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ABSTRACT

This report presents a detailed description of a computer
program to calculate tilt-rotor aircraft dynamic characteristics.
This program (named ROTOR} consists of two separate parts. In
the first part, the natural frequencies :and corresponding mode
shapes of the rotor blade and wing are developed from structural
data (mass distribution and stiffness distribution). The second
part of the program deals with the frequency response (to gust
and blade pitch control inputs) and eigenvalues of the tilt-rotor
dynamic system, based on the natural frequencies and mode shapes
derived beforehand. Sample problems are included to assist the
user.
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SECTION 1

INTRODUCTION

l.1 Purpose and Scope

Program ROTOR is an in-core program written in FORTRAN IV
lanquage for analysis of the dynamic characteristics of the tilt-
rotor aircraft,

The analytical model considered herz consists of a cantilevered
semispan wing with the engine-rotor system at the wing tip (see
Fig. 1 of Ref. 1), The dynamic and aerocelastic characteristics of
this aircraft are in many ways unique and complicated. The large
flexible blades with a large amount of twist have significant
coupling between flapping and lagging motion. The engines and
gearboxes at the wing tip lead to low wing natural frequencies
and possible resonances in the low frequency range,

The purpose of this program is the numerical analysis of the
complicated dynamic and aercelastic behavior of the tilt-rotor
aircraft. The first step is the derivation of the equations of
motion of the blade and the wing, including inertia forces, blade
aerodynamic forces and wing aerodynamic forces. This formulation
is described in detail in Ref, 1, Based on the equations of
motion, the frequency response of the blade and wing motions to
the gust input or blade pitch angle control input are derived.

An eigenvalue analysis provides the system stability character-
istics.,

1.2 Program Outline and Limitations

Program ROTOR consists of two separate parts, One is called
FREEVI (free vibration of the tilt-rotor aircraft), which pro-
duces the natufal frequencies and mode shapes of the free vibra-
tion from the blade or from the wing structural characteristic
data. The second part is named TILDYN (tilt-rotor dynamics)



which calculates the dynamic characteristics of the aircraft, in-
cluding eigenvalues and frequency response to the gust and to

the pitch~control inputs.

The reason for the separation of the program into two parts
is that this system gives the user the opportunity to check the
results for the natural frequencies and mode shapes without per=-
forming the entire calculation. In addition, the dynamic charac-
teristics can be evaluated easily by changing the input natural
frequencies or using different assumed modes without changing the
structural characteristics, mass distribution, or stiffness dis-
tribution. The disadvantace is that the input data for TILDYN
are the output data of FREEVI.

The free vibration problem of the wing and blade is solved
as an eigenvalue problem in FREEVI by the finite element method,
The wing has three degrees of freedom, vertical bending, chord-
wise bending and torsion., A large wing tip mass represents the
rotor, engine, and gearbox.

Only flapping and lagging motions are considered for thwe blade.
Tereion is neglected as a higher-ordeixr effect for the blade case.
The rotor types treated here are the hingeless rotor and the
gimballed rotor. The maximum number of elements is limited to
twenty,

With respect to the TILDYN program, it should be mentioned that
the flight configuration is restricted to cruising flight only,
with the rotor disk plane perpendicular to the free stream. Both
powered and autorotation cases can be treated. Total degrees of
freedom considered are nine or eighteen for powered flight., The
nine degrees of freedom consist of blade flapping and lagding
fundamental modes (each has a collective and two cyclic degrees of
freedom) and wing vertical bending, chordwise bending, and torsion
modes. The eightean degrees of freedom include two additional
blade modes and three additional wing medes. It should be noted



that description of the blade motion requires three independent
degrees of freedom to reduce one equation with periodic coeffi-
cients in the rotating system to three eqguations with constant
coefficients in the non-rotating sysutem,

In the autorotation case, one more degree of freedom is
added, the rigid body rotation of the rotor, and the total degrees
of freedom become ten or nineteen. After the construction of the
equations of motion for each case, the fregquency response problem
is solved. The excitation inputs consist of the following: ver=-
tical gust, lateral gust, longitudinal gust, collective-blade
pitch control and two cyclic blade pitch centrols. By appropri-
ately specifying the excitation input components, the flight in a
cross~wind gust can be considered.

The eigenvalue problem to be solved is the usual eigenvalue
problem of a linear system of equations, The EISPACK subroutine
developed by the Argonne Code Center is used to treat this prob-
lem {(Refs. 2 and 3).



SECTION 2

DESCRIPTION OF THE PROGRAMS

2.1 Description of the FREEVI Program

This program consists of one main program and twelve sub-
routines for the computation of the lowest few eigenvalues and
eigenvectors of the proprotor dynamic system modelled by the
finite-element method, as described in Ref, 1, The outline flow
chart is shown in Fig. 1.

Input data include element-structural characteristics (mass
distribution, stiffness distribution and angle of twist), rota-
tional speed, and some instruction data for the computation. The
boundary conditions are zutomatically chosen when the calculation
case is selected appropriately. Boundary conditions and degrees
of freedom are tabulated in Table 1 for the rotor and wing. Next,
the element stiffness and mass matrices are assembled globally,
From the input information, the boundary conditions are imposed
on the global system, The subspace iteration method is applied
te find the eigenvalues and eigenvecters of the system (Refs, 4
and 3), Consider the eigenvalue problem of the n-degree-of=-
freedom equations:

[K] [ u] = A [M][u] (2.1)

where [K] and [M] are square stiffness and mass matrices with
order n, {u] is a matrix of the mode shape and A is an eigenvalue.
When m eigenvalues and eigenvectors are regquired, the main steps
of the subspace iteration method are as follows:
(a) Assume mode shape matrix [uO]; nximm matrix containing
m vectors
- T . _ T
(B) Mgl = [u )" Ml{u l; [Kp]l = [u }" (K] {u ] where [Mp]
and [KR] are reduced square matrices with order m,



(c) PFind eiagenvectors [A] (mxm matrix) such that [KR] [A] =
[D][MR][A], with [D] denoting a diagonal matrix.

(d) [uol = [uol{A] _

(e) fu,] (K] (M) [u))

(£) [uol = {ull and go to step (b)

1

The eigenvalue analysis of the smaller system (order m) in
step (¢) is achieved by using the Jacobi method. The criterion
of terminating the iteration is defined as

_Ai..i-l — AL < e (2.2)
AL
Each eigenvalue must satisf,; this criterion; the error threshold

e can be defined by the user.

Output includes the input data, the eigenvalues, the eigen-
vectors, and, if required, punched=-cut cards of the eigenvectors.
A built-in message as to whether convergence was achieved is also
furnished,

A short description of each of the subroutines is given below:

MAIN Defines dimensions

TEIGEN Calculates the normal medes and fregquencies

INPUT Supplies input information

ELEMK Controls the generation of element stiffness
and mass matrices -

MESH Calculates mesh information for the finite
element assemblage

ASBV Applies boundary conditions

FAC Triple matrix factorization

MTRTR Matrix multiplication

MULTZ Matrix multiplication

SOLZ Forward and backward substitution

DNROOT Eigen=analysis routine

EIGEN Eigen-analysis routine needed in DNROOT

OUTPUT Output routine

The listing is shown in Appendix A,
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2.2 Description of the TILDYN Program

This program to solve the eguations of motion of the tilt-rotor
aircraft derived in Ref. 1, consists of one main program and twenty-
four subroutine programs, The outline flow chart is shown in
Fig. 2.

Input data are natural fregquencies and corresponding mode
shapes of the rotor and wing, aerodynamic coefficients, and flight
conditions,

Based on such input data, the coefficients of the equations of
motion are derived, using the numerical integration method. Finally,
the equaticass of motion are formulated as a matrix:

ra) {x} +[8) (% + [c]{x} = (0] (¢}

{a), iB], [Cc), and [D] are the coefficient matrices, including
inertia terms and zerodvnamic terms. The matrix {x} is a set of
variables and {¢. !4 an exciting force matrix including gust com-
ponents #ad blade pitch~control components (see Ref, 1), These
equations have nine or eighteen degrees of freedom in the powered
flight case. In the autorotation flight case, ten or nineteen
degrees of freedom are required, due to the addition of rigid-body
rotation (see Table 2),

The dynamic characteristics of these equations are analyzed by
two methods. One is the frequency-response analysis and the other
is the eigenvalue analysis. In the frequency=-response analysis,
the accelerations and velocities of the equations are expressed in
terms of a given frequency, and the differential equations are
transformed into a set of linear algebraic eguations. These linear
equations are solvec by the Gauss-Jordan reduction to obtain the
response to the gust or blade pitch-control input.

The eigenvalue problem is formulated in the usual way. Equa=-
tion 2.3 is rewritten



e
3 -A'B -A'c||x
X

I + 0 x (2.4)

to obtain first-order differential eguations. The real general

matrix eigenvalue problem is solved by the EISPACK package, de-

veloped by Argonne National Laboratory to solve a standard matrix

eigenvalue-eigenvector problem (Refs. 2 and 3}.

A short description for each of the subroutines of tne TILDYN

program is given below:

MAIN
BLOCK DATA

INITIL
COEFF

INPUT
INTPL

AERO
ORDINT
INTEG
F
AINER
AEROMT

EQMTX

AUTO

Defines the sequence of the program
Initializes the coefficients of Gaussian
guadrature

Initialization of the matrices

Defines the points and coefficients of the
Gaussian guadrature

Supplies input information

Interpolation for the numerical integration
by Gaussian quadrature

Defines the aerodynamic coefficients at the
roints of Gaussian quadrature

Defines the order of the numerical integratien
Numerical integration

Defines the integrand function

Defines the inertia coefficients of the
equations in matrix form

Defines the aerodynamic coefficients of the
equations in matrix form

Defines the coefficient matrices [A], ([B],
[C], and [D] in Eg. 2.3.

In the autorotation case, another degree of
freedom is added



GUSTCO Defines gust and blade pitch control components

FRQRES Calculates the frequency response

GAELIX The Gauss-Jordan reduction routine

E13EN Routine to form the eigenvalue problem and to
call EIPACK subroutine

EIPACK . An eigensystem problem sclver for the real

general matrix consisting of EISPACK sub-
routine BALANC, ELMHES, ELTRAN, HQR2 and
BALBAK

BALANC Balances a real general matrix and isolates
eigenvalues whenever possible

ELMHES Obtains an upper Hessenberg matrix from a
real general matrix

ELTRAN Accumulates the elementary similarity trans-
formations for the reduction to upper

_ Hessenberg form

HQR2 Finds the eigenvalues and eigenvectors

BALBAK Forms the eigenvectors by back<transforming
those of the corresponding balanced matrix
determined by BALANC

MINV Inverses a matrix

The listing is shown in Appendix A.



SECTION 3

USER'S GUIDE FOR FREEVI PROGRAM

3.1 Input Data Requirements

The input and output of the computer code is a part of the
built-in program with fixed format. This approach requires a
minimum knowledge of the programs and programming.

The finite-2lement model for the input data is shown in Fig, 3.
The structure is divided into several elements for application of
the finite-element method., The mass distribution, bendinz and
torsional stiffness, and angle of twist are the average values in
the element. The unit system used should be consistent throughout
the entire program.

This program calculates the natural frequencies and normal
nmodes for five cases, including wing vibration and blade vibration
with various boundary conditions (see Table 1). The parameter
ICASE specifies the particular case in the program. The parameter
IPUNCH specifies whether a punched card deck of the mode shapes is
required for input teo the program TILDYN,

Uncoupled mode shapes, instead of coupled mode shapes, can be
generated, if necessary. The parametér IGUEST contrels the initial
assumed values for the purpose of generating the uncoupled mode
shapes.

The value of M expresses the number of eigenvalues and mode
shapes required by the user.
Parameters and variables are described in detail below:
DES A vector to express the teést ideptifying information.
The user can punch the run identification in the
first column through the eightieth column of the
first card. The format is 20a4,



ICASE

IPUNCH

IGUEST

A parameter to specify the calculation case:
ICASE=1l; wing case with clamped boundary
conditions at the root.

ICASE=2; blade case with boundary conditions
clamped for the flapping motion and
clamped for the lagging motion at
the root.

ICASE=3; blade case, clamped for flapping and
hinged for lagging.

ICASE=4; blade case, hinged for flapping and
clamped for lagging.

ICASE=5; blade case, both hinged boundary
conditions.

It is punched in the integer format as Il in the
first column of the second card.

A parameter to c¢ontrol whether the mode shapes are
punched out in cards for input to the TILDYN program,
IPUNCH=0; no punched output
IPUNCH=1; punched output
The parameter is punched in the integer format as
Il in the first column of the third card.

A parameter to control the mode~shape type coupled
or uncoupled, both for the blade and the wing.
IGUEST=0; coupied
IGUEST=1; uncoupled vertical bending (w)
IGUEST=2; uncoupled chordwise bending (v)
IGUEST+=3; uncoupled torsion (¢)
It should be noted that the terms PB, RAMDA, COL
and THETAE related to é¢oupled motion should be
set to zero when uncoupled mode shapes are required.
The parameter is punched in <he integer format as
I1 in the first column of the fourth card.

16



NET

NITR

ERR

OMEG

RAMDA

Total number of elements, maximum number is 20, It is
punched out in the integer format as I5 in the first
through fifth columns in the fifth card.

The maximum number of iterations to be performed, If
the number of iterations reaches NITR, yet the itera-
ation is not converged, the program execution is termi-
nated and a built-in message appears. Recommended
value for NITR is 20, It is punched in the integer
format as I5 in the 6th through the 10th columns of
the fifth card,

Number of vibration modes regquired by the user. Recom-
mended value for M is less than 1G, If M = 10 to 20,
NITR is recommended to be 50.

The error limit used to compare with I(Ai+l - 20/ 0
where A, is the eigenvalue calculated at the ith itera-
tion cycle. The iteration terminates if the calcéulated
value is smaller than ERR, Recommended values for ERR
are 0.001 to 0,01, It is punched in the real value
format (Fl0.6) at the first through 10th columns of the
sixth card.

Rotational speed Q in rad/sec, the direction of rota-
tion is positive for the upward rotational vector
when the aircraft configuration is in the helicopter
mode. For the wing or non-rotating blade it is set
to zero. It is punched in real value format (F10,6)
in the first through the 10th columns of the seventh
card,

Inflew ratio A is defined as (V + v} /OQR., It determines
the collective pitch of the blade.

For the wing and non-rotating blade, it is set to
zero, It is punched in real value format (F10.6)
in the first through the 10th columns of the Bth card.

11



COL Collective pitch angle in radians (BD in Ref, 1)}. For
the wing case it is set to zero., It is punched in real
value format (F10,.,6) in the first through the 10th
columns of the 9th card.

SPKB The flapwise spring constant at the root of the hinged
rotor. If there is no spring, it is set to zero. It
is punched in real value format (Fl10.6) in the lst
through the 10th columns of the 10th card.

SPKC The lagwise spring constant at the root of the hinged
rotor., If there is no spring, it is set to zero. It
is punched in real value format (F10.6) in the 1llth
through 20th columns of the 10th card.

ALPHAH The number is used to avoid a singularity of the
stiffness matrix in the case uf the hinged blade,
The recommend value for ALPHAH is the squared
value (Az) of the first non-zero eigenvalue, The
value 5000.0 is appropriate for the first trial,
It is punched in real value format (F1l0,6) in the
first through the 10th columns of the 1llth card.

EIBE A vector to express the vertical bending stiffress
(EI)B of the element. The length of the vector
equals NET. It is punched in the exponent format
(E15.7) and five data items can be included per
card., These data occupy the 1l2th card through
card [10+(NET/5)] if NET is a multiple of 5.
Otherwise, up te card [11+(NET/5)] is occupied.

EICE A vector to express the chordwise bending stiff-
ness (EI)c cf the element. The length of the vec-
tor is NET. It is punched in the exponent format
{E1l5.7) and five data items can be included in a
card, These data occupy {(NET/5) cards if NET
is a multiple of 5, otherwise [1+4(NET/5)] cards.

12



THETAL A vector to express the angle of twist GAT in radians
of the structure element, positive nosz up, It should
be the average angle of twist over the element. The
length of the vector is NET. Eight data items can be
punched in real value format (F10,6) in each card,
These data occupy (NET/8) cards if NET is a multiple
of 8, otherwise [1+{NET/8)}] cards.

AMASE A vector to describe the mass distribution (mass/unit
length) ; its length is NET., It is punched in real
value format (Fl10.6), 8 data items on one card. These
data occupy (NET/8) cards if NET is a multiple of 8,
otherwise [l1+(NET/8)] cards.

ESE A vector to define the size of the beam element
of the blade or wing and its length is NET,
It is punched in-real value format (F10.6), 8
data items on a card. These data occupy (NET/8)
cards if NET is & multiple of 8, otherwise
[1+(NET/8)] cards.

AMN The number to express the tip mass. In the case of the
wing, it includes the nacelle and all blade mass as

AMN = Mo + NMg

in the symbols of Ref. 1., If a tip mass exists in the
blade, it is also appropriate to use AMN, It is punched
in real value format (F10.6) in the first through the
10th columns of the card. The next four numbers PIR,
P1IY, PIP and PBW are punched on the same card with AMN,
PIR A number to express the rolling moment of inertia of the

nacelle and blades at the wing tip:

PIR = 1, + NIy

X

13



P1Y

PIP

PBW

The format is (Fl10.6) and it is punched from the llth
to 20th columns.

A number to express the yawing moment of inertia of the
nacelle and blades at the wing tip:

_ N _ 2
P1Y *-IP + 5 IB + NMBh

The format is (F10.6) and it is punched from the 2lst to
the 30th columns.

A number to express the pitching moment of inertia
of the nacelle and blades at the wing tip:

s N 2
PIP = IPP+ 5 Iy + NMgh

The format is (F10.6) and it is punched from the
31st to the 40th columns,

A number to express the mass coupling effect at the
tip between the wing vertical bending and the tor-
sion due to blade mass:

PBW = NMBh

The format is (F10,.,6) and it is punched from the
41st to the 50th columns,

If the calculation case is the wing (ICASE=l), the next
three data cards should be added:

aJ

PI

A vector to express the torsional rigidity:

its length is NET. The format is (E15.7) and
five data items can be included in a card.
These data occupy (NET/5) cards if NET is a
multiple of 5, otherwise {1+ (NET/5)1}.

A vector to express wing mass moment of inertia
about the elastic axis per unit length: its
length is NET. The format is (E15.7) and five
data items can be included in a card. These

of 5, otherwise [1+(NET/5)]}.

14



PI12

A vector to express wing static mass moment of
the segment to define the coupling motion be-
tween wing vertical bending and torsion. The
vector length is NET and the format is (E15.7).
Five data items can be included in a card and
data occupy NET/5 cards if NET is a mulitiple of
5, otherwise {1+ (NET/S5)].

The data deck setup is shown in Fig, 5 and the example problem

data listing is i:: Appendix B.

A few remarks will now be stated to avoid misuse of the pro-

grams
1)
2)
3)

4)

5)

A consistent unit system must be adopted.

The maximum element nuwmber (NET) is 20,

Appropriate rotor rotational direction must be
chosen. If OMEG is negative, RAMDA ({inflow ratio)
should be negative. However, COL (the collective
pitch) and THETAE (angle of twist) should be posi-
tive nose up.

If uncoupled mode shapes are required, the coupling
terms such as RAMDA, COL, THETA, PBW and PI12 should
be set to zZero.

If there are several cases to be dealt with, the data
may consist of several data sets, After the execution
of the first case, the computer automatically returns
to the beginning of the program and reads the second
input data set. Therefore, at the end of the entire
calculation, the computer notes the absence of data

sets and generates an error message.

3.2 Output Features

All input data are printed out for checking. The built=-in

messages and outputs in the FREEVI program are as follows:

(a)

TENSION DUE TO CENTRIF. FORCE

This prints out the tension force at each nodal

15



(b)

{c)

(d)

(e)

(£)

(g}

(h)

MASS = 0.XXXXXEXXX
This indicates the total mass of the blade or wing,

MOMENT OF INERTIA AT ROOT = 0,XXXXXEXXX

This-gives the mass moment of inertia of the blade
or wing about the virtual hinge at the root,

MAX. SIZE OF STF IS XXX SPECIFIED SIZE IS XXX

This prints out the specified value of the estimated
length of the stiffness matrix and the actual re-
gquired value for the stiffness matrix. If the speci-
fied value is smaller, the program stops. Check the
input. If the required value is smaller, no remedy
is needed,

THE XXXXTH DIAG. AFTER FACT=0,0, INCOMPLETE FACT

This message appears when the factorization of the
mass matrix is not complete, The program also
stops. Check the input,

110, OF NEGATIVE DIAG. = XXXX, FACT COMPLETED

This prints out the numbeir of negative diagonals

of the factorized mass matrix. If the printed value
is other thar zero, the mass matrix is not positive
definite. Check the input data.

EIGENVALUES =

At each iteration, calculated eigenvalues ara printed
out. If eigenvalues satisfy the accuracy requirements,
these results are printed out in eigenvalue format (the
square value of the natural frequency), radian/second
and Hertz,

NO. OF ITERATION = XXXX CONVERGED WITHIN 0 ,(XXXXXEXXX

This indicates that the subspace iteration is com=
pleted. The first value printed is the number of the
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(1)

(3)

(k)

(2)

iteration and the second value is the error limit input
by the user.

NO. OF ITERATION = XXXX NOT CONVERGED

This appears instead of (h) message if the user
specified maximum number of iterations (NITR} has
been reached, yet the eigenvalues have not converged
to within the error limit set by the user. The user
should check the input for possible errors or change
the error limit (ERR) because the previous error
limit may be too small to be achieved, or increase
the maximum number of iteration (NITR).

REDUCED MASS MATRIX

The lower triangular part of the reduced mass matrix is
printed out.

REDUCED STIF MATRIX

The lower triangular part of the reduced stiffness
matrix is printed out.

****BLADE MODE SHAPES**** or ****yING MODE SHAPES***#
Mode shapes are printed out. Index I indicates the
eéigenvalue to which the mode shape corresponds and
index J indicates the station number of the node.
Symbols W(I1,J), V(I,J3), PW(I,J), and DV(I,J) are
vertical bending (flapping motion), chordwise bending
(lagging motion), slope of the wertical bending, and
slope of the chordwise bending, for the case of blade
vibration., In addition to those symbols, PHI(I,J)
and DPHI(I,J) are used for the torsion and slope of
the torsion for the wing vibration. The coordinate
system is shown in Fig, 4,
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Punched Card Output

If IPUNCH is sct equal to one, the punched card output

is also performed. The format is El3.5 with six data
items on a card. The order is W(l,l) of the first mode
to last W(1l,NET+l), punched on [(NET+l)/6] cards if
{NET+1) is a multiple of 6, otherwise [(NET+l)/6+1] cards,
Next v(1,J), DwW{l,J) and Dv(i,J) groups are punched.After
the first mode shape the group of the second mode shape

is punched and it continues to the Mth mode shape. In the
case of the wing, the output data of PHI(I,J), DPHI(I,J)
are added in the same fashion after the set of DV(I,J).

is



3.3 Example Problems

Example problems cited here for the FREEVI program are taken
from Ref. 1.

3.3.1 Application to the Wing

The free vibration of the Bell wing is considered in this
report. Structural characteristics (mass distribution, bending
stiffness and so on) are shown in Fig. 6. Mass moments of inertia
of the nacelle and blades are tabuiated in the "Bell" column of
Table 3, The listing of both input and output are shown in Appen-
dix B.

3.3.2 Applicatiqn o “he Blade

The hingeless rotor of the Boeing Vertecl is studied here,
It should be noted that the rotation direction is negative in this
case. Structural characteristics are shown in Fig. 7. The listing
of both input and output are shown in Appendix B,
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SECTION 4

USER'S GUIDE FOR THE TILDYN PROGRAM

4.1 Input Data Requirements

This program has several parameters to designate the case
being considered by the user. The first one is ITYPE, which speci-
fies whether collective mode shapes of the blade differernt from the
cyclic mode shapes are needed, If it is the gimballed rotor, the
parameter instructs the computer to read more data for the collec-
tive mode shapes of the gimballed rotor. The parameter IFLT defines
whether the case considered is powered flight or autorotation flight.
The next parameter IDOF specifies the number of degrees cof freedom,
If it is nine, two blade modes (giving six degrees of freedom in
the non-rotating system) and three wing modes are necessary. If
IDOF is eighteen, two more modes for the blade and three more moedes
for the wing should be added to the nine degrees-of-freedom system,
The parameter IRES specifies execution of the frequency response
analysis. The user should decide whether the response based in
terms of normal mode shapes or in terms of mode shapes normalized
to unity at the blade tip. This is determined by the parameter
IFRMAG. The last parameter IEIGEN specifies execution of the
eigenvalue analysis.

Parameters and variables are described in input order belcw:

DES A vector to express the test identifying information.
The user can punch the run identification in the first
column through the eightieth column ef the first card.
The format is 80Al,

ITYPE A parameter to control the reading of input data depending
upon the type of rotor.

ITYPE=0; the hingeless rotor in powered flight

ITYPE=1l; the hingeless rotor in autorotaticnal
flight.
the gimballed rotor both in powered and
autorotational flight.

20



IFLT

IDOF

IRES

The format is (Il) and it is punched in the first column
of the second card.

A parameter to determine the flight condition.

IFLT=0; powered flight
IFLT=1; autorotation £light

The format is (I1l) and it is punched in the first column
of the third card.

A parameter to define the number of basic elastic deforma-
tion degrees of freedom and how many mode shapes are
needed. It should be noted that the same number IDOF is
used for both powered flight and autorotation flight,.

IDOF=9; In the powered flight case, nine equations
are constructed and two mode shapes for the
blade and three mode shapes for the wing
are necessary. In the autorotation £f1light
(IFLT=1) , ten equations are constructed,.
due to the addition of the rigid-body ro-
tation of the blades.

The same number of mode shapes as for the
powered flight is necessary.

IDOF=18; In powered flight, eighteen equations are
formulated. In autorotation flight they
become nineteen, In total, four mode shapes
are necess:cry for the blade and six for the
wing,

The format is (I1) and it is punched in the first

two columns of the fourth c¢ard.

A parameter to control whether the frequency response
analysis is carried out.

