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ABSTRACT

The computer program is a by-product of research efforts that have
produced NASA TN D-2227, CR-80, CR-538, and AFOSR TN 1952. The report mate-
rial is arranged for two distinct types of readers, namely, the engineer who
wishes to use the program as is, and the programmer who may be required to
modify the program for a specific application.
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I. INTRODUCTION

The computer program described in this report is a by-product of
panel flutter research efforts conducted under NASA and AFOSR sponsorship. It
was developed to facilitate the calculation of flutter characteristics for
multi-bay, flat panel arrays exposed on one side to a uniform supersonic air-
stream. The program is written in FORTRAN IV for running on the IBM 7094
under IBSYS.

The computation technique employed is straightforward in the sense
that a computer-run directly obtains, as output, points on the boundary sep-
arating stable from unstable regions in a generalized flutter-parameter-plane.
(More conventional techniques require cross-plotting or machine interpolation
under manual direction to obtain the "flutter points".) Although the program
presented here is tailored to the case of a flat panel array, the technique
can be conveniently adapted to related applications, for example, the flutter
of a cylindrical shell or a wing-body configuration.

The report material is arranged for two distinct types of reader,
namely, the engineer who wishes to use the program as is, and the programmer
who may be required to modify the program for a specific application. The
engineer will want to become familiar with the first six sections through the
interpretation of output; the programmer with the main body of the report and
those appendices that apply to the intended modification.

The computer program is based on the analytical model developed in

[i].* A brief summary description of the model is given in Section II of this
report; the reader interested in detail is referred to [l].

% Numbers in brackets refer to the bibliography.




II. BACKGROUND INFORMATION FOR THE PROGRAM USER

This section is divided into two parts, viz., a description of the
analytical model employed and a discussion of the parametric options available
to the program user.

A. Analytical Model

The computer program is based on the analysis described in [1] , the
salient features of which are summarized below.

Four different types of panel array configurations can be analyzed.
Each configuration has an arbitrary number of chordwise bays; the distinction
between configurations is associated with spanwise features. The first, and
most general, array is one with finite span and arbitrary number of spanwise
bays typified by Fig. 1.% The second configuration is one in which the array
span is divided into equal width bays extending to infinity. The third con-
figuration is an array with one spanwise bay whose side edges are free to
deflect. The final configuration consists of the third array above, flanked
at a distance by vertical surfaces representing wind tunnel walls.

All configurations have certain features in common. The upper sur-
face of the panels is exposed to a uniform supersonic flow and the lower sur-
face to a constant pressure equal to the static pressure in the undisturbed
freestream. Acoustic effects on the lower surface and membrane stresses due
to static pressure differential across the panel are not included.

To clarify the differences in the analyses of the different con-
figurations, the case typified by Fig. 1 will first be discussed in some de-
tail. Then those aspects peculiar to the other configurations will be pointed
out.

The array is composed of geometrically identical panels; it has L
chordwise and N spanwise bays, and is bordered by an inflexible surface. A
nondimensional equation of motion for the vertical displacement of the panel
surface is obtained using small deflection plate theory and exact, linearized,
three-dimensional, potential aerodynamic theory. In formulating boundary and
compatibility conditions the array is assumed to be supported at its perimeter
and along the interior lines delineating the individual panels by a structure
that does not deflect perpendicular to the plane of the array, but that does

* See Appendix I for Figures 1 - 6.
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supply torsional restraint. At the leading and trailing edges the moment im-
posed by the supporting structure is equal to a proportionality factor, ey ,
multiplying the local panel slope. At the interior, spanwise directed members,
the imposed moment is proportional to 2 €y times the local panel slope; i.e.,
the interior members are twice as stiff, torsionally, as the ones at the
perimeter.

The above torsional properties hold also for the chordwise directed
supporting members, with the exception that the proportionality constant, €y »
can be different from €, . The slope across the interior panel boundaries is
assumed to be continuous.

The equation of motion is in essence a self-excited forced vibration
equation where the aerodynamic pressure induced by the panel displacement is
the forcing function. It is assumed that conditions for which the eguation
has harmonic solutions are conditions of neutral stability; this criterion is
used in calculating the flutter boundaries for the panel array.

Harmonic solutions are obtained using a Galerkin approach. The
chordwise variation of the panel displacement is approximated by a finite
summation of natural vibration modes of a beam with L bays and boundary con-
ditions the same as on the spanwise directed panel edges. The spanwise varia-
tion is approximated by one natural vibration mode* of a beam with N bays angd
boundary conditions the same as on the chordwise directed panel edges. Appli-
cation of the Galerkin procedure requires integration of the aerodynamic pres-
sure over the panel surface. This integration is performed by expanding the
spanwise deflection shape in a sine series; then numerically integrating term
by term using the unsteady pressure solution derived in (2] for sinusoidal
spanwise and arbitrary chordwise deflection shape.

The above procedure leads to a set of simultaneous, complex, alge-
braic equations (see [l], Eq. (39)) for the amplitude and phasing of the ap-
proximating modes. An effect of structural damping is introduced by multi-
plying the stiffness matrix by the complex damping facter (1 + jg). Solutions
to the equations for real values of the basic parameters lﬁi and z1/3

*  Coupling between spanwise modes is neglected; the mode number is arbitrary.



are obtained by the procedure described in Section III*. The preceding is a
brief description of analytical details for the panel array typified by Fig. 1.
The analysis for the other three configurations are similar to that described
above, with the exceptions noted in the following paragraph.

For the array which extends to infinity in the spanwise direction
(second configuration) the mode approximating the spanwise deflection is
automatically taken to be the lowest frequency natural vibration mode of a
beam with an infinite number of bays. For the array with free side edges
(third configuration) the panels are assumed to deflect two-dimensionally, i.e.,
with no spanwise variation in the deflection shape. The two-dimensionality
assumption is incorporated by using the sine series expansion for a rectangular
half wave. The fourth configuration, the one with simulated wind tunnel walls,
is also handled simply by introducing an appropriate expansion. In this case,
the expansion is one which simulates the effect of fictiticus image panels,
thereby obtaining no cross flow at the walls. Mach wave reflections from the
walls are intrinsically included by this technique.

B. Parametric Options Available to the Program User

Within the framework of the four geometrical configurations des-
cribed earlier, there are options available for what will be called analytical
and physical parameters. The analytical parameters are:

1. Number of modes in the approximation of the chordwise deflection
shape.

2. Mode numbers of the chordwise approximating terms.

3. Number of terms in the sine series expansion of the spanwise
approximating mode.

4, Mode number of the spanwise approximating term (first config-
uration only).

* 1 . pa.
= = mass ratio parameter = —
K s
1/3 _ . . . . .
Z = a parameter involving dynamic pressure and bending stiffness
_h E 1/3
8 | a(1 - v)
where
P = free stream density E = modulus of elasticity
8, = panel material density q = freestream dynamic pressure
a = panel chord v = Poisson's ratio
h = panel thickness




The physical parameters are:

1. Mach number

2. Aspect ratio

3. Torsional restraint proportionality factors €y and €y

4. Number of chordwise panels

5. Number of spanwise panels (first configuration only)

6. Distance from panel edge to wind tunnel wall (fourth config-
uration only)

7. Structural damping coefficient.

Permissible ranges for the anaiytical parameters are defined in the
following paragraphs.

The number of modes used to approximate the chordwise deflection
shape must be at least 2 and at most 10. The lower limit is set by the ana-
lytical techniques employed and the upper limit by dimensioned array sizes in
the program. Numerical considerations are expected to reduce the permissible
upper limit to less than 10. With an earlier version of the program, numeri-
cal inaccuracy was encountered in increasing from 4 to 6 modes. The present,
improved, version has been used extensively for up to 6 mode analyses Eﬂ; it
has not been applied to analyses requiring the use of more than 6 modes. The
modes may be any combination of the first 30 natural vibration modes of a
beam with the appropriate number of bays.

Up to 20 nonzero terms may be used in the sine series expansion of
the approximating spanwise mode. Since the expansion always has zero alter-
nate terms (odd or even numbered depending on mode number and number of span-
wise bays), the above condition actually corresponds to a 40 term series expan-
sion.

The spanwise approximating mode (first geometrical configuration
only) may be any one of the first 30 natural vibration modes of a beam with N
bays, N being the number of spanwise bays in the panel array. The above is
a mechanical bound set by the program; practically, the mode number must be
selected in cognizance of the number of spanwise bays, N, the spanwise mode
number, and the 40 term bound on the sine series expansion.

This ccmpletes the definition of permissible ranges for the ana-
lytical parameters. Ranges for the physical parameters are discussed in the
succeeding paragraphs.

Mach number must be confined to the supersonic regime (i.e., > 1)
for compatibility with the analytical model.



The computer program imposes no restriction on aspect ratio. How-
ever, a practical bound (a judgment of the user) is imposed by the permissible
number of modes in the approximation of the chordwise deflection shape.

The nondimensional torsional restraint proportionality factors €y
and ey can be independently varied from zero to any maximum desired¥*. On a
practical basis, however, € = O corresponds to pinned edge conditions and
€ = 1,000 has been found to very closely approximate the clamped edge case
(2 judgment made on the bases of both modal frequencies and computed flutter
boundaries). Further, it has been observed that flutter boundaries computed
using € = 100 and e = 1,000 are nearly identical, while € = 10 yields
results approximately midway between the pinned and clamped edge cases.

Panel arrays with up to 4 chordwise bays can be analyzed. Again,
however, a practical bound must be recognized, associated with the permissible
number of modes in the approximation of the chordwise deflection shape.

Up to 6 spanwise bays can be used in apalyses of finite span arrays
(first geometrical configuration). As noted earlier, however, the number must
be selected in cognizance of the spanwise mode number and the 40 term bound
on the sine series expansion of the spanwise deflection shape.

For the fourth geometrical configuration, the distance from the
panel side edges to the wind tunnel wall must be greater than zero to be com-
patible with the theory. Practically, it should be equal to or greater than
about 10 per cent of the panel span in order to obtain a satisfactory sine
series expansion of the spanwise deflection shape.

Finally, there is no program restriction on values for the structural
damping coefficient.

This ccompletes the overall description of parametric options avail-

able to the program user. Related recommendations for optimum program usage
are provided in Section IV.

ITI. GENERAL PROGRAM DESCRIPTION

The method used to find flutter points is essentially that described
on pages 15 - 17 of [1]. A few slight modifications are used, however, in the
interest of saving either computer running time or storage.

% See Appendix VIII for description of a mild restriction on edmissible values
for €y -



The program makes use of a magnetic tape to store a number of arrays
vhich depend only on the number of spanwise and chordwise bays, the corres-
ponding mode numbers allowed and the parameters €, and ey describing edge
conditions. If such a tape has not already been generated it can be generated
as the first step of any flutter run. If it has been generated on a previous
run it may be mounted as an input tape. Since the program may take around 12
min. to produce a tape vwhen 3 chordwise bays are needed, it is advisable to
save the tape if it might be used again. Details of the tape format are given
in Appendix III.

Because of the size of the program it is necessary to use the over-
lay feature of the loader during execution. The first overlay generates the
tape described in the preceding paragraph, if necessary. The second overlay
reads data until a flutter prcblem has been defined, reads data from the tape
generated previously for the specified number of chordwise bays, prints out
heading information describing the problem and generates matrices which can
be used by a more or less general subroutine, EUCLID, to compute flutter points
and vectors. Subroutine EUCLID is loaded as the third overlay.

The flutter matrix used by the program is equivalent to but slightly

aiff i . = - = -
ifferent from that shown in [l] Iet E {Em m} J {Jm, } and

C = {C— ‘l to simplify notation. Then since Eq. 39 of Ref. [1] can be pre-
multlplled y any nonsingular matrix, we can premultiply by B(1-jg)E-1 , for
E is nonsingular and B is not zero for Mach number greater than 1. The new
form of Eq. 40 then becomes

Det {%.B_%z.g_a_)l. - uBKe(1-jg)E~1T + (l-jg)E"lC} =

where I is the identity matrix. The argument list for subroutine EUCLID in-

cludes g , -Bx2 , 12//(5(1}g2)) , and a table of u-values in addition to the
matrices E-1J and E-IC . If we let X denote éﬁili&.l and €(p) be the

matrix pPk2(1-jg)E-1J - (1-jg)E-1C , the problem to be solved is that of find-
ing real parameters A and u such that IKI - C(u)l =

If ¢ 1is assigned a numerical value, then ‘xI - E(u), is the char-
acteristic equation of the complex matrix C(p) . The condition that the
determinant vanish requires that real and imaginary parts of the characteristic
equation have a common root. This occurs if and only if the Sylvester re-
sultant [4] between the real and imaginary parts of the characteristic equation
vanishes. Thus if for two distinct values of u , the corresponding Sylvester

resultants have opposite signs, there is a B value between the original two
for which the resultant vanishes.



Subroutine EUCLID first tabulates the Sylvester resultant corres-
ponding to each value in the p - table.* A search is then made for sign
changes of the resultant as u varies. When a sign change is detected, the
program interpolates until the flutter value of p is found to the required
degree of accuracy. Then the corresponding value of )\ and the flutter
vector are found. The results are converted to the parameters of interest,
namely Z]-/:5 and 1/u and printed. The program then repeats the steps above un-
til all sign changes in the resultant table have been processed, whereupon
the second overlay is called again to read data for the next problem.

Iv. COMPUTATION PRCCEDURE

The purpose of a typical application of the computer program is to
calculate stability boundaries for a particular gecmetrical configuration, and
fixed values of Mach number, aspect ratio, torsional edge restraint, spanwise
mode number (where applicable), and structural damping coefficient. The

stability boundaries are obtained via a series of calculations as described
below. #*

In a discrete calculation, values are assigned to the analytical and
physical parameters, a reduced frequency is specified, a table of p values
defined, and the program then computes the flutter points lying within the
range of y defined by the table.¥* (For clarity of ensuing discussions a
computation case is here defined as a series of discrete calculations for a
selected set of reduced frequencies and damping coefficients.) Every computa-
tion case yields a number of points on the stability boundaries, each point
being characterized by a particular frequency and flutter vector. Distinct
stability boundaries are obtained by constructing continuous curves through
the computed points, using continuity of reduced frequency and flutter vector
as associative criteria.

* A table of p values is defined by input data.

*¥¥  In general, a number of computer runs will be required to completely de-
fine the boundaries.

*% If two flutter points lie within one increment of the u +table neither
will be detected. However, experience with the program has shown that
this event seldom occurs when a . table with moderate increment sizes
is employed (see Fig. 2 for recommended table ). Further, when it does
cceur it creates little difficulty because the points can be obtained,
if desired, by repeating the calculation using a u table with finer
increment sizes. In most instances the repetition is unnecessary be-
cause adjacent points on the boundaries are available from calculations
made using slightly different frequencies.



The input p table may be tailored to restrict the range through
which the program searches for flutter points. In some instances, this tactic
can be profitably employed to reduce computation time. 1In general, however, a
range in lﬁ4 from 0.0l to 0.20 is of practical interest and the y table in
Fig. 2 has therefore been used extensively in application of the computer
program,

It has also been found economical to limit each computation case to
between 5 and 10 reduced frequencies, and more or less construct the boundaries
step by step.

Computation time can be reduced through judicious use of the inter-
mediate data tape. The data arrays stored on the tape depend on

Number of spanwise bays - N
Spanwise mode number - NGBAR
Torsional edge restraints - €, and ey
Number of chordwise bays* - L.
The tape also contains data for 10 chordwise modes which may be any 10 of
the first 30 natural vibration modes of a beam with L bays (see Section V on
Input Preparation). The data tape, on the other hand, is independent of Mach
number, aspect ratio and structural damping coefficient.

Since an appreciable amount of time is required to generate the data
arrays stored on the tape (particularly for L > 1) it is advisable to reserve
the tape for use as an auxiliary input tape in subsequent runs. This is true
whether or not Mach number, aspect ratio and structural damping are varied.

To emphasize the above point it may be noted that the results reported in [3]
were obtained using a tape generated in the first computer run, whereas a
total of approximately 15 runs were made in all.

Some final comments are required concerning the case where a com-
puted flutter point(s) is incorrect (indicated by program checks included in
the printed output ), If this occurs the input data should be double checked
first, because improper input can cause erroneous results. (For example, the
mode numbers may not be in ascending order.) If the data are correct the
specified error bound on p (TESTR; see Appendix IX) may be too large. Ex-
perience with the program has indicated that a value of TESTR equal lO"7 is
adequate in general for analyses using up to 6 chordwise modes, but numerical
peculiarities could occasionally require an even smaller error bound.

* Data for up to 4 chordwise bays can be stored on 1 tape. However, no
penalty in computation time is incurred if the user chooses to generate
separate tapes for each L value.

-9 -



‘ Another possible cause of erroneous results is the use of too many
chordwise modes in the analysis. As previously noted, with an earlier version
of the program numerical inaccuracy was encountered when the number of modes
was increased frcm 4 to 6. Improvement of one of the program routines (FLUT)
eliminated this difficulty but it is possible that the use of more than 6 modes
may similarly overtax a critical routine.

V. INHWT PREPARATION

A data deck may contain data sets for one or more computation cases,
the only restriction being that the cases must all require the same inter-
mediate data tape¥*, which may be available from a previous run or generated
as part of the first case of the current run.

The first card of a data deck refers to the intermediate tape. If
the tape is available from a previous run the first card is blank; if the tape
is to be generated in the current run the first card is as follows.

Cols. Format Symbol Description
. 1-2 12 IMIN (see IMAX)
3-4 12 IMAX Data arrays will be generated and stored

for values of I from IMIN to IMAX in-
clusive (IMIN < IMAX).

S5-24 1012 MODE(I) . Array of 10 chordwise mode numbers between
1 and 30 in ascending order. Data arrays
will be generated and stored for the 10
modes specified.¥*¥

25-26 I2 NSP Number of spanwise bays.
27-28 I2 NGBAR Spanwise mode number.
29-38 F10.0 EPY Torsional restraint proportionality factor

for spanwise directed panel edges (e, in
Section II and [1} ).

* See discussions of the intermediate tape in Section IV and Appendix III.
‘ *¥% Ten modes are required here even though some are not later used.

- 10 -



Cols. Format M Description

39-48 F10.0 EXX Torsional restraint proportionality factor
for chordwise directed panel edges (e, in
Section IT and {1] ). This item is irrele-
vant for options 4 and 5 (see option iden-
tification in later description of number
11 data card).

Data for the first case follow the intermediate tape card. This
first data set must contain all of the cards described below (and illustrated
in Fig. 4 which is provided for user reference) plus a blank terminating card.
Subsequent data sets need only include the cards containing input information
to be redefined for the new case. Each data set following the first is termi-
nated by a blank card.

The individual data cards each have an identification number (be-
tween 1 and 12) in columns 1 and 2. This number is used for reference in the
following description of input data details.*

01 Card
Cols. Format Symbol Description
1-2 I2 - Identification number (Ol on this card).
11-20 E10.5 TESTR Upper bound on acceptable decimal per cent
error in computed p (Appendix IX).
02 Card
Cols. Format Symbol Description
1-2 I2 - Identification number (02 on this card).
11-20 E10.5 S Reciprocal of aspect ratio.
03 Card
Cols. Format Symbol Description
1-2 I2 - Identification number (03 on this card).

* Sample data listings (Figs. 2a, 2b and 3) are discussed at the end of this
section.

- 11 -



. 03 Card (Concluded)

Cols. Format Symbol

3-4 12 MMAX
5-6 12 -
61-80 1012 MODE(T)
04 Card
Cols. Format Symbol
1-2 I2 -
' 11-20 E10.5 EMSQ
05 Card
Cols. Format Symbol
1-2 I2 -
3-4 I2 NG

11-60 S5E10.5 GT™(1)

06 Card
Cols. Format Symbol
1-2 I2 -

Description
Number of chordwise modes.
If zero, consecutive modes starting with
the first are used; if not zero see next
item.
This field is blank if columns 5 - 6 con-
tain zero. If columns 5 - 6 are not zero,
this field contains the mode numbers to be
used in the analysis, in ascending order.

(The modes listed must be ones that are
included on the intermediate tape.)

Description
Identification number (04 on this card).

Mach number squared.

Description
Identification number (05 on this card).
Number of damping coefficients to be pro-
cessed (maximum of 5). Blank or zero is

taken as 1.

Damping coefficients.

Description

Identification number (06 on this card),

- 12 -



06 Card (Concluded)

Cols. Format Symbol Description
3-4 I2 L Number of chordwise bays in panel array.

(The number specified must be one of those
included on the intermediate tape.)

11-20  E10.5 SAVE(1) Blank or zero causes the inverse of the
elastic matrix times the inertia and aero-
dynamic matrices to be printed. A nonzero
value suppresses the printing.

