continued

Subroutine EECM

Language: FORTRAN

Purpose: To compute eigenvalues and eigenvectors of a complex N by N matrix.,
Use: CALL EECM (A,LAMBDA, VECT,HL, H,CNT, COLM, INTH, MAX)

A A two-dimensional complex array of the input matrix. It is not
destroyed.

LAMBDA A one-dimensional complex array of eigenvalues. They are arranged

in descending order of absolute magnitude.

VECT A two-dimensional complex array of eigenvectors. Each vector is
normalized so that the sum of the squares of the moduli of the

components is unity.
HIL H Two-dimensional complex temporary arrays.
CNT,COLM One-dimensional complex temporary arrays.

INTH A two-dimensional integer array.

Upon entry — Before each CALL, set INTH as follows:
INTH(1, 1) = N = order of matrix A.
INTH(2, 1) = NV = number of eigenvectors to be computed.

Upon return
INTH(1, 1) = the actual number of eigenvalues computed.
INTH(2, 1) is destroyed.

MAX An integer, the maximum order of A.

Restrictions: The calling program must type the following complex arrays and d1mens1on
them as follows: A(MAX, MAX), LAMBDA(MAX), VECT(MAX, NV), HL(MAX, MAX),
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APPENDIX C — Continued

H(MAX, MAX), CNT(MAX), COLM(MAX). The integer array is dimensioned
INTH(MAX, 2).

Before each CALL to EECM, N and NV must be stored in the first 2 locations of
INTH (see Use).

The column dimension, NV, for VECT may be =N. If no vectors are to be computed
(INTH(2,1) = 0), VECT need not be dimensioned, but it must appear as an argument
in the call statement.

The eigenvalues are not necessarily calculated in any absolute order, but are arranged
in descending order of absolute magnitude prior to the calculation of the eigenvectors.
Ten iterations per eigenvalue are allowed. In case of nonconvergence, the subroutine
will return a value less than the order of the input matrix in INTH(1,1), Thus, the
user should test INTH(1, 1) upon return. If, then, it is less than the value of the
number of vectors asked for, only that number of eigenvalues and eigenvectors is
computed. T the number of eigenvalues computed is less than the order of the input
matrix, the programer may want to use arbitrary shifts on the input matrix, or add
a constant to the diagonal. Either change may eliminate the difficulty. Matrices apt
to get nonconvergence are lower triangular with all equal eigenvalues,- those with
ones on the lower diagonal, and those with one as the Nth component of the first row

and zeros elsewhere.

If overflows or underflows occur, scaling the input matrix so that its largest element
is in modulus about 1 will probably eliminate the difficulty.

Equal computed eigenvalues return identical corresponding eigenvectors even though
linearly independent vectors may exist.

Method: The input matrix A is reduced to an upper Hessenberg matrix H by a sequence
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of elementary triangular and permutation matrices which make up a matrix P such
that P'IAP = H. The QR algorithm is made use of in EECM by applying unitary
similarity transformations to Hessenberg matrices, Hj: Hy = P-1AP, Hg = (h-lj(s))
= QsTg, Hgi1 = QgHsQS = QgQSTSQS = TgQg where QE is the product of plane rota-
tions, chosen so that Tg is upper triangular. This process makes hgf‘zl_l converge to
zerg and therefore hgsr’l) converges to an eigenvalue of A. When convergence is met
(h(ns,)n_l negligible), the Hessenberg matrix Hg is deflated (i.e., last row and column
eliminated) and EECM proceeds with its leading principal submatrix (a new Hjp) of



APPENDIX C - Concluded

order one less. I h(s) n-2 becomes negligible, the eigenvalues of the lower right-
hand matrix of order two are calculated and EECM proceeds with the leading principal
submatrix of order two less. It can be shown that convergence is accelerated by
judiciously subtracting scalar matrices from the Hg matrices. EECM actually

replaces Hg by Hg - kgl so that kg is one of the eigenvalues pg or qg of the lower
right-hand 2 x 2 matrix of Hg. The choice of pg or qg is made on the basis of whether
‘hg.ﬁ’j) - ps\ or lh%sn) - qsl is a minimum. The shift technique is applied at each iteration.

Two passes of the Wielandt inverse power method are used to calculate the eigen-
vectors, Y; of H. Very little work is required for the second pass since the necessary
elementary triangular and permutation matrices are stored in COLM and INTH(col 2)
(both internal storage areas). Finally, the eigenvectors of A, P Y; are calculated.

The matrix P is in INTH (col. 1) and the lower part of H (internal arrays).

The theory and a complete description of the algorithms appear in the f.irst reference.

Accuracy: The accuracy obtainable in computing the eigenvalues of input matrix A
is usually related to the spectral radius, rho{A), of matrix A or more generally
to some norm of A times the norm of its inverse. Hence, the greater
rho(A)/min{abs(LAMBDA(1))), the fewer significant digits the smaller eigen-
values may have. Accuracy also decreases as the order of the matrix

increases. Close eigenvalues are usually less accurate than well separated ones.

References: Wilkinson, J. H.: The Algebraic Eigenvalue Problem. Clarendon Press
(Oxford), 1965,

Householder, Alston Scott: The Theory of Matrices in Numerical Analysis.
First ed., Blaisdell Pub. Co., 1964.

Storage: 2745g locations.

Subprograms used: None

Timing: On Control Data 6000 computer, time for the actual solution of all eigenvalues
and eigenvectors of a 30 by 30 matrix was 5.2 seconds. This was about 5 times faster

than routines presently in the Langley library.
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