IRES=0; it is not carried out.

IKES=1l; it is carried out.

The format is (I1) and it is punched in the first column
of the fifth card.
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IFRMAG

IEIGEN

NOBLD

A parameteér to control the type of mode shapes used for
the output results,

IFRMAG=0; the frequency respocnse and eigenvector
results are based on mode shapes as
follows: the predominant components of
the blade~coupled-mode shape are normal-
ized to R{rctor radius) at the maximum
deflection peint, The wing-bending-mode
shapes are normalized to L (wing semispan)at
the the maximum deflection point, and the
wing~torsion-mode shape is normalized to
unity at the maximum deflection point,
This type of normalization is for the
purpose of obtaining results comparable
with those described in Ref, 6.

IFRMAG=1; the frequency response and eigenvector
results are based on the normal modes
used as input data.

The format is (Il), and it is punched out in the first
column of the sixth card.

A parameter to control whether the eigenvalue analysis
is executed.

TIEIGEN=0; it is not executed.

IEIGEN=1; it is executed, _

The format is (Il) and it is punched in the first column
of the seventh card,

The blade number., The format is (Il) and it is punched
in the first column of the eighth card.

The air density. The format is (E10.0); the user can put
a datum in éeither F format or E format in the first ten
columns of the ninth card.
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OMEGA

RAMDA

VEL

AlB

CHOD

CL

18:0)

The rotor rotational speed (radian/sec). The format is
E10.0; the user can choose either E or F type. The

datum is put in the eleventh column thiough the twentieth
column of the ninth card. OMEGA can take positive or
negative values corresponding to the rotational direction,
The sign definition is the same as that of the FREEVI
program,

The inflow ratio, The sign should be consistent with
the rotational direction of the rotor. The format is
either in E or F type. The datum is put in the 21gt
through 30th coiumn of the ninth card.

The cruising speed of the aircraft, The format is
either E or F type. The datum is put in the 31st through
the 40th column of the ninth card,

The blade radius. The format is either E or F type. It
is punched in the first through the tenth column of the
tenth card.

The blade flapping moment of inertia, The format is
either E or F type. It is punched in the eleventh
through the 20th column of the tenth card.

The mean chord length of the blade. The format is either
E or F type. It is punched in the 21lst through the 30th
column of the tenth card.,

The lift-curve slope of the blade., The format is either
E or F type. It is punched in the 31lst through the 40th

column of the tenth card.

The drag coefficient of the blade (CDO). The format is

either E or F type. It is punched in the 41st through
the 50th column of the tenth card,
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HMAST

DEL2

WCOD

WCL

wCD

WCMO

WCMA

EDIS

The mast height. The format is either E or F type.
It is punched in the 51st through the %0th column of the
tenth card,

The rotor blade pitch-flap coupling (63). The unit is
radians. The format is either E or F type. It is
punched in the 6lst through the 70th column of the
tenth card.

The wing semispan length., The format is either E or F
type. It is punched in the first through the tenth
column of the eleventh card.

The mean wing chord length. The format is either E or
F type. It is punched in the eleventh through the 20th
column of the eleventh card.

The wing lift curve slope. The format is either E or
F type. It is punched in the 21st through the 30th column
of the eleventh card.

The wing drag coefficient (C, of the wing). The format

Do
is either E or F type. 1t is punched in the 31lst through
the 40th column of the eleventh card.

The wing pitching moment coefficient (Cﬁe). The format

is either E or F type. It is punched out in the 41st
through the 50th ceolumn of the eleventh card.

The wing pitching momént curve slope (Cm ). The format
is either E or F type. It is punched in%the 51st th-ough
thée 60th column of the eleventh card.

The distance (nondimensionalized by the wing chord) between
the elastic axis and the aerodynamic center of the wing
(positive if the aerodynamic center is ahead of the elastic
axis) . The fcrmat is either E or F type. It is punched in
the 6lst through the 70th column of the llth card.
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WTHET

CGUST

BRAM

WRAM

NW

The wing trim angle of attack in radians. The format is
either E or F type. It is punched in the 71lst through
the 80th column of the eleventh card.

A vector to express the magnitudes of the exciting force
components shown in Eq. 2.3 as {e}l.

CGUST (1) ; vertical gust uG/V

CGUST{(2): lateral gust vG/V

CGUST (3) ; longitudinal gust wG/V

CGUST (4} ; collective pitch control 8o
CGUST (5) ; cyelic cosine pitch control 61
CGUST(6) ; cyclic sine pitch contrel 6,

If the user specifies 1.0 for one of these guantities,
that gust or pitch control guantity becomes the exciting
force. Each vector component has either E or F format
and occupies ten columns each of the twelfth carad,

A vector to express the blade eigenvalues and its length
is 4. The values are the squared valaéz of the natural
frequencies (radzfsecz). If IDOF is seli egual to 9, the
latter two eigenvalue columns may have blanks, If the
calculation case is the gimballed rotor (ITYPE=1l), BRAM
should include the cyclic mode eigenvalues of the blade,
The format is either E or F type and each component oc«
cupies ten columns in order of the 13th card.

A vector to express the wing eigenvalues and its length
is 6., The values are the squared values of the natural
frequencies (radz/Secz). If IDOF is set equal to 9,

the latter three eigenvalue columns may have blanks,

The foermat is either E or F type and each compon: 1t oc-
cupies ten columns in order of the l4th card.

A number to specify the wing element gquantity, The
format is (I2) and it is punched in the first two
columns of the 15th ecard,
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ZMSW

DG

D2

WPHI

DWPHI

A vector to describe the wing element size., The vector
length is NW and the element size, nondimensionalized
bv the wing semispan,should be input. The format is

‘either E or F type (E10.,0). Each vector component oc-

cupies ten columns from the 1l6th card. The number of
the card for EMSW is NW/8 if NW is a multiple of 8.
Otherwise [(NW/8) + 1] cards,

A matrix to describe the wing vertical bending mode

shape (v in Ref, 1) at the nodes, The size of the matrix
is MwWx (NW+l), where MW is 3 if IDOF=9 and 6 if IDOF=18,
The format is E or F type (E1l3.5) and G{(l,l) expresses
the vertical deflection at the root node of the first
mode., G(1,NW+1l) is the one at the tip node of the first
mode (Fig. 4). The data should be punched in oréer from
the root node to the tip node value., One card can include
6 data.

A matrix to describe the wing chordwise bending mode
shape (£ in Ref. 1) at the node, Other comments are the
same as for G,

A matrix to describe the wing vertical bending slope

(& /dy in Ref. 1l). Other comments are the same as for G.
A matrix to describe the wing chordwise bending slope
(d;/dy in Ref, 1) . Other comments are the same as for
G.

A matrix to describe the wing torsion deflection

(¢ in Ref, 1). Other comments are the same as for G.
A matrix to describe the wing torsion slope (d¢/dy in
Ref. 1). Other comments are th: same as for G.

The output of the FREEVI program automatically satisfies

the deck setup for the TILDVYN program, but for convenience the

card setup for the wing mode shapes are repeated as follows:
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lst card contains G(1,1}, G(1,2).secvveee. G(i,6)
Next card contains G(1l,7) .eeeecesseasG{1l,NW+])
New card contains 2{(1,l).eccevesancsanss 2Z(1,6)
Z(1,7)eeeeecescscss Z(1,NW+1)
New card contains DG(l,l).ccccccacces
DG(1,7)eecnccnnccsn
New card contains DZ(l,l) ccecsaaceacs
DZ(1,7) secevccnnccss
New card contains WPHI(L,l).eeveeovse
WPHI(L,7) eevescocses
New card contains DWPHI(1l,l).eeecveece
DWPHI(1,7) cecaccass
New card contains G(2,l)...seecase:s. G{(2,6)
G{2,7)
z(2,1)
Z(2,7)

New card contains DWPHI(MW,1l)..ceesss
Last card for the wing mcde shape contains DWPHI(MW,7)...

DWPHI (MW ,NW+1)
The wing mode shapes occupy Nw cards where

| 6MW[ (NW+1) /6] if (NW+l) is a multiple of 6
Ng = ) eMw{(NW+1)/6+1] if (NW+1l) is not a multiple of 6

A number to specify the blade element quantity. The

format is (I2) and it is punched in the first two columns
of the next card to the wing mode shapes.
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EMS

AMASS

THETN

COL

A vector to describe the blade element size, The vector
length is N and the element size, nondimensionalized by
the rotor radius,should be input. The format is either
E or F type (E10.0). Each vector component occupies ten
columns, and the card number is N/8 if the N is a multi-
ple of 8, Otherwise [N/8+1] zards.

A vector to describe the mass distribution of the blade.
The vector length is (N+1l), The value should be the mass
distribution (mass per unit length) expressed at the node.
The format is either E or F type (E10.0). Each vector com-
ponent occupies ten columns, and the card number is (N+1)/8
if (N+L) is a multiple of 8. Otherwise [(N+l)/8+1] cards.

A vector to describe the angle of twist of the blade, The
vector length is (N+1l). The value should be the angle of
twist at the node and positive nose up. The format is either
E or F Lype (E10.0). Each vector component occupies ten
columns, and the card number is {N+1l)/8 if (N+l) is a multi-
ple of 8., Otherwise, [(N+1)/8+1l] cards.

A number to express the collective piteh angle (GD in
Ref, 1) defined from the performance (trim) calculation.
The format is either E or F type (E10.0), and it occupies
the first ten columns of the next card to THETN.

A matrix to deseribe the klade out~of-plane bending mode
shape (Wj in Ref. 1) at the node. The size of the matrix
is MBx(N+l) where MB is 2 if IDOF=9 and 4 if IDOF=18, The
format is E or F type (E13.5) and W(l,]l) expresses the
out-of~-plane deflection at the rcot node of the first
mede., W(l,N+1) is the one at the tip node of the first
mode. The data should be punched in order from the root
node to the tip nodé value. One card can include 6 data.
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v A matrix to describe the blade inplane bending mode shape
{V, in Ref. 1) at the node. Other comments are the same
as those for W.

DW A matrix to describe the blade out~of-plane bending mode
shape slope (dﬁh/dr in Ref, 1) at the node, Other com=
ments are the same as those for W,

DV A matrix to describe the blade inplane bending mode shape
slope (de/dr in Ref, 1) at the node. Other comments are
the same as those for W.

If the calculation case is the gimballed rotor (ITYPE=1l), or auto-
rotational flight (ITYPE=l and IFLT=1l), the above blade-mode shapes
correspond to the cyclic mode shapes.

The output of the FREEVI program automatically satisfies
the deck setup for the TILDYN program; however, for convenience,
the card setup for blade mode shapes is repeated below:

1st card contains W(l,1), W(l,2), .eessesee.W(l,6)
Next card containg W(l,7) ceeoecsecvecesssW{1l,N+1l)
New card contains V(l,1).cencccscessnssse

V(L,7)eeennasccnsassnnse

DW(l,l) .vccececscccnas

DW(1l,7) coseacoccvecnce

DV{l,1l) Dv(l,6)

DV(1,7) veececnnscsnsas DV(L,N+]1)

W(2,1) seeecevcacncocs

W(2,7) ceecceveconcnns

V(2,1) ceevscncassasans

V(2,7) secccncnsesesses

DV(MB'I) [ R N NN N ENNNNNJEMN)
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Last card contains DV(MB,7) .sceecsces DV (MB,N+1)

The blade mode shapes occupy ng cards where

AMB{{(3+1) /6] if (N+41l) is a multiple of 6
g 4MB[ (N+1) /6+1]if (N+1) is not a multiple of 6

If the computer calculation case is the gimballed rotor (ITYPE=l)
or autorotational flight (ITYPE=1l and IFLT=1l), the next five data

cards as for the collective mode shapes of the blade should be added.

BRAMO A vector to express the blade collective mode eigenvalues
and its length is 4., The values are the squared values
of the natural freguencies (radzfsecz). If INOF is set
equal to 9, the latter two eigenvalue columns may have
blanks, The format is either E or F type and each vector
component occupies ter columns in order of the next card
to the blade mode shapes.

WCOL A matrix to describe the blade collective out-of-plane
bending mode shape(W§ in Ref, 1) at the node. The size
and other comments are the same as those for W.

VCOL A matrix to describe the blade collective inplane bending
mode shape (V? in Ref, 1) at the node. Other comments
are the same as those for W,

DWCOL A matrix to describe the blade collective out-of-plane
mode shape slope (dW?/dr in Ref, l). Other comments

are the same as those for W.

DVCOL A matrix to describe the blade collective inplane mode
shape slope (dV?/dr in Ref. 1). Other comments are the
same as those for W,

The data deck setup is shown in Fig. 8, and an example problem data
listing is given in Appendix B.
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A few notes to supplement the input data definitions:

a) The maximum element number (N or NW) is 20

b) If rotor rotational direction is negative, RAMDA
should be negative, However, THETN and COL are

positive nose up as in the FREEVI program.

c) The mode shapes used in the TILDYN program should
be defined as normal modes. Those definitions ap~
pear in Eqg. 4.7 for the blade and in Eq. 4.12 for
the wing in Ref. 1. If modes are not normalized
in this way, the calculation will give wrong
answers.,

d) Output mode shapes from the FREEVI program some-
times include unnecessary mode shapes; for ex-
ample, the rigid body mode for the collective
mode shapes of the gimballed rotor if the user
uses the clamped boundary condition for the flapping
motion and the hinged boundary condition for the lag-
ging motion to derive the collective mode for autorota-
tional flight.

e} If there are several cases, the data may consist of
several data sets., The computer execution continues
until it finds the absence of data.

4,2 Output Peatures

In the output, the identifying title is printed first, as
punched in by the user. All input data are printed out below.

After the mode shape listing, the matrices A, B, C, and D
of the eguations of motion in Eq. 2.3 are listed, When the degrees
of freedom of the equations are 18 or 19, the first 9 columns of
the coefficient matrix are printed out, followed by the latter 9
or 10 columns of the matrix.

If the user has chosen the frequency response analysis
{IRES=1), the results of that calculation appear next. Each
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response magnitude is showed corresponding to a nondimensional
frequency. If IFRMAG is set equal to zero, the response magnitudes
are based on the mode shapes normalized to rotor radius and wing
semispan (refer to the explanation of IFRMAG in Section 4.1). 1In
autorotation flight, the rigid-body rotation response is added to
the basic form. It should be noted that the rigid-body rotation
response is the rotational speed perturbation response, not the
deflection response., Therefore, it is termed D(NUR)/DT (to ex-
press GR).

The eigenvalue analysis consists of the eigenvalue and
eigenvector listing., All eigenvalues of the system are printed in
the form of complex values with damping ratios, including pairs of
complex conjugate values. The eigenvectors corresponding to the
eigenvalue are_printed. The maximum absolute values of the eigen-
vector components are normalized to unity. Real parts and imaginary
parts express the phase angle between each eigenvector component, If
IFRMAG is set to zero, the eigenvectors are expressed based on the
mode snapes normalized by rotor radius and wing semispan (refer to
the explanation of IFRMAG in Subsection 4.1) as in the frequency
response, On the other hand,.if IFRMAG is set to unity, all are in
length, except Ve (rigid=-body rotation in autorotation flight), Ve
is an angle, in radians. Therefore, some attention should be paid
to comparing the role of each eigenvector.

Only one built-in message is furnished for this program,

If an error occurs in the eigenvalue analysis, the message below
is automatically printed out after the title "EIGENVALUES":
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IERRORmXXXXX
The error code is shown as follows:

Value of
IERROR Error Significance
I The calculation of the Ith eigenvalue failed
to converge., Eigenvalues I+l ,,.,. N should be
correct,
-I The calculation of one or more eigenvectors,

including the Ith, failed to converge. All
eigenvalues and non-zZero eigenvectors are
correct,

4.3 Example Problems

Sample problems are carried out here for the Bell and Boeing
tilt rotor wings. The flight condition is normal level flight
cruising (around 200 kt) at sea level, The detail data is shown
in Table 3. The input data listing in Appendix B includes the auto-
rotation flight case for the Bell model and the powered flight case
for the Boeing model, However, the output listing of only the Bell
autorotation flight case is shown as an example in Appendix B.
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TABLE 1 BOUNDARY CONDITIONS AND OUTPUT DEFLECTIONS OF THE
ROTOR AND WING IN THE FREEVI PROGRAM

BO!INDARY CONDITIONS

ROOT

TIP

OUTPUT DEFLECTIONS

Wing

Clamped for all Deflec~

tions

Lumped Mass with Mass
and Mass Moment of
Inertia

Vertical Bending
Chordwise Bending
Torsion

Blade
Powered
Hingeless Rotor

Gimballed Rotor
Collective Mode

Cycliic Mode

Autorotation
Hingeless Rotor
Collective Mode

Cyclic Mode

Girballed Rotof

Collective Mode

Cyclic Mode

Clamped for all Deflec-
tions

Clamped for all Deflec-
tinng

Hinged for Flapping,
Clamped for Lagging

Clamped for Flapping,
Hinged for Lagging
Clamped for all Deflec-
tions

Clamped for Flapping,
Hinged for Lagging
Hinged for Flapping,
Clamped for Lagging

Free or Tip Mass if
Necessary

L]

Qut-of-Plane
Bending
Inplane Bending

1
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TABLE 2

DESCRIPTION OF VARIABLES

(a) Description of {x} in Eq. 2.3

Total Degrees of
Freedom

Powered Autorotation
Flight Flight

Description

9 DOF 18DOF 10DOF 19DOF

Q0 Qo %o Qo
Qlc Qlc Qlc Qlc
le le le le
Q0 Q9 Q0 99
Qe Q¢ Qe Q¢
Qos Qy¢ Qrs  Qas
Q30 Q39
Q?c QBC
Q35 QBS
0 Q40
Q4c Q4c
Q4s Q45

21 ] H i |
a2 a.2 3.2 a2
aj a3 23 a3
ay 2

ag ag

ag 26

VR vR

Blade Collective Motion of 1lst Natural
Fregquency

Blade Cyclic Cosine Motion of 1st
Natural Freguency _

Blade Cyclic Sine Motion of 1st
Natural Frequency

Blade Collective Motion of 2nd Natural
Frequency

Blade Cyclic Cosine Motion of 2nd
Natural Freguency

Blade Cyclic Sine Motion of 2nd
Natural Frequency

Blade Collective Motion of 3rd Natural
Frequency

Blade Cyclic Cosine Motion of 3rd
Natural Fregquency

Blade Cyclic Sine Motlon of 3rd
Natural Fregquency

Blade Collective Motion of 4th Natural
Frequency

Blade Cyclic Cosine Motlon of 4th
Natural Frequency

Blade Cyclic Sine Motion of 4th
Natural Fredquency

Wing Motion of lst Natural Frequency

Wing Motion of 2nd Natural Frequency
Wing Motion of 3rd Natural Freguency
Wing Motion of 4th Natural Frequency
Wing Motion of 5th Natural Frequency
Wing Motion of 6t.a Natural Frequency

Rotor Rigid-Body Rotation
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TABLE 2 CONCLUDED

(v) Description of {e} in Eq. 2.3

Symbol Description

uG/V Nondimensional Vertical Gust

VG/V' Nondimensional Lateral Gust

wG/V Nondimensional Longitudinal
Gust

60‘ Collective Piteh Contrel

810 Lateral Cyclic Pitch Control

els Longitudinal Cyclic Pitch

Control
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TABLE 3

DESCRIPTION OF THE BELL AND THE BOEING PROPROTOR DESIGHNS
IN POWERED FLIGHT CONSIDERED IN THIS REPORT

ROTOR

Type

Number of
blades, N

Radius, R

Chord, CB

Lock number, vy
Solidity, ©
Pitch/flap
coupling, 63
Collective pitch,

Lif;*curve slope, a

_ _brag Coefficient,
CDO

Rotor rotation

direction,

Inflow ratio,

Rotational speed, |0 |

Blade Natural Frequencies

firse, Al/lﬂ|
second, lz/[9|

third, A,/ ||

gimballed, stiff
inplane

BELL

BOEING

cantilever, soft

irplane

3 3
156 in. 150 in.
18.9 in. 14 in.
3.83 4,04
0.089 0.115
-15 deg. 0
1.25 deg. 1.0 deg.
5.7 5'?
0.0065 0.0065
+1 -1
0.7 -0.7
458 RPM 366 RPM

48.9 rad/sec

1.02/rev (7.78Hz)
1.34/rev (10.2Hz)

4.35/rev (33.2Hz)
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40.4 rad/sec

0.827/rev. {5.32Hz)
1.32/rev (8.49Hz)

3.40/rev (21.9Hz)



TABLE 3. CONTINUED

ROTOR (cont 'd) BELL BORING
fourth,),/| 2] 106,1/rev(77.1Hz) 6.77/rev{ 43,5Hz)
Collective Natural
Frequency 7
girse, 2 % /|q] 1.31 /rev (L0.0Hz)
second,lz(o)/]fz] 2.12/rev (L6,2Hz )
thixd, 1i%/|of 4.93/rev (37.7Hz.)
fourth J\éO)/lQl 10,6 /rev (80.9Hz')
Blade flapginé 105 slug-—ftz 150 s]..ug--ft2
inertia, IB .
One blade weight, M, 133 1b 124 1b
WING
Semispan, L - 200 in, 200 in,
Chord, ¢, 62.2 in. _ 62.2 in.
Sweep 0 0
Dihedral . 0 0
Lift~curve 5.7 5,7
slope, a,
Drag coefficient, 0.004 0.004
cDow '
Moment coefficient C_iﬂg -0,005 =0.005
Aerodynamic center, 0.01 0.01
e = x, /C
A v
Angle of attack, awo' 2.0 deg 2.0 deg
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WIRNG (cont'd)
Natural Freguencies

first,h,/|Q]

seéond,ﬂz/lﬁ]
third, A;/|al
fourth,hé/lﬁl
fifth, AS/IQI

sixth; A6/|n|

PYLON
Weight, M
P
Yaw inertiz, I
’ PY

Pitch inertia, I
! Tpp

Roll. inertias, IPr

TABLE 3.

CONCLUDED

BELL

0.347/rev(2.65Hz)
0.622/rev(4,75HZ)
1.09/rev(8.32Hz)
2.37/rev(18,1Hz)
3.76/rev(28.7Hz)
10.6/revi{80,9Hz)

1420 1b

164.8 slug-£t?
L |

190.0 slug-ft”“

42.4 slug~f£t®

FLIGHT CONDITION FOR CALCULATIONS, A = 0.7

Cruising speed, V
Cruising altitude

250 kt
sea level

40

BOEING

0,365/rev(2.35Hz)
0.653/rev(4.20Hz)
1.11/rev(7.14H2)
2.47/rev(15.9Hz)
3.95/rev(2sfanz{

12.5/xev (80, 4Hz)

2000 1b
250.0 slug~ft?
250.0 slug-ft2

30.0 slug-'-ft2

218 kt
sea level



Generate the
Element
Stiffness and
Mass Matrices

l

Assemble
the Global
Stiffness and
Mass Matrices

Constrain

the Boundary
~ Conditions

l

Assume
~ the Mode
Shape Values
As an Initial
~Guest Values

Reduce the System Matrices
to the Order of the Number
of the Eigenvalues Bequ;;eﬁ

——

© ®

FIG. 1 FLOW CHART OF FREEVI PROGRAM FOR BLADE AND WING
OF NATURAL FREQUENCIES AND MODE SHAPES
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FIG. 1 CONCLUDED
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Input

1

Interpolation
of the Mode
Shapes for

the Integration

Preparatién”
for the Numerical
~ Integration

Numerical
Integration

inertié-rerms
Defined as
Matrix Forms

 Aerodynamic
Terms Defined
as Matrix Forms

FIG. 2 FLOW CHART OF TILDYN PROGRAM FOR ANALYSIS OF
TILT ROTOR AIRCRAFT DYNAMICS
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Setup of
the Equations
of Motion

Autorntation
Case

Add the
Rigid Body
Rotation Degrees
of Freedom
and Other
Modification

Basic
bPegrees of
Freedom

Eguations _
to 9 DOF (10 DOF
for Autorotation)
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trequency'
Response
Analysis

Eigenvalue
Analysis

End

FIG., 2 CONCLUDED
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FIG. 3 COORDINATE SYSTEM FOR FREEVI PROGRAM

G(I,2) G(1,NET+1l)
(NET) ELEMENTS (

il

TIP

FIG, 4 FINITE ELEMENT REPRESENTATION WITH
BEAM ELEMENTS
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DATA FOR THE
WING

AMN, PIR,PIY
PIP,PBW
ESE
AMASE
THETAE
EICE _;_]
EIBE
ALPHAH
SPKB, SPKC
oL
RAMDA
OMEG
ERR )
/" NET,NITR,M
/ TGUEST |
TPUNCH
1CASE
DES

FIG. 5 DATA DECK SETUP FOR THE FREEVI PROGRAM
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(a) ass and Cross~Sectional Moment of Inertia Distribu4ion

FIG. 6 STRUCTURAL CHARACTERISTICS OF THE WING
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,AXB, CHOD
CL,CD, HMAST

DEL3

ROH, OMEGR

FIG. 8 DATA DECK SETUP FOR THE TILDYN FROGRAM
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DWPHI (MW, 1

DWPHI (MW, N
+1)

-
THE MW-TH -
MODE 1
SHAPE (MW, 1) --
DG (MW, NW+1)
A (mll) -
2 (MW, NW+1)
G(MW,1)--
G (MW, NW+1)
WING
MODE
SHAPES

[
DWEH{1,1)--
{ DWPHI (1, NW+1]

PET (1,1)—
WPHI {1,NW+1)

FIG. 8 CONTINUED
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bv{MB,L}——
DV (MB,N+1)

- BLADE
- MODE
- SHAPES

—
pv(1,1)—
DV(1,N+1)

FIG. 8 CONTINUED
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DVCOL (MB,
1)~
DVCOL (MB,
N+1)

WCOL (MB, 1)
~-WCOL {MB,
N+1)

BLADE COLLECTIVE
MODE SHAPE DATA

IS FURNISHED IF

THE CASE IS AUTO-
ROTATION FLIGHT
(IFLT=1 ITYPE=1) OR
GIMBALLED ROTOR IN
POWERED FLIGHT (IFLT=0,
ITYPE=1}

#wcor, (1,1) |

VCoL(1,1)
==VCOL (1,

FIG. 8 CONCLUDED
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APPENDIX A

PROGRAM LISTING

A.1 The FREEVI Program Listing
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65