07 Card

A series of 07 cards are used to read in the p table. The table
must contain a minimim of 2 and a maximum of 50 values arranged in monotonic
order. Details of a typical 07 card are as follows.

Cols. Format Symbol Description
1-2 I2 - Identification number (07 on this card ).
3-4 I2 - Index of first ¢ on this card.
5-6 12 - Index of last p on this card.

11-60 5E10.5 ALPHA(I) Values of p (up to five values).

08 Card
Cols. Format Symbol Description
1-2 I2 - Identification number (08 on this card).
3-4 I2 MAXAL Total number of values in the y table.
09 Card

A series of 09 cards are used to read in the reduced frequencies to
be processed. A maximum of 30 frequencies can be read, in any desired order.
Details of a typical 09 card are as follows.

Cols. Format Symbol Description
1-2 12 - Identification number (09 on this card.).



09 Card (Concluded)

Cols. Format Symbol Description

3-4 12 - Index of first frequency on this card.

5-6 12 - Index of last frequency on this cargd.

11-60 5E10.5 CKAY(I) Frequencies (up to five velues).
10 Card

Cols. Format Symbol Description

1-2 I2 - Identification number (10 on this card ).

3-4 I2 NK Total number of frequencies read.

11 Card

This card identifies which of the 4 geometrical configurations des-
cribed in Section II is to be analyzed. An option number is used for this
purpose. The correlation between option number and geometrical configuration
is as follows.

Option 1 - The finite array typified by Fig. 1.

Option 2 - The array with infinite span divided into equal width
bays.
Option 4 - The array with one spanwise bay and free side edges.

Option 5 - The option 4 array flanked by vertical surfaces repre-
senting wind tunnel walls.

The omission of 3 in the cption sequence results from the fact that a fifth
geometrical configuration included in the analysis [1] has not been programmed.
Details of the 11 card are as follows.

Cols. Format Symbol Description
1-2 12 - Identification number (11 on this card).
3-4 12 NCASE Option number.

- 14 -



. 11 Card (Concluded)

Cols. Format Symbol Description
11-20  El0.5 A/2 Distance from panel edge to wind tunnel

wall, measured in panel spans. (Relevant
to Option 5 only.)

12 Card
Cols. Format Symbol Description
1-2 12 - Identification number (12 on this card).
3-4 I2 NNN Number of nonzero terms in sine series ex-

pansion of spanwise deflection shape (maxi-
mum of 20). For Option 2 and €y = O this
number must be 1.

This completes the description of data card details. Sample data
deck listings are given in Figs. 2 and 3 to complement the above description.
The data listed in Fig. 2a cause two cases to be executed, both using an inter-
. mediate tape generated in the current run. The first case is an analysis of
a finite array with 2 chordwise bays and 1 spanwise bay, and with

Mach number = 1.35

Aspect ratio = 4

Damping coefficient = 0.01
€x = ey = 0

Spanwise mode number = 1 .

The analysis uses the first 4 chordwise modes » 20 nonzero terms in the sine
series expansion, and 2 frequencies, 1.0 and 1.5 are processed.

The second case is an analysis of an Option 2 array with 3 chord-
wise bays and with

Mach number = 1.2

Aspect ratio= 2

Damping coefficient = 0.015

€y = ey = 0.
The analysis uses chordwise modes l, 4, 7, and 9,and 2 frequencies, 0.7 and
0.8 are processed.
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The data listed in Fig. 2b also cause two cases to be executed, both
using an intermediate tape generated in a previous run (assumed to be the run

of Fig. 2a). The first case is an analysis of an Option 5 array with 1
chordwise bay and with

Mach number = 1.3
Aspect ratio =1
Damping coefficient = 0

ey=0

The analysis uses the first 4 chordwise modes, and 15 nonzero terms in the
sine series expansion. The distance from the panel edge to the wind tunnel
wall is one-quarter of the panel span. Three frequencies, 1.0, 1.2 and 1.4,

are processed. The second case is identical with the first except Mach num-
ber is changed to 1.2,

The data listed in Fig. 3 will cause the sample output of Fig. S
to be generated.

VI, INTERPRETATION OF OUTHUT

The output listing from a typical computer run illustrated in Fig. 5
is the implied reference for this section.

The output listing includes several checks on the validity of com-
puted results and it is therefore pertinent to begin this discussion with the
following brief reiteration of the overall computational technique employed.
The purpose of a computer run is to calculate real-valued pairs of the param-
eters p and Z which satisfy Eq. (40) of [1], that is, values for which the
flutter determinant vanishes. The technique employed is not one of direct
iteration of the complex flutter determinant. Instead, the Sylvester deter-
minant composed of the coefficients of the real and imaginary characteristic
polynomials of the flutter matrix, is tabulated with respect to the parameter
p % The p for which the Sylvester determinant vanishes, together with the
corresponding Z obtained by operating on the characteristic polynomials, com-
prise a real-valued u - Z pair for which the flutter determinant vanishes.
These pairs are listed in the ocutput in the converted form 1/@ and z1/3
together with the flutter vector, program checks and associated identifying
information.

¥ The elements of the Sylvester determinant are real-valued functions of w3
they do not depend on Z .
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‘ Referring now to Fig. 5 the first line of output is a self-explana-
tory identification heading. The next block of output is a summarization of
input parameters as follows:

M - Mach number

S - Reciprocal of aspect ratio

E (SPAN) - Torsional restraint proportionality factor for
spanvise directed edges (ex)

E (CHORD) - Torsional restraint proportionality factor for
chordwise directed edges (€_)

TESTR - A precision factor imposed on the iteration of
the Sylvester determinant (Appendix IX)

L - Number of chordwise bays

MMAX ~ Number of chordwise modes used in the analysis

N - Number of spanwise bays (relevant only to Option 1
configuration)

UMAX - Number of nonzero terms in the sine series expansion

of the spanwise deflection shape
SPANWISE MODE - Number of the spanwise approximating mode

CASE - Geometrical configuration option number
A/2 - Distance, in panel spans, from panel edge to wind
tunnel wall (relevant only to Option 5)
' 1/DPHI - Number of equal increments (per bay) used in the

chordwise numerical integration of the aerodynamic
pressure (fixed at 16 in the program)

K -~ Reduced frequency

G - Structural damping coefficient

The next block of output contains intermediate computed results as

follows:
GAMMA BAR - Frequency of spanwise mode
CHORDWISE MODE - Mode numbers and frequencies of chordwise modes
BN(U) - Nonzero coefficients of sine-series expansion of

spanwise deflection shape; listed in order of
decreasing wavelength

INVERSE OF EIASTIC MATRIX TIMES INERTTA MATRIX - The matrix Els
(see Section III)

INVERSE OF EIASTIC MATRIX TIMES REAL PART AEROD MATRIX - The matrix
Real {E‘lc} (see Section III)

INVERSE OF EIASTIC MATRIX TIMES IMAG PART AEROD MATRIX - The matrix
tmeg {E-1c} (see Section I1I)
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The input yu table is printed next, with the corresponding com-
puted values of the Sylvester determinant. RES denotes the value of the de-
terminant. SFA and SFR are scale factors on RES (see Appendix II). Sign
changes in RES indicate the presence of a flutter point.

The preceding output constitutes general information; the remainder
of the output is composed of blocks of computed flutter data, repeated for
each flutter point that is found. The first item is the number of iterative
interpolations of the Sylvester determinant required to obtain the flutter u .
Following this is a three-rowed tabulation containing the computed flutter
point in the first row and the first of the program checks in the second and
third rows. In the first row, 21/3 and 1/ are the computed flutter point
pair, JAMDA is the negative of the common root of the characteristic poly-
nomials at flutter, and RES {together with SFA and SFR) is the value of the
Sylvester determinant for the flutter yu . The next two rows contain the same
data as above except the p's are the last two bracketing p's in the itera-
tive interpolation of the Sylvester determinant.* The test criterion is that
RES in the second and third rows should be of opposite sign.

The next item printed is the flutter wvector in polar form, normalized
on the maximum component. R denotes the moduli and THETA the relative phase
angles in radians. The vector elements are listed in order of ascending mode
number.

The tabulation labelled COMPLEX RESIDUALS is a second program check,
obtained by premultiplying the flutter vector by the flutter matrix. The test
criterion here is that the "COMPLEX RESIDUAISY vector elements should uniformly
be small (ideally zero).

The print-out labelled CHARACTERISTIC EQUATION AT FLUTITER are the
coefficients of the real and imaginary characteristic polynomials at flutter.
The coefficients of the real polynomial are listed first, beginning with the
constant term and progressing toward the higher order terms. The real poly-
ncmial is of order MMAX and the leading coefficient is always unity. The
imaginary polynomial, printed next, is of order MMAX-1.

The next line of output (containing P, Q, P/PlA and Q/Q1A) is a
numerical precision check of the computed flutter point, based on the criterion
that the real and imaginary characteristic polynomials must have a common root
at flutter. The theoretical basis for this check is described in Appendix IX.

* In the print-out these three values of (and/or lA&)'will sometimes be
identical because only six digits to the right of the decimal are
printed.
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The last output block (three lines) is a check to verify that the
flutter determinant changes sign in the neighborhood of the computed flutter
point. The first line contains the flutter IAMDA and the corresponding value
of the complex flutter determinant (real part printed first ). The next two
lines contain,respectively, 1.02\ and 0.98\ with the corresponding values of
the flutter determinant. The test criteria are that the determinant must be
of opposite sign in the last two lines, and the absolute value of the deter-
minant in the first line should be less than that in the other two lines.

This completes the description of general output and specific ocutput
for a computed flutter point. In the general case, more than one flutter point
will be obtained for a given reduced frequency, and there will be a corres-
ponding number of output blocks containing the specific information just des-
cribed. The output illustrated in Fig. 5, for example, contains three flutter
points.

VII. FRCGRAM ORGANIZATION

The main program (Deck name GHFIUT) is a dummy program used to con-
trol program overlay. It calls two subroutines, GHDUMP and CONTRL. The sub-
Programs called by these two routines are shown in Fig. 6a and b.

Subroutine GHDUMP will generate a tape containing a number of arrays
depending only on the elastic constraint properties and the number of bays in
spanwise and chordwise directions and the corresponding mode shapes to be used
in the analysis. There is no direct (in core) transfer of data from this
routine to CONTRL; all information is transferred via the intermediate data
tape.

Subroutine CONTRL is the control program for the major part of the
flutter calculation. It reads input data describing the cases to be run, com-
putes matrices and other parameters that are needed and calls subroutine
EUCLID to find the actual flutter points.

Subroutine EUCLID is a specialization of a general purpose routine
for finding pairs of real parameters for which a complex matrix vanishes. A
slightly different version of the subroutine has been used to determine sta-
bility boundaries in a wing-body flutter analysis [5]. Subroutines CBAR,
WROUT and VECNRM are written especially for the present panel flutter analysis.
The other subroutines called by EUCLID are general purpose and would likely be
suitable for use in other types of flutter calculations. The program still
contains some of the control parameters which served to differentiate between
the two flutter applications, although for all practical purposes these param-
eters are constants.
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Another vestige of a previous application of the program is seen in
the symbols used for p , i.e., ALPHA, ALP, ALS, AP, AN, AL and for ) (for-
merly o ) i.e., U, UN, UP. This, perhaps confusing, interchange should be
noted carefully by the programmer.

In an earlier program version the role of the parameters u , X
were given to o and u . The present version is to be preferred, however, in
spite of an additional matrix inversion required, because it is much easier

for the user to choose a suitable range of tabulated yu values than of the
old a values.

A list of all routines and a brief description of the purpose of
each is given below.

GHFLUT is the main routine. It is a dummy routine used to control
program overlay.

GHDUMP reads the mode numbers, number of spanwise bays, €y s> €
and the range of values of L, the number of chordwise bays. For each L in
the range, information is written on logical tape 9. This information is
needed by subroutine CONTRL to set up flutter equations.

FREQEQ finds frequencies and generalized coordinates of the chordwise
or spanwise modes.

CDFIND transfers the frequencies of modes requested into an array to
be written on tape and finds the quantities Cm g &nd Dm g4+ For chordwise modes
* . b
it also generates the matrices Jﬁ,m’ Kfﬁ,m and f{ﬁ

Pyl

GMML finds G. (). (See [1], page 52.)
m,m,é

EMML finds H_ _ ,(p). (See [1], page 53.)
fi,m,0

CONTIRL is effectually the main program. It has been made into a
subroutine to facilitate program overlay. It calls INK to read one set of
data. If necessary GPLUSH is called to read required data from logical tape
9. When the mode numbers required are not taken in sequence from the array on
tape 9, the matrices read from tape are compressed to delete undesired modes.
The routine then calls BFQST and computes E-1J and E-1R. Then for each entry
in the table of reduced frequencies (k) the matrices AER and AEI are computed,
a value of structural damping (g) is chosen from the table and subroutine
EUCLID is called to calculate flutter points. After the return from EUCLID,
INK is called and the cycle is repeated.
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INK reads input cards for the problems being run. Since problems
subsequent to the first may be specified by reading only those parameters which
change, control parameters are set in this routine which suppress parts of the
computation which would be unnecessarily repetitious.

GPLUSH reads from logical tape 9 values for mode numbers, number of
spanwise bays, €y and €. . Also read are mode frequencies and several
matrices which depend on tge number of chordwise bays specified.

BFQST calculates the quantities Q, S and T and the array Bou F(u)
for various values of u. (See [1], Appendices D and E.)

UMKEHR inverts a real matrix.
FINDP calculates Py(E). (See [1], page 46.)

FINDI computes the arrays EYER and EYEI where EYER(MBAR,M) = Real

{)ﬁ Bp,u F(u) Iﬁ’m,u} and EYEI(MBAR,M) = Imag {% By, u F(u) ]’ﬁ,m,u} . These
are also premultiplied by E"l and stored as AER and AEI. (See [1], page 15.)
The integrals I- m.u 2re evaluated using the Newton-Coates five point formula
(Bode's rule) [éT’féur times for each bay.

HD1063 prints a heading for each case, prints parameters identifying
the case and that portion of output which is common to all flutter points for
the given case.

CLOCK interrogates the internal clock and returns date and time coded
as four alphameric words.

EUCLID uses values of y from a table read into the program to con-
struct the complex C matrix. For each of these matrices, Sylvester's resul-
tant is found and tabulated versus p . This table is then searched for sign
changes and for each sign change the program interpolates to find a u value
for which Sylvester's resultant vanishes. A corresponding Z value is found
and the pair of values p , Z represent a flutter point. Some checks are
performed and the flutter point data along with flutter vector and figures of
merit are printed out.

CBAR generates the matrix C.
EQCHAR finds the characteristic equation of a double precision matrix.
The routine handles 1 x 1 and 2 x 2 matrices as special cases. ILarger matrices

are first reduced to Hessenmberg form [7] then subroutine CHAR is called to find
the characteristic equation (see Appendix VII).
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CHAR uses a recursion scheme to find coefficients of the characteris-
tic equation of a matrix which is in Hessenberg form.

SCALE generates a matrix whose determinant vanishes when real and
imaginary parts of the characteristic equation of the flutter matrix have
common roots. In the process of generating this matrix two scale factors are
removed, one on the roots of the characteristic equation, the other on the
determinant of the matrix. This is necessary because of the enormous magnitude
fluctuations encountered without scaling. A recursion based on pivotal re-
duction is used to allow the resultant to be computed as a determinant of
order n rather than 2n-1 .

DETERM finds the determinant of a double precision matrix and scales
it to prevent underflow. The true value of the determinant is RES x 2NSUM,
where RES and NSUM are subroutine arguments.

WRITER prints a table of u versus Sylvester's resultant from the
real and imaginary parts of the characteristic equation. Flutter points are
indicated where this resultant changes sign. Two scale factors are also
printed which do not affect the sign.

FIUT finds the second flutter parameter, o , corresponding to the
flutter value of p .%*

WROUT prints the flutter point data. The same routine also prints
surrcunding points used in interpolating for the final flutter point.*

VECTOR computes the flutter vector. The vector is premultiplied by
the flutter matrix to give the residuals. Polar form of the vector and resid-
nals are printed. Figures of merit are found for the real and imaginary parts
of the characteristic equation at flutter. These are printed along with the
characteristic equations. Finally, the determinant is computed for the flutter
matrix and again for the same matrix where the eigenvalue which was subtracted
on the main diagonal is increased and decreased by 2 per cent. These three
determinants are printed.

INVCX inverts a complex matrix.

VECNREM normalizes the flutter vector in accordance with a scheme
where each mode shape has unit rms amplitude.

* Note as mentioned earlier that the program symbols used for 1 suggest o
rather than p .
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CXDET finds the determinant of & complex matrix. The determinant is
X+ iY where X and Y are subroutine arguments.

FMM finds Fg ,(a1,8p,0) . (See [1], peges 51 - 52.)

FMKT finds the kbR derivative of fj(v) evaluated at v =t . (See
page 51, [_l]). The derivative of order zero is considered to be the function
itself. This function has three arguments, k , m and t .

BFV evaluates the Bessel function J,(x) where v =0 or 1.

SUMM is called by BFV to evaluate J,(x) when x is greater than or
equal to 4.

VIII. SUBMITTING A COMPUTER RUN

The program requires that logical tape 9 be available to the program.
Hence, the user must either give instructions to mount a previously generated
tape, or to mount a tape to be reserved following the current run, or to mount
a scratch tape for use as logical tape 9.

Program deck structure, excluding ID or JOB cards for the particular
installation, is shown in the following list.

$IBJOB card
Deck  GHFLUT
Deck  FMKT. - subroutine FMKT
$ORIGIN EINS
Deck GHDUM. - subroutine GHDUMP
Deck GMML. - subroutine GMML
Deck  HMML. - subroutine HMML
Deck FMM. - function FMM
Deck CDFIN. - subroutine CDFIND
Deck FRIQE. - subroutine FREQEQ
$ORIGIN EINS
Deck CLOCK. - subroutine CILOCK
Deck IANGLY - subroutine CONTRL
$ORIGIN ZWEI
Deck INK. - subroutine INK
Deck GPLUS. - subroutine GPLUSH
Deck  BFQST. - subroutine BFQST
Deck  UMKEH. - subroutine UMKEHR
Deck  SUMM. - function SUMM
Deck  BFV. - function BFV



Deck  PFIND - subroutine FINDP

Deck IFIND - subroutine FINDI
Deck  HD1063 - subroutine HD1063
$ORIGIN ZWEI
Deck  CBAR. - subroutine CBAR
Deck  CHAR. - subroutine CHAR
Deck  EQCHA. - subroutine EQCHAR
Deck  SCAILE. -~ subroutine SCALE
Deck  DETER. - subroutine DETERM
Deck  WRITE. -~ subroutine WRITER
Deck  AFLUT - subroutine FIUT
Deck  WROUT. - subroutine WROUT
Deck  INVCX. - subroutine INVCX
Deck  VECNR. - subroutine VECNRM
Deck  CXDET. -~ subroutine CXDET
Deck  PVECT - subroutine VECTOR
Deck  EUCLI. - subroutine EUCLID
$ENTRY GHFLUT

Intermediate tape data card
Data for first case

Blank card

Data for second case

Blank card

Data for last case
Blank card
Extra blank card or end of file

Computer running time depends on a variety of factors. The follow-
ing guidelines may be useful in estimating running time until the user has
enough experience with his own type of applications to meke better estimates.

A four-mode calculation (one frequency-damping combination) takes
approximately 30 seconds (based on an expected average of 2 - 3 flutter points).
A corresponding six-mode calculation requires about 60 to 75 seconds {4 - 5
flutter points on the average). If logical tape 9 is not available from a
previous run, the running time estimate should include, in addition to the
above, about I7 minutes for each value of L for which a set of data will
be written on tape 9.
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APPENDIX I

FIGURES 1 - 6
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APPENDIX II

DESCRIPTION OF SCALING ROUTINES
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Experience with an earlier version of the program showed that the
range of magnitudes of Sylvester's resultant of the real and imaginary parts
of the characteristic equation can be extremely wide. The object of the pro-
gram is to find pu values which will cause the resultant to vanish. Yet for
the initial values read into the p table the resultant may be so large as to
cause overflow. Hence scaling has been used to keep these numbers in a range
that the machine can handle. Binary scaling was used to avoid any loss of
accuracy in scaling.

Two kinds of scale factors are used. One of these scales the roots
of the characteristic equation; the other scales the reduced determinant. The
scale factor applied to the roots of the characteristic equation is based on
the real part of the equation and is chosen so that the magnitudes of the non-
zero polynomial coefficients cluster around unity. The scale factor applied
to the determinant is the product of several scale factors -- one for each row
of the determinant except the last -- and is likewise chosen so that the cal-
culated resultant is of the order of magnitude of unity.