0k ok e e ot o b 3 o o o oo R o e A o g ol ool o ek ol s e oo ol ok i ok ok ok

PROGRAM ROTOR
PARY 1 ; PROGRAM FREEVI

W o A A 2 e R A X R o RN 3 ak o e o ool e AR R TR gl ok e 20 o ek e e o

PURPOSE
TO OETAIN THE NATURAL FREQUENCIES AND MODE SHAPES
OF THE ROTOR BLADE AND WING OF THE TILT-ROTOR AIRCRAFY

- DEVELGQPED BY MASAHIRO YASUE
OF AEROELASTIC AND STRUCTURES RESEARCH LABORATORY
AUGUST 1574
ACDRESS 3 ELG 41-211
MASSACHUSETTS INSTITUTE GF TECHNOLOGY
CAMBR IDGE, MASS, 02139

IMPLICIT REAL*8(A-H.CU~1)

DIMENSICN NOPE(20), NNCOE(252)y NOD{126), ICOLL126),INUM(126)

L IMENS ION STKL155G),y STMI1550), EK{T8),EM(T8),XLR{1200),Xx(1200)
CIMENSICN Y(1200), U(126)+EIG(S)oLCHIS)y RM(81)y RK{B1)y RVLE])
DIMENSION SRM{8L1),SRK(E])

CALL TEIGEN(INDPE, NODsNNODE ICOL s INUM STKs STMyEKyEMy

1 XLRyUsEEGyLCHyRMyRK yRV 4 SRMeSRKy Xy Y)

GO TJ 1

END

MATINOUOL
MAINOOQZ
MAINOOO3
MA INOOO 4
MAINDOOS
MAINOOOS
MAINOCOT
MAINOQOOS
MAINQOO9
MAINOOCLO
MAINOOLL
MAINOO12
MAINOGC13
MAINOOL4
MAINCOLS
MAINOQLl6
MAINOOLT
MAINOCOLS8
MATINQOL9
MA INOO20
MAINOO21
MAINDOZ22
MAINNO23
MAINOO24
MAINOO25
MAINOQO26
MAINOO27
MAINOO28B
MAINQOO29



09

oo

[$9]

15
1&

SLBROUTINE TEIGEN(NDPE,
ayEM, XLRQM!EIG'LCH,RHrRKQRV'SRH.SRK.X]Y'

TO CALCULATE THE MORNMAL MNCDES AND FREQUENCIES

IMELICIT REAL*B(A-H,C-1)
COMMON  /BW/ ICASE )
COMMON/HFELP /AL PHAH

DIMENSILN NODPELLl), NBCU(L) NOD(1)}, NNODE{ 1), ICOL (1]}
CIMENSION INUM{ LYo STK(L)oSTM(LILEK(L)EMIL), XLROLY
CIMEASTCN UCL),EIGLL1)4LCH{1)

ODIMENSION RMU1) oAKEL)sRVEL) o SRKUL)SRM{L) X (1)

CIMENSION YL1}

CIMENSICN SQUt20),CYCT201)

CALL INPUTUIEQ.NDPENET ¢ NDT ¢MNC ¢y NNODE o NBU»
CALL MESHINDPEyNET o NCT o NCDT o MNC o MN,
@ o INDEX}) -
IF{INDEX «EQe 0) GO TD SS
CALL ASEVISTK  STM,1EQeEK,EM,
MA=M

N=NCDOT

ANe=NCDT*M

MM =MokM

CALL FAC(STKsNyNNDG, ICGL o INUM,U)
IFINNDG LT« O) GO FC 99

IGUEST

INUMSERRyNITR M)
NOD s NNODE o ICOL » INUM,NBU

NDPE’NDT'NCDT,NNDDErHN,NET'INUM’

CO 3 I=l,M
EIG(L)= 0
CO 74 K=1,M
1= (K=1 }*N
[y=K%2~]

DO T4 I=1,N
IX=1¥

[v=IX*£5539

IFCIY) 1S4764+76
1¥Y=1Y+21471483647+1
YFL=1Y

NODyNNODEs TCOLy INUMy STKy STM, EK

TEIGOOGL
TEIGONNZ
TEIGO003
TEIGO0004
TEIGOOOS
TEIGOO0O06
TEIGOOQT
TEIGOOOS8
TEIG0009
TEIGOO10D
TEIGOOL1
TEIGO0O012
TEIGOO13
TEIGOOL14
TEIGOO15
TEIGOOl16
TEIGGOL7
TEIGOO18
TEIGOO19
TEIGOO20
TEIGOO21
TEIG0022
TEIGOO23
TEIGO024
TEIG0025
TEIGOO26
TE1IGOO27
TEIGOOZ8
TEIGOG29
TEIGOO30
TEIGOO31
TEIGOO32
TEIGGO33
TEIGOD34
TEIGO035
TEIS0036



9

T4 XLR(II+])=YFL*3,4656€6130-9~8.5C+00
[F{IGUFSTLEQ.O) GO TO 200
GO TO (21lCy2204230924084220)+ICASE
210 GY TA (31C+320,330), ICGUEST
ﬁ—*‘-"ﬂ QNLY
3ic IX=NS6
CO 361 K=1,M
II=NCDT*K=-NCDT
XLR{IT+1)1=0.0C+00
O 301 KK=1,IX
JI=KKxE=5
XLRUTI+JJ+2)=0,00+0L0
XRITT+3d+4)=0.00+00
XLROLI #4345 )=0 4. 0400
331 YLRUIL*JJe6)=u,.00+00

GG TO 200
Commw= vV ONLY
32 IX=N/6

CO 32 K=1.M
[1=NCPT»K-NCCT
CXLELIT+1)=0L.CL400

CE 32 KK=Ll,1IX
JI=KK%H-5
MMELIT+Jd+1=0,00+00
XEE(TT +Jd 43 1=0.00+0G
MRIII+J4I+5)=0, 00400

EX Y ALELTIT+1d46)=0, 00400
G0 TO 200

f===-- FH1 ONLY

330 IX=N/8
CO 303 K=1.V¥
IT=NCOT*K-NCDT
CO 3u3 K¥=1,1X
JI=KKEE=-5
PR 303 KKK=1.+4

333 AKLP (LT +JJ#KKKI=NIC+00

TEIGQD37
TEIGQOO3®R
TEIGLUDI9
TEIGO0O40
TEIGCOU4]
TEIGLGAZ
TEIGQO43
TEIGOO44
TE1GOO45
TEIGOO46
TEIGONAT
TETGOO4 48
TEIGQU49

TEIGOO50Q

TEIGOQS1
TEIGDO52
TEIGULS3
TEIGOO54
TEIGIUSS
TE1G60056
TEIGORST
TEIGOUSA
TEIGOO59
TEIGOU60
TEIGOOA]
TEIGOO62
TEIGUDSL3
TEIGOUES
TEIGDUES
TEIGUOES
TEIGOO&T
TEIGUOGE
TEIGGOES
TEIGCGTO
TEIGGLOTL
TEIGOOQT72



Z9

GO Ta 20C
220 GO TO (2212220 IGUEST

£Z1 IX=N/2
0@ 201 K=1.M
II=N#*K-N
PO 2al I=1,1IX

211 XLR (L 1+2=1¥4=0,000
60 TO 200

PO 2C2 K=1,M
TE=K*N=-N
CO 202 [=1,1X
202 XLRUI1+42%,-1)=0.0D0
68 TO 200
230 GO TO (231,222),1GUEST
C-=~--W ONLY
231 IX=N/2
DO 233 K=14M
I 1=N*K~N
XLR{IT+1)=04000
0@ 233 KK=1,1X
233 WM.R{II+2%KK+11=0.000
GO TO 206

222 IA=N/2
DO 234 K=1.M
TI=Nh%K N
LC 234 KK=1,1X
234 HERUIT42#KK 1=0..000
GG TO 200
240 GA TO (241+242) 9 IGUEST
vmm== W ONLY
241 Ix=N/2
DO 243 K=14M

TEIGLAT3
TEIGOOT4
TEIGOQ75
TEIGOOT6
TEIGOO?7
TEIGOCOT73
TEIGOOT9
TEIGOQ8BQ
TEIGOOBL
TEIGOOB?2
TELIGOO083
TEIGROBS
TEIGQO8S
TEIGODB6
TEIGUIBT
TEIGOO8S
TEIGCOA9
YEIGO090
TEIGGCO9L
TEIGDDS92
TEIGOO93
TEIGOO094
TEIGDOI5
TEIGOQOSS
TEIGOO97
TEIGCO98
TEIGQ099
TEIGO10D
TEIGO101
TEIGO102
TEIGO103
TEIGOL04
TEIGO105
TEIGO106
TEIGO107
TEIGU1uSB



€9

244
200

11

11=N*K-N

DB 243 KK=1,1X
XLR{TT422KK+1)=0,.0D0
GO 1O 2¢0

Vv ONLY

Ix=N/2

DO 244 K=l,yM

I T=N*K-N
XLR(II+11=0.000

PO 244 KK=]1,IX

XLRUIT#+2*KK ) =0 ,000
COMNT INUE

1sT=1

DO 21 KKK=1,NITR
FT={T1ST-1)=N+]

B0 1 I=IT,NM
Y{1)=XLRLI)

CALL SOLZ{STK, Yy MNyM=TST+1,ICOLsINUM,IST}

CC 1L K=IST oM
Kl=K=-1

Ii= (K=1 14N

XM=T,.0

LCHIK¥=0

08 7 1=1,N
L=DASS{Y(TLI+]1))
IF(D=-XM)ITy T4 S

X~ =0

LCHIKYI=]

CONT INUE

IF{LEHTK) LEC. U) GO TQ 99
E=YIII4+LCHIK))
E=1.J/E

CEC 11 T=1,N
T11=1+T1]

YIITI =Y{I1]])*E
XLF(IILp=XLR(IIII=E

TEIGO109
TYEIGOL11G
TEIGO111
TEIGQL112
TEIGU113
TEIGO1l4
TEIGOL1S
TEIGOL1l6
TEIGO117?
TEIGOLl18
TEIGOL1S
TEIGO120
TEIGHL121L
TEIGG122
TEIGO123
TEIGO124
TEIGO125
TEIGU126
TEIGI127
TEIGO 128
TEIGH 129
TCIGOL130
TEIGO131
TEIGO132
TEIGQL133
TEIGO134
TEIGOL135
TEIGOL3é6
TFIGO13T7
TEIGOL138
TEIGO13S
TFIGO140
TEIGOl4l
YEIGCG 142
TEIGO142
TEIGO144



¥o

3s

4

5C4

585
506

41

22

16

CALL MTRTRI{MIN,RKy Yy XLR,IST)
DG 31 I=LTeMNM

C XET=Y (L)

CALL MLLTZUSTMaX gl g NegM~IST+1,ICCL,y INUM,IST)
CALL MTRTRIMeN,RNy Y, X4I5T)

DO 39 I=1,MM

SRM{TI=RM{I)

SRE(I)=RKA{I}

CALL DNROOT (MyRMyRKyUsRV )

£O 40 1=14M

UtIl=ta/U{D)~ALPHAH

WEITElO,41) (ULTIhsI=14¥)

FORMAT{ /2%, *EIGENVALLES=Y,/,12X,106013.5))
PB 22 I=1ST,.MA

157=1

IF(DARSLEIG I /ULT1)-1eti) oGTe ERR) GO TO 23

CONTINUE

CC 504 I=i.M

SQUITI=CSQRT(DABSIULTII))
CYCLII=SCUILT )% 45D0/3.1415920D0

CONTINUE -
WRITE(GESUSI(SQUIT )y I=1,M)

FORMAT (/55X "RADIAN/SEC? 4 /,(2X,10013.51})
FORMATI/SXy "HERTZ ol 2%,106D13.5))
WRITE(E45GEH4CYCLT),1=1,M)

DA 10 I=1,NCDT

PO 1G Jd=1,M

JJd={J4-11=NCDT

XMRII+III= 0o )

RO LD K=leM

XLRII+ ) =XLR(T+JI)+Y LI 4 (KL IRNIRRV({J=1)*M4K}

00 15 (=14+M
[I=(I-1)3¥
CO 15 J=i.+M
Jd=(J-1 )2M
[d=dJ+1

TELGD2Y4AS
TEIGO 146
TEIG: 14T
TE.iGOL4R
TEIGGLl4S
TEIGOLSC
TEIGOL151
TEIGY i52
TEIGO153
TEIGOLS4
TEIGOLSS
TFIGOl56
TEIGO0157
TEIGOL158
TEIGQ159
TEIGO 169
TEIGO161
TEIGO162
TEIGN163
TEIGOlé4
TEIGO1l65
TEIGD166
TEIGO167
TEIGO 168
TEIGCL69
TEIGOLTO
TEIGG1LIT1
TEIGO1T72
TEIGOL173
TEIGOL74%
TEIGOLT75
TEIGL1T6
TEIGOL177?
TE160178
TEIGO179
TEIGO180



59

42

17

L5

44
45

PMLISI=0.LC

RK{1J)=0.0

CC 15 K=1,M

KK={K~1)%M

FVMIT I =RMLT D)+ SRATKK+ L)Y #RVEJI+K ]
RKE1J)=RK{TJ)+SRRIKK+T IRV JJ+K)
CALL MTRTRIMyM;SRMyRV,RMy1)
CALL MTRTRI{MeMSkKeEV4RK,y1}
CO 42 I=1l4M

KK=Mx]-Ms]

YOI)=1e /DSQRTLSRMIKKY)
T1=T*NCET=-NCRT

LC 42 J=1,NCDT
XLR{TI+JI=XLRUTT+g )%y Y)

EC 1T I=1.M

KK=]nM—M

EG 17 J=1l,1

E=Y(l)*Yl J)

Ld=KK+d

SERM{IJd)= E®SRMITJ)

SRE{LIJ) = E=SRKLETI)

noH

CaLtL QUTPUTIKKK g M yNEDT¢NOT o NOD yNNODE s ERR 9 XLR 3y Uy SRMySRK )

GG TB 99

EC 28 I=1,M
EIG{LiI= U{L)
TF{ISTLERWE) G2 TO 45
IR=15T-1

LO 44 I=1.10
1i={1-11%M

DO 44 J=1,10
Fdl=1T+
FEMULAT ) =SRM(TJI)
REATJI F=SPKLTSLY)
CCNTINUE

DO A4 I=14N

CC 34 J=1S5T,M

TEIGC LB
TE1IGO182
TEIGO183
TelGO1B4
TEIGO185
TEIG}186
TEIGOL187
TEIGG18A
TEIGR189
TEIGO190
TEIGO191
TEIGU192
TEIGO193
TEIGLLG4
TEIGOL9S
TEIGU 196
TEIGU197
TEIGC198
TEIGO199
TETGU2U0
TEIG0201
TEIGI202
TEIGUZD3
TEIGD 204
TEIGu205
TEIGO206
TEIGO207
TEIGO208
1160209
TEIGL21D
TELGDZ1L
TEIGO212
TEIGLZ213
TEIGO214
TEIGU215
TOIGU216



99

34
21

JJ=(J=1)*N

XLR{T+3J)=0.0

DO 34 K=1,M

XER (T4 JdY=XLROT4JSI+ XTI +LK—LIXN) SRV I~ 1) kMeK)

CENT INUE

WRITELE426) KKK

FUPMAT (/2Xy *NDo 11F ITERATION=®1442X, *NOT CONVERGED® )
KETURN

END

TEIGO217
TEIGOZL8
TEIGQ21S
TEIGD22)
TEIGO221
TEIGu222
TEIGD223
TEIGQ224
TEIGD225
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VIO TIYOY OO OO YT v O

SURRQUT INF TMNPUY{IEQyNDPELNET NDT yMNC , NODF, NBUyNRCU, ERR 4 NTTR , M)

TA SUPPLY INOUT INFORMATION

NES

ICASFE=1
TCASE=?
TCASE=3
TEASF=4
ICARE=5

I PUINCH=A
TPUNCH= 1

TGUEST=0

16UEST=1
T6USST=2
TGUEST=3

- AUT I QM--
-~ AYT 1ON-~
—=C AUTION-~

COMMENTS AND DESCRIPTIONS

WING

BLADE B.C. CANTILEVER+CANTILEVER
RILADE Bela CANTILEVER+HINGE

RL ADE BaCo HINGE+CANTILEVEP

Bl ADE Bellw HINGE+HINGF

MO PUNCH DUTPUT
PIUNCH DUTPUT

COUPLED MODE SHAPES GFNERATER

W NEFLECTION ONLY

v NEFLECTION ONLY

PHI DESLECTINN DNLY
TA DFRIVFE UNCQUPLED MODES, COUPLING TEIMS SHOULDT RE
SET AT Z%RN.
PR TN THE WING, RAMDALCOL,THETAF IN THE BLADE

NET ND OF ELEMENTS
NTTR = N3 OF ITERATION ALLDWED
M= NO OF MODES WANTFD

ERR SRROP TOLERANCE FOR ITERATINN

OMZG  ROTATION FREQ [N RAR / SEC

PAMDA=TNFILOW RATI(O

COL=COLLECTIVE PITCH ANGLE ODFTERMINFD AY PERFOMANCE ANALYSTS
SPKR,SPKC =SPRINAR CONSTANT NF THF HINGED © ANDE (BEAMWISE

FE CHORRAWISE)

ALPHAH=HFELPER TO AVRIN THFE SINGULARTYY OF THE STIFFENESS MATRIX

E18E= E1 FOR SPANMWISE RENDING

INPUQOOL
TNPUNNN2
TNPUO003
TNPIAAT G
INPUNNNS
INSIONOS
INBUYANT
INPUQODR
INBUDON9
ITNPUANLA
TNPUORLL
TNPYDI L2
LTI
INDUNNL 4
IMDIINNLS
TNPLOOLA
IN2IANLT
ITNPUIGDLA
TvBPUNGLO
TANPL) 120
INOUOD2L
INPUNNOD2
INPLION2R
INPUD024
INBUT25
TNPUJ026
TNDUDO2T
TND(N28
TNDIIOO29
TNPYALAN
TNPUANR]
TNPHOO3?
TNDUI03]
TNPIINNAT 4
INPUNNAS
TMPUMNIG



89
NTOOOO0O0NIMNAND0aNANION AN DO D

EICE E1 FOR CORDWISE BENDING
THETAE=AMGLF NFE TWIST
ANMASE=MASS/UMIT LFNGTH
ESE=ELEMENT STZE

AMN =MaSS NF NACFLLE AND ALL RLADES NR TIP MASS IN CASF NF RLANES
PIFP =PNI LING MOMENT NF INSERTTA OF NACELLE
P L ainre AND (hcss s

AL F OF THAT GF ALY BLANFS AMD (H#=%2)%MASS DF ALL BLANES
PIP=P[TCHING MOMENT NF INFRTIA OF NACELLF,

MALF F THAT NF ALL BLADES AND (HA%2)%MASS DF ALL RLADPES
PRW="1AST CAUPTNG AF WING DUE TO RLANES H*MASS QF RIADES

TF JCASF=1, NFXT THREE DATA GJsPT, AND PT12 SHOULD BE ADDED,.

GJ =TORSICMAL RIGIDTITY

PI=MIMENT NF INERTIA FOR TQRSTON

DTL2=MASS CNUPLINMG RETWEEN TORSTION AND SPANWISE RENDING
PASTITIVF TF CeGe 1S AHEAD OF FLASTIC AXIS

NDPM= NG OF DFGREES F FREEDOM PER NODE
NMRON 4 FDR BLANE MNNE
ND PN & FOR WINM MODE

[T

COMMOMN  FPUNMCH/ [PUNCH
COMMON  /BW/ ICASE '
COMMEDN/SPRIMG/SPKR,, SPKC
COMMON/HELP/ A PHAH

NOURE S 9PECTSINN ALPHAH
NTHMEMSTON NNPF{1),NONELL), NRCUL1)

NCUARLE PRECTISION KRR

NIMENSION ETRF(20),FICE(20)y THETAE(20),AMASE(20},FSEL20),TNI2T)
DIMENSTION Ga(20) o PT(20) L,PIY12 (20)

COMMON /CELEMI/ OMRG,FIRE,FICF, THFTAE ,AMASF,ESE, TN GJoP1, PT12,AMN,

IGRUYEST

TNRUONAT
MM 38
INDHIf R0
TNRPUONSG
TNDBUNALY
TNDUQ042
INPUDDAN
INPU DG S
TABYD045
TNPU LA
TNDLINQ4 T
TMRLDMS 3
IMoynn4a
TNPVIOOSO
TN2UDGS L
TNPUNRINS D
INPIINOS3
TNRILLIS G
INPUN0SS
INPUNANSE
INPUGNST
TMPII00S5A
INeUNLS
TMPURGAD
TNPUDR06]
ITNPUSNIAR2
TNDIIC G
INPUNRC 4
IMPLIV RS
TNPUQGGS
TNOUNDAT
INPUnNsR
INPUODSS
INOUNPTS
TNPLONTL
TNPULOT?2



1 PIF ,PIY,PPP'DBH'B‘M’HI'R'NETT

REPRODUCIBILITY OF THE ORIGINAL PAGE 1S POQR,

INPUN T3

DIMENSTION NES(20) INHICOT S
10 FCEMAT (1615) INDUNOTS
1 FARMAT (8%10.4) TNPUMTS
FORMAT(5FE1547) INBUNOTT
149 EMPMAT (2004 ) TNPUNNTH
150 FIORMATET ) TNPUQNTS
TER=D TNPHOQRO
READL S, 1490 {NESIT),I=1,20) INDYNNR]
READ{S, 160 YTCASE INenaos2
PEADIS 16011 PUNCH TNPUONBS
TEAD(S, 150) TGUEST INDUNRAL
READ {5,10) NFET,NTTR,,M TNPUONARS
TFLICASF,CQ. 1) GO TC 197 INPURA6
NEHPM=4 TNOUDOAT
GO TD 193 TNPJOORR
laz NCPAN=6 INDUNIIRD
193 FANTINLE TNPLONQS
NETT=MNFT rNeUnngl
RFATY {5,1Y FRR TNBPyNNg 2
PEAR (5,1} NMFG 1NPUO09 3
REAN(S,1) RAMDA INPLUNOG S
REAN(R, 1) COL ITNPUNGS
PFRAP{R, 1 )1SPKR, SPK( TNPUQO9S
DEAD(S, 1) ALPHAH INDINNGT
REAN (5441 1 SIRFL{T),T=1,MET] ITNPUR09R
READ [(Sy4) o FICEAT ) I=1,NET) TNDHON99
PEAT 15,1) (THETAC(T),T=1,NET) TNDYN LA
PEAD (5,1 { AMASELIY,T=Y4NFT) ! TNPLOINL
READ (5,1) { ESF{I),1I=1,NCET}) INDPHOLIN?
READ {S,1}) AMM, PIP,DPIY,PTR,PRY INPUYYIOT
TE { HOPM LFR. 4Y GO TO 100 TMNPUIOLNS
PEAD (S44) (GIFIY,T1=1,NMFT) TMPUG IS
PEAD (5,41 (PI{1),T=1,NETY , TNPINENG
PEAD (5,4 ) t PT12{1),7=1,N=T) INPUOLINT

100 COMTINUF LI R Y



0L

191

L51
171

152
172

152
173

154
174

158
175
130

182

%00

201
299
208

183

WRITF(6,181)
FORMAT(///5X045(1H*) /)

69 TO (151,152,153, 154,155, ICASE
WRITE{6,171}

ELRMAT(9X, T WINGY )

60 TO 1RO

WPTTE(A,172}

FOEMAT{ G, "BUANE Y y AX, "BFAMKCANTY ' 34X, 'CHNRD*CANTI* §

GO TO L8N

WRITF(6,173)

FROMAT{OX, ' BLAMEY 3K, "REAMRXCANTY ? , 3%, *CHARD*HINGF *)
G@ TO 180

WRITEL{AR,174)

FMRMAT [OX, "RLANE Yy AXy "AEAMSHINGE ¢ 43X, '"CHORDXCANTI)
oA TO 180

WRITF(6H,175)

FORMAT(9X, " BLADEY 4 23X, *BEAMBHINGEF ' 4 3%y "CHORDIEHINGE )
CONTINE

WRITE(6, 1A2VINDESIIY,I=1,2™)
FIRMAT{/aX a5 1 1HR Y/ /18X 20084777
WRITF(A,G)

WRITF(E,607)IPIINCH « IGUEST
FARMAT{1X, " IPHNCH=",T1

WRIT® [&416) NDPMy, NET,NITPRM,EPR
WP ITE{6,114) OMES

FROMAT(AH NMEG=,F15,5)

WRITE(6,300) RAMDA

FLRMATIARH L AMADA=,515,51
WRTTS(6,301L) M.

EFOPMAT{IAH CMLLFCTIVE PITCH=,F1%,5)
WRITS(6,209)SPKR,SPK(

FORMAT (1 X, "' SPRINA= 1y F15.54F15.5})
WMRITE(6,2%8) ALPHAW
FOEMATILIX, YAl PRAH=Y \N1H,5)
WRTT™ (A, 183)

ECPMATLLX, '——FLAPPING RFNDING STIFFNFSS--%)

s BN VIGUEST=";T1)

INPHNTOG
INPUGLLD
INPUNTIL
INPUNYYLZ2
TNPUIALLA
TNDUNL 1A
ITNPUDLIYLS
TNPLINT S
INPURLLY
INPUGIAA
LRV VAAD B A
TN21J0120
INDUGL2]
TNPLGL12 2
INPUQLI23
TNPUN124
INPlHAL2S
INPUNL26
TMPUNL2T
INPUOL22
TMRIN 129
TNPUA 13N
PNDUNLAY
TaDUN 132
TNDLN133
INPUN13S
INDY. 135
TNDYQO136
INBULL3T
TNPUNDL3R
ITNEUN139
TNBUN 14
TMeUNl41
TNRUD 142
INPUNL42
TND{IN 44



TL

184

1R85

1 Ré

188

187

104
105

rag

190

1a]

WRITE(6,105) { EIBE(T),T=1,NETY

WRITE(6,184)

FORMAT {1Xy ' =—CHORDWISE BENDING STIFFNESS==t)

WRITFL6,105) { FICE{T},1=1,MET)

WRITFI6,185)

FOPML {1X,"-~ANGLE OF TWIST——%})

WRITE(6,104) (THETAE(T) »151,NFT)

THE= AT AN (R AMDA%4,0/3.0)+COL*STGN (1. 0,NMEG)

DO 302 T=1,MFT

THETAF(1)=THETAE( T)*STGN (1,0, OMEG)+THE

WRTTE(6,186)

FARMAT {1X,* ==MASS DISTRI™IT [ONwwm® )

WRITE(6,104) { AMASE(T), (=1 ,NET)

WRITS(6,1A9)

CORMAT (1X 4 *=~FEILEMENT ST ZE-=7)

WRTITE(6,104) {  ESE(I),I=1,NET)

WRTTE(6,187)

FORMAT{8X,*TIP MASS?®,T19 ,'R0LL INERTIA',T34, ‘'YAW INERTIAY,
T49, *LITCH INERTIAY,Th4, *MASS COUPLING®)

WRITE[6,104) AMN,PIR,9IY,P1P,PRW

NN=MET+1

FCRMAT (B8F15.5)

FCRMAT(5X, 7515 T)

IF INDPN .EQ. 4) G0 TO 14

WRITS(6,1B9)

FORMAT{LX,*—~TIRSIONAL RIGIDITY-—*)

WRITF(6,105) (GJ(T),T=1,NET)

WRITE (64190}

FORMAT (X, '~—MNMENT OF INERTIA-~V)

WRITEL6,105) (OT{1),F=1,NET)

WRITF(6,191)

CORMAT I IX,'==MASS COUPLING ALING SPAN--1)

WRTTE 16,1050 [ PI12(1),1=1,NFT)

FrRMAT (/8H * f12H  IMPUT DATA //7)

FNPMAT (25H NO OF DEGPE 9P NODE= y 13/

17H  NO OF ELEMENTS=,13/24H N0 OF MAX TTER ALLOEWD=,13

INPUO 145
INPUN 146
INPUO14T
INPUN14B
INPUD 149
INPUNLGA
TNPUN1S])
TNPUOLS?
INPUA153
INPUOL54
INPUD155
TNPUOL56,
INPUNLST
INPYO158
INPUGLS9
INPUNDLEN
INPUO161
INPUNL62
INPUN163
INPUDL64
INPUD16S
INPUG 166
INPUO1ST
INPUN16S
INPUO169
INPUOTTD
INPUOLT]
INPUOLT2
INPUDLTS
TNPUDLT S
INPUGLTS
INPUN1T6
TNPUOLTT
T™weyni?a
INPUNLITS
INPUOLRO



(45

14

501
B2
N6

503

504

2 /14H N0 OF MNDES=, 13/ 6H ERR=, F15.5)

NP E= NDPN+ND BN
NAT=NFE T *NDPN+NNPN

MNC =NRTENNE- {MNEXNDE-NDE Y/ 2
T 5 1=1,NFT

NDPE{T)=NDE
NTT=NDEXT-NDE
MTR=NDPN*T~NDPN

NODEANTT +1)1=NDP+1
MOCDE{NTIT  +5)=NON+2
NEDEIMIT +2)=NDD43
NOPRE{NIL +6)=NDD+4
NODE(NIT +3)=NDD+NDPN+1
NODE(MIT  +7)=NDD+NDPN+2
MODFINTT  £4)=MOD+NDPN+3
NEDE(NTT  +8)=NDN+NPPN+4
IF (NDPN EQ 4% GO TOD S
NODEINTIT  +#9)=NDD+5
NODELRTT +10)=NDD+6
NODE{NTT +11)}=NPD+NDPN+S
NODE{NTT +12)=NDP&NDPN+6
CONTINUE

GO T (571,532,577 3,504,575),ICASE
MEU=NDEN~1

GO T 506

NRU=4

Dt & T=1,NBU

NBCULT ) =1

GC T s07

NBU=3

NBCU(LY=1

NBCLI{2)=2

NRCUL3) =3

GO T 507

NBRLI=3

NBCULLI=Y

INPUDLRL
INDUN1™2
INOU0183
TNPUD 1B S
TNPUCYLAS
INPUDLBE
INPUNLIRTY
INPUOLRA
INPUOLIRY
INPUOLOOD
ITNPUOYOY
INPUN1G2
INPUD193
INPUNL9Y
INPUN19S
INPUOL96
INoU0197
INPUDYGSE
INPUO199
TNPUD 20N
InNegn2ol
TNOUN202
INDUA2NT
TNPUO204
INPUD205
INPUN20G
TNPUB20T
TMeUn2NAe
INDU0 209
INPUD21D
INoUN2L L
INPUOZL2
INPUO2L3
TNPID214
INBUO21S
INPUN 216



€L

505

507

15

12

1

MARCU(2)1=2
NBCU{3 =4
GO T7 507
NPL=2
NBCH(11=1
NRCU(2)=2
CONT I NUE
R=f)
DO 2 T=1,NET
R=R+ESE(T)
TNENET 1) = AMNERD XNMEGRTMES,
DA A I=1,MET
[T=NET-T41
P=R-ESF(T1)
TRITY= TNOTIH)) AAMASE(TI)®{R+,5%ESF{I1) Y*ESE(IT1)XNMFGROMEG
HWRITF (6,15}

WRITE(6,104) ( TN(T)T=1,NN?
FORMAT(///¢ TVENSION DUF TN CENTRTF FORCE')
R=0),
BI=0.
RM=0

AN 11 I=1,NFT

BM=PRM+ AMASE(T}*ESE(T)

PR=R+ESE(LT)

Bl= AT+ AMASE{TI>[PR**3-DxkF)k, 33333333

R=RR

AN=RMLAMN

RT=RI+AMN=R %R

WRITE (6412) BMyBI,R

FORMAT (/" MASS =',E13.5/ ! MAMENT iF INERTTA AT enNnNT=¢,F13,5/
v TOTAL LENGTH NF THE AEAM=1,%13,5)

PETURN

FaD

ITNPUN2L1Y
TNPUYO218
INPUNZ2LR
INDPUNZ220
INPUDZ2]
INPUN222
TNPLIO223
INPUQZ224
TN 225
INOUD226
INBUN22T
ITNPUN228
INPHINZ229
INPUO 23N
TNDYI023)
ITNPUN 23D
TNRPYQ 2323
TNOUD 234
INPUN235
INPYO236
INPUN2AT
INOUN23R
INPUD239
TNPUG24D
TNOUN241
TNPUID242
INPUN 243
INPUB244
INPLNZ4LS
TNPUYR D46
INPUO2GT
INDLO24A
INPUO 249



vL

laNeNaNeNe el

SUBKOUT INE ELEMK

(EXKY, EMT

¢+ NDE4NEY

TS CONTROL THE GENERATION JF ELEMENY STIFFNESS AND MASS

MATRICES

NCF=8B FLCR BLACE MJDE
MOrE
COMMON/SPRING/SPKBy SPKRE

NEE=12 FCR WING

COMMON/FELP/ ALPHAH

ECUBLE PRECISION ALPHBE
DOURBLE PRECTISION EXT,EMY

DIMENSICN EKC{4y 4}, ETCL4441)

DIMENSICN CIBE(Z201+EICE(20),
CIMENSICN GJd (20}
COMMON /ELEMI/ OMEG,EICE EICE, THETAEAMASELESE+TN,GJyPI,

’

pie2cy

1] PIRYyPIYoPIPyPBWsBMyBI JR4NETT
MNET=NETT

EIB=EIREINE)
EIC=EICE(NE]}

THETA=THETAE(NE)
ANAS=AMASE(NE)
ES=

T=

1F

GJE=GJNEI/ES
PYE=PI{NE) *ES
FIl12e=PI12(NE)

ESE(NE)

(TNINEY s TN{NE+L) }%,.5
FSS=ES=ES

EKCl1l,1)=12.

ERKCL2, 1)=& . %ES
EKC(3,1)=~12.

EKCl4; 1}=Le*ES
EKC(242 )=44%ESS
EKC{342)=-6,%ES
EKCl{4,2)=24*ESS

ExkC(3,3i=12.

T3 9

*ES

tEMCL4,40 EKTIL)ZEMTLL) _
THETAE(20) s AMASEL20),ESEL200,TN{21)
PI12 (2010

PI12,AMN,

ELEMUG .
ELEMOOCE
ELEMO0OA
ELENMQOOS
EI.EMGOO0S
ELEMOQODO
ELEMGUCT
ELEMOLOSB
ELEMOAND
ELEMGO:I O
ELEMQOLY
ELEMOOXZ
ELEMQOLE
ELEMOOL~
ELEMBO1S
ELEMOOLS
ELEMODLT
EL.EMOOQLS
ELEMOO L9
ELEMOO20
ELEMOQZ1
ELEMDOZ2Z
ELEMOGZ2S
ELEMODZ24
ELEMODRS
ELEMON2ES
ELEMG(G27
ELEMOG2E
ELEMO029
EL EMOC 3G
ELEMUD31
ELEMO032
ELEMDO33
ELEMOQ34
ELEMOC35
ELEMDO36



SL

10

EKCL443)=—064*ES

EKC (444 k=4 . %058
ETClls1)=1.2
ETC{2y1)=e 1*ES
ETC{3y1)=-1.2
ETCl4s1)=u1®ES
ETC(242¥=a13333233%ESS
ETC{3,2)=~41%ES
EFCL442)=—003333333%ESS
ETC{3,3)=1.2
ETCl443) =4 L¥ES
ETCl4,4)=413333333%ESS
ENCLLy1)=15647420
EMCL2¢1)=22+7420.%F5
EMCI3, 1)=544,/420.
ENMC(4410=-13./420.%ES
EMC{242)=44/4204% ESS
ENCI3,2)=—EMCl4,1)
ENCLl442)2-3./7420.%ESS
EMC{3,3)=EMC{1,1)
ENCIl4,43)==EMC(2,1)
EVCl4,4)=EMC(2,2)

CC 1D I=1l+4

EC 10 Jd=1,:

EMCIdy M= EMC(T,J)

EKClIy1)= EKCLI,J)

FESS=ESS*FS

SI=SIN{THETA])

CC=CLSITHETA)

B={LIRxCO¥CO ¢EIC*SI#SI)/ESSS
C={ETC*CC=*C0 + EIR*SI*51)/ESSS
BE=(CIC-ETBI*SI*CO/ESSS
TE=T/ES

AM=UMEG*OQMEGHAMAS*ES

AMAE =AMAS®ES

CT 5 I=1+4

ELEMOOAT
ELEMOD3A
ELEMOQ39
ELEMDC4D
ELEMOO4]
ELEMOC4A2
ELEMOU43
ELEMOO44
ELEMOO4S
ELEMOO46
ELLEMOQ4AT
EL EMO04S
ELEMGO49
ELEMOO50
ELEMYO51
ELEMQOS52
ELEMCOS3
ELEMOOS4
ELEMQO55
ELEMOOSS
ELEMOOS7
ELEMOOSSE
ELEMODS9
ELEMQOQ60
ELEMOO61
ELEMQUG&2
ELEMQOQ63
EL EMOD6 4
ELEMGD6S
ELEMOUSE
ELEMONGT
ELEMOO6B
EL EMOO69
ELEMDOTO
ELEMOOT1
ELEMOOT 2



9L

[§%]

o

1CG

101
102

Ii=lI%l=-1}/2
Ta=(1+4)2{]+3)/2

CC L J=141]

EKTLIT+J)= BxFKC{tIJI+TE*ETC(T,,4d)
EMTITI+d )= AMAEXEMC(I,JY
EKTIT44044)= CHEKCII,J) + TESETCU(I,J) ~AMKEMC(I,J)
EMTEIa+deg)= AMACREMC (T o J)
EC 2 J=X,4

EMTII4+d)=0,.

EKT{ 14+ )=BLE*¥EKC{IJ)

TF (NDE +EC. 8) GD TO 5
JE={1+8yx{]+7) /2

CC 3 J=1,1
EKT{L84J+BI=GIE*ETCLT,J)
ENTL18+J¢E)= PIE *EMC{I 4 J)
CC 4 J=ly4

EKT(TB+D  ¥=C,
EKT{IB+J+4)=0,
EMT{1B+J+4)=C,
ENMTLIBJ)I=PILZEXEMC(],J)
CENTINUE

IFINELLTLANET) GG TC 100
ENTIO)= EMT{6)+AMN

EMTEZ28) =EMT(28)+AMN
IFINCELEQ.B) GO TO 100
EMT(1a) =EMT{10I+ PIR

ENMT (35} =EMT(360+ PLY
EF¥T{64a)= EMTIGE)+PIP
EMT(58)= EMT(S58)+ PBh
IFINELGTL1Y GO TO 1G1
EKT{3)=EKT{(31+SPKB
EKT{21)=EKT(21}+SPKC

CE 132 I1=1436
EKTCII=EKTLI )+EMTOL } AL PHAH
RETURN

EAD

El.eMOOT3
ELEMDOT4
ELEMGOTS
ELEMOQT6
ELEMIOTT
ELEMOGTS
ELEMOCTS
ELENMOOBO
ELEMOO81
ELEMOUB2
ELEMOGCR3
ELEMOOB4
ELEMOGBS
ELEMOO8B6
ELEMDO&7
ELEMOGSS
ELEMOOBY
ELEHOU90
ELEMOO9]
ELEMOGS2
ELEMUD93
ELEN0OO94
ELEMGGYS
ELEMOO96
ELENMOOST
ELEMDO98
ELEM0OQ99
ELEMD100
ELEMOL01
ELEMQl02
ELEMO 103
ELEMO104
ELEMOL10S
ELEMO1UG
ELEMOLOT
ELEMO108



O e

SUBROUTINE MESHINDP T ¢NET yNDT o NCOT ¢ MNC y MN, NUDy NNODE, TCOL 4 INUM, MESHJ0O L

LL

ANy INCEX) MESHIDO2Z
MESHOO0)3

TO CALCULATE MESH INFORMATION (OF THE FINITE CLEMENT MESHJIO04

ME SHOUJ5

NDIMENS IO NODELIY o NNTDDEC(L o TCUL G o TNUMLLD NDPELIL) MESHJ0D6
FEANBY CT. U) GO TO LLO MESHOOJT

DO g9 I=1,NDT MESHOUDS
NODLT ) =1 MESHOOQ09
NCTT=NODT MESHUO10

6L TD %8 MESHGOL1

lus TC 22 I=514NBU MESHOO12
IF {1 »GE. NBUY GD TC 1ol MESHOUL23
Tk=1+1 MESHOO LS

DL 21 J=11+MNBU ME SHU01S

IF ¢ TMUEAAQL) cNELTNUMED))Y GO TC 21 MESHUU LG

IF 1d.GELNBUY £ TC 20 MESHOOL?
Jl=dJ+1 MESHUO18

D0t 19 K=J1,NBU MESHOUL9

19 INUM{K=-1}= TNUNLK) MESHOO20
24 NBU=NBU-1 MESHUO21
J=J-1 MESHOQ22

21 CONTINUFE MESHOO23
22 CONTENUE MESHOO24
10 DO 1 E=1,NCT MESHUO2S
NID(T)=1 MESHOOQ 26

LN 2 T=1,NBU MESHO027
TL=INUM{T) MESHDUL28
NODCTLY=y MESHOO029

00 3 I=2,NCT MESHOU30
MNEDCEI=NCTUT) ¢NIELT=1 ) MESHCO31L
MCOTF=NOT-NBI MESHOO32

N 4 IT=1,NRBU MESHOWLI3
[L=TNUMET) MESHID34

4 NOCNLTE)=NCOT+1 MESHJIU3S

G489 CINTINDE MESHON36



54

N

T

].L‘

Il=c

U 5 I=1eNET
JJ=wDPELT)

DU 5S4 J=14dd
TCHWLIY=NNCDE(G+I )
DO 55 J=1,04
J1=1CGLLD)

NN IDECIHTL)=NLC (ST
Fl=1T1+444

DO & 1=1,N0OT
TCOALtI)=T

ii=d

DO 88 I=14NET
JJ=NOPE(T)

IMIN=NDT

PO T Jd=leJdd
Ih=ANDOE(J+T T}

IFLIN LLT, TMIN} INMIN=IN

DA 8 J=l,dd
ID=MNCDE(J+TT)

IFLTICOLELIDY oGT. IMIND

II=11+J.)
ITNUM{L)=1)
N3 9 I=2,NCDT

IMUMAT)I=TINUMLT-1)+1=T1000L(T)

Mh=INUMIKRCDT ) +NCOT
WEITEL& G NN MNC

FIORMAT (/22X "MAX, SI1ZE

INCEX=1

TEAMNC WL Ta MN) INCEX=Z

FETURN
EMPD

[CCLCIDY=IMIN

F STF IS0 ,164S5X'SPECIFIED SIZE 15

MESHLUAT
MESHOD 38
MES HOQ 19
MESHOL40
MESHGD4L
MESHDON42
MESHOUS43
MESHUD 44
MESHU0&S
MESHJID46
MESHOUAT
MESHOU4B
MESHDO49
ME SHOB SO
MESHOO51
MESHQDS52
MESHJ053
MESHOU54
MESHO0S%5
MESHUO56
MESHUAS5T
MESHOOS58
MESHUUS9
MESHuU6uU
MESHJ06]
MESHUOG2
MESHUOUG3
MESHO064
MESHO065
MESHDUJ6A
MESHUOAT
MESHODG6S



6L

OO

13
L4
15

SUNRMITING ASAVISTKSSTHaTEQeLK ¢EMy

MIM )

NOPEZNDTyNCDT g NNIDE ¢MN4NET, IN

T ASSEMHLE AND CCMSTRAIN BOUNDARY CONDITIONS

IMPLICIT PRAL *B{A-K,0~1}

DT #FNSTOM STKELY$STMEL) y KAL) o EALL Dy

TH=NCDT+]

DO L i=LyMN

ST(II=0Wis

ST"{{IJ:\JOU

11=0C

N0 1% N=1,hET

JI=NDPE IN)

[F(TEQ +EQae ) GO TC 3
IF{N .GT. 1} 67 10 &
CALL FLEMK({EKEM3duN)
DN 14 I=1.+dY
Ki=(I*¥I-1)/2
KFA=NNODELTI+1)

[F(KME LGEW ID) 63 TO 14
CO 13 Jd=1,1
KNA=NNODELTIT+d)

[F{KNA LOF. TD) G} TO 13
KA=TNUMCRMAL£KMA

TEFIKNA G6Ta KMALY KA=INUMCKNAD+KMA

CSTKAKA)=STKEKA b4 FK (KT+J)

SINMIKA)I=STM(KAN+EM(KT+J)
CONT IMUE

CONT INUF

Ti=dJel]

RETURM

TND

MOPE(CL) s NNODECL) , INUM(L)

ASBVUOUL
ASRVIUI2
ASRV0OQI3
ASBVUDO4
AS5BVO0DS
ASBVUSQ6
ASAVUDIT
AS8V009I8
ASBVLD0S
ASdVuYi0
ASAVOCLL
ASBVI012
ASBVOGL3
ASBV0OOL4
ASBVLQLS
ASAVOOLl6
ASBVGOLY
ASAVOO18
ASRVOULS
ASRVOG20
ASBVUDQZ21
ASBvuy22
ASBYVQO023
ASAVIQ24
ASBVJIQ25
ASBYDU26
ASBVQOZ2T
ASRVOLZ28B
ASRVOG29
ASBVDD 30
ASRYDO31
ASBVIU32
ASBVLI3R



SO

99
| W

w Ny

.08

SUARIJUTIME FACLSTF NDT oNNDG, TC3L, INUM,U)

FACTOHRING A SYSHAETRIC MATRIX INT:) LDL®

TAPLICTT REAL=B(2~F,N-1)

NIMENSTON STROL) ICILTLI o INUNMCLY 20 LY

MNIDE =L A2
TFOSTROLY ) 24153

[in=1

WRITE(H,ILLY T2

FORMAT{/2Xg "THEY yTA4*'TH JIAG. AFTER FACT =0y INCOMPLETE FACT WY

ANNG=-1

RE TURN

NNDG= L

[F(NDT LLT. 2) GC TC 11

D7) 10 TR=2,NDT

FI=ICOL{TR)

IF(IT o0Q. [R) GC T 13

JR= ENUM TR}

IE=IR-1

NG 5 1C=11, 1E

IMAX=TT

IFCF! oLTe 1CCLATCY) IMAX=ICCLICY
JE=1C-1 |

SUN=STF{JR+1C)

TE{JE oLT. IMAX) GO T2 55

JC = INUM(EC)

DO & J=TMAX,JE
SUM=SUM=L{JI2STFIIC+J)
U{1C)=SUM

STF{JE+TCI=SUN/STF CINUMCICH+IC)
Jd=JP+iR

NI A J=T1, 1"

STECJII=STE . t=L{JdI*STF{JR+J)
TFESTFEIINY Th510

1/R=1Fk

FACTUoU L
FASTOOS:
FACTAOOS
FACTOOO0S
FALTND0C
FALTAA T
FaCcTagoe?
FACTI0ON
FACTOO2S
FACTIOLY
FACTOGLL
FACTODL1?Z
FalTounlos
FACTQ01.
FACTOOLD
FACTGO 16
FACTUGLT
FACTUGLSE

ACTwOle
TalTUD20
FACYGS021
FACT(O0Z2
FACTOOR2Z
FACTu(QZ22
FALTOO2S
FACTHD2é
FACTUQZ™
FACTIUZS
FACT G023
FACTOURO
FACTOO31
FACTDO32
FACTUOZ23
FACTU034G
FACTUO3S
FACTOO36



18

1
i1
131

G T2 99
MNDG=NNDG+ T
CONTIMUL

WRITE(E, 101 ) NNDG

FURMAT (/2X,tND,
RE TURN
END

CF NEGATEVE CTAG

e=V g T4ySXy"FACT . COMPLETED?)

FACTOO037
FACTOG3S8
FACTLO39
FACTUO4A0
FACTUOU41
FACT0OO42
FACTD043



Z8

~

o

Lk

SUBRUUT INE MTRTRUMyNyR¥ 9 XLK. %o 187}
MATRTX MULTEPLICATICN

IMPLICIT REAL=B(A-H,D0-7)
MIMENSTION RMIY Yo XLRECLEY X0 1)
0N 2 I=T15T.1

II=(I-1)%N

Td=81-1) %M

DO ¢ J=1,1

JId={J-19 %N

RM{TJ+J)=CaDd

N0 2 K=14N
RMUTI+S)I=RMETIASJ+XLRITI+K ) =X {JJd+K)
DO 3 I=TS§T,V

Jd={I-1})2M

DG 3 J=1,1
RMITA=T1}:aM+IY=RM(JJI+d)
RETURMN

END

MTRTGCUL
MTRTOGOZ
MTRTUCUZ
MATRTGO0S
MTRTOLOS
MTIRTOOU6
MTRTUSOT
MTRTGOO8
MIRTO009
MTRTIUOLD
MTRTON11
MTRTOO12
MTRTLO13
MTRTOO1S
MTRTOOLS
MIRTOO1L6
MTRTOOL7
MTRTOO 1A
MYRTGuU19
MTRTOD20



£8

OO0

WP

SUBRIUTINE MULTZ(STE 91X oY ¢ NOT o ¥y ICTL o INUM,y MM)
MATRIX MULTIPLICATICN

IMPLTCET REAL=#B{A-H,0-2)
DIMENSION STFUL)oX{LYy¥Y{1), ICCLLLY,,INUIM(L)
DU ) T=1NCT

Y{I)=t.0

MMM =M+MM-1

DU 4 I=MF MMM
IT={1=1)1%*NDT

o2 3 IR=1,NDT

1S =TNUMCIR)

IC=1C0L (TRY

[F=1r~1

IFLIC GT. FEY GC TC 3
Do 2 J=IC,1E

S=STFLIS¢+d)
YUIRI=YLIRI&SuX{IT2d)
YOI =Y {JII4S*x{T1+[R)
YOIPISY(TRI4STF{ IR+ IPI&XLTI+IR)
00 & J=1,NNT
Xili+di=Y{J)

YUd)=({,0

RETURN

END

MULTLN0L
MULTOLO?2
MULTGOUI
MULTO004
MULTOO0S
MULTOG0S
MULTOOUT
MULTUODB
MULTOOUQ
MULTOG 10
MULTOOLL
MULTOUL2
MULTLOL3
MULTOG14
MULTGQLS
MULTOCLS
MULTOCLT
MULTODOD18
MULTOOLlS
MULTO0020
MULTOO21
MULTO022
MULTO023
MULYCG24
MULTUG?2S
MULTOC26



v

I Ealy

4

—~ O

SUMBIHT INE SULZISTF yUNUET My ICOL s INUM,MM)

SILVE (LDL>* MU=t FOR GIVEN L JF M VEKTGRS OF LENGTH NOT

IMELICTT REAL+R(A-+,0-7])

DIMENSION STR L) Ut LY ICILOLY y ENJM(L)
MMM =M+MM-1

1FENDTY LT 2} GO TC 3

D0 2 IR=24,NAT

JI=1CCLETR)

JE=IR-1

IF{dl «GT. JEY GC TC 2

DO 1 I=MMyMMM

TT={I-10*NLT

IS=1T+LR

DO 1 Jd=Jd1,4E
UCISISULISI-STREINULMETR) 415U 1T +d)
COUNTIMUE

DL 4 T=MM,MEM

[1={1-1}3NCT

Dr: 4 IR=1,ADT
UETT#IRI=UCTITI+IR)/STF(INUMEIR)#IR)
FFINDT LT 2) GC TC 7

DO & TK=24RDT

[R=NDT-1K#2

JI=ICGLEIR)