The program prints the base 2 logarithms of these two scale factors
along with a scaled resultant value. The logarithms of the scale factor for
the characteristic equation and the determinant are labeled SFA and SFR, re-
spectively. The true value of the resultant can be obtained from the printed
(scaled) resultant from

RES = RES . onPSFA+SFR

true scaled

where n is the number of modes used in the analysis. No attempt is made to
print out the true resultant since much of the time this number is outside the
range of magnitudes which the machine can handle.
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APPENDIX IIIX

INTERMEDIATE TAPE FORMAT
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The program cbtains certain essential information from a binary in-
termediate tape. The program references this tape as logical tape 9. If no
previously generated tape containing the required data is mounted, an input
card must be punched which will cause the program to generate the tape at the
beginning of the current run.

Information on logical tape 9 consists of one or more sets of data,
one for each value of L from IMIN to IMAX. The upper bound for IMAX is 4 in
the present program. The symbol I represents the number of chordwise bays
in the panel array under study. Each set of data on the tape consists of the
following sequence of seven records:

Record Length List Description
1 16 words L Number of chordwise bays
(MoDE(J ),J=1,10) Chordwise mode numbers
NSP Number of spanwise bays
NGBAR Spanwise mode number
€ chord Chordwise stiffness parameter
€ span Sparwise stiffness parameter
16 Intervals used in integration
2 77 words (GAMMA(J),J=1,11) Frequencies vy , and vy
((c(M,K),M=1,11),K=1,6) Cm,i
3 66 words ((D(M,K),M=1,11),K=1,6) Dn, %
4 100 words ((DJAY(MB,M),MB=1,10), Jy
M=1,10)
5 100 words ((CAY(MB,M),MB=1,10), K
M=1,10) ?
6 100 words ((ARE(MB,M),MB=1,10), Rz
M=1,10) ?

L
7 8,000 words (((GH(MB,M,K),MB=1,10), 3 [Gﬁ,m, 2 (Ko ) + H m, -1 (Koo )]
M=1,10),K=1,80) =1

In the arrays GAMMA, C and D the subscript value of 11 refers to the
spanwise mode while subscripts 1 - 10 refer to chordwise modes.

In order to form the integrals Iz m u (see {1] , page 52) it is
necessary to integrate the products of Pu(!,-l-r:p) times G ,m, z(<9) and Hg o 2(e).
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To conserve storage the sum of Gﬁ,m ¢ and Hy o, is generated and stored. For
. ?
4 = L, note that Hﬁ,m,ﬁ is zero. The subscrlp%s of GH(MB,M,K) correspond re-
spectively to m,m and an index representing the distance fram the panel array
leading edge measured in terms of the increment used in the numerical inte-
gration. Thus since AP = 1/16, K ranges from 1 to 16L. Since the program
does not presently have the capability of analyzing S-bay configurations, the
dimension of the array GH could be reduced to GH(10,10,64) to gain additional
storage space for the program.

Following the data corresponding to L = ILj,,, the tape has one 16-
word record indicating L = 5. This is presently used to signal end of file.

When data for a flutter case have been read, the program searches

logical tape 9 for the data set corresponding to the value of L specified on
the 06 data card.
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AFFENDIX IV

EXPLANATION OF EXCEPTIONAL CCMMON STATEMENTS
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Routines SUMM, FMKT, FMM, GMML and HMML have short COMMON tables
since these routines reference only a few symbols near the beginning of the
COMMON list.

In routines GMML, HMML, FREQEQ, CDFIND and GHDUMP an "O" is used in
place of "L" in the COMMON table since L is used either in argument lists or
as a DO loop index.

In routines FREQEQ and GHDUMP an "ON" is used in place of "BN" since
BN is used in FRIQEQ as a scratch variable.

Since data generated by GHDUMP are preserved on logical tape 9, and
not in COMMON storage, the COMMON table for the overlay link containing GHDUMP
does not agree with that of the later overlay links. In particular, the later
routines do not contain the arrays CC, CD, DD.
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1 APPENDIX V

‘ LIST OF COMMON AND ARGUMENT LIST QUANTITIES ALTERED BY VARIOUS SUBPROGRAMS
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Subroutine GHDUMP and the subprograms it calls communicate with the
rest of the program through logical tape 9 and not through COMMON storage.

Therefore, the list below is divided to show these routines separate from the
other routines.

Subroutines in Overlay Containing GHDUMP

GHDUMP - reads MODE (1 - 10), NSP, NGBAR, EFY, EFX and minimum and
maximum values of L . It also defines NODP = 16.

FREQEQ - computes FREQ, QM arrays.

CDFIND - computes DJAY, CAY, ARE, C, D, CC, CD, DD arrays.

GMML - computes GMM.

HMMI, -~ computes HMM.

Subroutines not in Overlay Containing GHDUMP

CONTRL - is effectually the main routine. It does not alter any
quantities.

INK - is the input routine. Quantities defined are: EMSQ, EM,
BSQ, BETA, BFOR, S, L, MMAX, NNN, A, TESTR, NEWP, NEWGAM, NEVC, NEVEIV, NEWMOD,
NNST, NEWGMB, NEWDPH, MAXAL, NK, NG, and the arrays ALFPHA, CKAY, GT, MODE, and
SAVE.

GPLUSH - reads appropriate data from logical tape 9 into the program.
This includes NSP, NGBAR, EPY, EPX, NODP, and the arrays MODE, GAMA, C, D,
DJAY, CAY, ARE and GH.

BFQST - defines Q, SS, T, BN, BUF.

UMKEHR - inverts matrix R in argument list.

PFIND - defines PREAL, PIMAG.

IFIND - defines AER, AEI, EYER, EYEI.

HD1063 -~ increments NSEQ.

EUGCLID - computes array REST in the argument list.
CBAR - defines array CR in the argument list.
EQCHAR - defines array FRE in the argument list.
CHAR - defines array D in the argument list.

SCALE - defines NS, KRUB and array RR in the argument list.

DETERM - redefines NSUM, RES in the argument list.
FIUT - defines U, RES in the argument list.
INVCX - inverts complex matrix R in argument list.

CXDET - computes X, Y in argument list.
VECTOR - redefines array C in argument list.
VECNRM ~ defines array VM in argument list.
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' TABLE OF PROGRAM SYMBOLS
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Program

Symbol
A

AEI(MB,M)
AER(MB,M)
ALPHA(J)

ARE(MB,M)

BETA

BFOR
BN(N)

BSQ

BUF(N)
c(M,L)
CAY(MB,M)
cc(M,N)
CD(M,N)

CK

CKAY(J)
CR(MB,M)
D(M, L)
DD(M,N)
DJAY(MB,M)
E1J(MB,M)
EINV(MB,M)
EIR(MB,M)
EM

msQ

EFX

EPY

EYEI(MB,M)
EYER(MB,M)

Noncommon
Reference

Report
Notation

EUCLID

A

m(E-1c)
rRe(E-1c)

Ra,m

B

Bé

Bn,u

B2

Bn,uF(u)
m, £

2 Cn, 0,0

EEF%n,an,z

k

Re(C) and Im(C)
)

E:Dm,th,z

Jﬁ,m
eyl
55 )
E-1R

S°Bh,m
S*An,m

Comment

Twice the distance from panel edge to

wind tunnel wall.
See Section III.
See Section III.
Table of . values.
See page 12, [1]*;

\l Me-1

Coefficients of spanwise mode expan-

sion. See Appendix E, [1].
See Appendix E, [1].

See pages 43 - 44,[1].

See page 4, [1].

Summation over chordwise bays.
Summation over chordwise bays.

Reduced frequency.

Table of k values.

Flutter matrix. See Section III.
See pages 43 - 44,[1].

Summation over chordwise bays.
See page 4, [1].

Matrix product EINV * DJAY

See page 15, [1].

Matrix product EINV * ARE

Mach number.

Torsional proportionality constant
(Section IT).

Torsional proportionality constant
(Section II).

See page 15, [l].

See page 15, [l] JE

* Rﬁ,m and Aﬁ,m are misprinted in [jJ. They should read as follows:

{ m,m

P L)
R- =£ S (x)@il(x)dx

}, = Real {%'_Bn,uF(u )Ii;,m,u/s }
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. Program Noncommon Report

Symbol Reference Notation Comment

FREQ(M) Frequencies of all modes in range of
interest.

G £ Structural damping coefficient.

GAMMA (M) Yo Frequencies of modes used. See pages
20 - 41, [1].

GH(MB,M,K) See Appendix III.

JEST(J) EUCLID Scale factor table (SFR table).

KRUB EUCLID Scale factor SFA.

KIT EUCLID Count of iterative interpolations
needed to find flutter.

L L Number of chordwise bays.

LEST(J) EUCLID Scale factor table (SFA table).

MMAX Number of chordwise modes.

MODE(J) Chordwise mode numbers.

RCASE Edge condition option number. See
Section V.

NGBAR Spanwise mode number.

NNN Upax Number of terms in spanwise mode ex-
pansion.

‘ NODP Constant = 16.

NS EUCLID Scale factor SFR.

NSP Number of spanwise bays.

PIMAG Im(Pu(g)) See page 10, [1].

PREAL Re(Pu(g)) See page 10, [1].

PRE(J) EUCLID Characteristic equation.

Q Q See page 4, [1].

QM(M) am See pages 39 - 41,[1].

REST(J) CONTRL Resultant table.

S s Reciprocal of aspect ratio.

SFOR st

SRK K2

SQs s°

SS S See page 4, [l]

T T See page 4, [1].

TESTR Flutter precision control parameter.
See Appendix IX.
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CHARACTERISTIC EQUATION ROUTINE
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To set up the Sylvester determinant it is Recessary toc calculate the
characteristic polynomial of the flutter matrix. An earlier version of the
program made use of the Danilewski method [Q], which was found to be numeri-
cally unstable [7]. The present routine calculates the polynomial in two
steps. The flutter matrix is first converted to the almost triangular, or
Hessenberg, form via a series of numerically stable operations [7].*' The
coefficients of the characteristic polynomial are then obtained using a re-
currence relation derived from the general induction formula given in [9]. The
two-step process proceeds as follows.

The flutter metrix is a full m x m matrix which is represented as

( 9

All A12 Al3 e s e s e 4 e s e . Alm

L] . Ld . - . - . - . . . - . . - A
A21 2m

' ]
sll 512 Si3 « o o S1m
Spq Spp - . . e e e e e a Som
0 20 s33 e . 4 e e e .
S = <« 0 0 . >
0 O ¢ ¢ o o o o s sm’m_l Smm
L

* The operations consist in similarity transformations which do not alter the
characteristic polynomial.
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Now let dn,p be the coefficient of AP in the characteristic polynomial of

the n x n submatrix taken from the upper left hand corner of S . The recur-
rence relation for computing the coefficients is

n-p

dn,p - dn-l,p-l - g Vn-l,n-k+l n-k+1,n dn--k,p

(viI-1)

where dy 5 =1 (including j = 0)
= <
dj,k 0 fo; k<O
95,31 "2 Sy
i=1
V1,5 =t
Jk 1=k i+l,i

An mxmtl d matrix is obtained by application of Eq. VII-1 through the
ranges

n=1,2,3 ...... m
p=0,1,2 ..... ]

The m + 1 elements of the mth row of the d matrix are the required coef-
ficients of the characteristic polynomial of the m x m matrix F .
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APPENDIX VIII

. ADMISSIBLE VALUES FOR THE TORSIONAL RESTRAINT PROPORTIONALITY FACTOR ey
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In the case of the finite span array (Option 1) a restriction is im-
posed on ey by the sine series expansion of the spanwise deflection shape.

The coefficients in the expansion are of the form¥*

3
_ 23 "

Bhou=™ 232 732
B Y,~u

where = wavelength of expansion = A + 2N

= sL/2M

inverse of aspect ratio

= number of chordwise panels

= Mach number

= number of spanwise panels

= frequency of spanwise mode

= number of the spanwise mcde

= summation index

a transcendental function whose form is not relevant to this
discussion

=B 3 o I O] P'Q
]

Bl
[

e ob

The fregquency Qn depends on €, and N whereas B depends on N, s , L

y
and M . It is obviously possible to choose values for the above quantities

such that the denominator Bévi-u4n4 vanishes, in which case the computer pro-

gram will give an erroneous result. An inadvertent choice of such a combina-
tion of parameters will be indicated in the print-out of the expansion coef-
ficients.

The restriction on ey (cr more precisely on the combination €y >
N, s, L, M)could be eliminated by causing the program to detect such a
situation and artificially set B to a somewhat greater value. It is felt,
however, that this modification is unwarranted because cf the small probability

that the situation will occur.

For the array with span extending to infinity (Option 2) the expan-

sion coefficients contain the term ?i—u4n4 in the denominator which vanishes

for ey =Z=0; u=n . This degenerate case is taken care of by program logic,
However, it is recommended that values O < e, << 1 be avoided to avert possi-
ble numerical difficulties associated with a vanishingly small (but not pre-
cisely zero) value of the denominator.

* See {1], Appendix E, Equation (E-7).
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DESCRIPTION OF A PROGRAM CHECK AND THE PRECISION FACTOR TESTR
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The purpose of this Appendix is to discuss the program check denoted
in the output listing by the quantities P, Q, P/PlA and Q,/Q,lA (following
the characteristic equation print out), and the precision factor TESTR.

The basis for the check is the fact that, at flutter, the real and

imaginary characteristic polynomials of the flutter matrix must have a common
root. Referring to Section III, the flutter matrix may be written as

{1 - up(-5e)e7ls + (1-38)e7c]

where A = ZB(1+g2)/24¢ (as handled in the program). Since g and A can be
considered independent variables with all other quantities fixed, the charac-
teristic polyncmials may be written as

Real polynomial

P(A,p) = g™ ... +a) + ag

|

Imag. polynomial = Q(A,u) = bm-llm_l"' ceses tbyL + by
where the aj and b; are real-valued functions of u only.

Let = X\ at flutter

Ap
Bp =W at flutter

Then the check criteria stated above may be written as
P(AF,LLF) = Q()\F,MF) =0

The quantities appearing in the program check can now be defined as follows:

Q = Q0 pskp)
P _ P()\F,U‘F)
P1A A 9P
F
oA )‘F’u'F
Q - Q‘()\F’uF)
TR
F o\
)\F,U'F
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Now P/P&A and Q/QlA represent the Newton-Raphson recurrence relation for
iteration of the polynomials with respect to A . For example, if P is
iterated holding p fixed at up » and Xy is the current estimate for 1 ,
then the Newton-Raphson next approximation for A is iy (1 - B/P1A).

The quantities P/PIA and Q/QlA cannot be interpreted as a per-
centage error. However, experience with the computer program has shown that
values less than about 1073 imply at least four-digit accuracy in the computed
values of 1/p and z1/3 . on the other hand, values of the order 10™% im-
Ply breakdown of the computational techniques employed.

The input parameter TESTR is an upper bound on the acceptable decimal
per cent error in . It is used in the program as follows. In searching for
2 zero of the Sylvester determinant the current bracketing values of py are
used to interpolate for the next approximation for y . If

By = current u value for which determinant is positive

current . value for which determinant is negative

Ho

By and po are used to interpolate for the next approximation bg If the

absolute value of the range Ky - Bpp 1is less than or equal to up times
TESTR, b is accepted as the flutter p .

In application of the computer progrem a value of 10~7 has been used

for TESTR. The effect of using other values has not been explored.
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FLOW_DIAGRAMS
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%

Tabulate
COS o

Set MX to Ml, the
first mode pumber.

Set storage index

No

last mode

equal MX. S

Is
this for
spanwise mode?

Choose cos wy from

Pprocessed?

Store frequency and
qy. Increment MX )

Replace VP and BP -

teble for suitable
index.

Choose values of fre-
quency, BN, BP, which
bracket a zero of
frequency equation,

Find VN, VP values of
frequency equation for
BN and BP.

Rearrange BN, BP, VN,

with new values.,

Replace VN and BN
with new values.

Interpolate for

Is
residual
negative?

the root Yes

acceptable?

root of freq Y >

VP, so that VN < O,
VP 20,

Subroutine

equation,

FREQEQ
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Evaluate frequency
equation for trial
root,




f

Set MX equal to M1,
the first mode index.

1

Set storage index

Set storage index
to 11, load ¥ and
a(¥).

Y

to MX,

Load MODE number,
frequency and gp
vhich correspond
to MX.

Store frequency

Set Cy g = ()%
for £ =1, L.

in GAMMA.

Is
M =1 (mod 2L)
?

Yes

Find Cm,‘ and
Dy, 4 from general
formala, £ = 1,L

Is
this for
spanwise
mode?

Define Dy ¢ - Set Cy g =1
fram Cp g — for £ =1, L
A
MX =M +1
Form
L
z Cn,2 Cn,2
4=1
L Form matrices Jy n»
Z Cn,t Dn,2 Ku,n» Rayn
=1
L
Z Dn,s Dn,2
4=1

Subroutine CDFIND
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1

t

Set problem sequence

mmber = 1, Initialize

¥

Call INK J

required
modes in sequence
froem first?

Yes

Recampute E,

invert and

L poat miltiply
hy R and by J.

Compress arrays read
from tape to delete
amitted modes.

Set index for
first k value.

Y

Must the array

Ko

Are
there any more
g's?

Yes

Y

Py(€) be recom-
puted?

Call

Call
BFQST (2)

Yes

Get k from table
according to index.

!

Find nonzero values
of Py(Z) and store
real and imaginary
parts.

-

FINDI

1

Set g equal next
value in table,

Print heading for

Add in terms of AER

and AEI not summed
over u.

A

Call EUCLID ¥

problem.

Subroutine CONTRL
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Set g equal first
value in tsble of

g's.
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Find derivative of Xo
£,(x) at end points.
Set 5=1,Q=1=0

Find S and T
from summation
formila Q = Vﬁ S.

t

l Initialize ]

2\ = aL/M lr

Can
part of program
be bypessed?

Find Bn,u from
formula for
case 4,

Flu) = & BR

A=0
F=1
2\ = max. of Aa%‘(ak)
l%mdal*n ™1 Baor+ ¥

Find By and
F(u) fram formlsa
for case 5.

case 1.

Set Bn’“l‘(u) for
single spanwise
mode = 2 and others
=0,

Store Bp,u and

Yes

product Bpu
F(u).
Y
u=u+1l

Y

RNote:

notation in FASA CR-80 (Ref (1)).

Subroutine BFQST
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¢y and ¢ in the program are interchanged with reference to the

Set control param-
eter to recampute
Py(c) array.




-

® 1 C=m )

Clear EYER and A
EYEI to zero,
Find AER and AEl
matrices,
M
Set u =1,
Y
Find Bn,u F(u) - u=u+1] — 2
and Py(0).
Setm =1,
Y i
Set & = 1, — m=m+1
Y
Clear SMR and
SMI to zero, - B=8+2 i
I Set 4 =1,
Add By F(u)SMR to
EYERj  and By yF(u)
! SMI to EYEIz m
Find real and imaginary
parts of
[ By (4-190)00,5, A7)0 -~ Yes
o
= SUMR + 1 SUMI
SMR = SMR + SUMR
SMI = SMI + SUMI
4
No

L= 4 +1, =

Subroutine FINDI
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!

Store imaginary part of characteristic
equation in row 1 of R.

!

Store real part of characteristic
equation in row n + 1 of R.

!

Determine base 2 logarithm of scale
factor for characteristic equation.

!

Scale rows 1 and n + 1 of R.

!

Compute matrix of reduced determinant.
in rows 1 to n of R.

!

Scale all rows except the last of the
reduced determinant.

f
CRETURN j

Subroutine SCAIE
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Use element as

Yes

Set determinant
to zero.

determinant. ¢

Is it al x 1?7

No

Copy array into work
area. Set sign positive.

!

IT = 2

Is it on main

Find maximum element
of row LT-1.

diagonal?

Use diagonal element

as pivot to clear —

column below diagonal.

!

IT=LT +1

Affix sign to

. p—lf——
determinant.

Interchange row and
column to bring it on
diagonal.

Reverse sign.

Is row LT
the last?

Scale each diagonal
element and form
product.

Subroutine DETERM
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!

Form characteristic
equation,

!

G

A

Add eigenvalue to
diagonal of m x m
flutter matrix,

Print three determinant
values for camparison,

!

l

Invert the upper left
m-1 x m-1 matrix.

Find determinant of ma-
trix where eigenvalue is
2% low, 2% high.

!

4

Set vector to negative
product of this inverse
and last columm,

Find determinant of
flutter matrix.

!

$

Convert vector to
polar form.

Find figures of merit
and print.

!

4

Call VECNRM to norm-
alize vector,

!