JE=IR~1

TFLJE «GTe JEY GO TGO 6

DU 5 T=MM, MMM

IT=¢1-1}%NDT

[S=11+IR

DD 5 J=JTyJdt

JOTT+A)=U T4 =-STROINUMITIR 4D =UCIS)
CONTIMUE

KFTIIRN

END

SILZuo0L
SOLZG032
SOLZON03
SOLZJ0O4
S4LZ000s
SOLZa0a6
SOLZA03T
SOt zuGus
S0LZ0O009
SQLZao1Lo
STLZaG1lL
SOoLZGO12
50L 20013
SOLZIOG1L4
SOLZ4015
SoLZo0le
SOLZOOLT
S0LZUO1S8
SOLZRGL®
SOLZG020
SOLZO021
S0LZHu2?
SOLZOUG23
SILZud24
SOLZUG25
SOLZud26
saLzanzy
SoLZa028
SALza029
SALzJuae
SOLZI0u31
SoLZDo 32
SGLZOO33
SALZ0C34
SOLZOO03S
SOLZau3o



S8

oo

1L4d

11y

115

SURROUTTNE DNKC IT(M gAgity XLy A}
CIGFNVALUE ANALYSIS RIUTINE

DIMENSTON ALYy BUL e XL Lo X(1})
NOUBLE PRECISEEN A48y XLyX,SUMV
K=1

DI 130 J=2,M

L=M"{J=1)

D7 Io0 I=14d

L=b+1

K=K+]

PEK =801

MY =5

COLL EIGEN (ByXyeM M)

=0

DT LLE J=14¥

L=1L+)
XL(J)=1.0/0SQRT(CABSEBILY))
K= )

D1 115 J=l4M

D3 115 I=14M

K=K+l

BEKI=X(RI=XL (D

DO 120G T=14M

NZ =1}

T 120 d= LM
NLl=M*{T=-1)
LeMs{J~T1}+1

X{L)Y=ual

DO L20 K=1,M

Nli=N1+1

he=N2+1

X{LY =Xt ) +#RINLEYI=A{(N2)
L=1%

LA 3 YW J=1'N

DNRGOOCO1
DNROQuUO 2
DNROUCD3
DNRQOOGO4
ONRQQGO5
DNROQDOG
DNROOOO?
DNRQSDOGB
NBNROO009
DNROUG10
DNROJUO11L
DNRQUOL2
DNROGOL3
DNRDOU 14
ONROGO1LS5
ONROVO L6
DNROGOLT
DNROOOL S
ONRODD19
DNROOO20C
DNRQOUD21
DNRDQQO22
DNROOU23
DNRGOOD 24
DNROUD25
DNRONO0O26
DNROGO27T
DNROQOZ8
DNRD{1D29
NNROUO 30
DNRUOGO31
NNROOU32
ONROQGO33
ONROQO34
NNROuO 35
ONROGU36



98

L3y

Lau

159

1
115

13u

13N T=l.d

Ml=1-M :
N2=Mw»{Jd=-1)

L=L+1

A{L)=LavL

DU 130 K=14M
Ml=NL+M

N2=N2+]
A(LY=ATLI+XI(NL) -PINZ2)
CALL CIGEN (AsXaMeMy)
L=

DG 140 =l ™

L=L+]

XL (I y=210L)

BJ 150 I=1.M

NZg="

DT 15w J=l4M

Nl=1-M

L=M{J=1)+1
AGLY=0.0

DO 150 K=1l.M
Ml=N1+M

NP?=N2+1
ACLI=A(LY+B(NTI=XINZ)
L=0

K=0

NG 180 Jd=14M
SUMV=C.0

DO 176G I=Ll4M

L=L+1
SUMY=SEHMV+ATLI*=A{L)
SUMV=DSAST (SUMV)

N 180 T=1.M

K=K+ 1
X{KI=ALK ) /SUMY
RETURN

EMD

DNROOQL3T
DNROOOL28
DNRGOCU39
DNROOUW40
PDMNROGO41
NNROOOG&2
ONROG(HGD
ONROCO44
DNROUO45
DNROUD 4
DNROOC4T
DNROUG4 B
DNRG QU449
DNROUUS0
BNROJUS]
DNROGGLB2
DNROGO53
DNRDUG54
ONROO0O55
DNROJ0S6
NNROJUST
DNROOGS58
[:NROULOD5SS
DNROLUED
DNROGO61
INROOU62
DNRODG63
NNROJ064
DNRJ0O&5
DNROOUG6
DNROUQJ6T
DNROJJ68
ONRDOUG9
DNRGOQTU
DNROQOT1
DNROOOT2
DNROOOT?



L8

'ateks

L

15
2o
25

£

43
50
55

Ot

1

I RANGE=1.00=12

SHBROWT INE EIGENCA,RyN,MY)

EIGENVALUE ANALYSIS ROUTINE NEEDED IN DNROOT

DIMENSION A{L},R(L)

DOUBELE PRECTISIOUN Agk yANTIRM G ANRMX e THR ¢ XoY g SINKySINXZ yLOSX,
COSH24+5INCS s RANGE

TF{MV=1} 1Js25,12

I1d==-N

N 20 J=eM

[=10+N

N 23 I=14N

T1d=1Q+]

TF{I=Jd) 20+¢15,20C
R{1d)I=1.0

CONTINUFE

ANCRM=0 .0

Dt 35 I=keN

DC 35 J=T.N

TFII=Jd) A0+35,30
[A=I+{Jwd-Jd}/2
ANCRM=ANCGRM+A (A ALIA)
CONTINUE

IFLANORMY 1654 k6 5y 40
ANCRM=1,414=*DSCRT{ANCRM)
ANRMX=ANCRMY RANGE/FLCATINI
EMN=0 :

THI =ANORM
THR=THF/FLOAT (N

=1

M=L¢+1

M= (MaEM=-M ) /2
Lo={txL~L)/?

LM=L+MQE

cIGEQUOL
EIGEUCD2
EIGEUCO3
eIGECGODA
EIGEUGOS
EIGEOCOS
EIGENDQT
EIGEZOUS
EIGEDODD
EIGEODLU
EIGEQOLL
EIGELDL2
EIGEONL3
EIGEQUL4
EIGEDGLS
EIGEGG LG
EIGEGOLT
EIGEGOLS
EIGEQQLS
EIGEQD20
EIGEQO21
EIGEQL22
EIGEQU23
EIGEQD24
EIGEDQ25
EIGEOD26
EIGEOC2T
EIGEQU28R
EIGEQQ29
EIGEJIN30
EIGEGD3]
EIGE(D32
El1GRLN33
EIREUQ34
ETIGEDO3S
FIGFGL3S



g8

47
£5

v

85

g
15
1ud

1y5
| W
115

1240

L2%

IF(UARS{ACLMII-THR) 130465465
IND=1

LL=L+LQ

My=l44pQ

X=2.5 (ALLL)-A(KNM))
Y=-A[LM)/DSQRTUALLME=ATLY )} 4XuX)

v Y==Y

SINX=YZDSORTIZ2 a0t {1 Us{CSERT{L4u=~Y=Y )2 ))
SINX2=SINXaSINX
COSX=[SERTIl su-SINX2)
CLSX2=CLSX*CISX

SINCS =5INX=COEX
ITLQ=N={L-1)

IMQ=N* (M=-1])

OC 125 I=1l.N

I0=(I%1-1)/2

IF{I-L)} BOsL15,y 80

IF(I-M}) 854113,5¢C

IM=]+MQ

GO TO S5

IM=NM+1Q

IFCI=LY LluualiS, 108

IL=1+LQ

G TO )10

TL=L+IQ

X=A(IL )xCOSX-A{IMERSTNX
ACIM)=A{TL)I*SINX+A{IM}=CDSK
ALIL =X

IF{MV-1) 17042284120
ILK=TLQA+]!

[MR=TIMQ+]
X=R{ILR)I"CCSX~FK{IMr)=SINX
R{IMR)=R{TLEI=SIAX+F {IMR }=CNSX
R{ILR}=X

CONTINUF

EIGELIRTY
EIGEJL38
EIGELV3Y
EIGE JOa0
EIGEQQ4L
FIGECLI42
EIGEDNSG3
EIGEUD44
EIGECG4S
EIGECD46
EIGEVO4T
EIGEDCQ4B
EIGEOU49
EIGELLSO
EIGEJO3IL
EIGEQGS2
EIGECCS3
EIGECUS4
EIGEUO55
EIGEUDS6
EIGEJGST
EIGELOSS
FIGEUD59
EIGECO6U
ETGELOGIL
FIGEULG?
CIGEQQL3
EIGEUU64
EIGEQUES
FIGEGUOG
EIGEGNGT
EIGELLVGS
EIGEDDS6S
ETGELITU
EIGEQUTL
FIGELGTZ



X=2su=A{LM)TSINCS EIGEDIT3

68

Y=pA{LL)YYCUSX24A(MM)ESTHX2Z-X EIGEUOTS
X A{LL)Y»SINYXZH+A(NM)NCLSK24HX EIGEJOTS
ALLM}=(ACLL)-A(MNI)=SINCS+A(LMI (COSX2-STNX2) EIGESQTSs
A(LL)=Y EIGELOTT
Al AMy=X EIGEDOTH
13 TF{M=N) 135,140,135 EIGEGOTS
135 M=M+] EIGENQ80
GO TN 6. FIGEwJB1
Lau TFRML—-tN=1)) 145,150,145 cIGEVD82
145 L=4+1 EIGEGORI
71 T e85 CIGEJ084
Lo TRETND=L) Léads19hy 160 EIGEGOBS
1% IHh=) EIGEDIBG
S 149 b EIGEQQST
14w TR ITHE-ANRMY ) 196,163 445 EIGEUNSEE
103 16G==N FEIGEO0O89
O, 135 1=1,0 EIGEJUSC
[O=10+N EIGEOI9]
LL=1+{T 1-13/2 EIGEUQS2
Ju=rx(1-2) EIGEQR93
V1 1RS 1=14N cIGEGO94
JU=JO+N EIGELL9S
A= J+{d=J=J /2 EIGELQ96
TP(ACLLYI~ALMMY) 170+ 183, LES EIGEQQIT
175 X=4a(LL) EIGENDYA
A{LLI=a(MM) EIGEGDS9
AN Y=X EIGENLOD
TF{*V=-1) 175,185,175 EIGEQID1
L75 N L8y K=14N EIGEDLOZ
I k=FE+K eEIGEGLG3
| M= 4K EIGEGLO4
X=R({TLE} EIGEQ1O5
SHTLRY=ROTNY) EIGEJLUG
L4 RUIMR)=X EIGEGLIOT
185 CONTINUF E{GEGLOB
RETURN EIGEL 109
Fi D ETGFULLC



06

laNeNe

15

18

19

2¢
21

lJl

12

14
13

16

SUBFOUTINE QUTPUT (KKK ¢MyNEDT ,NDT yNOD 4NNODE 4ERRyXLRyUs SRMyS5RK)
QUTPUT ROUTINE

COMMON /PUNCH/ ITPUNCH
COMMaN /BW/ ICASE ' [GUEST
COUBLE PRECISION XLR,SRM,SRK LU y ERR

DIMENSION XLROLY4ULL), SRM{1)y SUKI(1}

DIMENSTON NAD(}) NNOBEL])
DINMENSION XXLF(15,120)
LLERUG=0

WRIETE(é,24) KKK,ERR
FORMAT( /72Xy "NOs OF TTERATION=",y1442Xs *CONVERGED WITHIN'yT1345)
IF(IDERUGLEQ.0) GO 70 1%
WRETE{E,12)

FORMAT{/2Xy "EICENVECTDRS=1,/)

DI 14 I=1l.M

IT=C(1-11%NCDT

WRITE(E,13) (XER{IT4J)yd=1,NCDTI
FOCRMAT(/,(2X416012.51)

CONTIMUE

WRITENIG,201

DO 18 I=1,¥M

KK=T%M-M

WRITE (6416) (SRMUJ#KRD 4 J=1,1)
WRITE(E,21)

DO 19 I=1,M

KK = IT¥M-M

WRITE {64161 (SRKUJ+KK} 4J=1,1)

FORWAT (2%,10D13,5)
FORMAT (/ 23H REDUCED MASS MATRIX /)
FORMAT (/ ¢3H REOUCED STIF MATRIX /)

NBU=NCT-NCCT

G 70 (1¢1,1C01,101,102,1013,ICASE
DO 106G I=1.H

DO 201 J=14NBU

TPGGOL
JYTP0002
nuUTPGO03
JUITPOODG
QUTPOCOS
JUTPOILE
OUTPO00T
OUTPNO08
OUTPOGOS
UTPOOLO
QuUTPILLL
ouTePQoolz
JUTPOCLA
QUTPGO1%
OUTPCOLS
QUTPII16
ouTP0017
DUTPOG LB
CUTPOO19
JUTP0020
ouTPHD21
CUTPO022
JUTPOO23
ouUTPOG24
nuTPooO25
QUTPOG26
quTPoC27
nuTPNO28
CUTPAL 29
JUTPODAO
JUTPOO31
auTePad3az
QUTPOO33
WTPGI34
QUTPO035
HUTPGU36



T6

201

202
l1oC

162
20¢
204

203

205

350

4500
4560

od e
Han
— B

[€V]
T
(%]

XXLR(Tsd)=(.0
CONTINUE
00 202 J=1,NCDT

KXLREIy NBU+JI=XLRE(TI-1I*NCLT+])

CONTINUE

G 10 2405

DO 2¢3 T=1.M

DO 20¢ Jd=1NBUY

XKLR(I:J}=G.0

XXLR{T 93 )=XLR((I-1)*NCDT+1)

B0O204 Jd=2,NCOT

XXLR(T 3 J+NRUF=XLEI({I-1)*NCOT+J)}

CONTINYE

CONTINUE

1F(1CASE.£0.1) CO 1O 333

NOM=4

NQDBE=NDT /NOM

WRITE(6,425C)

FGRMAT(// /71Xy *3%%%  BLARE MIODE SHAPES %%xw!t)

Ch 381 I=14M

WRITE(Es45GCHT

FORMAT(///71%y2 1=04127/)

WRITE{64+49€C)

FORMATUITS o "K' 3 T12,'wlT4J) T332,V (1,41,
LA TIVR AR

D03S1 K=1,NGDE

WRITE(64352) Ky (XXLREZ,NOM*(K=1)+J) 4J= 14NOM)
FORMATO(LXyT44€{5X,EL15,70 1)

CONTINUE

G0 TD 360

CONTINUE

NOM=6

ADDE=NDT/NOM

WRITE(€E,353)

FORMAT(//7/1X, "% %4% WING MADE SHAPES ##%a¢)
DO 354 D=1,V

TS3,'CHlL4J)?,

173,

JUTPGO37
QUTPO038
DUTPLI:3S
OuTePoO4C
TG4l
AT Pi)42
JUTPOO42
AUTPGO44
OUTPON4S
OuUTPOO4s
QUTP{:"47
QUTPRO4A
DUTPU4Y
AUTPROSG
aUTPCOS1
QUT PRS2
puUTPLOS53
aUTPOOSS
QUT PSS
auTPQO0S6e
CUTPOCST
auUTPCO54
ouUTPO0S9
autTePyuel
QUTPC06L
QuTPONE2
oUTPO063
SUTPCO64S
aquTePRNes
guT Poo6s
QuUTPOLHT
npUTYPCO6R
nuUTPOOsY
DUTPODTL
UTPOUTL
JUTPOOT2



Z6

WRITEC(G,:45L ) ]
WRITE(E,4901)
4S0L FORMAT(TS %KY o TL2,9W(L,0)",T32,7y(l, .0, TSy ' DUl 4d)vy TT3,
& ‘ POVE L pd Y o TS3, 9 PHTILT o)y T112, 'DPHILT 5))
PO 358 K=1,MNIDE
WRITE(6,392) Ke (XXLR{L 4NOM*(K=1)¢J) ¢J~ " ¢yNOM)
358 CONTINUE
354 CONTINUE
60 CONTINUE
IF(IFUNCHJECLC) GO 10 270
00 359 I=I,M
DO 358 K=1,NOM
WRITE(T»3S5T 1 XLREIyNOME (J-1 ) 4K ), 0=1yNBDE)}
351 FORMATLEEL3.5)
358 CONTINUE
359 CONTINUE
3710 CONTINUWE
WRITEL&E,311)
371 FORMATL{IHLY
RETURN
EMD

CUTPGDT?
guTPOO TS
JUTPLNTS
CUTPUDTE
UTPEIT7
JUTPLGTE
BuTPOCTS
AUTPYIBE
auUTPLZQR1
cuTPNCc82
ouTPACA2
ouTPOC84
ouTPL08%S
ouUTPOOBE
nuTPoOo8?
ouTPQNAe
BUTPOG B9
ouTPUQS0
aUTPCO91
ouUTPO0S2
auTeCa93



A.2 The TILDYN Program Listing
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ve

. R T L
C B ARANBRFT U VH BRI RIS I R E R W AR R AL R R R M I AR R AR R G R WFETN . R
C ' . Mg IR CQGT
C PEOGEAM RJUTIR A= N RN
C PART 2 3 PROAGRAY  TILLYN FATN . 0B
¢ MATWT LG
L R A F R E EE LI LT L R R RTINS Y T R L P MATN - T
c MELIMNOOUOR
C PURPJISE MAT N G
G TS ANALYZE THE TILT-RITIR DYNAMIC SYSTEM BY MEANS FATNG UL
C TF FREQUENCY RESPCNSE ANC EIGENVALULES Il POWERED MATNOCL1
C AND AUTURCTATION FLIGHT MATMGILZ
v METRLGLLY
C CEVELCPED By MASAMIKLC YASUE MEINDU LA
C JF AERDIELASTIC ANO STRUCTURES RESEARCH LABCRATCFRY MAThUU1S
< AUGUST 1974 MAINQGLE
c ADOKRESS 3 BLG 41-211 MATNQOLT
C MASSACHUSETTS INSTITUTE QF TECHNOLUGY MAINCAOLH
C CAMERICGE, MASS, 02139 MAINRQULS
C MATN 2.
C AR YN S PPEAE R RGN RO R ST DDAOR PPN S RGNS AN PN SOOI PESAEORAS BRI RE S Mr‘l{\;:!?l
c ‘ MAeING, 22
C MATN PRUOGRAM : MATAN 23
c MATNGOZ 4
C TJ UEFINE THE SEQULENC® OF THE FPRCGRAM MpIhygi, 25
v MATNOU2G

CCMMEN/ODFL1A/AAY(LS ¢ 19 yBHEYL19419),CCYLL9,18),LDY{19y6) AATNGO27

DIMZNSTUN COLIT(O! WDCZL19) MALM . 24

CLMMIN fPRARMT/ ITYPE +IFLT HAIMIL2T
i CONTINUE MA TN L3
5301 FUAMAT{LIR1Y) PAINOLIL

Cart INTTIL MAINCG3Z

CALL CUEFF MATNGL 23

CALL INPUT(CGUSTIDUF4 IRES,y IEIGEN) MAIAT O

CaLL INTPL MALINCO3R

WRITu{ &y Bulld MATNCL 56
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400

200

1000

CALL AERODT

CALL ORDINT

WRITELLy5001)

CaLL AINER

calLL AEROMT

CALL EQMT XL IDCF)

TFIIFLTLER.CY GO TO 400

CALL AUTOCIDQF)

CONTINIIE

I0IM=IDOF+ IFLY

IF {IRES.RE1F G TC 200
WRITE(&,5001)

CALL GUSTCO{CHUST,BBDY,INIM,DDZ)
CALL FRORESUICIM,AAYBBY, CCYSDDZ,IFLT, IDNF)
COUMTINUE

If (IEIGENLEQ.QY) G FO 1000
WRITE{L,50011)

CALL EICENCINDIMyAAYBRY,,CCYLELY,IDOF}
CHNTINUE

WRITE(E£,5001)

G0 TO L

FnD

MATINOO3TY
MAINUO38B
MATNQOO39
MAT NOO4O
MAINCOS4L
MATNOO42
MAINOO43
MAINOO44
MATNQO4S
MAINGO46
MATNOC4AT
MATNOO48
MAINOO49
MATNOGSO
MAINQOS1
MA T NOOS2
MAINNCS3
MATNOGS4
MATNQOSS
MATINDGSE
MATNODS7T
MAINOOSR
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[aNake!

2

gL OEK CATA

TO INITFALIZE THE CUEFFICIENTS CF GAUSSTIAN QUADRATURE

COMMON /AREA2/NPT XXX (20) ,A12Q)
DATA NPT/11/
DATA AULEyAL2) AL3D)98(4)4AL5),A(6)/70.,055668,

END

0.12558¢

2 0.186290

0.223193 40.262804

0.272925

/

BLOCOCOL
BLOCOOD?2
BLOCULGO3
BLOCOGD4
BLOCGCOS
BLOCOOOG
BLOCOGO7
BLOCGOOS
BLOCQO09



L6

OO0

L1

12

COMMON/DOFL13/8AY{19419)4+BBY(19,19),CCY{19,19)40DY(19,:6)
COMMON/ INERTIZTTMT (49643} oTTCTU{ 40 E93) +AMIT(49346) 4CUTL44346)
COMMON ZARR/WGUST (96 ) yDAMX(E 4619 AMX{6+6)9DQL49643)+0(446,43)
ryOHMAX(4430€) ¢y HMAXT443,6])
COMMON/WINGAR/TSES(2C1696 19 15A5( 2046461, TSAG(2U46,43)

)

SUBROUY INE INITEL

INITIALTZATION OF THE MATRICES

N 10 1=14+4

N0 10 d=1s6

B0 0 K=1,3
TTMTI{T s dyK)=0.0
TTCTI (LI vd K )I=0.0
AMJT{1 K J)=0.0
CJT(I,K,J}:G-O
DLl JyK)=0.0
Glilydenid=g.0
DHMAX{ T 3K d)1=0.0
HEAXLT oK, 1) =0.0
CONTIMUE

BC 1L =146

G 1l J=146&
wGUIST(Iyd =00
DANX{ Ty d)=ual
AAX( T4 =00

"PO Ll K=1,20

TI0S{K 1 4d)=0a0
TSAS(K,I.JI-—-0.0
CINTINUE

CO 12 I=1,20

£ 12 J=1,¢
D212 k=143
TSAC{TsJdyKF=0.0
CONTINUE

DC 13 I=1,4%9

INITOO001
INITUGG02
INITOCO2
INITOOD4
INITCDOS
INITO006
INITQOGY
INITLOGE
INTTCOO9
INITODL1C
INITCOL11
INIFOCL2
INITOO13
INITUULS
INITOO15
INITCSL6
INITGOL1Y
[NITOQ18
INITOGL9
INITCC20
INITOO21
INITTC022
INTTCD23
INIT0OO024
TNITOO025
INITCO26
INITQO27
INITOQOZ28
INITOO29

INITOQ30

INITOO31
INITCG32
INI TOC32
INITOO34
INT 70035
INITCD36



B6

ia

15
13

Do 14 J=1
AAY (T d)=
RBAY{1yd)=
ClY{l,d)=
CONTINUE

DO 15 K=1+¢€

16
0.0
0.0
0.0

DY Tk )20 .0

CONTINUE
CAONTINHE
RETURN
END

INITO037?
INITOO38
IN1JCO3S
INITOD40
INITO041
INITGD42
INIT0043
INITCO44
INIT0045
INI Y0046
INITOO47



66

O OO

5000

Lo

140

Y

o
£ %

260

130

30

SUBROUTINE COEFF

70 DEFENE THE POINTS AND COGEFFICIENTS OF GAUSSIAN QUADRATURE

DIMENSICN ¥{(Z0)1,YY{20)

COMMOM FAREAZ/NPT.XX3(20) 4A{20)

NPTH=NPT/2

IF{CFLOATINFTH)~NPT/2.0) NELQ.OUYGD TO 100
READ(S45000)(Y( I eIz 1y NPTHI»LALJ) 9 =1 NFTH)
FORMAT({AFLO.5)

DL 10 1I=14yNPTH

YONFTH4 I T y==Y {APTH-114L)
LANPTIRIT I =A(NPTH-TTI#1}

CONTIFNIE

50 TQ 260

NPTHLI=NMRBTH+L

CaTd YeLheY {2 ) e ¥ 03V, ¥Y(a),¥13)oY¥{6)/0.975228,

0.E87CL2 5 04730152 » 0.513066 ¢ 0.269543 4 0.0

e 20 MM=1yNPTH
ALIPTH4MN+1 )= A (NPTH-MM 41}
YONPTH+Y ML ==Y (NP TH-MM+1)
CONTIRUE

NG 50 KK=1 NPT
YY(KK)=Y[KK)

CONTINUE

L0 60 IA=14NPT

YOIRIEYYONFT-IN+ 8]
CONTINULE

N0 20 1d4=1,NFT
AAKASSI) =Y {SId 41 .001/72.0
CONTINIE

KETURN

END

COEFQ001
COEFQQ02
COEFOQ03
COEFO004
COEFCOGS
COEFLODG
COEFQOOT
COEFOOO8
COEFODD9
CCEFOD1LO
COEFRD11
COEFOCL2
COEFNO13
COEFQOLl4
COEFCULS
COEFLULG
COEFGQOLY
COEFGDLA
COEFOULY
COEFGO020
COFFLO21
COEFOD22
COEFON23
COEFO024
COEFUI25
CCEFUR26
CIEFOC27T
COEFQO28
CIERGL29
COEFQUL30
COEFOO031
COEFQO032
COEFU033



00T

DO MO OTOM OO0

e N e e e e

EEaRe NS Na NS Ne Na e

SUBROUTIMF TINPUTI(CGUSTY,1DOF, TRES 2 IETGENY

TO SUPPLY INPUT TNFORMATION

NES  =TNENTIFYING TNFOPMATION

[TYPE=0: HINGELFSS ROTAR IN POWERED FLIGHT

ITYPE=1: HIMGFLFSS RATOR IN AUTOROTATIOMAL FLIGHT
GIMBALLED RQTOR TN ROTH FLIGHTS

TELT =0 : POMFREDN FLIGHT TFLT=1 : AUTOROATION FLIGHY

INOF =9 @ RASIC DFGRFES QF FREENDOM TS 9 IPOF=18 ¢ DOF 1S 1A
12FS =0 : FREMJFNCY RESPONSE OFF TRES=1 : RFSPNNSE ON
IFRMAG=D

: MDPE NOMALIZEDN ROTOR RADIWS AND WING SEMISPAN
IFPMAG=1 @ NORMAL MODES :

TRTCEN=0 : FIGFMANALYSTS OFF TETGEN=) : EIGENANALYSTS OM
NORED= NUMRER DF R ADES

POH= ATR NENSTITY

OMEGA= ROTATIOMAY SPEED (RAD/SEC)