Evaluate P and @, the
real and imaginary
parts of the charac-
teristic equation.

Multiply matrix by
vector to get residuals,

4

Print vector and
residuals.

Subroutine VECTOR




APPENDIX XI

PROGRAM LISTINGS
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Cres

600
L%

Cees

44

héb

500
900
Cree

MAIN PROGRAM FOR PRDJECT ND. 2852-P

CALL GHDUMP
CALL CONTRL
RETURN

END

SUBROUTINE GHDUMP

GHFLUT20
GHFLUT30
GHFLUT4O0
GHFLUT60

GHDUDO20

CCMMON GAMMALEPYEPXyGMM,SS+T»Qy FREQes SAVE, COEFS,BFOR,BETA,B5Q,SUK,GHDU0030
LEMCK,SePToPREALyPIMAG s HMMy DPHI y MMAX 09 XLy SMRy SMILEYER,EYE] +CC+CD,GHDUOO40

20D4C 9Dy PURyPUI yGHyBUF s DJAY ¢ CAY s ARE ¢NNN,EMSQ s NODP » XNODP ¢ BEE ¢ NEWP
AINEWGHyNEWGAM,NEWGMB  NEWDPH ALPHA yCKAY ¢y NEWE IVyNENCoNNST,
4DPNOJEINVySQSySFOR,EIJ¢EIR,AERyAET 4NK A, LNDP, QMM MODE

COMMON GoTESTR ¢ MAXAL yMMM NCASEyNGBAR¢NSP¢NG+GT ¢ NEWMOD+ON
DIMENSION GAMMA(L11),FREQ(31),COEFS(24)+EYER(10410)+EYEI(10+10),
LETJ(10,10),EIR(10,10)9 AER(10410)4AEI(10410),EINV(10,10)+CKAY(30),
2ALPHA(51)+DJAY{10,10)9CAY(10410),ARE(10,10),BUF{20)4GH{10,10,

GHDUO0S0
GHOUO0060
GHDUOOTO
GHDUOO080
GHDUO0090
GHDUOL100

80) ,6HLUOL10

3PUR(20, BO),PUI(20, 80},CC(10,10},CD(10,10),00(10410)4C(114+6),D(11GHDUOL20

496),QMM{31) MODE(L10),GT(5)
DIMENSION SAVE(14)
DIMENSION ON(20)

NQDP=16

DPHI=.0625

Pl = 3.1415927

MMAX=10

READ{5,600) LMIN,LMAXyMODEsNSPsNGBARJEPY,EPX

FORMAT(1412,2F10.0)

IF THE CARD IS BLANK, TAPE WAS GENERATED PREVIOUSLY

IF(LMAX.LT.1) RETURN

FIND SPANWISE FREQUENCIES AND MODE SHAPES

CALL FREQEQ(NSP,NGBAR¢NGBAREPX,FREQ)
CALL CDFIND(1+NSPyNGBARINGBAR)

00 900 L=LMIN,LMAX

LNDP=L*NCDP

FIND CHCRDWISE FREQUENCIES AND MODE SHAPES

CALL FREQEQ(L,+1,MODE(10),EPY,FREQ)
CALL COFIND(lsL,1,MMAX)
GENERATE G PLUS H MATRIX
DO 46 J=1+LNDP
XT=y
DARG=XT*DPHI
IF(DARG-1.001) 35,33,33
DARG=DARG-1.
GO TO 32
JM=LNDP-NODP-J
IX=(J-1)/NODP+1
DO 46 M=1,MMAX
D0 46 MB=1,MMAX
CALL GMML{(M,MByJUX,L+DARG)
GHIMB My J)=GMM
IF{JIM) 46444444
CALL HMML{M,MB,JX,LyDBARG)
GH{MB oMy J)=GHI{MB, M, J) +HMM
CONTINUE
WRITE( 9)LyMODE+NSPyNGBAR,EPYEPXNODP
WRITEU( 9)GAMMA,C
WRITEL 9) D
WRITE( 9) DJAY
WRITE( 9) CAY
WRITE( 9) ARE
WRITE( 9) GH
CONTINUE
WRITE RECORD TO SIGNAL END OF DATA
L=5
WRITE( 9) L,MODE,NSP,NGBAR,EPY,EPX,NODP
END FILE 9
REWIND 9
RETURN
END
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GHDUOL1 30
GHDUO140
GHDUO150
GHDUOLT70
GHDUO180
GHDUO190
GHLDUO0200
GHDUO210
GHDU0220
GHDUO222
GHDU0225
GHDUO227
GHDUO230
GHDU0240
GHDUO0250
GHDUD260
GHDUO265
GHDUO0270
GHDU0280
GHDUD285
GHOUO0290
GHDUO0300
GHDUO310
GHDU0320
GHDUO330
GHDUO340
GHDUO0350
GHDUO360
GHDUYO370
GHDUOG380
GHDUO0390
GHDUO400
GHDUO410
GHDU0420
GHDUO0430
GHDUO440
GHDUD450
GHDUO460
GHDUO04TO
GHDUO4BO
GHDUO0490
GHDUOS500
GHDUOS 10
GHDUODS20
GHDUO0525
GHDUO530
GHDUO0540
GHDUO545
GHDUOS46
GHDUO550
GHDUODS60



SUBROUTINE FREQEQULUL o MM1,MM2,EP,FREQ) FREQOO20
COMMON GAMMALEPYEPX+GMM55,T,Q+FREQySAVE,COEFS,AFOR,BETA,BSQ,SQUK,FREQODO30
LEMCKySosPLoPREALyPIMAGyHMMoDPHI ¢ MMAX Oy XLy SMRo SMIZEYERGEYETCC»CD, FREQOO4D
20D4C 4Dy PUR,PUY o GHyBUF ¢ DJAY,CAY, ARE ¢ NNN, EMSQ,NODP+ XNODP , BEE ,NEWP, FREQOO50

INEWGH ¢ NEWGAM, NEWGMB y NEWDPH, ALPHA ¢ CKAY,NEWE IVoNEWC 4NNST, FREQOO60
4DPNOSJEINVeSQSySFORIEIJeEIRIAERVAET «NKy Ay LNDP+QMM4MODE FREQOOTO
COMMON G+TESTR¢MAXAL MMM NCASEsNGBARJNSP NG GTy NEWMOD ,0ON FREQO080

DIMENSION GAMMA({11),FREQ(31),COEFS{24),EYER(10,10),EYEI(10,10), FREQO090
LETJL10,101,EIR(10,10),AER(10,10)4AETI{10,10),EINVI20,10),CKAY(30), FREQOL00
2ALPHA(S51)4DJAY(10+10)+CAY{10,10),ARE(10+10)+BUF(20),6HI10410, 80),FREQOL10
3PUR(20, B0),PUT(20, B80)4CC(10,10),CD(20,10),0D{10,10),Ct11,+6),D(11FREQOL20

446).QMMI3L) ,MDDE(10),6GTLS) FREQO130
DIMENSION SAVE(14) FREQOL40
DIMENSION ON(20) FREQOLS0
DIMENSICON CSTLT) FREQO160
L=LuL FREQO170
Ml=MML FREQO1BO
M2=MM2 FREQO190

670 DO 671 J=2,6 FREQ0200
671 CSTUJ)=0. FREQO210
CST(l)=~1. FREQO220

702 GO YO (7504750,703+704+705,706) L FREQO230
703 CST(2)=-.5 FREQO240
GO TO 750 FREQO250

704 CST{2)1=—-.70710678 FREQOD260
GO TO 750 FREQO270

705 CST(2)=-.80901699 FREQO280
CSY(3)=-.30901699 FREQO290

GC 10O 750 FREQO300

7106 CST{2)=-.86602540 FREQO310
CST(3)=-.5 FREQO320

750 L2=L+2 FREQO330
LH={L+1)/2 FREQO340

DO 753 J=1l.LH FREQD350
K=L2-J FREQO360

153 CST(KY=-CST{ ) FREQO370
SOLVE FREQUENCY EQUATION FRFQO380

755 DO 760 MX=M1,M2 FREQO390
MK=MX FREQO400

M=MK FREQO410
IF(M1-M2) 7553,7551,7551 FREQO4 20

7551 MK=31 FREQO430
7553 FML=(M=1)/L+1 FREQD440
MO=(M-1)/(2%L) FREQO450
MR=M-2%L*MQ FREQOD460
IF{MR-L-1) 752,752,751 FREQO470

T51 MR=L+L+2-MR FREQO480
792 COSMU=CST(MR) FREQ0490
BN=3.1415%FML FREQOS00

BP= BN+1.6 FREQO510

756 BA=BN FREQO520
I=1 FREQO530

GG 1O 90 FREQO540

10 VN=V FREQOS50
BA=BP FREQO560

I[=2 FREQOS570

GO YO 90 FREQO580

1l ve=v FREQO590
IF(VN) 13,13,12 FREQO600

12 vV=VN FREQO610
BA=BN FREQOD620
VN=VP FREQQO630
BN=BP FREQO640

vP=y FREQO650
BP=BA FREQO660

13 GO 10 15 FREQO670
15 RAT=VP/{(VP-VN) FREQO680
OINT=BN-BP FREQO690
IF(RAT-.9) 15241524151 FREQO700

- 67 =



N i51 RAT=.9 FREQOT1O0

GO TO 154 FREQOT20

152 TF(RAT-.1) 154,154,153 FREQOT30

. 153 RAT=.1 FREQOT40

| 1564 BA=BP+RATSDINT FREQOTSO
; =3 FREQOT60
; GO TO 90 FREQOT70
150 1F(BN-BA) 180,20,180 FREQOTBO

180 IF{(BP-BA) 18,20,18 FRLQOT90

18 IF(V) 16420,17 FREQO800

16  VN=V FREQOBIO

BN=BA FREQOB20

GO TO 15 FREQO830

17 vP=v FREQOB40

BP=BA FREQOSB50

GO 1O 15 FREQO8B60

20  FREQ(MK)=BA FREQO8T0

| QMM (MK)=EP*(SH-S1)/(2.%BA®SI*SH—EP* (SH*CO-SI*CH)) FREQOBBO
760 CONTINUE FREQOB90

| 99  RETURN FREQO0900
| 90  SI=SIN{BA) FREQO910
% CO=COS(BA) FREQ0920
EX=EXP(BA) FREQO0930

EXM=1./EX FREQ0940

SH=0.5% (EX-EXM) FREQ0950

CH=SH+EXM FREQO960

V=EP*{1.—CO*CH)+BA*X(COSMU* (SH-ST)+STI*CH-CO*SH) FREQO970

GO TO (10411415001 FREQO980

END FREQD990

SUBROUTINE COFIND(L1oLUL,MML,MM2) COF10020

COMMON GAMMA, EPY,EPXyGMM,SS, T, QsFREQ,SAVE,COEFS,BFOR,BETA,BSQ+SQK,COFI0030
LEM¢CKySyPloPREALyPIMAGeHMMyDPHI s MMAX 09 XL s SMRy SMI EYER,EYEI +CC4CDyCOFID040
2DDyC 4Dy PURyPUT yGH o BUF ¢ DJAY 3 CAY § ARE ¢ NNNo EMSQ o NODP o XNODP,BEE.NEWP, COF10050

INEWGH s NEWGAM ¢ NEWGMB y NEWDPHy ALPHAyCKAY s NEWE IV NEWC o NNST, COFI0060
4DPNCIETNVySQS+SFORVETJ+EIR¢AERJAET + NKy Ay LNDP o QMM MODE CGFI0070
COMMON G+ TESTRyMAXAL ¢ MMMy NCASEyNGBARyNSP +NGe GT ¢ NEWMOU+ BN COF10080
' DIMENSION GAMMA(11),FREQ(31),COEFS(24),EYER(10410)+EYEI(10,10), COF10090
LEIJ{10+10),EIR(10,10)4AER{10+10),AEI(10410),EINV{10,10),CKAY{(30), COFIOLO0

2ALPHA(S1)+4DJAY(10,10)4CAY(10510)4ARE(10+10)+BUF(20)+GH(10+,10+ 80),COFIOL10
3PUR({20, 80),PUI(20, B80)+CC{10410),CD{10,+10)4DD(10+410),CUl114+6),D{11COFIOL20

496)+QMM(31) ,MODE(10),GT(5) COFI0130
DIMENSION SAVE{14)} COF10140
DIMENSION BN(20) COF10150
L=LUL COFI0160

EL=L COFIOLl70
Ml=pMM] COF10180
M2=MM2 COF10190
MM=MMA X COF10200

DO 36 MX=M1,M2 COF10210
MK=MX COF10220
M=MODE (MK} CUFI0230
BA=FREQ(M) COFI0240
QM=QMM(M) COF10250
IF{M1-M2) 20,17.17 COF[0260

17 M=MK COFI0270
BA=FREQ(31) COF10280
GM=QMM({ 31} COF10290
MK=11 COF10300

20 LMOD= MOD(M-1,2%L) COFIO0310
GAMMA({MK)=BA COFI0320
IF(LMOD) 244922424 COF10330

C M IS CONGRUENT TO 1 MOD 2L COF10340
22 CiMK,1)=1. COF10350
IF(L-2) 231,221,221 COFI0360

221 DO 23 J=2,L CAF10370
23 CiMKyJ)=-CIMKyJI—1) COFI0380
231 SIGND=1. COF10390
GO TO 28 COF 10400

24 IF(LMOD-L)30,26+30 COFI0410
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‘u

M IS CONGRUENT TO 1 MOD L

c
. 26 DO 27 J4=1,L

27 CiMKyJ)=1a
SIGND=~1.

28 DO 29 J=1,L

29 D{MKy J}I=SIGND®C(MK, J)
G0 10 36

C FORM C

AND D

| 30 D0 35 J=LlstL

Fa=J

LAHL=L+M-1
UM=PI *ZAHL/EL
UML=UM*F J
SLUM=SIN{UML-UM)}
SLU=SIN(UML)
CUMK o JY=SLU-QM*SLUM
35 DIMK, J)=SLUM-QM*SLU
‘ 36 CONTINUE
IF (MK-11) 40,99,99
: c FORM SUM OF PRODUCTS OF C AND D
! 40 DO SJ=1,MM
DO S5K=1,MM
CC{J4+K)=0.
CD{JeK)=0.
DD JyK)=0.
00 S51=1,L
CCUIeKI=CCUI+KI+C(JoT)*CIK,y1)
COUJeKI=CO(IsKI+C(Jo1)*DIK, 1)
5 DDUJeKI=DDU(JsK)I+D{Jy 1)*D(K, 1)

i C FORM F

DO 9 J=

TABLE FOR J.KsR
1, MM

DO 9 K=l,MM

1 F1
= F2
F3
Fo

F5
Fé6

=FMM(leosle v 1Ko Ou)=FMM{0ee0arvJoKe0.)
=FMM{ 00 1=lesJsK90o)-FMM{1.40ayJsK.0.)
=FMM{LlesleoJoKs2e)~FMM( 00y 0ayJeKy2.)
=FP”‘00'—10'J'K'20)-FMM(l.'O.'J'K'Z.)
=FM"(lo!l-,J'K'1-)'FHH(0.|0.QJ1K'lo)
ZFMM{Oer~lavJoKsle)=FMM(1.90.9JeKyl.)

TRANSPOSE MATRICES TO AGREE WITH REPORT NOTATION

DJAY{Ky JI=F1%(CCUJKI+DD{I oK) I+F25(CD{I4KI+CD(K,J))
CAY{Ky J)=F3%{CC(Js1K)+DDIJIsK) I +F4*(CD(JsK)+CD(K,JI})
9 ARE (Ko J)=FS*ICCIIsKI-DDIJ4K) I +FO6X{CD(JIWK)I-CO(KyJ))

99 RETURN
END

SUBROUTINE GMML({M,MBAR,LL+L1,yPHI)

DIMENSION GAMMA(11),FREQ{31),COEFS(24),SAVE(14)
UIMENSION C(1146) ,D{11,6) ,DD(10,10),CD(10,10),CC(10,10)4EYER{10,GMMLOD40
110),EYEI(10,10)
COMMON GAMMA EPY EPXyGMMySS, T+ Qs FREQsSAVE,COEFS,8FOR,BETA,BSQ,SQK,GMMLO060
LEMyCKySoPToPREALPIMAGHMM,DPHI s MMAX 09 XLy SMRy SMI,EYER,EYEL,CCoCD,GMMLOODTO

2DD+C,D
L =11

SUMCD1L=
SUMCD3=

0.0
0.0

SUMCD5=0.0
SUMCDT7=0.C
DO 10 LBAR=LL,L
J1=LBAR-LL+1
SUMCD1=SUMCD1+C(M,J1)*C{MBAR,LBAR)
SUMCD3=SUMCD34+C{M,J1)*D(MBAR,LBAR)
SUMCDS=SUMCDS+D(M, J1 1*C(MBAR,LBAR)
10 SUMCDT=SUMCD7+D (M, J11*D(MBAR,LBAR)
Fl=FMM(1.0-PHI,1.0,M»MBAR,0.0)
F2=FMM({0.0,PHI yM,MBAR,0.0)
F3=FMM{0.0¢1.0-PHI4 M, MBAR+0.0)
F4=FMM{PHI-1.040.0oM,MBAR40.0)
FS=FMM{-PHI,1.04MyMBAR,0.0)
FO6=FMM(—1.04PHI 4MyMBAR,0.0)
FT=FMM(1.0¢1.0-PHIy M, MBAR,0.0)
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COF10420
COF10430
COF10440
COF 10450
COF 10460
COF10470
COF 10480
COF10490
COF10500
COF10510
COF10520
COF10530
COF10540
COFI10550
COF10560
COFI10570
COF10580
COFI0590
COFI0600
COF10610
COF10620
COF10630
COF10640
COF10650
COFI10660
COFI06TO
COF10680
COF10690
COFI0700
COFIOT710
COFI0720
COFI10730
COF10740
COF10750
COF10760
COF10770
COF10780
COF10790
COF10800
COFIO0810
COF10820
COF10830
COFI10840
COF10850

GMML 0020
GMML0030

GMML 0050

GMMLO080
GMMLO0O090
GMMLO100
GMMLO110
GMMLO120
GMMLO130
GMMLO140
GMMLO150
GMMLOL160
GMMLOLTO
GMMLO180
GMMLOL90
GMMLO200
GMML 0210
GMML0O220
GMMLO0230
GMML0240
GMML 0250
GMML 0260



999

20

999

FQ=FMM{PH],0.0,MyMBAR,0.0)
Fl=F1-F2

F3=F3-F4

FS=F5-F6

F7=F1-F8

GMM=F ] $SUMCD1-F3+SUMCD3
1~F5%SUMCDS5+F T#SUNCDT
RETURN

END

SUBROUTINE HMML (M,MBAR¢LLyL 14PHI)
DIMENSICN GAMMA(11),FREQ{(31),COEFS(24),SAVEL14)

GMMLO2T70
GMML 0280
GMML 0290
GMMLO300
GMMLO310
GMMLO0320
GMML 0330
GMME 0340
GMMLO350

HMML0020
HMML0030

DIMENSION C{11,6) ,D(11,6) ,DD(10,10),CD(10,10),CC{(10,10),EYER{10,HMMLOO4O

110),EYEI(10,10)

HMML D050

COMMON GAMMA,EPY,EPXyGMM,SS+T,QsFREQ,SAVE,COEFS,BFOR,BETA,BSQsSwKsHMMLOOGO
LEMyCKySsPIyPREAL yP IMAG ¢ HMM DPHI s MMAX ¢ Oy XL y SMRs SMI,EYER,EYET 4CCy LD, HMMLOOTO

2DD4+CyD
L =11
SUMCDY = 0.0
SUMCD3 = 0.0
SUMCDS = 0.0
SUMCDT = 0.0
LL1l = LL+1

DO 20 LBAR = LL1l.L

J1 = LBAR -LL
SUMCDE=SUMCD1+C(M,J]1)*C{MBARyLBAR)
SUMCD3=SUMCD3+C(M,J1)*D(MBAR,LBAR)
SUMCDS5=SUMCCS+D{M, JL)*C{MBAR,LBAR)
SUMCD7=SUMCDT+D(M,J1)*D(MBAR,LBAR)

Fl = FMM(1.0,PHIM;MBAR,0.0)}

F2 = FMM{1.0-PHI 40.04MyMBAR,0.0)
F3 = FMM{PHI ~1.0+1.0sMMBAR,0,0)
F4& = FMM{-1.041.0-PHI+MyMBAR,0.0)
FS5 = FMM{0.0,PHI 4M,MBAR,0.0)

F6 = FMM(~PHI 0.0yMyMBAR,0D.0)

FT = FMM(PHI,1.0¢M,MBAR,0.0)