RAMDA= TNFLOW RATIQ

VElL = CRUTSTNG =L IGHT SPEED

F= ROTOR RADIUS

ATB= BLADF FLAPPING MOMENT QFf IMERTIA

CHOD= BLADE rHORD

Cl.= BLADE LIFT CUBVYE SLOPBE

CD= Bl ADF NRAG COEFFRICIENT

HMAST= MAST HFIGHT

DFL3= PITCH-FLAP COUPLING COEFFICIENT [ RADIAN )

W= WING SEMISPAN

WCaN= WING CHORD

WCL= WING LIFT C{RVE SLOPE

WCN= WING DRAG MOEFFICIEMT

WOMO= WING PITCHING MOMENT COEFFICTENT

WoMp= WIMG PITCHING MOMENT CURVE SLDPE

EDIS=NTISTANCE BETWEEN AFRODYNAMIC CENTER AND FLASTIC AXTS

INPUDCAOL
INPUDDN2
INMPUO003
TNOUADNG
INELONNS
TNPUDDDSG
INPHARAT
INPU0008
TNDYNDNG
INPUQOLN
INPUDOLY
INOUYNN12
[L UL &
INPUNCLA
TNPHN LR
TNOLIOOL 6
INDyYDALY
IN2UOD1R
IN2U0019
INPUND2Y
INPIIDN2]
INPUGG22
ITNPURT23
TNPLIOD 2 4
INPLICD2S
IN2ON26
TNPLIOD27
TNPUGL 2R
INOURDZa
INPUODRG
TNDUANZY
TNPH0032
TNOUNANA3
INPUDC34
TNPUD03S
INPUNNI6



{ NOMDIMENSTONALILZED BY WING CHORN,POSITIVE AFRDDYMAMIC INDUYS 3T

10T

CEFMTERQ AHEAD ) rNepoo22
WTHET= WING T21IM ANGLE OF ATTACK {(RADIAN ) INeIIONAS
INPUNCSD

COUST= EXCITING FORCE COMPONENTS THMPU004Y
INPUNADL 2

BRAM= (BLADE NATURAL FRFQUENCY J#x2 (CADTAN/SEC Ji* TMeU0Ns3
WRAM= (WING NATURAL FREQUENCY %2 (RADTAN/SEC Y k%2 TNDUDGO LS
TMBLINSS

Nu= WING ELSMENT NUMBRER INPUODAG
EMSW= WINM ELEMENT SI7ZF NORMALIZED BY THE SEMISPAN INPUDNSGT
G VEPTICAL RENDING MOOE COMPONENT AT THE NQODE OF THE WING INPHONLR
7= CHORDWISE BENDING MODE TOMPONEMT AT THE NORE COF THE WINMG INCUDD4S
NG= VERTICAL RENDING MODF SLOPE AT THE NODE OF THE WING INPUNABH
DZ= CHORDWISW BENNING MODE SLOPE AT THE NODE OF THE WINMG TNPUQNS]
WPHT = TOSTON MONE COMPONENT AT THE NODE OF THE WING INPUNDNSK2
PWOHT=TORSTON MONE SLOPE AT THE NODE OF THE WING INBUN0S3
INCUO054A

M= RLADE EVLEMENT NUMBER INPUGDS R

EMS=BLADE ELEMENT ST7E NOPMALIZED BY THE ROTOR RADIUS INPINGS S
AMASS= MASS NISTRIBUTION AT THE NOBE OF THF BILANE INOUNNST
THTFAN= ANGLS OF TWIST AT THE NODE GF THE BLADE INDUANSS
COoi= CONLECTIVE PITCH ANGLF DETERMINED BY THE PERFORMANGE (PANTAN) INOUIN0OS9
W=0UT-0F-PI.AMFE MODT COMPONENT AT THE NODE OF THF WING INPUNQ6D
V= INPLANE MONE COMPONERT AT THE NONE OF THE RLADE . TNPUDOS]
DW= OQUT-0F- PLANE MODE SLOPE COMPONENT AT THE NODE OF TNE BLANF INDPUNEG 2
NV= INPLANE MODE SLOFS COMPONENT AT THE NODE OF THE RALADE INDUGNS3
' TNPUONGS

PRAMN= (COLLSCTTIVE MADE NATURAL FPEQUENCY OF THE RLADE)&*2 INPUAGS
(RANTAN/SEC A% INPUN06E

an B PO B B T BAS B B B30 T ' T B T B Mo i B T M B e HEA e e B B T TR Eo M R TR, TG BN o |

WO = NUT-0F =PI ANE COMPONENT OF THE BLANF COLLECTIVE MODE AT THE NODE INBUANSET
Vrol = INPLANF COMPONEMT GF THF BLARE COLLECTIVE MONE 4T THF NOCS IneaANne s
MWEDL= QUT-DF-PY ANE SLOPF COMPONENT 0OF THF BRIANE COYLECTIVFE MONE INPUNGO6I
AT THE MONDFE INPUANTA
NYLOL=TMPLANE SLOPFE COMPONFENT OF THE PLADE COLLECTIVE MONE AT THE NADE  TNBUIANTY
INPUANOT2
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62

DITMENSTON AMAX{4 1, BIMAX{4Y, WMAX(AY L RAIGIAR)

ATMENSTON CGUSTIAL JSAMO{4) SBMI4) ,SHGI6Y,DES{8E0)

COMMON /D ARMT /S ITYPE LTFLT

FOMMON/AMATIC/TT (6,5 )40 1A 1 TUS5,6)

COMMON FARCAL/OMEGAs D aVELCL 4CN RAMDA , SNOMEG

COMMON JARCAG/MORLDZBOH,CHONLATR,L,CK  HMAST vALDCK 4 AND,HR
COMMON/ ARFAR/BIAMIL ) o WL AMT A}y RRAMULY , WRAMIA) , BLAMOCSG Y, RRAMDL S
FOMMON/GINY/ V8EAG 21 ) oHT 43210 DVI4,21),DH{4+21),THETA(Z2]1),
ZEMS {274 AMASS (201 ,M,NND

COMMON /GIND/ VCDL &2 1Yo WCOLE4,21)  DVCOL 421y DWCOL (4,71 )
COMMON/WING/ MW NNPW FMEWIZO) 3 Gl6 421 4DG16,321Y+72(6:21):N7(6421),
*WPHI (A, 210, DWPHT{6,21)
COMMONZWICH/WE g WEON y WO L L WED o WO MO ZWCMA ,FDT S, WTYHET, VY

COMMON 7CDHPL Y AKPr(4), AKPNT4)

COMMON/ZFRMAGY CRB(A V)4 FRRO(4Y,FRIWIE)  TFRMAG
COMMON/THE/THETNI21 ) 4MR MY

INFANG=0 ‘

MR =)

MW = 3

REAR(S5,5003) (DES(T)y1=1,90)
PEADLS5,5001) TTYPE

REANIS, 5001 YFL T

REAN{5,2034}TDOF

TECTDOFLEQR.Q) 6 T &2

Mp=4

MW =6

FOANTINGE

RF AR (5, S0QL1) IRES

PEAR(S, 5001 ) IFRMAG

REAN{ S, S0GL1 Y TETGEN

READ(5, /5001 YNORLD

REAP{S5,5000)R0H, DMEGA,RAMDBA ,VEL
REAN[5,5000) R, AT B, CHNN, CL yCOyHMAST,DEL Y
REANIS ySO00 MWL 4 WOON WAL ,WCD WOMD, WCMALEDIS, WTHET
READ( S, S000)CHRUST

THPUINT3
TMELOI TS
TANPNDTS
INOUNDTA
INPUNDTT
TNBUN™TR
INPUNI TG
InNeUanNan
InNPUNB]L
INeUOOR2
INPUINNYT
TNBUGIRS
TMPHIJDRS
TNDPIiA g
NP 29T
INDUONAR
INpl.l(‘ \ag
TND{I0090
fMOINAgY
TNOUN09 2
TNDIO09T
T MO HQ(,
I NP GGS
TNBUNN9A
INDUYNPOT
THPUOOSR
Imeynnag
LR ELaD e B
ITNPLI0101
TNDUN LY 2
INPULIM3
IN2PUQING
INPUALTS
INPUDL10OA
TNPUDLDT
INOUGLDA



€01

60

18]

52

READES, 5000 )RR AM

REAN(S 45000 ) WRAM

REAN{5, 2024 1Ny

NDPW=NW4+1

READN{S, 5000 IEMSWIK ) 4K=]1,NW)

BO 60 I=1,Mud

REAN(S, 1001 GlIed) 4 d=1,NDPW}Y
BEAM(S, 17011 Z{T4d) =1 ,NNPW}
RTAN(S5,1771 ¢ PGETaS)et=),NDDYW)
BTAN(R L1001 D74 ¢ b} v J=1 ,NDPW}
QEADTS,e 177 EY0 WPHI{T,0),J=1,NDPK)
QF£‘“(5;10011(DWPHY(T"J, .J=I.:‘-¥DP\~'\
COMTTRILE

REAN(G, 2N34 )N

NRP=h+]
DEAP(S, 57 L)IFMSIK)sK=1sN)
PEANLS, BUN) (AMASS (h) 4 d=14NNP )}
PEADIR SO Y ITHETNL DY, d= 1 ,NDP)
REAPER, 5 ~ V0L

nr qa '!-_-'L-,_M-Q

REAR(S, 10010 WETyJ)»d=1,NNP }
REAN{R, 101 )1 ViTed)ed=1,N0P )
REANIER,120L L NWIT4d) e M=1,NMOP )
DEAT S, 1 1) ( MWET,Jlpd=1,NPD )

AROC (T =Nl 1) TAN{DELZY=[-1.")
CONTINIF 4
TELITYPFLENL Y GO TN L0

FEADIS, SO00) P2 AMN

NO 52 T=1,MR

2EAN(S, 1NV ( WCOLIT4J)y 1=y NDP
REAN(S. 100100 vrOL{T J) 4 I=1,M0P
QEAN(S 1 LI IDWCEOL (T ) 4 J=]1,NDP

o

READES, 10ROV { T, 0)yJd=1,NDP )

EKOOUT ) =W (T LITANICELAY*{-1,0)
CONTINNDE
o 200 I=1,4

INPHOLNS
INoURLID
ITNPUHIOT 1Y
TNOUDLL2
TNDY 11D
TNBUNLY 4
TNPUNLLS
TNPUNTLA
INPUNLLT
TNPUNLLA
NN
IN2Un129
INPUN121T
TNDIMN122
TNPYNL23
!Rlﬂl]"\!?t_‘,
INPLID125S
THNDRUNLZA
NPIN127
INPUOL?R
[nDY 129
TNPYR1I3N
INOUIDI3L
TP\IDU(\ 132
INPYQLIATR
INPUN13 S
TMPUIN T3S
ITNPUNTL3S
TNDYN13T
INDHIN. %8
YTNOUNIl9
TNeU 140
TNPHOYA)
TNDUNL42
TNDPIINTI4T
TNDHN 144



voT1

200
100

2006
307

309
308
101

BLAMO(T Y =RRAMD{ T )}/ OMEGAR %2

SARMP{ T )=SORT (RLAMA{ 1))
CONT FNUE

COMT TAHE
IF(INOF.=0.18} G 7O 101
"0 305 1=4,6

N0 205 J=1,NDPW
GiT1,4)=0.0

DeLT,41=0,0

7{1+91=0.0

NZ{T+J)1=040
WPHI(T,J)=0.D
DWPHIC( L+ d¥=D,.0

COMT I MUE

DO 307 1=23,4

DO 306 J=1,NDP
Wil,J}Y=0.0

DWil,J1=0.0
V{I,+J}=0.0
DVII,J1=0.0
AKPC(T¥=0.0
TE(ITYPE.EQ. Q) GO TD 101
og 08 1=3,4

DO 309 Jd=1,MDP
WCOL(T,0)1=0.0
DWroi.t1,4)=0,0
V(.DL[]’J,=0ID
nyroL{T+J1=0.0
AKPOIY1Y=0.0

CONTINUE

PO 22 I=1,NDP
THETALT ) =THETN{T }+C0L
CAMT TNUE

no & T'—'l,li
BLAMIT)=RRAM{ L) /OMEGARRZ
SAM{T)I=SART{RLAM{T)})

TNPUOL4S
TNPIIDY 46
TNPU0147
INPLIN 148
TNPIIN 143
T™NOUNIS D
Tmnyr1s]
INPUOLS2
INDUNLSD
ITMPUDLISS
INPUNLGS
INDUI1S0
TMPUNLRT
INPUDLHA
INOURLS9
IMPUDL16D
INeuniel
IMBYDLE?2
TNPUI0163
INDUD LGS
TNPUNLIES
INPURLES
TNDHINTIET
TNPUOLAR
INPUN169
TNeUYnN1LTH
IN2UONL1TIL
INDUNLT2
INDUDTLTI
INPUDYI TS
TNPYDLTS
IMPYDLTE
INDOYDLTY?
INPUNITA
TR0l 79
INPUS RN



S0T

N0 5 T=1l,6
WEAM{ T ) =WRAMIT)/OMEGAR®2
5 SWOEITI=SORTIWLAM(TY)
0o 30 1=1.6
TTET,1)=GET 4 NDPW}
TY(T42¥=2{1+NDPW)
TTIT,3)=PZ2{1,NDPW)
TTLY J4 Yy =WPHT (| 4 ND2W)
STTE1,9)==DNGIT,NDOW)
30 CONTIMUE
IFITFLTL.EQ.Q) 50 TQ 22
nO 24 I=1,6

.24 TT(I5 =00

23 rAMT [MYE

NC 40 Y=1,46

N0 40 J=1+6
40 CEIyJ)=NZCTyNOPHIRWUPHT ( JyNDPR}=DZ(J,NOPWIEWPHE (T ¢NDPW)

ALOCK=ROHACLACHOD*R*=4/ ATH

ANO=CLOAT{NARLD}

HR=HMAST/R
- SNOMEG=STENT1, 0, OMEGA)
20034 FORMAT(12)
GO FCRMATI{BROAL)
5001 FORMAT(ILY
AOG0 C ENRMAT(BEL10..0)
1001 FORMAT{AF1A,.5) )
[ epsegkdbidkddekk PRINT OUT AF TMPUT DATA

WRITE(&,5002) (NES(T),1=1,8N)
502 FPPMAT(///710% 100(1H%) o //720%,B0AL /710X, 1001 Hk )/ /)

WPTTE(6,50N4) TTYPE, TFLT, TROF, TRFS,TETGEN J1FPMAG
504 CORMATE/Z/INK, ' ITYPE=?  T2,3X, ' IFLT=%,T72. INy L INAF=T,

& T 243X, PTRES=® T2, 3X, ' TETGENS? ,12,3Xy *IFRMAG=,12)

WOITE( 6y VINDRLNROH,CHOC s AT R JHMASTLALOC K
1 FORMAT(//7 T4,'ND OF BLADESY T25,*ROH",T41; '"CHORD?,T59,*IR?

ST T4y "HMAST Y, TQ4, "LOCK NQ*¢,

<t/! TT7412:TLR,S{1PFEIRLT,2X))

e e el Be ok oo e ek

INDIICLRY
Tnoypla
INPYNLIR3
TNOUN1R4
TNPUDIASG
INDPUN]LRS
TNPUOIRT
ITNPUUALAR
TND{31AC
INPURLGN
INPYN Gl
ITNPUHQL9 2
IN2YD193
TNDNI0G
TNDYO195
TNoyN1a6
INONHG19T
ITNDUN198
TNPUIN]19G
TNPUO 2D
TNPHD 200
INDUASN2
TNPO 2073
INBUH2DS
INPUG 208
TNDYD206
Mo 2T
INeU0208
TNPYOZNO
INBUAR2EN
INPUG2YY
LASI N T3 0- 8 B
TNPUD2YR
IN?U0214
INPUN215
INPLIN21 6
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i

61

354

WRITE( Ay 2IOMEGA G R UEL ZT1 3 FDyRPAMDA
FORMATL/SS THyTOMEGAY e T2S 4PV T4 L YWFLY , TEG,'CLY,T74, (N
#yTQ4,1PAMDAY 7771%y 6{1PEYIG,T42X))
WRITElA,s1) COL fNFL3

FORMAT(///7TH, ' CDILECTIVE PITCHY,T25, *DEL 3

F771%201PC15,T742%))
MPITE (O3 WL WOEON,WCE » WD, WOMD , WEMA ’

FERMATL/// TOHy"WING Lt T25, VWING CHPD T4, "WINMG CLY,T59, 'WING CDE

ey TT4, "WING FMO,TO4, 1UTNA CMAY
“IIIVX Z6(1PE1S,T42X))

WRITE(6,4)FNTS,WTHET

FOOMAT(//7 Th'DNISTANCE AC FAE,T25, 'WING ALPHAW?Y
AISILIX L211PEYIGS.T,2X))

WOTTE(6, 25M)

FORMATH{/Z//1%,35(1H=-)}/1X,*EIGENVALUFS ( NATURAL FRFQUENCEES )¢
2 FIXgASLIH—) /22Xy V== 2AD/SEC )2¥2--1)

TF{ITYPELENLOY GM TQ 264

HRITE(&,2511(RPAMO(] ) ,1=1,MA)

FORMAT(/1X," «%PLADE COLLEOTIVERXY /4X ,4(F12,3,3X))
WRITF(&,252) .
FORMAT( /1%,
GC TO 255
WETTE{6,253)
FORMAT(/1X, ' *&P_ADE*xt)

WRITE{6,256) (RRAM{T ), I=1,MR)

FOPMATIAY 4 (F12,.2,3%))

WRITE(H, 25T {WPAMIT ), T=1,MKW)

FOPMAT /1X,%  *kWINGE%Yf4X,6(F12,3,3X))

WRTTF(6,408)

FCRMAT( /2%y '~= RAD/SFC/GMEGA ~=1')

TR{ITYPE,FO. A1) G TN 354

WRITZ{A,3STIISAMN(T Y, T=1,M8)

FORMAT{ /1X, ' =283 ADF CrILFCTIVE/OMEGAR®T/4X ,4(F12,3,3X})
WRITZLA,352)
FORMAT{/1X,*
60 TD 285
WRITE(6,353)

xR ADE CYCY TCH&?)

*RBLANE CYCLIC/NMEGAY=T)

TNPUN2YT
INPYS219
TMPH(2ES
TNDHIZ22 Y
NP2
TNDY0222
THNPUN223
TNPUNZ224
TMPUO225
INPUN226
INOUG22T
TMDUIN22 9
INDUN229
TNOUI0220
iNOYN23]
INBUN 232
TNRIIN233
INDPYA23S
INBUN 235
INPUY235
TNDUGB23T
T™PUN238
TNPIG 239
TMOUO 24D
INDUN 24T
IN2IIN242
ITNPUNZAD
TMDUN 244
INPLD245
IMPUD 246
TNPUDP 24T
TNe0248
TNPUN 249
INDUD2&D
rMoUNast
INPUAZS2



LOT

352
355
356

357
404

158

4A)
4A(

462
431
4720

46t
465

467
4¢
415

FORMAT(/1X,* ==%BLADE/OMEGAX%Y)

WRITE(6,356) (SAM{T),T=1,MB)

FORMAT(4X,4(F12,343X))

WRITE(E,3STHISHGIT ), T=1,MW)

FORMATL{ /71X,  *xWING/IMEGAY®Y/4X,6({F12.3,3X 1}
WRITE(64+409)

FORMAT(///1Xy*EXCITING FOIRCE COMPONENTS ')
WRITEL6H,25RICGHUST

FORMATL //T6,%0 GUSTY,T25,*V GUST?Yy T41,'W GUSTY, 759,

2 TTHETA Q' ,TT4,*THETA 1CY, TO4,'THETA 1S',/ /11X,

i#*

HEUIPELS, Ty 2X 1))

NO 4% T=1,M7

00 431 J=1 ,MAP i
RIG(T)=0.0

PA=ARS{W(T,d))

IE(DA —RIGUT)Y 460,460,461
PIGLT)=DA
PRA=ARSLVI T, J )

LK A -RIGILTIYY 431,421,462
BIG{T)=PA

T ONT T NE

BMAX(TY=RIG(T)

D0 435 l=z1,My

BO 435 J=1,NDPY
CRIGLIY=0,0

DA=ARCS(IG(TJ))

IF{pP4 —RIS(T Y)Y 465,465,466
RIG(T)I=PA

PA=(Z(1,.40)

TE{PA “RIGII)) 4236443R4467
BIGTTY=PA

COMT TNUS

WMAX(TY=RTIGIT) :
TFETTYRPE, EN. 0) GO TO 4RO

DO 440 1=1,MR

DO 441 J=1,MNDP

L

INOUD252
INPUD 254
INPUN?S5
INPUO256
INOUN257
INPIIN 256
1NPUO259
TNPN 26"
INBYN261
INPUN267
1NOUN2673
TNP0264
INPUN26S
TNPUI 266
INOU026T
INPIINZA/A
TNDU0269
INPYDPTO
TN 2T
INDYA2T2
TNOUYNDT)
INPUNOT 4
1NOUN2T7S
TNPUADT6
INOUN2TT
TNOUN2TS
INDYN2TS
INPLUOZRO
TNPYA2AL
INPUO2R?
TNDUOZRS
TNOYN 2R 4
TNPIIA2AS
INPUN2R6
INPUA2AT
TNPLIO28A



80T

473
470

4712
441
440
480

481
487

475

476

5005
477

PIGIT)I=0.0

PA=ARS{WCOL [ T44))
TF{PA ~RIGIINY 4T70.470,471

RIG{TY=pa
PA=ARQIYCOLLF,J))

TFLiPA -AIGII)) 4414441,472
BTGLI I =PA

CONT TN E

BOMAX{TI=RIG(T)

GO TO 487

DO 481 I=1,M8
SOMAXTTY=PMAXLT)
CONTIMUE

D0 475 T=1,MB

FRB{I)=BMAXI( ) /R
FRRO(T 1 =8OMAX(T) /R
CONTINUE

DO 476 T=1,MW
FRWIT)=WMAXI(T) F Wl
CONTINUE
FRUL3)=ARSIHWPHI(3,NPRPWI] )
ICERUG=0

IF{ IDERUG.EQ.Q) GO YO 477

WRITE(A, 5005 (BMAXIT Yy ¥=1,MB), (BOMAXIT ) T=1oMA}, (WMAX{T) 4T =1 oMW}

FORMAT(/// 110X ELS. T/}
COMT TNUF

RPETHRN

END

TNPRIN2AY
TNByYn29n
IMOQ291l
fNDIIY P2
TNBIINn2a
TNDPUIQRaA
TNPLIY205
MDY I296
INOUN297
INPUN2GR
INPUO299
T NOUD 3D
ITNPII0 AN
N30
TNPUYY 3N 2
[MPUNAGS
INPUNAZNS
INPUNTJNE
TNPUO3OT
TRBUINANY
INPUN3DD
INPUO3LE
INPUNIZYL
ITNPHIN312
INPUIN313
INDUNAL 4
INPUOZRLS
TNPUNILG



60T

50

INTERPCLATION FUNCTION-—=—=-- HERMIT
INTERPOLATTON FUNCT ION----L AGRANGIAN [NTERPJILATION FOR THE ANGLE OF TWIST

80

SUBRIUTINE INTPL
INTERPOLATIIN FAR THE NUMERICAt INTEGRATION
INTERPOLATICON{2 PIINTS)

COMMON/THE/THETN(2L1) (ME,MW

COMMAN /P ARMT/ ITYPE LIFLT

COMMON FAREAL/ IMEGAZRIWWELCL,CDy RAMDA , SNOMES
COMMON/WICH/ Wl g WCON g WCL ¢ WCT) 9 WCMO yWEMAZEDIS s WTHET,VV
DIMENSTION WX(21)

COMMON/WING/ NWyNNPW EMSWI(221,G{6421)1+NGL6+21)4Z{6421),DZ(6,421),
*EPHI{ 64,214 sNWPHI (6,211

DIMENSION GT 164251+ 21064200 s WPHIT(6,20)
COMMIN/RIMOD/STR(2043+61TSTR(2096,+3)
DIMENSTON XX{21)

COMMOIN/GIN/ VI G921  hoWl4y 210DV (49211 DW 4421}, THETA(2]),

FEMSL20) yAMASS (20) 4yNyNDP

COMMION /GINO/

COMMIN JAREAZ/VI{4,20) s WI(4920)y THETATL(20)
P MICOL (44200 s WICOL 4 ,20)

COMMIN JAREAZ/NPT, XXX{20),A(20)

IDEBUG =Y

WRITE(G, 50U}

VOOL L4y 2 ) o WCOL( 44211 yDVCOL (44 21) yDWCOLI4,421)
s+ AMASSI(20)

FORMAT (/7 /71X, x%k=xkx 3L ADE MUDE SHAPFS xmemxmt)
CXX({14=0,0

DU 81 T=1,N

XX(T+1)=XX{I)+EMS(T)

CONTINUE

IFLITYPELEQ. ) GOTO 13

WRITE(6,51)

FORMATI/1Xy'=—- CNLLEC TIVE MIDES --=1)

O 36 I=1,MB

WRIT=z{6,4500)1

WPITFRIA,4999)

WRITZ(O a3V 0Ly XXCI) G VCOL (T3 J) ¢DVCOLLT ¢ 3Dy WCNL LT » J b DWCIIL (T4 J)y

ITNTPOOGT
INTPRDO2
ITNMTPANNT
INTPOQOA
INTPUONS
INTPNC 6
INTPOUGT
INTPOB
INTPOO09
INTPOOLD
INTRUDLL
INTPOOL12
INTP00L3
INTPON] %
INTPOOL1S
INTPNRL 16
INTPOOLT
INTPUGL S
INTPODLSG
INTPOOZ2D
INTPI 2]
INTPTID22
INTPOOZ23
INTPY 24
INTR3025
INTPDO26
INTPSO2T
INTPOO28
INTPO( 29
INTPOM3AN
ITNTPUDO31
INTRUN2 2
INTPOQ33
INTPIIC 23S
INTPINIS
INTPOO36



0TT

36
52
o
4500

4999

60
Py

X

FORMATU//1X,y t=—=

J=14NDP)
CONTINUE
WRITE(6452)
CYCLYIC MDDES --—-*%)
CONTINUE
DO 35 T=1,MR
WRITEL 6y 450001
FCRMAT(//7 1X,"1=%,11)
WRITE(&,4999) '

FORMAT ¢ TS "ty TL3y "XXUJD " aT339 VT4 J) TS, DVII 4 )Y, TTI, WL

Zodht o TG3, DL, I )

WRITE(Gy3HJo XX o VT d)yDVIT ) oWlTod)yDWAIL 4Dy J=1,NDP)
FORMAT T{1X, [495({5XsELS5:T}) )

CONTINUE

WRITE{ 64 5999} _ ‘

FORMATUA/// TS ' J% yT134 XX( Uy T33, "THETNI(J) *3T53, PAMASS{J)*)
WRITF(694) 0 I XXUJYs THETNTJ) s AMASS () 4y J=1, NDP)

FORMAT { (1X, L443(5%E15.71))

DO 70 T1=1,NPT

D3 60 I=1,NDP \

IFIXXIT)aGELXXX(EI)) GD TO 11u

CONTINUE

EA=XX{I4-XX(I-1}

EB=XX(I)4XX11~-1)

XKSI=2, 0/FA%XXX(TI)-ER/EA

FL=tXKST42, 0 )5 XKST-Latid%m2/4,0

F2=202. G=XKST )= [XKST+1.0)%¥%2/4,0

GL=C(XKST+1o O)*{XKST-1,0)%%2/4,4
G2=(XKST~1e ) {XKSI#+1,0)%%2/4,0

FlL=(l.0~XKSI})/2.0

a

F2L={ 1 .0+XK51)/2.0

DC 93 4J=1ly4

VICIS o TII=VI I, I-11=F L4 VIS I ¥F24(DVIIIT-10%GL+DVIII, I 1%G2)
*EAS2.0%R

WILJy T =Wl dd o T=-LI=FL4W I T I=F24(DWIII I-1V1=GL4+DW{Jd, 1 ¥%G2)
*EA/ 2. (%R

INTPOG3TY
INTPAG38
INTPO039
INTPOOA:»
INTPOMG4 Y
INTPDOD42
INTPID &3
INTPGGAS
INTPUM4S
INTP VY46
INTPOO4T
INTPD(14R
INTPOO4Q
INTPOOLSY
INTPOOS]
INTPOOS2
INTPOUS3
INT P 54
INTPOOSE
INTPQOSH
INTPODS5T
INTPOO58
INTP3}59
INTRPUO60
INTPOGEL
INTPIYS2
INTPQO63
INTRP 64
INTPO5ES
INTPING6
INTPINGT
INTROOGS
INTPO06G
INTPYIQTO
INTPOUTL
INTRPOLT2



T11

*

o

IFUITYPELEQ.O)GO TO 90
VICOLEJI o T H=VCOL(JJp I-11%FL4VCOL CJJy )R F2+(DVCOLLUJ, I-1)%G1

+OVCOL{JI, 1) %G2) *EAa/24 0%R

WICOL{JJy IT)=WCOLLJIy E=2)*F L+WCOL Uy TV¥F2+{DNCOLIIJ o I~10%G1

+DWCOL(JI 2 I 1%G2I*EA/2.0%R

90 CONTINUE
AMASSI(II)=AMASS{I-1I*F1L+AMASS{1)%F2L

70

5047

5046

400

81

7000

7001

3

4

THETAI(TII)=THETA{

CONTINUE

[F{INEBUG.ERLD)
WRITE{ by 5048)

GJ TO 400

I-1)%FLIL+THETA(I

)*FF21.