F8 = FMM{0.041.0-PHI M MBAR,0.0)
F1 = F1-F2

F3 = F3-F4

FS = F5~F6

FT1 = FT-F8B

HMM = FI*SUMCDl — F3%SUMCD3 ~ F5%SUMCD5 + FT7*SUMCD7
RE TURN

END

SUBROUTINE CONTRL
ONE MODE PROBLEMS NOT ALLOWED
DIMENSION KODE(10}

HMML 0080
HMML 0090
HMML 0100
HMMLO110
HMMLOL120
HMML 0130
HMML 0140
HMMLO150
HMMLO160
HMMLO170
HMMLO180
HMMLO190
HMML0200
HMML 0210
HMML 0220
HMML 0230
HMML 0240
HMML 0250
HMML 0260
HMMLO0270
HMML0280
HMML 0290
HMML 0300
HMML 0310
HMML0320
HMMLO0330
HMMLO0340
HMML 0350

CGONTO0020
CONT 0030
CONT0040

COMMON GAMMA EPY,EPX,GMMySS,T,QsFREQ,SAVE,COEFS,BFOR,BETA,BSQ+SCUK,CONTOOS50

1EMoCKoeSoPIyPREALPIMAGHMMDPHI s MMAX L o XLy SMRy SMIZEYERLJEVET,

2 CoDePURGPUT ¢GHyBUF 4DJAY 4 CAY ¢ ARE ¢ NNNy EMSQyNODP ¢ XNODP ¢ BEE 4 NEWP o
INEWGH s NEWGAM ¢NEWGMB o NEWDPHyALPHA, CKAY  NEWEIV,NEWC o NNST,
4DPNOEINV,SCSySFOR\ETJ,EIR,AERyAEI ¢ NKyA,LNDP,QMM, MODE

COMMON GoTESTR,MAXAL ¢ MMM NCASE NGBARyNSP ¢NGyGT+ NEWMOD,BN
DIMENSION GAMMA(11) oFREQ(31),COEFS(24),EYER(10+10)EYEI(10+10),

CONT0060
CONTO0O070
CONTO0080
CONTO0090
CONYO0100
CONTO110

1E1J(10,10)EIR{10410),AER{10,10),AEI{10,10)+EINVI(10,10),CKAY(30), CONTOL20
2ALPHA(S)1),DJAY(10,10),CAY(10,10),ARE(10+,10),BUF(20}),GH(10,10, 80),CONTOL30

3PUR(20, 80)4PUI(20s 80},
4,6),QMM(31),MODEL10) ,GT(5)
DIMENSION SAVE(14)
DIMENSION BN(20)
DIMENSION REST (51}
PI=3.1415927

COEFS (1)= .999999997
COEFS (2)=—.004394275
COEFS{3)= .000434725
COEFS (4)=-,000122226
CCEFS (5)= .000043506

- 70 -

C{l14+6),DU11CONTOL40

CONTOLSO
CONTOL160
CONTOLTO
CONTO1R0
CONTO190
CONTO0200
CONTO210
CONTO0220
CONTO0230
CONT 0240



20

25
26

Cesx
Cexs

°

273

275

28

32
35

50
51

60
61

70
71

72

T4

COEFS(6)=~-.000009285
COEFS(T1=-.031249995

COEFS(B)= .001144106
COEFS(9)=-.000218024
COEFS(10)=.000085844
COEFS{11)=-.000035614

COEFSL12)= .000008099
COEFS(13)=1.000000004
COEFS(14)=.007323931
COEFS(15)=~.00055%9487
COEFS(16)=.000145575
COEFS(171=-.000050363
COEFS(18)=.000010632
COEFS{19)=.093749994
COEFS(20)=-.001601836
COEFS(21)=.000266891
COEFS(22)=-.000099941
COEFS(23)=.000040658
COEFS(24)=-.000009173

NSEQ=1

SAVE(1)=0.

CALL INK

IF{MMAX.LE.O) RETURN

LNDP=L%]6

IF INEWGAMeNEWMOD+NEWDPH+NENGMB) 50450,25
PULL TABLES OF G+H OFF OF TAPE 9.
DO 26 J=1,MMAX

KODE{J)=MODE(J)}

CALL GPLUSH

IF (MODE{MMAX)}—KODE(MMAX)) 27451451

IF MODES REQUESTED DISAGREE WITH MODES ON TAPE, COMPRESS ARRAYS

TO GIVE AGREEMENT
D0 35 IM=1,MMAX
IF(MODE(IM).EQ.KODE(IM)) GO TO 35
DO 272 K=IM,9
IF(MODE (K+1).NE.KODE(IM)) GO TO 272
IK=Ke)
GO TC 275
CONTINUE
WRITE(645273) KODE(IM)
FORMAT({16HOREQUESTED MODE I3,14H NOT ON TAPE 9)
Ge T0O 20
GAMMA{IM)=GAMMA(IK)
DO 28 J=1.L
ClIMed)=ClIK,J)
DUIMeJY=D(IK,J)
DO 32 LK=1,MMAX
KM=MODE (LK)
KK=KODE (LK)
DJAY (KM, IM)=DJAY{(KK,IK)
CAY{(KM, IM)=CAY (KK, IK)
ARE (KM, TM)=ARE (KK, IK)
LGH=20%*L
DO 32 JGH=1,LGH
GHIKM, IMy JGH)=GH{ KK, IKy JGH)
CONTINUE
GO YO S1
IFINEWC) 60,60,51
CALL BFQSTI(1)
GO 7O 70
IFINNST-1) 70470461
CALL BFQST(2)
IF{NEWEIV) 80,80,71
DO 72 J=1,MMAX
SC=SSEGAMMA( J)**4
FORM E INVERSE, PREMULTIPLY R AND J
DO 72 K=1,MMAX
EINVIJoK)=(DJAY (JyK)E{SC+QESFOR) +({T+T )*SQS*CAY(J,K})/SS
GO TO 74
CALL UMKEHR(EINV,MMAX)
DO 75 J=1.MMAX
DO 75 K=1,.MMAX

-7} =~

CONT0250
CONTO0260
CONYO0270
CONTO0280
CONT0290
CONT0300
CONTO0310
CONTO0320
CONTO0330
CONTO0340
CONTO0350
CONTO360
CONTO370
CONTO0380
CONTO0390
CONTD0400
CONYO410
CONTO0420
CONT 0430
CONTO0440
CONTO0445
CONTO0450
CONT 0460
CONTO0470
CONTO0480
CONTO0490
CONTO0500
CONTO510
CONTO0520
CONTO0530
CONTO0S534
CONTO0535
CONTO0540
CONT(542
CONT 0544
CONTO0546
CONTO0548
CONTO0550
CONTO0552
CONTO554
CONTO0556
CONTO0558
CONTO0560
CONYO580
CONT0590
CONT0600
CONTO610
CONT0620
CONT0630
CONT0640
CONTO0650
CONTO0660
CONTO0670
CONTO0680
CONT 0690
CONTOT00
CONTO710
CONTO720
CONTO730
CONTO740
CONTOT750
CONTOT60
CONTO770
CONTOT780
CONTOT790
CONT 0800
CONTO810
CONTO820
CONTOB830
CONT 0840
CONT 0850
CONTO0860



75

16
0

CH&x
#l

83

B4
90

91

Cexx

95
96

960
97

40

Caxx

42
CHex

44

ETJ(JeK)=0. CONTO870

EIR(J¢K)=0. CoNTO880
DO 76 J=1,MMAX CUNTODE9OC
DO 76 K=1,MMAX CONTO0900
DO 76 I=1,MMAX CONYO0Q10
ETJLJoKISETI(JIoKICEINVII, 112DIAY(],K) CONTO0920
EIR(JGKIZEIR{JoKI+EINVIJ, 1} *ARE( 1K) CUNTOQ930
JK=1 CONTO0940
IF (NNST+NK+NEWP -3) 90,81,81 CCONTO0950
CHOOSE REDUCED FREQUENCY FROM TABLE CONT QY55
CK=CKAY{JK) CONT0960
SOK=CK*CK CONYO0970
CALCULATE AND STORE P CONTO380
DO 84 J=1,LNDP CONT 0990
ARG=J CONTL000
ARG=ARG*DPHI CONT1010
D0 84 K=NNST,NNN CONT1020
U=2%K—~ MODINGBAR*NSP,2) CONT1030
CALL FINDP(U,ARG) CONT1040
PUR(K+J)=PREAL CUNTL1050
PUL{KyJ)=PIMAG CONTL060
CALL FINDI(NNN) CONT 1070
ADD IN TERMS NOT SUMMED OVER U CONT1080

COA=CK-CK/8SQ CUNTY1090
DO 91 J=1,MMAX CONT1100
B0 91 K=1,MMAX CONT1110
AER{JoK)I=AER(J2K)/SSH+EIR(JsK) CONT1120
AEI(JoK)=AET{JsK)/SS+COA%ETILIK) CONT1130
DO 960 JG=1,NG CONT1140
CHOOSE STRUCTURAL DAMPING FROM TABLE CONT1145
G=GT{JG) CONT1150
CALL HD1063(NSEQ, JK,KODE) CONTL160
FACTR=-SQK#*BETA CONT1170
F12=12./(BETA*(1.+G*G)) CONT1180
CALL EUCLIDI(MMAXGoEIJy AERyAEI ALPHAJRESTyFACTRyMAXALTESTR,LF12,L0NT1190
1DJAY) CONT 1200
CONTINUE CONT1210
JK=JK+1 CONT1220
IF(JK~-NK) B1,81,20 CONTL1230
END : CONT1240
SUBROUTINE INK INK 0020
COMMON GAMMA EPY s EPXyGMMySS+T+QsFREQySAVE,COEFS+BFORIBETAL,BSQ+SUKyINK 0030
1EMyCKySsPIoPREALyPIMAGyHMMyDPHI o MMAX oL 9 XL 9y SMRy SMIZEYERZEYEI, INK 0040
2 CyDy PURPUI yGHy BUF y DJAY yCAY o AREyNNN, EMSQy NODP, XNODP  BEE ,NEWP, INK 0050
INEWGH s NEWGAM, NEWGMB ¢ NEWDPHy ALPHA yCKAY ¢y NEWEIV4NEWC ,NNST, INK 0060
4DPNOJEINV,SQSeSFORGETJsEIRJAER,AEI ¢ NKo Ay L NDP,QMM, MODE INK 0070
COMMON G TESTRyMAXAL ) MMM, NCASE s NGBARINSP4NGy GT 4 NEWMOD INK 0080
DIMENSION GAMMA({11),FREQ(31),COEFS(24),EYER{10,10),EYETI(10,10), INK 0090
1E1J(10410),EIR(10,10) ¢ AER(10,10),AETI(10410),EINV(10+10),CKAY(30), INK 0100
2ALPHA{51)4,DJAY{10,10)+sCAY{10,10)4ARE(10,10),BUF(20)+GH(10,10, 80),INK 0110
3PUR(20+ BO),PUI(20, 80), Cll1,6)yDI11INK 0120
496)eQMM{31),MODEL10),GT (5} INK 0130
DIMENSION SAVE(14) INK 0140
DIMENSION W{S)KW(3),KM(10) INK 0150
NEWDPH=0 INK 0160
NEWEIV=0 INK 0170
NNST=1 INK 0180
NEWC=0 INK 0190
NEWP=0 INK 0200
NEWGAM=0 INK 0210
NEWGMB=0 INK 0220
NEWMOD=0 INK 0230
READ (S94LIKG1KWoWoKM INK 0240
FORMAT(412,2X5E10.5,1012) INK 0250
IF FIRSY CARD OF CASE IS BLANK, CALL EXIT INK 0255
IF(KGI42,62,044 INK 0260
CALL EXIT INK 0270
BRANCH TO STORE AS INDICATED BY CARD CODE INK 0275
GO TO (192935415069 7¢8+19+10411412),KG6 INK 0280
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»

-

30
31

35

36
37

505

206

62
63

71

91
93

10

11

12
124
125

52

C*xx
99

TYESTR=W(1)
GO Y0 52
S=wW(l)
SQS=S%S
SFOR=5Q5%5QS
NEWEIV=1
NEWC=1
GO TO 93
MMAX=KW(1)
NEWMOD=1
IF(KW({2))35,35,30
DO 31 J=1,10
MODE( J)=KM(J)
GO TO 37
DO 36 J=1,MMAX
MODE(J)=J
GO TO 62
EMSQ=W(1}
BSQ=EMSC~-1.
EM=SQRT (EMSQ}
BETA=SQRT{BSQ)
BFOR=BSQ*BSQ
GO TO 93
NG=KW(1)
DO 505 J=1,5
GT(JI=W(J)
IFING) 506,506,452
NG=1
GO To 52
DO 61 J=1,5
SAVE(J)=W(J)
L=KwWil}
GO0 10 S2
NEWGAM=]
NEWEIV=]1
GC TO 52
NK1=KW(1l)
NK2=KW(2}
NKL=NK1~1
DC 71 J=NK1,NK2
K= J-NKL
ALPHALJ )=HW(K)
GO TO 52
MAXAL=KW(1)
GO TO 52
NK1=KW(1)
NK2=KW{2)
NKL=NK1-1
DO 91 J=NK]l,NK2
K=J-NKL
CKAY(J)=W{K)
NEWP=1
GO TQ 52
NK=KW{1)}
GO 10 52
NCASE=KW(1)

A/2 IS PUNCHED ON INPUT CARD
A=W{l)+W(1)
NEWC=1
GC TQ 93
GO T0 124
NEWP=1
NANN=KW(1)
GC YO 52
READ (541 )1KGs KWy WoKM
IFI{KG)99,99,44
A BLANK CARD SIGNALS END OF DATA FOR THIS CASE
RETURN
END
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0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0330
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0595
0600
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0840
0850
0860
0870
0910
0920
0930
0940
0950
0960
0970
0980
0990
1090
1100
1105
1120
1140



b

10

80

90
998
999
50

540

546

SUBROUTINE GPLUSH GPLUDDZ2G
COMMON GAMMAL,EPY,EPX,GMM,SS,T,Q,FREQ,SAVE,COEFS,BFOR,BETA,BSQ»SUK,GPLUOO3O

LEMyCK o SoPIyPREAL ¢ PIMAG s HMM¢ DPHI yMMAX oLy XLy SMRy SMI ,EYER,EYEI, GPLUOO4O
2 CoDyPUR(PUI +GHyBUFyDJAY+CAY 4 ARENNN, EMSQ,NODP,XNODP, BEE 4NEWP, GPLU0050
INEWGH s NEWGAM ¢ NEWGMB ¢y NEWDPHy ALPHACKAY NEWEIV,NEWCNNST, GPLUOO6O
4DPND+EINVSQSySFORYETJ4EIR,AER, AET 4 NK Ao LNDP QMM ,MODE GPLUOOTO
COMMON Gy TESTRyMAXAL +MMM,NCASE +NGBARNSP ¢ NG+ GT ¢« NEWMOD, BN GPLUOOBOD

DIMENSION GAMMA(11),FREQ(31),COEFS(24),EYERI10+10),EYEE(10,10), GPLUCOS0
1E1J{10,10),EIR(10,10),AER(10,10),AEL(10,10},EINV(10,10),CKAY{30), GPLUOLOO
2ALPHA(S51),4DJAY(10,10),CAY(10,10),ARE(10,10),8BUF(20),GH{10,10, 80),GPLUOLLO

3PUR{20, B80),PUI(20, 80), Cl11+6)+0(11GPLUOL20O
4e6),QMM{31) yMODE(10),GT(S5) GPLUOL30
DIMENSION SAVE({1l4) GPLUCLS4O
DIMENSION BN{20) GPLUO150
READ (9)LL +MODENSPyNGBAR, EPY, EP X, NODP GPLUOL160
IF{LL-L) 80,+80,50 GPLUDLTO
REAC (9)GAMMA,C GPLUOLBO
READ (9) D GPLUOL90
READ (9) DJAY GPLUO200D
READ(9) CAY GPLUO210
READ{9) ARE GPLUOG220
READ(9) GH GPLUOD230
IF(LL-L) 10+90,50 GPLUDZAD
IF{L-3) 999,999,998 GPLUO250
REWIND 9 GPLUO260
RETURN GPLUO2TO
REWIND 9 GPLUO28O
GO TOo 10 GPLUO290
END GPLUO300
SUBROUTINE BFQST(NN]} BFQS0040
COMMON GAMMA, EPY sEPXyGMMySSe T9Qy FREQSAVE,COEFS+BFORBETA,BSQ,SUK,BFQS0050
LEMoCKoSoPLoPREALSPIMAGyHMMyDPHI, MMAX oL y XLy SMRySMT, EYERL,EYEI, BFQS0060
2 C+D+PURWPUTI+GHoBUF 4y DJAY,CAY, ARE,NNN,EMSQyNODP, XNODP + BEE . NEWP, BFQS0070
BNEWGHyNEWGAM 3 NEWGMB ¢ NEWDPHs ALPHAyCKAY s NEWE IV NEWC s NNST, BFQS0080
4DPNOJEINVsSQSSFORVETJSEIR)AER(AET ) NKyAyLNDP,QMM, MODE BFQS0090
COMMON G, TESTR,MAXAL yMMM,NCASE,NGBARsNSPyNG,GT,NEWMDD,BN BFQS0100

DIMENSION GAMMA(11),FREQ(31),COEFS{24)+EYER(10,10),EYEI(10+10), BFQSO0110
1E1J(10+10)4EIR{10410)5AER(10+10)yAEI{10410)4EINV{10,10),CKAY{30), BFQS50120
2ALPHA(S1)+DJAY(10,410),CAY(10,10),ARE{10,10),BUF(20),GH{ 10,10, 80),BFQSO130

3PUR(20, 80),PUI(20, 80}, C(1l1,6),D(118FQS0140
496) QMM (31),MODE(10)GT(5} BFQ50150
DIMENSION SAVE(14) BFQS0160
DIMENSION BN{20) BFQS0170
N=NN BFQS0180
Jspe=11 BFQSO190
ENN=NSP B8FQS0200
EL=L BFQS0210
G4=GAMMA(1]1)*%x4 BFQS0220
GO VO (5404620),N BFQS0230
COES=.25/G4 BFQS0240
FIN3=FMKT(3,JSPyl.) BFQS0250
FON3=FMKT{3,JSP,0.) BFQS0260
FINI=FMKT(1,JSPy1.) BFQS0270
FON1=FMKT(1,JSP,0.) BFQS0280
FIN2=FMKT(24JSPy1.) BFQS0290
FON2=FMKT{(2,JSP,0. ) BFQS0300
T=0. BFQS0310
Q=0. 8FQS0320
$S=1. BFQS0330
IF{NCASE-3) 546+:546,620 BFQS0340
$5=0. BFQS0350
D0 550 K=1sNSP BFQS0360
CNKB=C{11,K) BFQS0370
DNKB=D(11+K) BFQS0380
RUB=(CNKB*FONL-DNKB*FINL )* (CNKB*FON2+DNKB*FIN2) BFQS0390
RAB=CNKB*F IN1-DNKB*FON1 BFQS0400
ROB=CNKB*F IN2+DNKB*FON2 BFQS0410
RIB=CNKB*F IN3-DNKB*FON3 BFQS0420
SS=SS+COES*{RUB~2.*RIB*RAB+ROB*{ROB-RAB)) BFQS0430
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550

620

81

w2

83

€31
90

138

140

91

916
918

92
921

922

93

94
961
945
95

98
147
99

RUB=(CNKB¥FON2+ONKB*FIN2) *(CNKB*FON3I-DNKB*FIN3)
T=T-0,25%RAB*RAB+COES*(RIB*(ROB-RIB)-RUB}
Q=SS%G4

FIND LAMDA AND B

GO TO (81,82,83,81+83)4NCASE

WHAT=S*EL/EM

GO0 YO 90

WHAT=0.

ENN=1.

GO 1O 90

WHAT=S*EL/EM

WAS=3 . xA+ENN+ENN

IF(WHAT-WAS)831490,90

WHAT=WAS

AMDA=0.5%WHAT

WAS=WHAT+ENN

IF (BEE-WAS) 138,140,138

BEE=WAS

NFWP=1

FIND BU AND FU

DO 147 JU=NNST,NNN
U=24JU-MOD(NGBAR*NSP,2)

UPB=U*P1/BEE

COEB=2./{G4-UPB**4) /BEE

GO TO (91,92+93,94,95) ¢+NCASE

BNU=0.

U0 916 K=1.NSP

CNKB=C (11+K)

DNKB=D{ 114K}

CPL=K

CPL=(CPL+AMDA) *UPB

cPLM=CPL-UPB

SINUK=SINICPL)

COSUK=COS(CPL)

SINUM=SIN{CPLM)

COSUM=COS{CPLM)
RUB=CNKB*FIN3-DNKB*FON3—-UPB#*2% (CNKE*FINL-DNKB*FON1)
RAB=CNKB*FON3-DNKB*FIN3-UPB*#2% (CNKB*FON1-DNKB*FINL)
ROB={CNKB*FONZ2+DNKB*F IN2 )*COSUM—~(CNKB*F [N2+DNKB*FON2)*COSUK
BNU=BNU+COEB*(RUB*S INUK+ROB*UPB—RAB*SINUM)
FU=BNU*BEE*0.5

GO TQ 98

IFLEPX)921,4921,91

DO 922 K=NNST.NNN

BN(K)=0.

BUF(K)=0.

BNI(NGBAR)=2.

BUF (NGBAR}=2.

GO 10 99

PAUSE

GO 10 91

GO TO 941

BNU =4./(PI*UY*COS(0.5%UPB* (BEE~1.))

GC YO 918

ABAR=AMDA-ENN-A

COEB=2./7(U*P1)

RUR=UPB*(1.+A)

ROB=RUB+UPB*ABAR

RAB=ROB+UPB
BNU=COEB*{1.+2.*COS(RUB})*(COS(ROB)-COS(RAB))
FU=(COS { AMDA*UPB)~COS{UPB*(AMDA+1.)})/UPB
BUF (JU) =BNUXFU

BN{JUI=BNU

RETURN

END

SUBROUTINE UMKEHR(R, IF)
DIMENSION R(10,10]}

N=[F

IF(N-1)31,31,38
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BFQS50440
RFOS0450
BFUS0460
BFUS0470
BFUS04H0
BFGS0490
BFGS0S500
BFQS0510
BFQS0520
BFQS0530
8FQS0540
BFQS0550
BFLS0560
BFQS0570
BFQOS0580
BFQS0590
BFQS0600
BFQS0610
BFQRS0620
BFQS0630
BFQS0640
BFQS0650
BFQS0660
BFUS0670
BFQ50680
BFQS0690
BFQS0700
BFQSOT10
BFQS0720
BFQSO730
BFQS0740
BFQSO7S0
BFQS0760
BFQSO770
BFQSOT780
BFQS0790
BFOSO0800
BFQS0810
BFQS0820
BFQS0830
BFQS0840
BFQS0850
BFQS0860
BFQSOBTO
BFQS0B8TS
BFQSOHRO
BFQS0885
8FQS0890
BFQS0900
BFQSO0910
BFQS50920
BFQS0930
BFUS0940
BFQS50950
BFQS0960
BFQSO970
BFQS0980
BFQ50990
BFQS1000
BFQS1010
8FQS1020
BFQS1030
RFQS1040
BFQS1050
BFQS1060

UMKEDOZ20
UMKFQ030
UMKEQ040
UMKEDOSO



.

-

31
38
50
42
56

43
51

54

55
45
99

11

10
12

399

R{ls1)=1./R(1,1) UMKE 0060
GO T0 99 UMKEQOTO
DO 41 K=1,N UMKEOOUBO
D=R(K¢K) UMKE 0090
R{KeK)=1.0 UMKEOL0O
DO 42 J=14N UMKEOLLO
R(KeJI=R{KyJ}/D UMKEO120
IF{K=N143,44,44 UMKEO130
KPLUS=K+] UMKEQL40
DO 41 I=KPLUS«N UMKEQL150
D=R(]1,+K) UMKEO160
R{1,K)=0.0 UMKEOLT70
DO 41 J=1,N UMKEOL1B0
RUT9JI=R(I4J)=-D*R(K,yJ) UMKEOL90
MINUS=N-1 UMKED200
DO 45 K=1,MINUS UMKEO210
KPLUS=K+] UMKED220
DO 45 I=KPLUSsN UMKED230
D=R{K,1) UMKEO240
R(Ky1)=0.0 UMKE 0250
DO 45 J=1,N UMKED260
R{KyJI=R(KeJ)=D*R(1,4J]} UMKEQ2T0
RETURN UMKEOD2R0
END UMKE D290
SUBROUTINE FINDP (U,2ETA) PFINDO20
COMMON GAMMAyEPYEPXoGMMoSS T9 Qo FREQsSAVECOEFSsBFORBETA,BSQ,SUK,PFINOO30
1EMoCKoSyPIyPREALPIMAG ¢ HMM;DPHT ¢ MMAX oL o XLy SMRySMI,EYER,EYET, PF INOO4D
2 CeDyPURGPUI ¢GH4BUF ¢ DJAY,CAY,ARE yNNNyEMSQs NOUP ¢ XNODP» BEE 4NEWP» PFINOOSO
INEWGH yNEWGAM¢ NEWGMB g NEWDPHy ALPHA yCKAY ¢ NEWEIV,NEWCy NNST, PFINOOGO
GLDPNGEINV,SQS+SFORVETJSEIRJAER,AET ¢ NKy A, LNDP,QMM, MODE PFINOO70
COMMCN Gy TESTR,MAXALyMMM,NCASE ¢ NGBAR¢NSP¢NG,GT 4 NEWMOD, BN PFINOOBO
DIMENSION GAMMA(11) FREQ(31)4COEFS{24),EYER(L104s10)+EYEI(10410), PFINOO90
LETJ(10,10),EIR(10+410), AER(10+410)+AET(10,10)+EINV(10,10),CKAY(30)}s PFINOL1OO
2ALPHA(S]) 4DJAY(10,10),CAY(10,10),ARE(10,10)4BUF(20),GH(10,10, 80),PFINOL1D
3PUR(20, BO),PUIL20, 80), Clll46)4D(11PFINO120
496) s QMM(31),MODE(10),GT(5) PFINO130
DIMENSION SAVE(14) PFINO140
DIMENSION BNI(20) PFINOLSO
BIGK=CK*EM/BSQ PFINOL160
GAMUSQ=BIGK*BIGK+ (U*PI*S/(BETA*BEE) ) *%2 PFINOL70
GAMU=SQRT {GAMUSQ) PFINOLBO
ARG=GAMU*ZETA PFINOLSO
CO = 0.5%*GAMUSQ + SQK/BFOR PFINO20O
C1=2.0%CK*GAMU/BSQ PFINO210
C2=GAMUSQ*0.5 PFINO220
BO=BFV(0O4ARG) PFINO230
B1=BFV{1,ARG) PFINO240
IF(B1)10,11,10 PFINO250
B82=0.0 PFIND260
GO 10 12 PFINO2TO
B2=2.0%B1/ARG-BO PFINO280
EV=C2%B82-C0%*8B0 PFINO230
0DD=C1%81 PFINO3DO
AA=DBIGK*EM®ZETA PFINO3LO
SINA=SIN(AA) PFIND320
COSA=COS (AA) PFINO330
PREAL=COSA*EV+SINA*ODD PFINO340
PINMAG=COSA*0DD~S INA®EYV PFINO350
RETURN PFINO360
END PFINO3T70
SUBROUTINE FINDI(MAXU) IFINOO30
COMMON GAMMAEPY+EPXoGMMySSyToQy FREQsSAVE,COEFS+BFOR,BETA,BSQ,SUK,IFINDO4D
LEMyCKoSoPIoPREAL ¢PIMAGsHMMy DPHT sMMAX s Lo XLy SMR¢SMI,EYER,EYEI, IFINOOS0
2 CeDePURGPUI ¢ GHyBUF ¢ DJAY 2 CAY » ARE ¢ NNNy EMSQ,NODP o XNODP o BEE JNEWPy IFINOOLO
INEWGH o NEWGAM ¢ NEWGMB g NEWDPH o ALPHA s CKAY {NEWE IV NEWC 4 NNST, IFINOOTO
4DPNODYEINVoSQSySFORVEIJIEIR,AERyAEI yNKyA,LNDP,QMM,MODE(10) IFINOO&D
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COMMON GoTESTR¢MAXAL MMMy NCASE yNGBARINSP ¢ NG+ GT+NEWMOD, BN IFINOO90
DIMENSTON GAMMA{LL)+FREQ{31},C0EFS(24),EVFRI10.,10},EYELI(1C,101, IFINCLCO
LETJ{10,10),EIR(10+10)4AER{10,10)4AET(10,10)+EINV(10,410),CKAY130), IFINGILIO
2ALPHA{S51)4DJAY(10+10)yCAY(10410)+ARE(10410),BUF{20),GH(10,10, BD),1FINOL20

3PUR(20, 80),PUI(204 80)y C{11+6),D(11IFINOL3O
496)0QMM(31) IFINO140
DIMENSTON SAVE(14),G6T(5) IFINOL150
DIMENSION X(5),Y(5) IFINOL6&O
RUR=-SQK*{0.5%EMSQ+1.)/BFOR IFINOLTO
ROB=0.5¢(PI*S/BEE)**2/8SQ IFINOLBO
J=NODP IFINO190

DO 47 K=1,MMAX IFINO200

DO 47 KB=]1,MMAX IFINO210
EYER(KyKB) =0, IFINO220

47 EYEI{(KyKB)}=0. IFINO230
C*x& LCOP TO SUM OVER INDEX U IFINO235
DO 201 Ju=1,MAXU IFINO240

BUF JU=BUF L JU) IFINO250
U=2#*JU- MODI(NGBAR,2) LFINQO260

C*s*% LCCPS TC FIND CONTRIBUTION OF TERM FOR EACH MATRIX ELEMENT IFINO265
PZERO=RUB-U*U*ROB IFINO270

DO 200 m=1,MMAX IFIND28RD

00 199 MBAR=1,MMAX IFINO290
SMR=0. IFINO300
SMI=0. IFINO310
PASTPI=0. IFINO320
PASTPR=PZERD IFINO330
PASTGH=DJAY (M4 MBAR) IFINO340

C**&« LCOP TO SUM OVER ALL CHORDWISE PANELS IFING345
DO 56 Li=1,L IFINO350
TLL=(LL-1)%y IFINO360
SUMR=0. IFINO370
SUMI=0. IFINO3R20

Cxe%  NUMERICAL INTEGRATION LOCP IFINO38S
DD 20 I=leds4 IFINO390
IND=TLL+I-1 1F ING400

DC 17 N=1l.,4 IFINO4LO
IS=IND+N IFINO420
GMM=GH{M,MBAR, IS) IFINO430
X{N+1)=GMM®PUR(JU,1S) IFINO440

17 Y(N+1)=GMM*PUI (JU,IS) IFINO450
ANSR= (T * {PASTPREPASTGH+X{S5) ) +32.%({X(2)+X{4))+12.%X(3))/22.5 IFINO460
ANSTI=(T.*(PASTPI*PASTGH4Y(S5))+32.%(Y(2)+Y(4))+12.%Y(3))/22.5 IFINO4T0
SUMR=SUMR+DPHI*ANSR IFINO&HO
SUMI=SUMI +DPHI *ANSI IFINDO49S0
PASTGH=GMM IFINOS00
PASTPI=PUI(JU,IS) IFINOS10

20 PASTPR=PUR(JU,IS) IFINOS20
SMR=SMR+SUMR IFINO530

56 SMI=SMI+SUM] TFINOS40
EYER(M,MBAR)=EYER (M, MBAR)+SMR*BUFJU IFINOS550

199 EYEI(M,MBAR)}=EYEI{M,MBAR)+SMI*BUFJU IFINO560
200 CONTINUE IFINOSTO
201  CONTINUE IFINOS80
C FORM E INVERSE I= AER AND AEI I¥F INO590
106 DO 203 J=1,MMAX IFINO60O
DC 203 K=1,MMAX IFINO610

AER( JyK)=0. [FINO620

203 AEl(JK)=0. IFINO630
D0 205 J=1.MMAX [FINO64O

00 205 K=1,MMAX IFINO65S0

D0 205 [=1,MMAX IFINO6LO
AER(JoK)=AER{JyKI+EINV(Jy 1) *EYER(I,K) IFINO6T0

205 AEI{JoKI=AEI LI KISEINVIJ s I)*EYETLI,K) IFINO6BO
99 RETURN IFIND690
END IFINO700
SUBROUTINE HDL063(NSEQ.JK+KODE) HEADQO20
COMMON GAMMA,EPY 4EPX ¢GMMySSy T+ Qe FREQsSAVE,COEFS,BFOR,BETA,RSQySQK,HEADOD30
LEMoCKoSyPIoPREALsPIMAGHMMoDPHT s MMAXoL ¢ XLy SMRy SMIEYERGEYET, HEADOO4O
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(s XaNel

20

21

22

23

24

26
27

948
92
%)
a4

42
5

345

347
341
943
RV
Y46
a9

4 CoCoPURGPUL GHeBUF ¢ DJAY 3 CAY 4 ARE ¢ NNN EMSQy NODP XNODP s BEENEWPy  HEADD050

INEWGH ¢ NEWGAMy NEWGMB ¢ NEWDPH o ALPHA ¢ CKAY 4 NEWE TV NEWE NNST, HE ADDOGO
4DPNUsEINVISQSeSFORVETJyETRVAER(AET ) NKy Ao LNDP,QMM, MODE HLALOGTO
COMMON GoTESTRoMAXAL ¢ MMM ¢NCASE ¢ NGBARYNSP ¢NGyGT s NEWMUD BN HEADQOED

DIMENSION GAMMA(L1),FREQ(31),COEFS(24),EYER(1Oy10),EYEI(10,10}), HFADQOS0
161J010410)¢ETR{10410)AER(10¢10)yAET(10,10) o INVILIO,10)+sCKAY(30), HEADOLNO
2ALPHA(5114DJAY(10,10)4CAY(10,10)4ARE(10,410),BUF(20),6H{10,10, 80),HEADOL1O
3PUR{20, 80),PUI{20,y 8O), Cllle6),D(11HEADOL2Z0

4e6) ¢CMM(31),MODE(10),GT(5) HFADOL130
DIMENSTION SAVE(14) HEADOL140
DIMENSION BN(20),KODE(10) HEADOL S50
A2=A®0.5 HEADOL160
CALL CLOCK(TIMEL,TIME2,DATEL1,DATE2) HEADOL170
WRITE (6421 )DATEL/DATE2,TIMEL,TIME2,NSEQ HEADO120
FORMAT(32HIM.R. I« FLUTTER PROGRAM DATE=0A69A2,5XSHTIME=ALLAL,SOHEADD]I 9D
1Xy14) HEADO20O
NSEC=NSEQ+1 HEADOZ10
WRITE (6922)EMySIEPYLEPXyTESTRyL ¢MMAX4NSP 4 NNNyNGBAR HEADG220
FORMAT{SXLHMIXLHSEXTHE (SPAN) 2XEHE (CHORD )} 4XSHTESTREX1HL6XGHMMAXIXIHHEADO23D
INO6X4HUMAXIXL3HSPANWISE MODE/4F10444E10.2,1644110) HEADD240
WRITE (6923INCASE,A2,NODP+CKs G HEADODOZ50
FORMAT (SHOCASESX3HA/25X6HL/DPHI4XIHKIXIHG/14+Fl0.4918y2F10.4) HEADOQ260
TF(NEWGAMENEWGMB) 924924 24 HEALD2TO
WRITE (6925)GAMMA(LL) HE ANC280
FORMAT(11HOGAMMA-RAR=F11.7} HEADO290
WRITE (6¢926) (KODE(J) 4y J= 14 MMAX) HEADOG300
FORVAT(16HOCHORD-WISE MODEI13,9111) HeADO3L10
WRITE (6927) (GAMMA(J) yJ= 1, MMAX) HEADJD320
FCRMAT(8X10F11.7) HEADO330
WRITE (69948) (BNUJ) s J=14NNN) HEADD340
FORMAT (6HOBN(U) /{1X10F104.6)) HEADO 350
IFISAVE(1)) 99,93,99 HEADO360
TF{IK=2) 94495,95 HEADO3T0
WRITE {6+941) HEADO3E0
DO 942 J=1.MMAX HEADD390
WRITE (64943) (ETJ{JyK)yK=]lyMMAX) HEADO4OOQ
WRITE (64944) HEADO410
DO 945 J=1l,MMAX HEADQ420
WRITE (64943) LAER(J oK) ¢K=1,MMAX) HEADD430
WRITE (64946) HEAL 0440
0 947 J=]1,MMAX HEADO4SO
WRITE (6+943 ) {AEI{JosK]oK=1oMMAX) HEADO460
FORMAT{4THOINVERSE OF ELASTIC MATRIX TIMES INERTIA MATRIX) HEADQ4T0
FORMAT(LPBELS.T) HEADG4EO

FCRMAT{SSHOINVERSE OF ELASTIC MATRIX TIMES REAL PART AERGCD MATRIX)IHFADO490
FORMAT(5SHOINVERSE OF ELASTIC MATRIX TIMES IMAG PART AERCD MATRIX)IHEADOSCO

RETURN HEADDS1O
END HEADOS520
SUBROUTINE CLOCK(TIMEL,TIME2,DATEL>+DATE2) cL0C0020
DUMMY ROUTINE TO BE REPLACED BY CLOCK ROUTINE APPROPRIATE TO CLoco0030
PARTICULAR INSTALLATION CLNCO040
TIVEL=0. cLCcCo050
TiME2=0, CLNCO060
DATEL=0. cLatouro
DATE2=0. cLecooeo
RETURN CLoC0090
END ctocolo0

SUBROUTINE EUCLIO(MyGeE)AReAT¢ALSyRESTFACTRyMAXALyTESTR,L F12,0LJ)EUC 0OLO

THIS VERSION OF EUCLID CALLS FLUT SUBRDUTINE WHICH EUC 0020
REDUCES CHARACTERISTIC POLYNOMIALS TO LINEAR AND QUADRATIC FACTGRSEUC 0030
FOR CALCULATION OF ALPHA(EUCLIDIAN ALGORITHM MODIFIED) EUC 0040
DOUBLE PRECISION R{11,10)4CR(10,20)4PRE(22)4ALP(51)4AP,AN,AL,DUB, EUC 00%0
1DET +RANGF EUC 0060
FLUTTER DETERMINATION USING SYLVESTERS RESULTANT EUC 0070
DIMENSION RESTI(S1) +LEST(51),JEST(5]) EUC 0080
DIMENSION ALS(50) EUC 0090
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-

802

803

804
805
C*ex
807
Cxx%
809

810
8100

811

30

31

32
325

33
34

35

36

365

DIMENSION E(10,10)+AR{10,10),A1(10,101,0J(10,10)

J7=51

JPRE=11

D0 802 J=1,MAXAL

ALP{J)=ALS(J)

N=M

MP=N+1

INDEX=1

I1=1

12=MAXAL

DO 30 IXAL=11,12

AL=ALP(IXAL)

SET UP MATRIX CBAR

CALL CBAR(AL,G,AR,AI,E,NsCR,FACTR)

CALL OVERFL{JO)

FIND CHARACTERISYIC EQUATION

CALL EQCHAR(CR,yPREN)
SYLVESTER RESULTANT

CALL GQVERFL(JO)

GO TO (8100,810),40

tF(N) 8100,8100,811

DET=0.

N=M

G0 TO 30

CALL SCALE(RyPREyNs JPRE,NS,KRUB)

CALL OVERFL(JO)

GO TO (8100,7),J0

CALL DETERM(N,DET R NJL)

STORE RESULTANT

LESTI{IXAL)=NS

JESTUIXAL )=KRUB+NJL

CALL OVERFL(JO)

GO YO (8100,+30),40

RESTUIXAL }=DET

GO TO (31+38,501,506)s INDEX

CALL WRITVER(ALP,REST,LEST,MAXAL,JEST)

SEARCH FOR SIGN CHANGE OF REMAINDER

Jsus=2

INDEX=2

DO 33 J=JSUB,MAXAL

IF( ABS{REST(J))/REST(JI*REST(J-1}) 325,33,33

JSuB=J+1

GO 10 35

CONYINUE

RETURN

INTERPOLATE FOR FLUTTER POINT

J=Jsus-1

11=07

12=907

KIT=0

AP=ALP(J}

AN=ALP(J-1)

RP=REST( M)

RN=REST(J-1)

JP=JEST(J)

JN=JESTLJ-1)

LP=LEST(J)

LN=LEST(J-1)

IF(RP)} 3643654365

DUB=AP

AP=AN

AN=DUB

RUB=RP

RP=RN

RN=RUB

LUB=LN

LN=LP

LP=LUB

LUB=JN

JN=JP

JP=LUB .