FORMATH{/// TS5y Tl XXX L) 9 T35 ' WITLedYyTS3,*"WI{1eJ)*,T73,
E'VI[Z,J)',T?J,'NI(Z.J)'l
WRITE(Gy 3)CJde XXXCIIVy VI Lo JIh g WICL o dd) o VIT240deWI2,4dJ)dd=1,

NPT)

WRITSE(6,5047)

FORMAT(Z/7/ TS5 o TLE3p " XXX(JY o T33,8VI(34d)" g TS53,'WI{34JV",T73,
ANV L4+ d) 4 T93,"WllG,40 )
WRITZ(6 3 UdIy XXXCIIV g VI3, J0)0 yWEL35dU)yVI(add) o Wila,00),0d=1,

NPT)
WRITEL{GyS046)
FORMAT(/A// TH5 00, T13,XXX{J)",T33,

*AMASSI{J)* yT53,' THETAI (S )

WRITF (644 ) CJIg XXXTJI N9 ANMASST (JI)THETAT(JJ )9 Jd=1,NPT)

COMTINUE

WRITElLAH,53}
FORMAT(/ /771X ot aedieree

"WX(1)=0.0

DO 81" I=1,nW

WXCT+HY ) =WXET)+EMSWIT )

CONT INUE

0@ 38 II=1yMW
WRITE(6,7000)11

FORMATL/// 1Xs*11=',11)

WRITE(6,7001)
TS 0y TOy " MX(I) 9 T25,'GUIT v} »TAL ' Di5(1T,J)4,T57,

FORMAT{

WING MODE SHAPES w=3wwit)

U ZCITyd P wTT39 ' DZLTI+d ) T8 *"WPHITTT,J) "y T105, "DWPHI{ITI,J) ")

INTPOOT]
INTPOOT4
INTPTE TS
INTPCOT6
INTPOOCTT
INTPOATA
INTPRD TS
INTPLURD
INTPOOB]
TNTPQOA2
INTP-38 3
INTP{:84
INTPQLAS
INTP:.86
INTPQOSY
INTPO(2B
INTPLLUI9
INTPQOSO
INTR< 31
INTPU92
INTPANIG3
INTPQ095
INTP196
INTPGOOT
INTPOOGS
INTDP (GO
INTPGQ1ID
INTPOLOL
INTP102
INTPO103
INTPOLO 4
INTPO105
INTPO106
INTPD107
INTPDLOA



20
220

211

37
Li

7303

WRITELO S I (dyWXEI) 3G UTTod)aDG{I1pd)y 20T od)yDIUTT o) WPHILIT4U)y

FOWFHILTT d) 9y J=1,NDPW)

FORMAT ((LX, T4y TILX4E15,7)))

CONTINUE

CO L0 1I=1,WNPT

DO 20 1=1,NDPW

TFOWX(T ) BE« XXX{IT)) GO TO 220

CONT INUE

WEA=WX{I)-WX(I-1}

WEB=WX{ I)+wWX{1-1)

XKST=2,0/UEARXXX{TIT)-WEB/WEA

Fl={XKSI+24 O} *{ XKSI-1e 0} *%2/4,0

F2=(2e0~XKSE )R (XKST+1,0)%%2/4,0

GLl={XKSI+1.0)*% (XKSI~-1.0)%%2/4,0

G2=(XKST=1a QI *{XKSI+1a0)*x2/4,0

DB 37 Id=146

CIATUplTd=Gl{TdyI-1)2FLeGlLd, T1xF24(DCITJsI-11*G14DGL1J4T)*G2)%
FWEAL 2.0 %Wl

ZIIS D=2 01 =10 #F14Z{ TSy I #F24(CZLTdy I-1IXG NI 1J, 1 1HG2) =
EWEA /24 0 %W

WPHIT(ISy I 1 =WPHIC Iy I-11*F LeWPHIL 1Dy TI=F24{DWPHI(LJeI-1)*G1 e
AUWPHI(1J,1)=G21*WEA/2.0%WL

STRATT, 1, 1d)=GI(TI,1T)

STRIII+2,1)=Z1L14,11)

STRITE 3, 1J)=WPHIT{TID,1T)

TSTRATI Iy 1h=5T0T14,1T)

TSTRUIE.14y2)=21114,11)

TSTRITI 41 J43)=WPHIT(TJ,IT)

CONT INUE

CONTINUE

IF(INSBUG.ED, Q) GO TO 401

WRITEL6,7 231}

FORMATU///7 TS 3 4 T4t XXXLIN 3 T25,%GIUL1ad)*yTaly HI(L,J1}8,T5T7,
BYWPHIICL ) s T732 G102, J) 05 T89s "HI24J1 3 TIUS,"WPHIT(240)%)
WRITE(G ¢S5 )L XXXUIY oIl Lad )l oZI 10 I e WPHIT (T30 3sGIt29d)421(2400,
AWPHIT{Z2,d)eJd=1NPT)

INTPOL10U9
INTPC 1L
INTPGLI1L
INTPOL112
INTPIN113
INTPOL1 4
INTPSL1S
INTPOLYES
INTPO1YT
INTPD118
INTPOL1S
INTPGL120
INTPO121Y
INTRPOL2?
INTPOL23
INTPD124
INTPOL2S
INTP 126
INTPOL127
INTPGL123
IMTPOLZ2G
IMTPOL30
INTPiII13Y
INTPOLIAZ
INTPO133
INTP134
INTPCG13S
INTPO136
INTP™ML3T
INTPO13R
INTPH13S
IMTPO14D
INTPOL AL
INTP 142
INTP(O143
NTPO 144



ETT

7004

7005

401

WRITE( 69 T004)

FORMAT(/Z// TS 4"y T " XXX{J) 'y T254 'GL (3440 %9T4ly *RI(3,J),T57,
TUWPHITC39d) Y o TT34 "Gl {49 J)? yTBIyTH{G ¢ J) ' 4y TLUSy " WPHIT (4,441 %)
WRITE(S S5 Iy XXX I Iy G390 d )y ZI (35 J) o WPHIT(39d)sGll4ed)oZllbeJ)y
DHPHII {44}y J=1 NPT

WRITE( 647005}

FORMATA/// TS, 0 0%y Ty " XXX{J D4 T254'GI{54J) "y T4ly "HI(S5,J)"4T57,
TVWPHET (59 J) ' s TT3,'GI(69J)" 3 T8Iy ' HI69J) ' o T105, ' WPHET(B4 01"}
WRITE(G6e SILJa XXX(IIsGI(59d) +ZT (54 dd s WPHITUIS o d) oGI(64J)421{64Jd),
IWPHIT (649d) 4 J=1 NPT}

CONTINUE

RETURN

END

INTPD14S
INTPO146
INTPCL1GT
INTPO148
INTPO149
INTPG15D
INTPO151
INTROLS2
iNTPOIS3
INTPO154
INTPOL55
INTPI156
INTPOL157



AR

sEalale

SUBROUTINE AERODT

TO DEFINE TRt AERFODYNAWIC COEFFICIENTS AT THE POINTS OF GAUSSIAN
QUATRATURE

COMMON /P ARMT/ ITYPE L 1FLT

COMMON FAREAL/DOMEGAZRyVEL CL,COy RAMDA,, SNOMEG
COMMON /AREAS /NOBLD yREHCHOD, ATR yCK g #MAST
COMMON /AREAZ/NPTxxXL20Y,802C)

COMMON /ZBREAB/VI(420)sWI(4+20)THETATI{20) LAMASSLi20G)

= e VICOL{ 4,20y WICCEL(4420)

COMMON/ BREAG/H 434920 s HIt4 9201, HIT(4920) yHRZ( 45201 ,HNR{4420),

WO {4920 o VO( 4920 oW1 {4420)4V1(4,20)

2 yOHLAy 49 20) 9y 0W0 (44200 yOVLI{4920) yOHITEL4420) CHILT (4,200

al yCHV (4 420) yQHIVIS 020)
COMMON/AKKHAFTCP LU »FTLFGL2C ) oF TLIP2(20)FT2P1L(20)y FZ2POL2C),

JFZIOPO(20)+FZLFLI20),F22P2(20)

2 fFTIPUL20 Y 4 FT3PL(20) +FZ3Pul2ulFI3PL(20)
COMMONZADFE/HIT 14,20 sk IVE 420 yHV L4920 o HVI (49 20) 4HVIT [4,42G)
COMMONZHINDD/STRI2U s3940 19 TSTRIZ20 46431
COMMON/AWICH/ WLy WCID ¢ WCL yWCDyWCMO ¢ WOCMA GEDE Sy WTHET, VV
COMMON/WINGAR/TSTS (209646 )4 TSAS( 2006463 TSAGI20U9643)

DIMENSTON DAWS{3 33 ) yAWA(343),8WG{3,3)
DIMENSTION TSCLE(209€931,TSAL204643)

DO 1 I=1,43

D0 ¥ J=1,43

DAV AT, JI=0 &0

AWALT yJ)=C Wt

ARG([,J1=13.0

o0 2 I=1,26

NO 2 d=146
DO 2 K=1,43
TSDA( Ty JeK)=d 10
TSA(L s de K I=(W0
CK=—0,95%ROHMCLFCHOD* R* %4
Ca=CD/CL

v ALOCK +ANDsHR

AEROODO1
AEROOCO2
AEROO0OD3
AEROOUO4
AEROQQNS
AERDDCOG
AERCQ007T
AERDOQOB
AEROQLO9
AEROQOLD
AERQOC 1Y
AEROQO12
AEROGQ13
AEROQO L4
AERQOUQ 1S5
AEROQD 16
AERTDOYLVT
AERCOT1B
AERONOLS
AERNOND 2D
AERCDO21
AERDGLOZ2
AERODG23
AERQOOZ4
AEROON25
AERDQU20
AERG(CO27
AERDCNZSB
AERQQOG29
AERNOO3D
AERDOOQC31
AERDOCO32
AEROQO33
AERDODOD34
AEROGO35
AERDGO6



STT

160

Cal=1l.5+CH

Ca2=1.0~CA

AR ANCA=RANDA

RAMCA=ABS (RAML 2)

DC 11 JJ=1,NFT

XSQ=SERT{RAME AT 24 XXX JJ14%2)

TAUG=1.0/%SG

TAUL=XXX(JJ I/ XS0

TAUZ=XXX (4 )E*2/X5Q

TAUZ=XX X (JJI*¥*3/XSQ

ALPHASTHETAT(JJ )=ATANT RAMCAZXXX(IJ) D +ATAN( RAMDAY 44 5/ 340)
FTHO=RAMOAY#32ALPHATTALG +RAMC A2  ¥CAXTAIL+RAMDASALPHAYTAUZ
/+CA* TAU3

FThi=RAMDA2+29CAL> TAUD+RAMEA® AL PHAXTAU1+2,0*CA®TAU2

FTH2= 2, UYRAMCA» X 2% AL PHAY TAUU-RAMDAY CA2#TAUL +ALPHA*TAU2
FTH3=RAMDA* +3>T AUQ+R AMCAXTAU
FTHC=—F THO% SNOMEG

FIH1==FTH1

FTH2=~FTH2* SNOMEG

FTHI=-FTH3# SNOMEG
FIO0=—RAMDA753=CATAUQ+RAMDAR#2%ALPHAFTAYL
/4 ALPHAS TAU3

FZ1=RANNAIX2% ALPHAYTAUG+RAMEAYCAZYTAUL42.0%ALPHAKT AUZ
F{2==~240%RAMDA®* 2= C AT ALO +R AMCARAL PHA =T At} 1-CAL $TAU2
FZ3=RAMDAY # 2+ TAUL+TAU3

FZi=FZ1*SNOMEG

DO 200 J=1,4

DO 100 I=1,4

HEJ o Do dJ)=FTHLEOVI Ay S0PV IE Ly JUV4FZ 1AW T LSy JI DV (T, JJ) #F TH2®
PVE(Iy JUI=WILL p JJIHF 222wl (JsJI)*RWICT 34D

FF(ITYPE.EG.0) GO 10 106

CHOJaT 9D =FTHLYVICOL (I dJII7VICOL (T3 JII+FL1WICOL (Jydd )%
A VICOL {13 JJP#FTH2AVICOLE S5 S *HICOLL T Jg) ¢FZ2RWICOL
2 (J3+9J) *wICOL{T4JJ)

CONTINUE

HI(J s JUISFTHLOV] (d o JJI+FZ LA WICd,J40)

~RAMDA*CA=TAUZ

AERQQO37
AERC(D38
AERDOQ39
AERDO240
AERCOCS]
AERDOUD42
AEROJU43
AERDCO44%
AERNDGO45
AEROQQ 46
AEROGO4T
AERJ04B
AEROCD49
AFROGOS50
AEROOOS51
AERQQ052
AERONDS2
AERONONS54
AFROUO5S
AFRONOSS
AERQUOST
AERCDOSE
AEROCOS59
AERCQ060
AERDO061
AEROQOO62
AERDDQO3
AEROQDOGA
AEROCO065
AERDQO66
AEROQO67
AERIGN6S8
AERDNOO6S
AEROOOTC
AEROCOT
AERQ00T2



91T

Ciru

HITAdy dIr={FTH2*VI{JyJJI+FZ27WI{J o JIDD2XXXII)
HRZUS ¢ 1V =FTE2AVI(J, JJI+F 222wl J,JJ)

HNRADy JIY=(FTHISVI(dyJII+F7 1400 dd) I RXXTSd)
WO Jy JSJI=AMASST (JII*WI(Jdsud)
VO{JyJJ)=AMASS I MRV td,y Jd)

WLy JJ) =AMASST{JIISNT(dedd)®XXX DY)

VIS o dd)=AMASSTCJI)AVICdy JAI2XXX(SS)

HITICdy JAY=FTHI2VISyJJV+FTH2AN] (4 4 dd)

HIVEd s ddh=HITT(J»dJd)mxXX{dd)

HVY{ g JII=FZ1aVITd,y ) #FZ2%WI(J,00)

HVI (JydJ) =HV I 2 J S ) -¥XX (4 )

HYTI{D 2 3 3=F20=VI(JedJI-FTHOAWI( 44 d J)

CHITI{J 2 JIV=FZ3~WI{JdyJIP+FTHIIVI(J I}
IF(ITYPELEQ.D) GO TO 200

OWl Sy JI)=AMASS T 4U I WICOLLdeJJ )

(VICde Jd)=ANASST{IJ)*VICOL Iy JII*XXX{IT)

MR Z (s JII=FTHZ2VICUL (I +JII+F22%W1C0OLIJ 4 JJ)

HMR{d s JIV=CFTHINVICOL(Jp JIISFZLI¥WICOL{JpJJD I 2 XXX SI}

AHTTECD g dd=F224WICOLAJy JU)#FTHI*VICOL (JyJd)
UHVA(S 1) =FZLaVICOLtJ 4y JIV4FZ2*WICOL (Jy U J)

HIVI JUI=(FTHI=VICOULLD » J I+ FTHZ* ICOL( Jo JI NI #XXXTI I )

CONTINUE

A=HMEC FOF WING DUE TG BLADES

FTO2L{dd) =FTHO*XXX{JJ)
FTLPG{III=FTHL

FTLP2( 1) =FTHI* XXX {JJ)*=*2
FETZ2ZPL{J)=FTHZ«2XX{.}J)
LN d)I=FED
FZLIPLL{JJ)I=FZL%XXX(JJ)
FI2PtyI=F72
FZ2P2(J1)=F22=Rax (JJ)ru2
FT3PU(JJ) =FTR3
FTARPLEIDI=FTEISXEL(GI )
FZ3PJ(JJ)=F23
FZAFL0JS)=F23 2% X{JJ)

Ll CONTIMUE

AFROACTS
AERONGT4
AERQUQTS
AERDDOLTE
AEROOOQTT
AERDQQTE
AEROOUTY
AFRDGUBRD
AEROQONS]
AEROQ(B?
AERODQO0B83
AEROCOBG
AEROCQOBS
AEROCL 36
AERQOURT
AFROGO8BA
ARRQUUISBY
AFROAQ9OD
AERD109]
AERDGO92
AERDOC 9D
AERQI094
AEROCOY9S
AERGGI96
AERGOCIY
AEROLGGR
AERDJG9S
AFRCOL 00
AERZO1IN1N
ARROOLO2
AFRCLLG3
AERGUOLCG
AERDOL105
AERDONDL1J6
AEROULOT
AERQQL08



LTT

C

W
2
N

5073
5ul

AERO FOR WING DUE TO ITSELF

RAMDA= ARAMDA

RC=ROH=WCGD

DAWAL Ly L) =—054RCHVELLSWCL+ WL D)
DAWALLE2)=RCE*WCLAWTHET3VEL

DAWAL 2y 1)=—0.5*RC-WCLAWTHETHVEL

DAWAL 2,42 )=~RC2WCD=VEL

DANAL{ 3, 1) ==-{ 5%RCWCODSVELS (WCL+*EDIS+WCMA)

DAWA( 242 ) =RCWCUDT ( WCMO+ WEMAXWTHET ¢+ WCLA¥WTHETHED] S) =VEL
ANA(L 43 )=0 0% RCeWCLAVEL2%2

AdLTE333 ) =L S5 RCYWCODVEL *3 Za { WOMA+WOL*EDLS)
MGLL.L)=DAWALL, L I®VFL

AWGL{ L2 )=0AWA(Ll 42 )9VEL

AWGL 2,1 )=DAWA(Z,1)=VEL

AWG(2+3)=0AWA(2,2)>VEL

AWGTI3,1 )=DAWA(Z,1)2VFL

AWG (3, 3)=CARA(2, 21> VEL

GO B3] 11=1KET

N 212 T=1s6

DT 502 J=1,73

DL 5132 K=1,3

TENMA( Il Iy J)=TSTRUIT Yl 4KI*DARALKyJI+TSTAC(TL T 4]0 )
TSA(TI Ly T d)=TSTROII y Iy KITAWATK, JI+TSA(TI I 4d)
TSAGCTI w1 JI=TETRUIT o T oK) *AGGE{K pJY+TSAGLIL o1 4d)
CONTIMUE

N0 523 I=1,E€

NGO Bu?2 le'ﬁ

) 503 K=1,2

TSOSUIT Ll e d¥=TSNACTI LI 4KV STRULIL 4K oS +TSDSHEIT41,4.0)
TSAS{ I T o Ved ¥=TS2ACT T, TyKIWSTRETIT g Ko JI4TSASLII W] od)
CUNTEINUE

CONTINUE

PETURN

EM0

AEROU 109
AERDOUL LU
AERDT1LL
AERCDLIY2
AERCOOLL3
AERGLL L4
AERIQOLLS
AERQC116
AERQOOLL7
AERDQLLS
AERDAL1Y
AERCOL2U
AEROQ121
AERGQL22
AERCQEZ23
AERCO124
AERCQO125
AERQGL26
AERDOLZT
AFRDOQLZS
ARROD129
AERCul 3L
AERDM1131
AERQuUL32
AERCUL33
AEROD134
AEROOL3S
AEROCL36
AEROO1L3TY
AEPQOUL3B
AEROU139
AERDY) 40
AZRGOL1&1
AEROOL 42



BTT

GO

13

1000

SUBRJUT INE CRDINT
TO CEFINE THE ORDER OF NUMERICAL INTEGRATION

COMMON /PRARMT/ ITYPE +IFLT

COMMON /AREALY/DMEGA Ry VELWCLCDyRAMDA ySNOMEG

COMMON /AREA&/NQOBLD yRDHCHODAIB LKy HMAST +ALDCK 4 ANGy HR
COMMON/AREAS/AHT4 44) o AHI{G) JAHTTI (4 ) 2 AHRZ 14 )9 AHNR{ S ), AHC T4 ), AVOI( &)
Dy ANLL4)AVI(4) s OAHT 49 %4 )9 0AWD{4) - 0AVLL4) J0AHTTTI(4) ,CAHIIT (&)
2 yOAHV 4 ) yOAH IV G )

COMMON/ZAERQ/ AFTOP L AFTLIPOL,AFTLP2 4 AFT2P1 o AFZDPOWAFZLPLL,AFZ2P0
FAFZ2P 2y AHIT T4 o ARTIVI4 ) g AHVI4) 2 AHVI 4) JAHVIT (&)
2 2 AFT3PQ,AFTAPYL,,AFZI3PG,AFL3P]

COMMON/WICH/ WLy WEDD gy WCL g WED yWEMD y WOCMA GEDI Sy WTHET, VV
COMMON/ ARWNG/ DARWA (6 96 ) ¢ ARWA(6 46 )3 ARWGLGE,3)

1DEBUG=0 :

NN=1

DO 100G Jg=1,4

GO 10U I9=1l.4

CALL IMTEGIFSUMyNN,JRLIR)

AH{JQe I Q) =CKAEFSUMFR=%x2

CONT INUE

NK = NN

MN=NN+ L

00 200 JE=1l+4%

CALL INTEGI{FSUM,MN,JQ,10)

FSUM=FSUMR{K /R

M M= NN =N

GO TO {2:3,4,5)yNM

EHECSTi=FSUM

GC 7O 204

AHIT{JQF=FSUM

G TO 231

AHRZ{J4Q)=FSUM

6@ TO 200

AHNR (JQ)=FS5UM

CROT GG
NROIC002
ORDIQU(3
ORDISOD4S
ORDT 0005
ORDIVG MG
grDIJDLLT
OROIOGLOA
OrRDINAOOY
OrRDIOOLO
OrRDIDCLL
ORNDIOO12
oRNDI0013
ORDINDOL S
ORDIOOLS
DRNDIOOYE
ORDICOL7?
nDrPDIOGL A
gepDI 19
GROISN2G
TMRGIGCO21
OrDYI N22
Gro1d023 |
aRrDIGL2Z24,

ARDILO25
QRNTJ026
ARDINN27Y
ORDING 2R
ARDINN29
OPDL+ 30
ORDIOO31
OeNYNCI2
ORDOIGO33
OR210034
RIS 35S
ORNDIOG36



6TT

200

2600

3e0

3000

10
1L
L2
13
L4

15

CONTINUE

IF{NNJLTeS) GO TO Q00
NK=NN

NN=NN+1

00 306 JO=1,4

CALL INTEGIFSUM,NN,JQ,IQ}) -
FSUM=F SUM¥R* %2 ’
NM=NN-NK

GO TO (647T+8+9)NM
AWQ{ JQ) =F SUM

GO TO 300

AVOLJIO ) =FSUM

GO TO 300

AWL (JQ)=FSUM

GU TO 300

AVI (JQ)=FSUM

CONTINUE

TEFINNGLTS9) GO FO 20090
N =NN

NN=NN+1

CALL INTEGIFSUM,MN,JQ,I101}
FSUM=FSUM=CK=ANG
NM=NN=-NK

GL TO ( IOy 1iv L2139 049159161 7)eNM
AFTDP1=FSUM

LS TA 400

AFTLP . =FS5UM

GO TO 40Q0C.