LODIF=(LN-LP) &N+ IN-JP
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EUC
£uC
EuC
EUC
EUC
EuC
EUC
EUC
EUC
Euc
EUC
EuC
EUC
EUC
EUC
EUC
EUC
EUC
EUC
EuC
EUC
EUC
EuC
EuC
EUC
EuC
EuC
EuC
EuC
£uc
EUC
EuC
EuC
EuC
EUC
EuC
EUC
EUC
EUC
EUC
EuC
EUC
EUC
Euc
EUC
EUC
EUC
EUC
EuC
EuC
EUC
EuC
EUC
EuC
EUC
EUC
EUC
EuC
EUC
EuC
EUC
EUC
EuUC
EUC
EUC
EucC
EUC
EuC
EUC
EUC
EUC
EuC

0110
c130
0140
0150
0160
0180
0190
0200
0210
0220
0230
0240
0245
0250
0260
0265
0280
0290
0300
0305
0310
0320
0330
0340
0350
0360
0365
0370
0380
0390
0400
0410
0415
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800



.

37

ERAY
312

373
374

38
39
40

401

41

41t

47
43
%0

501

S06

507
508
S
56

58

Cenx

TWOL=2. $*{D(F

RANGE=AN~AP

alV].) =RN/RP*TWOL
RATID=le/(1.-DUB)
[F(RATIO~.9) 372,372,371
RATIOs=.9

GO TO 374

IF(RATIO-o1} 373,374,374
RATIQ=,1

ALP(JT) =AP+RATIO*RANGE

GO Y0 804

TESY FOR ACCEPTANCE OF ALPHA
IF {ABS(RANGE
IF(REST(JUT)) 40,441,441

RN=REST(JT)

KIT=KIT+]}

LN=LEST{J4T)

JN=JEST(JT)

IF (AN=AL) 401,424401

AN=AL

GO T0 37

RP=RFST(JT)

KIT=KIT+1

LP=LEST(UT)

JP=JEST(JT)

TF(AP=AL) 4114424411

AP=AL

GO 70 37

WRITE FLUTTER DATA AND LOOP
LSC=LEST(JT)

CALL FLUT(PREINyLSC,UsRESyJPREs1)
INDEX=3

AF=AL

LFaLEST(JT)

JE2JEST(JT)

RF=REST(JT)

ALP({JT)=AN

GC TO 804

LSCaLEST(JT)

CALL FLUT{PREyN¢LSCyUNyRESyJPRE,1}
INDEXs4

ALPLJT)=AP

GG TO 804

LSC=LEST(JT)

CALL FLUY(PRE,NoyLSCyUPsRESyJPREy1)
WRITE(64507) KIT

FORMAT(1XIS,11H ITERATIONS)

KI1T=0

CALL WROUT(AF, UyRF4LF40yJFsF12)
CALL WROUT(AN,UNyRNyLNylyJINyF12)
CALL WROUT(AP,UPRPLPol¢JPyF12)
CALL CRAR{AL GosARIAI E«NsCRyFACTR)
INDEX=2

CALL VECTOR( UyCRyN,yL,DJ)
IF(JSUB-MAXAL)} 32,32,34

END

SUBROUTINE CBAR(ALsGrAR/ATI+EsNeCRyFACTR)

SET UP MATRIX CBAR
DCUBLE PRECISION CR(10,20)

DIMENSION E(10410)¢AR{10,10},AT1{10,10)

P=FACTR
ALF=AL®p

DU RO6 J=leN
NO B06 K=1l¢N
PaE(J4K)
Q=AR(J¢K)
R=AT(JyK)%G
S=AT(JeK)
T=AR(JyK)*G
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EuC
EUC
EUC
Eul
EUC
EUC
EUC
EUC
tuC
EuC
EuC
gul
Euc
EucC
EUC
EUC
EUC
EUC
EUC
EUC
EuC
EuC
EUC
tul
Eul
Euc
Euc
EuC
EUC
EuC
EUC
EuC
EUC
EuUC
gEuC
Euc

EUC
EUC
euC
EUC
guc
EuC
€uc
Euc
EUC
EuC
EUC
EUC
EUC
EUC
euc
EUC
guc
Euc
EuC

0510
0820
0830
0850
0860
0870
08B0
0890
0900
0910
0920
0930
0940
0950
0960
0970
0940
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1120
1130
1200
1210
1220
1230
1240
1250
1260
1270
1280
1230
1300
1310
1320
1330
1340
13%0
1370
1380

CBAROO20
CBAROO2S
CBAROG30
CRAROO40
C6ARQ0S50
CBAROOSO
CBARQOTO
CRAROOSBO
CBAROO90
CBARQ100
CRAROLLOQ
CRARQL20
CBARDL130



‘e

806
99

130

140

143

144

100

101
104
105

106

107

108

210

212

213
22

UsE(JeK)*G
CR{JeK)I=ALF®P+Q+R
CRIJeK+10)=S~T-ALF*U
RETURN

END

SUBROUTINE EQCHAR(AA,PREsN1)

CBARO140
CBAROLS50
CBAROL60
CBARD170
CBAROLBO

CHEQOOL10

DOUBLE PRECISION AA(10,20)4A(10420),D(11422)yX(20),TEMP,TEMPIDENOCHEQOO30

DOUBLE PRECISION PRE(22)
N=N1

M= N

MlmM=]

M2=M-2

PRE(N)=0.

PRE (N+11)=0.
IF(M2)140,130,143

CHEQO040
CHEQOOS50
CHEQOOD60
CHEQO070
CHEQOO8O
CHEQOO090
CHEQOL100
CHEQOLLO

PRE(L)=AA{141)*AA(2+2)-AA(L12)%AA(2,1)-AA(1411)%AA(2,12)+AA(1,12)%CHEQOL20

1AA{2411)

CHEQO130

PRE(12)=AA{Ls1)*AA(2412)¢AA{1,11)%AA(2,2)-AA(192)%AA(2,11)-AA{2,1)CHEQOL4O

1*AA{1,12)

PRE{2)==-AA(2,2)
PRE(13)1=-4AA(2,12)
PRE(N)=PRE(N)=-AA(l, 1)
PRE(N+#11)=PRE(N+11)-AA{1,11)
GG T0 92

DO 144 J=]1,N

DO 144 K=1,N

A(JK)=AA{ J,K)
AlJoK+10)=AA{J9K+10)

INSURE MAXIMUM SUB-DIAGONAL ELEMENT AT PIVOT

REFMsA(M ML) *#%24A{MyM1+10)%%2
1=M]

00 104 J=l,M2
REFT=A(MyJ)#%24A[ My J+10) %2
IF (REFM-REFT)101,104,104

I=J

REFM=REFT

CONTINUE

IF(1-M1)210,105,105
IF(REFM)1064106422

DECCUPLED

WRITE(64107)

WRITE(69108) ((A(JSeK)oKm1yN)yJI=lyN)
WRITE{6,107)

WRITE(64108) ((A(JsK+10)4K=lyN)yJd=1yN)
FORMAT{10H4 DECOUPLED)

N1=0

GC TO 92

FORMAT(6(D11.3,42X))
INTERCHANGE ROWS AND COLUMNS
DO 212 J=1.M

TEMP=A(J, 1)

TEMPI=A(Jy1+10)
AlJyl)I=A(JeM1)
AlJyI+10)=A(JyM1+10)}
Al(JeM1+10)=TEMPI

AlJeM1)=TEMP

00 213 J=1.N

TEMP=A(ML,J)

TEMPI=A({MLl,J+10)
AlMLloJ)=A(T4J)
A(M1,J+10)=A(T,d+10)
All+J+#10)=TEMPI

All+J)=TEMP

SIMILARITY TRANSFORM
DENO=A{MeM1) #%2+A(MeM1 +10)%%2
TEMP=A{MyM1) /DEND
TEMPI=~A(MyM1+10}/DEND

D0 30 J=1.M2
X{J+10)=A{MyJ) STEMPI+A{ My J+10)*TEMP
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CHEQO150
CHEQO160
CHEQOLTO
CHEQO180
CHEQO190
CHEQD200
CHEQO210
CHEQO220
CHEDO230
CHEQO240
CHEQO250
CHEQO260
CHCQO270
CHEQO280
CHEQO290
CHEQO0300
CHEQO310
CHEQO320
CHEQO330
CHEQO340
CHEQO350
CHEQO360
CHEQO370
CHEQO380
CHEQO390
CHEQO400
CHEQO410
CHEQOD420
CHEQO430
CHEQO440
CHLQO450
CHEQD460
CHEQO4T0
CHEQO480
CHEQO490
CHEQOS00
CHEQOS510
CHEQOD520
CHEQOS530
CHEQOS40
CHEQOS50
CHEQO560
CHEQOSTO
CHEQOS80
CHEQO590
CHEQOD600
CHEQO610
CHEQOb20
CHEQO630
CHEQOb40
CHEQO6S0



o

31

41

42

52

62

99
990

91
92

10
99

X{J)=AlMy J)STEMP-A(MJ+10)&TEMP]

X(Ml)=1.

X{M1+10)=0.

DO 31 J=MyN

X(J+10} =0,

X{(J)=0.

D0 42 K=]1,M2

DO 41 J=1,N
AlJoKe10)mA(JoK+LOV=XIKI®A(J,M1+10)=-X{K+L10)®A(JyM])
ACJoKIZALIgK)=XIKI*ALIoML)+X(K+201%A({JyM1+10)
A(M¢K+10)=04

A{M,K)=0,

D0 52 J=1,M2

DG 52 K=1,N

ALMLoK+10)ImA (ML oK+LOD+XT(JI®ALIK+10)+X{J+10)*A(J4K)
A(MLoK)=A(MLKIEXIJI®ALI ) K)I=X{J+10)%A(J,K+10)
IF{M2-1)99,99,62

M=M]

Ml=M2

M2=M2-1

GO TO 100

GO TO 990

CALL CHAR{A,DoN}

NP=N+1

DO 91 J=14NP

PRE(J+11)=Di{NP,J+11)

PRE(J)I=DINP,J)

RETURN

END

SUBROUTINE CHARUA.DoL)

DOUBLE PRECISION A{10920)4D(11422)sSUMsSUMI4FAC,FACIsZRyZ14TERM,

LTERMI+RUB

MAX=L

NP=pMAX+]

D0 1 J=1,NP

Didydi=l.

D(Jed+11)=0.

DO 10 N=1,MAX

N10=N+10

DO 10 K=1,4N

NK=N-K

NK1=NK+1

NK12=NK1+11

SUM=0,

SUMI=0.

FAC=1.

FACI=0.

DO S5 M=l,K

NV¥=N-M

NMLz=NMe+ 1

NM1O=NM+10

ZR=A{NMLyN)*D(NM1 ¢NKL)}=A(NM1,N1O)*D{(NM]1,NK12)
ZI=A(NML ¢4N) *D{NML ,NK12)+A(NML,NLO)*D(NML,NK1}
TERM=FAC*ZR~-FACI*2]
TERMI=FAC*ZI+FACI*ZR

SUM=SUM+TERM

SUMI=SUMI+TERMI

IF(K=M) 5145144

RUB=FAC®A(NML ¢NM)~FACI®A{NML1,NM10O)
FACTI=FAC®XA(NML NM1O)+FACI®A(NML,NM)
FAC=RUB

IF(NK) 8,846
DIN+LyNK1)=D(NyNK)=-SUM
D(N+1yNK12)=D(NyNK12~1)=-SUMI

GO T0 10

D(N+1,1)==SUM

Di{N¢ly12}==SUML

CONTINUE

RETURN
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CHEQO660
CHEQO670
CHEQO68C
CHEQO690
CHEQO700
CHEQOT10
CHEQO720
CHEQOT30
CHEQOT740
CHEQQ750
CHEQOT60
CHEQO770
CHEQO780
CHEQOTS0
CHEQOBOO
CHEQO810
CHEQO820
CHEQO830
CHEQOB40
CHEQOB50
CHEQOB60
CHEQORTO
CHEQO&LS8O
CHEQO890
CHEQOS00
CHEQO910
CHEQOD920
CHEQO930
CHEQO940

CHAROQOLO
CHAROQOLS
CHARDOO20
CHAROO30
CHAROOD40
CHARD0%0
CHARD060
CHAROOTO
CHAROQBO
CHAROO90
CHARO100
CHAROLIO
CHARO120
CHARO1130
CHAROL40
CHAROLSO
CHAROL60
CHAROL170
CHAROL1 80
CHARO190
CHARQ200
CHAROZ210
CHARDZ220
CHARO230
CHARQ240
CHARDZ250
CHARDZ260
CHARD270
CHARO280
CHARO0290
CHARO300
CHARO310
CHARD320
CHARD330
CHARO340
CHARO350
CHAROD360
CHARO3T0
CHAROD380
CHARD390



e

700

1C1

409

41C

4100
41cC1

301

3C4

305

306
307

308

C*%x

26
27

28

ENC

SUBRCUTINE SCALE(RRyPyNN, JPREJNSyKRUE)
CCUBLE PRECISICN RR{11,10)+R(11,10)4P(22)ySF.RUB
AN=AN
EN=N
NP=K+l
CC 1 J=1.N
K=NP-J
JPR=JPRE+J
R(1,K)=F(JPR)
RINP,,K)=P(J)
SUMNZ2=(N&NP*(N+NP) ) /&
SCA=0.
CC 410 J=1,N
C=J
AB=CABS(R(NP+J})
IF(AB) 41C4410,409
RCG2=C*ALCG(AR)
SCA=SCA+RCG2
CCNTINUE
NS=ABS (1.44270%SCA/SUMN2)+.5
IF(SCA) 410C.4101,41C1
NS=-NS
FAC=1.0
SF=0.5%*%N\S
DC 411 K=1,N
FAC=FAC*SF
RI14K)=R(14K)*FAC
RINPoK)=R{NP,K)*FAC
DC 5 K=2,N
RUB=-R({K-1,1)
R{KyN)=RUB#R{KP,N)
BDC 5 J=2,\
R(KyJ-1)I=R{K—1,J)+RUB*R{NP,J~-1)
KRUBR=0
NVM=N-1

CC NCT SCALE LAST ROW UNLESS YOU WANT TROUBLE
CC 307 J=1,N¥
RUB=0.
CC 3C4 K=1leN
AB=CABS(R{J4K})
IF(AB) 301,304,301
RCG2=ALCGlAB)*1.4427
RUR=RUB+RCG2
CCNTINUE
LRUB=RUB/EN+.5
KRUB=KRUB+LRUB
SF=C.5%%LRUE
CC 306 K=1,MN
RR(JoK)=R{JyK)*SF
COCNTINUE
CC 308 K=14N
RR{N,K)=R(N,yK)
RETURN
END

SUBRCUTINE CETERM(MM,RES,RyNSUM)
OCUBLE PRECISION CETERMINANT

DCUBLE PRECISICN R(11,10)4A(10,10)sDET+RES+DSIGNyAB+RUB,RA

M=Mp

NSUNM=0

IF(NM=1) 26426427
DET=R(1,1)

GC TC 99

DC 28 J=1,M

OC 28 K=1,M
ALJeKI=R({JoK)
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CHARO400

SCAL2210
SCAL2230
SCAL2260
SCAL2270
SCAL2280
SCAL2250
SCAL2300
SCAL2310
SCAL2320
SCAL2330
SCAL2340
SCAL2350
SCAL2360
SCAL2370
SCAL2380
SCAL2390
SCAL2400
SCAL2410
SCAL2420
SCAL2430
SCAL2440
SCAL2450
SCAL2460
SCAL2470
SCAL2480
SCAL2490
SCAL2500
SCAL 2510
SCAL2530
SCAL2540
SCAL2550
SCAL2560
SCAL2570
SCAL2580
SCAL2590
SCAL2600
SCAL2610
SCAL2620
SCAL2630
SCAL2640
SCAL2650
SCAL2660
SCAL2670
SCAL2680
SCAL2690
SCAL2700
SCAL2710
SCAL2720
SCAL2730
SCAL2740
SCAL2750
SCAL2760
SCAL2770
SCAL2780

DETEOC650
DETEOQ660
DETEO0670
DETEQ6BO
DETED690
DETEOT00
DETEO710
DETEODT720
DETEOT30
DETEOT40
DETEOQT750




.
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DSIGN=1. DETEOT60

C K LCOP DETEOTT0
DO 30 LT=2,M NETEOTBO

K=l T-1 DETEOTYU

L=0Q DETEO8BOO
BIG=0. DETEORBLO

DO 100 I=KeM DETEO0820
AR=DABS(A(K, 1)) DETEO830
IF(BIG-AB) 150,100,100 DETEO840

150 L=I DETEO0BS0
BI1G=AB DETEO8B60

100 CONTINUE DETEOQ870
IF({L) 16416413 DETYLO08BKO

L3 IF{K-L) 14,5,5 DETE0890
c IF DIAGONAL ELEMENT IS NOT MAX, INTERCHANGE COLUMNS DETE0900
L4 DO 8 J=KyM DETEOQ910
RUB=A{J, K} DETE0920
AlJ4KI=A(JsL) DETEO0930

8 AlJ,L)=RUB DLTED940
DSIGN=-DSIGN DETE0950
IFCA{K,K}) 5,13,5 DETEOD960

C REDUCTION LOOP DEYEOD970
5 RAz1./A(KyK) DET£0980
DO 3 I=LTyM DETE0990
AB=RA*A({] (K} DETEL0Q00

DO 3 J=LT.M DETELOLO

3 AlloJ)=A(14J)-AB*A(KsJ) DETE1020
30 CONTINUE DLTEL1030
c FORM PRODUCT OF DIAGONAL ELEMENTS DETEL104O
4 DO 6 J=2.M DETEL050
c SCALE TO PREVENT UNDERFLOW DETE1060
B=DABS(A{JeJ)) DETELOT70

[F(B) 16416450 DETF1080

56 N=1.442T7*ALOG(B) DETEL10Q90
NSUM=NSUM+N DETELLCO

[ AlJed)=ALd e ) E{ . 5%ENIRA{J=1yJI-1) DETEL1l10
9K DET=DSIGN*®A(My M) DETELL20
949 RES=DET DETEL130
RETURN DETELL140

c MATRIX 1S SINGULAR, UNREMOVABLE ZERD ON DIAGONAL DETEL150
16 DSIGN=0. DETVEL160
GC 10 98 DETEL1L170

END DETELL1BO
SUBROUTINE WRITER{AsRoeLsMLyJE) WRITOQ020

C*#* WRITE MU VERSUS RESULTANT TABLES WRITO002%
DIMENSTION A(S1)14R{S1)4L{51)¢JE(S]) WR1T0030

WRITE {6+600) WRIT0040
NR=ML/& WRIT0O0SO0
IF{4*NR-ML)T7+8,8 WRITO060

7 NR=NR+1 WRITOOTO
8 DO 10 J=1.NR WRITOO080
10 WRITE (69601) (A{2%K—=1)yR{K)sL(K)yJE(K)sK=JyML,NR) WRITO0090
99 RETURN WRITO100
600 FORMAT(S5X2HMUBX3HRES4XTHSFA SFRSX2HMUBX3IHRES4XTHSFA SFR5X2HMUBX3HRWRITOLLO
LES4XTHSFA SFRS5X2HMUBX3HRES4XTHSFA SFR) WRITO120

601 FORMAT(4(1PEL11.24Elle2¢13+14)) WRITOL30
END WRITO140
SUBROUTINE FLUT(PREsNRyNSsUyRESsJPREyI) FLUTOO70
DOUBLE PRECISION PRE(22)9A{11)4B(11)oC(11),DENOM,RODToUU,P SUM, FLUTOO080
LPDSUM, QSUM, QDSUM, REST FLUT0090

IN=] FLUTO140

N=NR FLUTOL50
JPR=JPRE FLUTO160

C COPY THE CHARACTERISTIC POLYNOMIALS FLUTOLTO
JJI=N+] FLUTOL180

DO 2 J=1.,J4J FLUTOLSO



10
14

15

30
20
100
25

32

617
618

619
620

A(J)=PRE(J)

Jli=jeld

BlJ)I=PRE(J1L)

NiNeN-1

DENON=B (N}

DO 3 K=1,NN
8(K)=B{K)/DENOM

Bi(N)s=]l,

NO=N~1

AA=A(1)/B(1)

DENOM=A (NO+1)~B{NO)-B{NO+L)*AA
DO 10 K=1,NO
CIKIm{A(K+1)-B(K)=B(K+1)¢AA)/DENOM
IF(N-3)30,430,14

AIN)=B(N)

D0 1S J=1,NO

AlJ)=BLJ)

8lJ)=CJ)

N=N-1

G0 7O 6

ROOT=~C(1)

IF({IN}25,20,25
REST=8(2)+8(1)/RO0T+ROOT
RES=REST

RETURN

CALCULATE SECONC ORDER ESTIMATE OF ROOT
DO 32 J=1,J44

AlJ)=PRE(YS)

Jil=Jell

BtJ)=PRE(JLL)

PSUM=A[NR+1)

PDSUM=0.

QSUNM=B{NR+1)

QDSUM=0.

00 35 K=],NR

L=NR=K+1

Xi=L

PSUM=ROOTSPSUM+A(L)
PDSUM=ROCTSPDSUM+A(L+1 ) XL
QSUM=RCOT*QSUN+B(L)
QDSUMsROOT*QDSUM+B{L+]1)eXL
UUs (. S*(PSUM/PDSUM+QSUM/QDSUM)-ROOT )
u=uuy

60 70 100

END

SUBROUTINE WROUT(AUeRoLsNeJLFAC)
FLUTTER POINTS FOR PANEL
A3= (USFAC*2,)%%,33333333

RUs1./A
IF(N )} 617,617,619
WRITE (64618)

FORMAT { THOTX2HMULOX6HZ*#%1/ 31 SXSHLAMDALOX3HRESTXTHSFA SFR&AX&H1/MY)
BEWARE—— SYMBOLS FOR MU AND ALPHA ARE INTERCHANGED BACK

WRITE (60620)A¢A3,UsReLeJLeRY
FORMAT(F14e69F16489 LPEL19.0+9E14e3916414.0PF11.6)
RETURN

END

SUBROUTINE VECTOR(EWCoIoL+DJ)
DOUBLE PRECISION P(22),C(10,20)
COMPLEX R{10),CK{10),5(10,10),SS
DIMENSION VM(10},VT(10),DJ(10+10)
Msi

CALL EQCHAR(C,PyM)

MN=M-1

FORM CB=C+EIGENVALUE*]

DO S U=l¢M
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FLUT0200
FLuT0210
FLUTO0220
FLUTO0230
FLUT0240
FLUT0250
FLUTO260
FLUTO270
FLUT0280
FLUT0290
FLUT0300
FLUTO0310
FLUTO0320
FLUTO0330
FLUT0340
FLUTO0350
FLUTD360
FLUTO0370
FLUT0380
FLUTO0390
FLUT0400
FLUTO0410
FLUTO0420
FLUTO0430
FLUT0440
FLUTO0450
FLUT0460
FLUTO4T0
FLUTO0480
FLUT 0490
FLUT0500
FLUTOS510
FLUT0520
FLUTO0S530
FLUTO0540
FLUTO0550
FLUTO560
FLUTO570
FLUTO0580
FLUTO590
FLUTO0600
FLUTO0610
FLUT0620
FLUTO0630
FLUT0640

WROU0020
WROU0030
WRDOU0040
WROUO050
WROUOD60
WROUO0TO
WROUOO80
WROU0090
WROUO0100
WROUOL110
WROUO120
WROUO130

VECT1180
VECT1190
VECT1200
VECT1210
VECTL1220
VECT1240
VECT125%50
VECT1260
VECT1270



10

12

16

17

20
21
22
23

108

628
629

630
631

Clded)=ClJyJ)¢EN
COPY (B MATRIX
DO 199 J=1.M
DO 199 K=l4M
SUJeK)=CMPLX(C{J oK) o ClUyK+10))
INVERYT REDUCED CB MATRIX
CALL INVCX{SoMN)
MULTIPLY INVERSE®(~LAST COLUMN)
DO 10 J=14MN
R{J)=0.
DO 10 K=1,MN
RUI=R(JI=S{JeK)*S5{Ky M}
R(M)=1,
WRITE(6,412)
FORMAT {9HOVECTOR Ry 9IXSHTHETA,11X1THCOMPLEX RESIDUALS)
CONVERT TO POLAR FORM
DO 16 J=1,MN
VM{J)=CABS(RJ))
VT{J)=ATAN2 (AITMAG(RUJ) ) 4REALIR(J)))
VT{J)=AMOD(VT(J)+6.2831953,6.2831953)
CALL VECNRM(VM,Le¢MyDJ}
VM(M)=1.
VTi{M)=0.
IMAX=0
VMAX=1,.
D0 20 J=1l,MN
IF{VMAX-VM(J}) 17,20,20
VMAX=VM{J)
IMAX=J
VTHET=VT(IMAX)
CONTINUE
[F(IMAX) 23,23,21
DO 22 J=1,.M
VMY =VM{J) /VMAX
VT{J)aVT(J)-VTHET
MULTIPLY VECTOR BY MATRIX FOR CHECK
DO 24 J=l4M
CK{J)1=0.
DO 200 K=1,M
SS = CMPLXIC{JsK) 4 CLJK+10))
CK(JI=CK(J)+SS*R(K}
DC 201 N=1,M
DC 201 K=l4M
SINeK)=CMPLX(C INeK) s CIN,K+10))
WRITE (6425)VMIJ) VT (J)yCK(J)
FCRMAT(2F12.69 1PE18.2+E11.2)
FIND FIGURES OF MERIT
E=EW
Us—EW
PMUZU+P (M)
PMUP=M
QMU=P (M+11)
QMUP=0.
MMl zM=-1
DC 108 J=1,MM1
K=M=
CAA=K
PMU=PMURU+P (K)
QMU=QMUSU+P (K+11)
PMUP=PMUPRU+P(K+1)*CAA
QMUP=QMUPRU+P (K +12)%CAA
R3=PMU/ (PMUP*U)
Re=QMU/ (QMUP*Y)
MPp=My |
WRITE(6,628)
WRITE(6+629) (PlJ)ed=1,MP)
WRITE(6+629) (PlJ+Ll1l)yd=14M)
FORMAT(35HOCHARACTERISTIC EQUATION AT FLUTTER)
FORMAT{1IPBELG6.T)
WRITE(649631) PMUyQMU,R3,RS
FORMAT(7H LAMDA=F10.,4,8H DET= 1P2Ell.4)
FORMAT(3HOP=1PElle4y3H Q=Elle4y TH P/P1lA=ELll.4¢7TH Q/QlA=Ell.%4)
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VECTL280
VECT1290
VECTI3DO
VECTL310
VECT1330
VECT1340
VECT1350
VECT1360
VECT1370
veCT1380
VECT1390
VECT1400
VECT1410
VECT1420
VECTY 1430
VECT1440
VECT1450
VECT1e60
VECTL1465
VECT1480
VECTLS530
VECT1540
VECT1550
VECT1%60
VECTL570
VELT1580
VECT1590
VECT1600
VECTL610
VECT1620
VECT1630
VECT1l 640
VECTL1650
VECT1660
VECT1670
VECT1680
VECT1690
VECT1700
VECT1710
VECT1730
VECT1740
VECTL1750
VECTL760
VECT1780
VECT1790
VECT1800
VECT1805
VECTLB20
VECTL1830
VECT1840
VECT18S50
VECT1860
VECTL870
VECT1880
VECT1890
VECT1900
VECTL1910
VECT1920
VECT1930
VECT1940
VECTL 950
VECT1960
VECT1970
VECT1980
VECT1990
VECT2000
VECT2010
VECT2020
VECT2030
VECT2070
VECT 2080
VECT2090



26

29
9

Ceex

40
37

e

52
a1
44
53
54
55

45
99

20

30

Cxek

26

21

EVALUATE DETERMINANT FOR FLUTTER ALPHA AND MU*(1,1.024.98)VECT2095

LD 28 J=1,3
FL=J®(T-J-J)-5
FL=.02%FL

DO 26 K=1,M
S{KyKI=S(KyK)+FLREW
E=Ex(l.,4FL)

CALL CXDET{MyXeYsS)
U=ABS(E)
WRITE[69630) UeX,Y
RETURN

END

SUBROUTINE INVCX(R,N)
COMPLEX MATRIX INVERSION
COMPLEX R{(10,10),D
IF{N-1} 37,37,38
Rilyl)=1./R{1,1}

GO TO 99

DO 41 K=1,N

D=R{KK)

RiK4K)=]1,

DO 42 J=14N
R{KyJI=R{KsJ)/D

IF (K=N) 43,44,44
KPLUS=K+]

DO 41 I=KPLUSsN
D=R{14+K)

RII4K)=0.

DO 41 J=1,N
RIT9J)=R{I+J)=D*R(Ks J)
NMINUS=N-1

DO 45 K=1,NMINUS
KPLUS=K+1

DO 45 I=KPLUSeN

D=R (K1)

R{Ky1)=0.

DO 45 J=1.N
R{KsJ)=R(KoJ)=D*R(14J)
RETURN

END

SUBROUTINE VECNRM{VM,L ¢ MMAX,DJAY)
TO NORMALIZE VECTOR ON BASIS OF EQUAL MODAL RMS
DIMENSION VM(10),0JAY(10,10)

EL=L

VM(MMAX)=1.

DO 20 J=1,MMAX

VPM=DJAY(JeJ)/EL

VPM=SQRT{VPM)

VM{J)=VM{J)*VPM

MINUS=MMAX-1

DO 30 J=1,MINUS
VM{J)=VM{J)/VM{MMAX)

RETURN

END

SUBROUTINE CXDET{MM¢X,yY+R)

COMPLEX DETERMINANT

COMPLEX R{10410)9A(10,10)DET,DSIGN,RUB,RA,AB
M=MM

IF(M=1) 26426427

DET=R(1l+1}

GO 10 99

00 28 J=1.M

00 28 K=]1,M
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VECT2100
VECT2110
VECT2120
VECT2130
VECT2140
VECT2150
VECT2160
VECT2170
VECT2180
VECT2190
VECT2200

INVC0020
INVC0025
INVCO0030
INVC 0040
INVCO050
INVL 0060
INVC 0070
INVC 0080
INVC0090
INVCO100
INVCO110
INVCO120
INVCOL130
INVCO140
INVCO150
INVCO160
INVCOL70
INVLO180
INVCO190
INVC0200
INVCO210
INVCO0220
INVC0230
INVC0240
INVC 0250
INVC 0260
INVCO270
INVC0280

VECNOD20
VECNQO30
VECNOO&O
VECNQOSO
VECNOO60
VELNOOT0
VECNOOBO
VECNOOS0
VECNOL100
VECNOL10
VECNO120
VECNO130
VECNO140
VECNO150

CXDY0401
CXDT0402
CxDT0402
CXDT0404
CXDT0405
CXTO0406
CXDT0407
CXDT0408
CXDT0409
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28

99

16

AlJeR)=R{JoK])
DSIGN=1.
K LogP
DO 30 LY=2+M
K=LT-1
IF(CABS(AIK,K}))5+7,5
LERD ON MAIN DIAGONAL, INTERCHANGE ROWS
[F{M=K) 16416,71
L=LT
DO 8 J=K¢M
RUB=A(J,K)
AlJeK)=ALJeL)
AlJ,L)=RUB
DSIGN=-DSIGN
IF(CABS(AIK,K)))5913,5
ZERO STILL ON DIAGONAL
L=L+l
IF(L-M) 14,114,106
REDUCTION LOCOP
RA= 1o /7A(K4K}
DO 3 I=LT M
AB=RA®A(],K)
DN 3 J=LTM
A{l,J1=Al1,J)-ABRA(KeJ)
CONTINUE
FORM PRODUCT OF DIAGONAL ELEMENTS
DO & J=24M
AlJed)=A(JeJd)®ALI=1eJ~1)
DET=DSIGN®A{M,M)
X=REAL(DET)
Y=AIMAG(DET)
RETURN
MATRIX IS SINGULAR,UNREMOVABLE ZERC ON D1AG
DSIGN=0.
GC TO 98
END

FUNCTION FMM{ALl,A2yM,MBAR,ALPHA)
DIMENSION GAMMA(1l)
COMMON GAMMA
GAM4=GAMMA (M) %4
FMOL=FMKT{OyM,yAl)
FMLLI=FMKT(1sM,AL)
FM21=FMKT(2,MeALl)
FM3L=FMKT(3,MyAL)
LALF=ALPHA+L.

GC TO (5+43+4),1ALF
FMAQL=FMOL

FMALL1=FM]11

FMAZ1=FM21

FMA3L=FM3L

GO 10 2

FMAQL=FMLL

FMALL=FM2]

FMA21=FM31

FMAIL=FMKT (4,M4AL)

GO TO 2

FMAOL=FM21

FMAL1=FM3]
FMAZ21=FMKT(4,M,AL)
FMA3L2FMKT(S.M,AL)
IF{M=MBRAR)10,1,10
FMO2=FMKT (04 M, A2)
FM12=FMKT (14MyA2)
FM22=FMKT (24M4A2)
FM3I2=FMKT(3,M,A2)
TERMI=0,25%A2%FMAOL*FM02
TERM2=0,.25%A2% (FMALL*FM32+FMA31%FM]12)
TERM3I=0. 125« {FMAZ1*FML2+FMAL 1*FM22)
TERM4=0,25%A2¢FMA2]1*%FM22
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Cx0TO410
CxDTO0411
CXOT0412
CxDT0413
CXDT041 4
CxXDT0415
CXDT0416
CXDTO0417
CX0T0418
CxDT0419
CXDV10420
CXDT0421
CxDT0422
CxDT0423
CXDT0424
CXDT0425
CXLTD&26
CxDT0427
CXDT0428
CXDT0429
CXxDT0430
CxDT0431
CxnDT0432
CXDT0433
CXDTO434
CXDT0435
CXDT0436
CXDT0437
CXxDT0438
CXDT0439
CXDT0440
CXDT 0441
CXDT0442
CXDT0443
CXDT 0444
CXDT0445

FMM 0020
FMM 0030
FMM 0040
FMM 0050
FMM 0060
FMM 0070
FMM 00RO
FMM 0090
FMM 0100
FMM 0110
FMM 0120
FMM 0130
FMM 0140
FMM 0150
FMM 0160
FMM 0170
FMM 0180
FMM 0190
FMM 0200
FMM 0210
FMM 0220
FMM 0230
FMM 0240
FMM 0250
FMM 0260
FMM 0270
FMM 0280
FMM 0290
FMM 0300
FMM 0310
FMM 0320
FMM 0330
FMM 0340



10

999

99

Caes

201
200
205
204
203

202

60

53

TERMS=0.3T75% (FMACL*FMI24FMAZISFMOD2)
FMM=TERM1 + (TERM4+ TERMS—TERM2-TERM3) /GAM4A
RETURN

FMO2=FMKT(0O,MBAR,A2)

FM12=FMKT (1,MBAR,A2]}
FM22=FMKT {2, MBAR,A2)

FM32=FMKT (3,MBAR, A2}
GAMB4=GAMMA(MBAR) *%4

FMM=(FMA314FMO2-FMAOL*FM32+FMALL1*FM22-FMA21*FM12) /(GAM4-GAMB4)

RETURN
END

FUNCTION FMKT(K¢M,T)

DIMENSION GAMMA(11)

COMMON GAMMA

SINH{EX)=0.5%{EX~1.0/EX)
COSHIEX)=0.5%{EX+1.0/EX)

GAM=GAMMA (M)

ARG=T*GAM

EX=EXP(GAM)

SH=(EX~1.0/EX)*0.5

EX=EXP{ARG)

Kl=K+1

GO TO (14243944142),K1
FMKT={SIN(ARG)}~SIN(GAM)*S INHIEX)/SH) *GAM**K
GO T0O 99
FMKT=(CCS(ARG)=SIN(GAM)*COSHIEX)/SH)*GAM**K
GO TO 99
FMKT=(=SIN{ARG)-SIN(GAM)*SINH{EX)/SH)*GAMS%K
GO TO 99
FMKT=(—~COS{ARG)-SIN{GAM)*COSH(EX)/SH)*GAM**K
RETURN

END

FUNCTION BFVINU.Z)
BESSEL FUNCTION JS0,41
DIMENSION BF {30}
1IF(1- 4.0)200,201,201
BFV = SUMMINU,Z)
RE TURN
IF{1)202,205,202
IF{NU) 204,204,203
BFV=1.0

RETURN

B8FV=0.0

RETURN
M=1.4%246.5
ERR=,000001
NCODE=1

8FV=0.0

X = 2,0/ 2
FLG=ALOG(.5%1)
C=-1.0

N=NU+M
BF(N+1}=1.0

BF (N+2)=0.0
BF(N+31=0.0

A=1.0

CR=0.0

D0 & J=1.M
I=N+#1-J

F=1
BF{I)=F*X%A+C*CR
CR=4A

A=BF({I)

IF (NU) 7,7,8
CM=1.0

CN=2.0
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FMM
FMM
FMM
FMM
FMM
FMM
FMM
FMM
FMM
FMM
FMM

0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450

FMKT0020
FMKTO0030
FMKT0040
FMKTO0050
FMKTO060
FMKTO0070
FMKTO080
FMKT0090
FMKT0100
FMKTOL10
FMKTO120
FMKTOL30
FMKT0140
FMKTO0150
FMKTO160
FMKTOL170
FMKT0180
FMKTO190
FMKT0200
FMKT0210
FMKT0220

BVF
BVF
BVF

BVF
BVF

BVF
BVF

BVF
BVF
BVF
BVF
BVF
BVF
BVF
BVF
BVF
BVF
BVF
BVF
BVF
8VF
BVF
BVF
BVF

BVF
BVF

BVF
BVF
BVF

0020
0025
0030
0040
0050
0060
0070
0080
0090
0100
al10
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340



10

14

12

le

20

19

17

30

31

32
33

43

34

101

999

100

GO TO 13 BVF 0350
CM=1,0 8VF 0360
ne 9 J=1.NU avF 01370
F=J BVF 0380
CM=CMeF BVF 0390
CN=CM*(F+2,0) 8VF 0400
GO TO (14,20)NCODE BYF 0410
SUMx=CMEBF (NU+1) «CN*BF (NU+3) BVF 0420
K=NU+S BVF 0430
J=2 BVF 0440
F=J RVF 0450
G=NU BVF 0460
CN=CN®{G+2, &F)O (G+F—1,0)/ (F¥(G+2.%F-2,}) BVF 0470
SUM=SUM+CN*BF (K) BVF 0480
IF (N=K) 30416416 BVF 0490
J=J+l BVF 0500
K=K+2 BVF 0510
GO 70 12 BVF 0520
SUM=CM*BF {NU+1)+CN*BF (NU+2) BVF 0530
J=2 BVF 0540
K=MNU+3 BVF 0550
F=J BVF 0560
G=NU BVF 0570
CNSCN® (G+F )} % (2, %G+F=1.0)/(F*{G+F-1,.)) BVF 0580
SUM=SUM+CN*BF (K} BVF 0590
IF (N=K) 30,17,17 BVF 0600
J=J+l BVF 0610
K=K+l BVF 0620
G0 TO 19 BVF 0630
F=FLG BVF 0640
AM=NU BVF 0650
F=AMRF BVF 0660
GO TO (32,31),NCODE BVF 0670
G=X BVF 0680
GC TO 33 BVF 0690
G=0.0 BVF 0700
AMF=F+G BVF 0710
AMF=EXP({AMF) BVF 0720
G = AMF/SUM BVF 0730
AMR=RF (NU+1) BVF 0740
BF (NU+1)=AMRSG AVF 0750
ER=BF (NU+1)-BFV BVF 0760
ER=ABS(ER) BVF 0770
BFV=BF (NU+1) BVF 0780
IF (ERR-ER) 43,34,34 BVF 0790
M=Mel BVF 0800
G0 YC S0 BVF 0810
RETURN BVF 0820
END BVF 0830
FUNCTION SUMM(NU,X) SUMM0020
DIMENSION GAMMA{11),FREQ{31),COEFS(24),SAVE(14) SUMM0030
COMMON GAMMA EPY+EPXyGMMySSs T+ QeFREQeSAVEICOEFS+BFOR,BETA,B85Q+5QKySUMMO040
LEMCKoS,PL SUMM0O0%0
AR=4,0/X SUMMO060
ARG=ARXAR SUMMDOT70
INU=NU+1 SUMMOO0B0
GO TO (1,100),INU SUMMD090
JC TC BE COMPUTED. SUMMO100
THETA=X-P[%0,25 SUMMDL110
I=1 SUMMQO120
J=7 SUMMOL 30
PN=ARG*( ARG* (ARG* (ARG* (ARG*COEFS(T)+COEFS(1+1))+COEFSI1+42))+CUOEFS{SUMMOL140
11+3))+COEFS(I+4) )+COEFS{1+45) SUMMO150
QN=AR* ( ARG* ( ARG*{ ARG* { ARG (ARG*COEFS(J)+COEFS(J+1) )+COEFS(J+2)) SUMMO160
L+4COEFS(J+3) ) +COEFS{J+4) )+COEFS(J+5)) SUMMOL 70
SUMNM=SQRT(AR%0.5/P1)*(COS{THETA)*PN~SIN(THETA)*QN) SUMMOLB0
RETURN SUMMO190
J1 TO BE COMPUTED. SUMM0200
THETA=X-0, 75%P1 SuUMMOD210
i=13 SUMM0220
J=19 SUMM0230
GO YO 10t SUMM0240
END SUMM0250
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