AFT 1P 2=FSUM

GO TO 400

AFT2P1l=FIUM

GO 7O 400

AFZOPR=FSHM

GE TO 400

AFZIPLI=FSUM

GO TO 400

ORDICO3AT
ORNINNBAG
0enIooiag
oenNIve40
erNING4l
DRI 0042
ORDIQ043
ORDIVD4S
DRDOTID0&S
ORDICN46
ORDI G047
ARDTGU4E
OROTUN4C
ORDIOODS0
ARDI0051
ARDIQOS2
ORNDIC0S3
AFDINIS4
NRATANSS
ARAIGTSA
ORDIIUST
CRO1 0058
JRNDINNS59
ARNTLCAD
QRN 0061
NRIINIG2
ORDINGES
ORNDID0G4
RN IG5
ORD10066
ARDIO06T
NRDII0N68
RD10069
MRDIVETS
ORDINGTY
NENIAOT?2



02T

16

17
40¢

4000

18
19
20
21
22
500

5000

23

24

600

AFZ2P0O=FSUM

GO TO &4

AFZ2P2=FSUM

IFENN.LTL.17) GO TD 36uDG
NK=NN

NN=NN+1

DO 500 JG=1l,4

CALL INTEGIFSUMNN,JQsIQ)
FSUM=F SUM/R*CK*xANO
NM=MNN-NK

GO TO { 18419420521 422) yNM

AHITI(JQ)I=FSUM
GO TO 80D
AHIV(JQ) =FSuM
GO 1O 504
ARV ) =FSUM
GO TB 5
ARVI{JQi=FSUM
GC TQ 5G0
AHVII(IQ)=FSUM

CONTINUE

IF{NNSLTL. 22} GO TO 4000
NK=NN
NN=NN+1

DA 600 JA=1,6

D@ 600 IG=1,6

CALL INTEG(FSUMyNN,JQ,1Q)
NM=NN-NK

GO TG (23424),NM

FSUM=F SUMEWI. /ABS (BMEGA)
CARWA(JQ, IQ}=FSUM

GO TOQ 600

FSUM=FSUM=*Wl JOMEGA** 2
ARWAL IO 1Q)=FSUM
CAONTINUE

ORDIOOT3
ORDI0D74
ORDIQGTS
OPDIN 76
ORDIOOT77?
ORDIGOT8
ORDIOOT9
O0RDO10080
JROIHUB1
ORDICOBZ
ORDIONOB3
ORDINOBS
ORD10Q085
ORDIOU8G
ORDIGuBT
N2D10088
ORDIGULBI
DROIOBNF/0
CRDICO9L
JRDENNG2
020710093
ORDIUU94
ARDIGOSS
ORDIDO%6
DRDILL 97
NRDIJNIY
DRDIGD99
OQROICL )
0&DI0101
DRDTVL1G2
GROIC1ID3
ORB10104
ORDIOLOS
ORDID10OG
ORDIGLOT
OorRNIN18



TZT

700

801

20¢03

27
28
29

30

50

51

ECIR

NN=25

D0 700 JQ=1,6

DO 78 1Q=1,3

CAvL IMTEGIFSUMyNN,JQy IC)
FSUM=F SUM*Wi /OMEGAX 2
ARWGL{ JQ IQ )=FSUM

CONTINUE

NN= &

DO Bitl JQ=1+4%

CALL INTEG(FSUM NN, JQ4IC}
FSUM=FSUM=CK /R

CAHITI (JQY=FSUM

CONTINUE

NK=NN

NN=NN+1

CALL INTEGIFSUM,NN,JG,IQ)
FSUM=FSUM%C K¥AND

NM=NN-NK :

GOTD (27428429330 ),NM
AFT3PO=F3UM

GO TO 26GE3

AFT3PI=FSUM

GO TO 2003

AFZ3P0U=FSUM

GC TO 20003

AFZ3PL=FSUM

IF(IDEBUGLEQ.O) GO TO 450
WRITELG+SOQ)ILAHI T+ 3Ysd=1s4)0l=1y4)
FORMAT(//7/7/1%e2%s YAHY 34(T10441ELST42X) /71X )
WRITE(6+S5LIAHTILART I, AHRZ y AHNR  AHI TT s AHIV yAHV ,AHVI s AHVE] CAHITI
FORMAT(2X *AHI* y T10,4(ELS.T¢2X)

72Xy *AHTT Y, TLO4(ELS: Te2 X}
/2Ky *AHRLZ', TlO4{E15.742X)
/2%y AHNR 4 TLOs4(EL15.7,2X]}
/2Xy YAHTIT, T10+4{E15. Ts 2X)

F2Xy VARRIVY, T10,4{EL1S. Ty 2X)

ORDIOLG9
ORDIQ110
ORDINILL
ORO101172
ORDIO113
QRDIO114 .
ORDIOLLS
ORDID116
ORDIOL17
ORDIO118
ORDIN119
ORDI0120
ORDIO121
ORC10122
GkDI0123
ORDID124
ORDIO125
ORDIO126
ORD10127
ORDIO128
ORDI0129
ORDIO130
ORDI0131
ORD10132
ORDIO133
ORDIOQ134
ORDID135
ORDIO136
ORDIO137
ORD10138
ORD10139
ORDIN140
ORDIO141
ORDIQ142
ORDID143
0RDI0L44



22T

Py 72X e VAHVY , T10,4(EL5.792X) ORDI 0145

* /12Xy VAUV, T1044(E 15, 742X} : ORDIN 146

1 72Xy AHVEIT Y, T1044(E1547y 2X) ORDIOL4T

a 72XV CAHIITY, T104(EL1Ss Te2X) ) ORDIG148
WRITE(&,82) AFT3PO,AFT3PL,AFZ3P0,AFZ3P1 DRDI0149

82 FORMAT (2X,* AFT3PO! yTL0,E15.7 ORDIO150
* 72Xy *AFT3P1? 1 T10,E15.7 DRDIN1S1

* /2Xy VAFZ3P( 2 T104EL5.7 ORDIN152

* /72Xt AFZ3P]Y 1 $10,E15.7 ) ARNIO153

450  CONTINUE ORDID154
IF{ITYPELEQeD) GO TO B85} ORDIO155
NM=NN+ 1 ORDIOL56

DC 1DL JQ=ls4 DRDIO1S7

00 101 1@=l.,4 ORDIO158

CALL INTEGIFSUMyNN,JQ,1Q} 0’RD1O159
DAH(JQe I Q)=CKXFSUM/ R**2 ORDI10160

101 CONTINUE ORNIO161
NK=NN ORDIN162

2001  NN=NN+1 NRDIO163
DO 301 JO=1,4 ORDIOL64

CALL INTEG(FSUM,NNyJOQ,1Q) GRDIDL65
FSUM=FSUMER*¥2 ORDI 0166
NM=NN-NK ORDIN16T

GC TO (32433),NM ORDIO168

32 DAWOL JQ ) =F SUM DRDIG169
GO TO 301 ORDINLTO

33 0AV1 (JQ) =FSUM ORDI 0171
301 CONTINUE ORDIO172
IF(NN.LT.33) GO TO 2001 ORDIE173
NN=NN+1 ORDIOL T4

PO 302 JQ=1,4 NRDIN1TS

CALL INTEG{FSUMyNN,JQs1Q) ORDIGYTE
FSUM=F SUM®CK /R DRDIOL177
DAHITI(JQ )= FSUM ORDINLTS

302  CONTINUE ORD10O179
NN=NN+1 DRDIN180



£ECT

784U

781

80

81

E31

DO 780 JR=1,4

CALL INTEGUIFSUM,NN.JQ,IQ)
FSUM=FSUM<C K /R=ANO

OAHV (JQ }=FSUM

CONTINUE

NN=NN+1

NG 781 JO=1l,4

CALL INTEGOUFSUMeNN,yJQ,10Q)
FSUM=TFSUMACK /P *AND

QARIVI4Q)=FSUM

CONTINUE

IF (ICERUCG.EN.O) G TO 851

WRITE(G 80} ((OAHIT y ) s J=1sG e l=1s4)
FORMAT(2Xy 'OAHY, 40T10,4(FL5a Te2X)/1L X))
WRITE(6,81) OAWO,0AV1I,OAHIIT ,0AHV,BAHIV

FORMAT(2X,'QAWD! 2 T104(ELS Ty 2X)
# FZ2Xy "OAVL® v T10,4({E15. T4 2X)
x F2X V" OAHI T vy T10,4{E154742X)
= £ 2%y "ODAH V! 2 T10,4({EL5, 742 X)
" /2X e "OAHIV S 'T10,44E15.7.2X3

RETURN

& ND

enIvisl
JRDYIQOLR2
IrRDIJL83
ORDIO184
0c10185
oenNrhles
ORDIGL1BT
JROINL1BS
oRDIJ1ARQ
JRDINLSO0
NRNIB191
GrPNId192
NRATOL93
MROTI1S4
ORNIN195
ARDJIULG6
JRNDT 1197
JRNT Q198
ORDOIV199
QRDTG200
ARNT0201
ARDIIZ2H2



ve1

SURRJUTINE INTEGIFSUY NNy JQ,10)

c
€ NUMERICAL INTEGRAT [ON~~--—GALSSIAN QUABRATURE
C

COMMION ZAREAZ/NPT, XXXL201A(21)

SUM=04D

DO 40 d44d=] NPT

X=XXX{Jd2)

SUM=SUM+A CISII*RFIXs NNy JJJedQy10Q)
40 CCONTINUE

FSUM=0,5%SUM

RETURN

END

TMTEO(LCOL
INTF 332
INTEGLSG3
INTEULUS
INTELLUS
INTEQGOS
INTEJLOT
INTEUGGSB
INTEQQOS
INTEQJ1D
INTEQCLL
INTEJGL1Z
INTEQDQL3



[

[aNeNe!

11

FUNCTICN FAX NNsJIJydQe1C)
TO DEFINE THE INTEGRAND FUNCTIONS

COMMON/AREA4/HU4 94420 s RTI(4,20)sHIT(4,20G) yHRZ14420) yHNR(4,20),

EW0 (442003 V0L4020) ) WLE4420),V114,20)

a 2 OHU 4940200 sOWIL4 020 0OVIC492C) oOHITI (G200 4CHITT (4,200

a s OHV (44200 40HIVI4,20)

COMMONZAKKH/FTOPL{Z20) oFTLPO{20)4FT1P2(20)FT2PLL20), FZ2PUL2Z2U),

FFREIOPJ(20)FZIP LU 2D 4 FZ2F2(20)

a +FT3POL20)yFT3PLI2C)+FZ3P0OL20),FZ3P1(20)
COMMONZADFB/HITI (44200 98 IVI4020) yHV (4 200 oHVI (44200 +RHVIT(4,20)
COMMONZ WINGAR/TSOS(20eE 4614 TSASL1204646) o TSAG( 26564 3)

GT TO(19293 144546979839, 0911912+¢13914315516417418419+20,

0219229239249 2542642T92B842G930931932133434935436) 4NN
F=HLJEsIC s JID)
DETURN
F=HI(JQ,,dJJ)
RETURN
F=HTITI{JdNydJJ)
RETURM
F=HRZ(JC,JdJ}
REFURN
F=HNR{JG,JIJ}
RETUN
F= WI{ddyJdId)
HETURN
F= VO(J4RydJd}
RETURN
F= WlldJdG,yJdJ}
RETURNM
F= VI{JG+JtJdd)
RETURN
F=FTOPLL M4 Y]
RETURN
F=FT1PLLI3JH

MMM T T i TN T M T T TITTIMT T T T T T T T MMM TN

JUUl
W2
Q003
0G4
AU5
VTR N
AT
oGha
oLU9
J010
Q011
witle
gul3
JUil4
Yuls
J016
Gul?
Jala
0Cls
wJ 2*-)

21
3022
G 23
0024
uz2s
Hu2s
0027
Ui 28
Ju29
vu3u
M3l
0Q32
JJ33
0034
J035
L3336



9¢T1

12
13
14
15
16
17
18
16

29

22
23
24
25
26
21
28

29

RETURN

F=FT1PZ2 {JJJ)
RETURN
F=FTZP11lJJ4}
RETURN
F=FZOPULtIII ¥
RETURN
F=FZ1P1{JdJdd)
RETURN
F=fFZ2PUlJdI)
RETURN
F=FZ22FP21{J4JJ1
RETURN
F=HITI{JQy4d4d)
RETURN
F=HIVIJE ydJd)
RETURN
F=HVY{(J4Q,J44)
RETURN
F=HVI(JQsddd)
RETURN
F=HVIT(JQsJJd )
RETURN
F=TENSTJII 40, IR}
RETURN
F=TSAS(JJJd,4Q,1Q)
RETURN

F=TSAGIJIJ,y JQyIQ)

RETURN
F=CHIII(JQ,dJJ)
RETURN
F=FT3P0(JJJ}
RETURN
F=FT3PL(JJJ)
RETURN
F=FZ3P0{JJ4J)

T AT AT T ITTITYTITITTETRTMTTI T NI AR NIRRT T M

J037
JU38
Q39
cusld
J041
42
G043
GL44
Uri4s
0046
0u47
Uu4b
004G
11150
sl
UL52
'.)l'}53
D054
JUss
U996
gosvy
LG58
130549
160
61
uée?
0063
ude sy
006%
Ua66
(1!367
68
0069
0070
007l
LOT2



LZT

34

35

36

RETURN
F=FZ3P1(JJF)
RETURN
F=DH{JQ,1CyJdJ)
RETURN
F=0W01JQyJdJ)
RETURN
F=0V1(JQyJJJ}
RETURN
F=DHIII{JQ,JJdJ)
RETURN
F=OHVIJEyddd)
RETWURN
F=OHWIVEJdy dJJ}
RETURN

END

b 1Tt B ¢ M T T T M T B 3 Mt 1 M 1 B 2 M 4

oG73
YT
0075
QuTH
acT?
Ggo78
JET9
JO8J
DUal
was2
2083
JuBé
yi8s
0056
3387
Auss
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[alaNaNe)

300

SUBRDOUTINE AINER

TA DEFINE THE EQUATICN'S COEFFICIENTS IN MAVRIX FORM RELATING TR
INERTIA TERMS

CCMMON ZPARMT/ ETYPE »IFLT

COMMON ZAREAL/OMEGA,ZRyVELCL+CDyRAMDASSNOMEG

COMMON FAREASG/NDBLDyROKCHODWALB ¢CK g HMAST +ALOCK o AND4HR
COMMON/AREAS 7 AHL G 34 ) s AHT{4 )y AHIT(4) 9 AHRZ 4 ) o AHNR (&) y AWO( 43, AVO(4)
e AWL(4) s AVL(4)0AH{ A+ 4) 4 CANOL4) s0AVLL4) JCAHTI T (&Y, CAHIIT(4)
a yJAHV 41 s DAHIVI4)

COCMMOM ZINERTI/ZTTIMT{S 3693 ) o TYCT U441 693 o AMIT493,6)4CUT (44346}
COMMON/AMATIC/TT{6:5),C(&,46) 1 TU5,46)

DIMENSICN AMT (4¢553)14CI04e33510AMEG433,5)TCU(42,5,3)

D0 50 I=1.+4

B0 b4 J=1,5

DG 50 K=1,3

AMTLTI d9KI=0.0
CUJ(IsKyd}=040

DC 210 AN=1,4
AMT(NM, 143 )==AVE(NM) /R
AMT (NM42,1)=AWO{NM)/R
ANMTUINMy 3,2V ==—AVC{N?) RHE
AMT {NMy 3, 3)=AWLINM)
ANT(NMe442)=—-AW1 (NM])
AMT (NMy 49 3)=~AVOENM) *HR
ANTINMy S, 1= AVLENM)
IF(ITYPELEQe D) GO TO 30¢
AMT(NMy 291 i=0AWIILNM) /R
ANTINM, 5,1 )=C0CAVL(NM)
CONTINUE

CC 2 I=1l,¢

OC 2 J=1,3

CG 2 K=1,°%

TTMTANM s Lo dI=TTUI K J#AMT INMy Ky JI+TTIMTEINM, T, J)
DO 3 I=1,6

AINEGUUL
AINEJ N2
AINEIUCH
ATNEGLUS
AINEUC 25
AINEQOOE
AINECOOT
AINEQODB
AINEOCGO9
AINEDCLD
AINEGOL1
AINEOGUL12
AINENWILD
AINEJCLA
AINEUGLS
AINEJDILE
AINEJOLT
AINF)JLB
AINENGLO
AINEDO?2D
AINEu21
AINEQQ?2?2
AINEGOZ23
AINE 1024
AINEQDZS
AINELL26
AITNEI27
AINE Jg23
AIME.D29
AINEDO30
AINE O3
AINESD32
AINEQQO33
AINEJG34
AINELU3S
AINEDU36
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Lt

1
2lu

DC 3 J=242

TIMTUANM I g JI=0WS5*TTMTINN I J)
CJ[NM12p3)=2.0*AW1(NM!
CIINMy3,4)=2.CxAWLINM)

BC 5 I=1,5

OO 5 J=1i+3
TCIINMy 1+ J¥=CIINM U, )

EC & I=1.0

DO & Jd=1+3

DC & K=145

TTCTHNM g Ly d)=TTIE o KISTCIINMy Ky JI+TTCTI{NM, 140 )

nO 180 =146

DU 149 J=2,3

TICTI MMyl 9 d ) =055 TTCTIUINMy T4 J)

CL 7 I=1s5

cCC 7 J=14&

T{IvJ|=TT(J113

EC 8 I=143

GC 8 lefE

AMINM, Ty J)=AMTINMy Jy 1)

Do 9 [=1,3

DE G J=1ls¢

DC 9 K=1,5

ANMITUNNM T Jb=ANM{NM, T yKIATIK yJI+AMITINM, 4 D)
PO 10 I=1,3

CO 1 J=lyb

DC L0 K=1,45

CITINMy Ty d)I=CIUtNMy Ty KISTUKy JI+CITINM, I, J)
CONTINUE

RETURN

END

AINEWL3T
AITNFOQ38
ATNEULIY
AINEJU40
AINEDJOS41
AINEUDSG2
AINEGOS3
AINEOUAS
ATHNE 1045
ALNEQD46
AINEJ(4 T
AINELC48
AINEQULS
AINELRS
AINEGLNOS]
ATNEQUS2
AINEVGSS
ALNEOOQOS4
ATHEQUSS
ATNEDLGYH6
AINEOQOOST
AINEJLUSSE
AINEUOLSS
AINE!ING6U
AINEIGEL
ATNEOOS?2
AINEQOS6]
AINEJQ6ES
AINEQUSS
ATNE Hibb
AINENDST



SLEKOQUTINE AEROMT

TO DEFINE THE EQUATICN®S COEFFICIENTS IN MATRIX FORM RELATING T3
AERCCYMNAMIC TERMS

OO0

CCHMMON /P ARMT/ ITYPE +IFLTY
COMMON JAREAG/NOBLDRCH,CHOD,ALR,,CKyHMAST e ALOCK o AND, HR
COMMON/AREAS/AH 4941 yAHTILA) ¢ AHTT(4)  AHRZ U4 ¢ AHNR(4 ) AWOL4) 2 AVD( 4)
a ANl(ﬁlqﬂVl(Q'tDAH[é 414 CANDLS ) ¢CAVIL4 )y OARTTI{4 ), CAHITI L 4)
CCMMON /AREAL IJHEGA R,VEL:CLICD.RAMDA,SNUHEG
CCMMCN/AERQ/AFTOPL JAFTLIFOJAFTLIP2,,AFTZPl, AFZOPQ,AFZIPLl,AFZ2PO,
DAFZZ2PZ-AEITIEA e AHIVIA) s AHVIA) yAHVE(4) JARVITLG)
d 1 AFT2PO.AFT3FP1, AFZI3PO,AFZ3P1
COMMON/ZAMATTIC/TTLOs5)CL646) 21 705,61
COMMON ZARR/RGUSTI b€ ) +CAMXI64E) JAMXIE606) 4DQUG0693) 20 406431}
2 s OHMAX (44 3,6 o hMAX (443, 6)
CCMMON /COUPL / CAKPC{4) sAKPD{4)
DIMENS TON COHMX (49 395) yCHMX {443 ,45)
CIMENSIIN GUSTLIS5+6) 4CCAMX(S545)yCCDAMX(645),CAMX{5,5),CCAMX(6,45)
2:C00(4,5,42),0Q0445,3)
CC 1u0 I=1,4
CC 130 J=1,3
CC 130 K=1,45
COHMX{I 442 K)=04.0
CHMXLT, JiK)=ua
CEQUI KpdIzUeD
1GG CQUTeK, JI=0.0
DG 161 1=1,5
CC 102 J4=1,5
CAMX(1441=0.0
1a2 CCAMX(IyJdi=u. )
CEC 103 K=1,6
CLST{I;K)I=lsC
CODAMX Ky T)=waed
103 CCAMX{K,1)=0,0

0T

AERI0CUL
AERTIYLA 2
AERGOUU3
AERDUUl 4
AFROG(IS
AERDUD0E
AERQNGIT
AERDQOGUB
AERDOCGSY
AERODOLG
AEROGGL1
AERGIQL2
AERCICL3
AERDVQL4S
LAERDOQOLS
AERSLOL6
AERDOG1Y
AER01 138
AERQU{IL9
AEROIU20
AERT . w21
AERCO022
AERDG23
BERNyYu 24
AERDO025
AERQ 1126
AERCLU2T
AFROIG2ZE
AEROD29
AERCO0O30
AERDUG3L
AERDGL3Z
AERD)DA3
AERJY 3%
AERDULOAS
AERDIV3G



TET

ol

CONTINUE

N0 1 I=1,2

DO 1 Jd=1l.¢

TEL+)=TLI .V /R

CO 2 I=ls6

DO 2 J=1+2

TF{Isd)=TT{L,Jd}/R
GUSTILL 1 )=0.5%AFT1PO
GUST(2,2)=AF22P(
GUST(3y1)}=-0.5%AFL1P1]
GUST(342)1==HR*AFTLPO =(0.5

GUST 441 )=0.5%HR*AFTI1PO
GUSTI(4 421 =—AFZ1P 1l *J,.5
GUST{5,3)=4FT2P1
GUST(1ly6)=u.5%AFT3Py

GUSTHL2 s4)=AFZ3PU

GUSTI(3,5)=-0, 5*HR*AFT3P(
GUSTHI3,&i=0.5%AFZ3P]
GUET(445)==0.5=AFL3P1

GUSTL 44 €= 0 S*HR%AFT3P(
GUST(5,4)=AFT3P1

DO 5 l=1,¢€

CA 5 Jd=1l,6

DO 5 K=1+5

WEUSTTL »d)=TTUL yKIRGUSTIK I ) +WGLSTIT 4 J)
CG 6 I=14¢

CO & J=1,3

WELISTU Ty JI=WGUSTIT » JI®ARS{RAMDA)
COAMKLL o L)=05%AFTLIPE
CLAMX(143)=—0e5%AFT2P1

COAMK( L, 4 0=0.S*HR®AFTiPO
COAMX(24+2)=AF12P0
CoAMX(2,&8)=AFZ1P1
COAMX{ 2, )=—U.5%AFZ1P1
COAMX(343)=0.5%(HR**2%AFTIPO+AFZ2P2)
COAMXI3 4 )= .5%HR*{AFT2P L-AFZ1P1)

AERODIHT
AERDGCIE
AFROCC3Y
ALRDG4
AERDVUOH1
AEROUL 42
AEROVVA3S
AERCOV04%
AERQGU4S5
AERGUG 46
AERDOOQ4T
AERDI148
AERCJ049
AERJGE5y
AERDJJO5 1
AERJIDS2
AERO(IQ53
AEROLOSS
AER QUS55
AFROUTS6
AERCOQOST
AEROQUSSH
AERDJINSES
AERAQU6D
AEROJIUG]
AFROWUGZ
AERQ V63
AERON 64
AERGOO65
AERDQQ66
AERCUUSGT
AEROQO6E
AERDGOC6S
AERQUGTY
AERQOUCTIL
AERQOMH:T2



CET

11

CUAMX (491 )=Uo5%HR®AFTIPO
CCAMX{ 493 h=HR*{ —AFTZzPl+AFZ1P1l) *0e 5
COAMX(4,4)=0.5*%{ HR*#%2#AFT1PI+AFZZP2)
CEAMX(5,2)=AFT2P]
CDAMXLS,5)=AFTLP2
BC 9 [=1,6
DG 9 J=1+5
DB 9 K=14¢
CCOMX T+ JI=TTLT4KI*CDAMX (Ko JI+CCDAMXLT,d)
DC 11 I=1,6
CO 11 J=146

DC 11 K=1,5

DAMXC Ly JITCCDAMX{ T 9y K I¥T UKy JI+DAMX (T4 J)
ANDA=ABRS{RAMDA)

CAMX(Ll,84)=—uo5% AMDA*AFTIPU+AFICIPO
CAMX{3y 3)=HR*(AFZOPI-{ o C* AMDAXAFTLIPQ)
CAMX(3,40=0.5% AMDAXAFZIPL+AFTOPL
CAMX(ay3t=-0.5% AMDA®AF21P]

CAMX (4,4 =HR*[-0,5% AT 2*AFTIPL+AFIOPY)
DG 12 I=1ly6

DE 12 J=1+5

GE 12 K=1,5

COAMX(TaSi=TTII K)I*CAVMX(KyJI4CCAMX(T 4 J)}
EC 13 I=1:6 '
RBC 13 J=1l.6

DO 13 K=1,+5

AMX LT o J)=COAMKEUT yKIRTIKy JI+AMXIT 4 d)

BU 40 A¥=1l,4
CLQI{NMy1,3t=—ue5=AR] TTINM)
FEQINMs 2y 1 =AHVINMI

COR{NMy 392 1=-0e S¥HRTAHTITT [NM)
CEQINMy 3,3 1=C.5%AHVI{NM)
CEQINMy 292 1=-0D.5%AHVI(NM)

CCQUNMy 4,53 )==05%HR*AHI T I {NM)
CEQUINMy Se1 b=AHTIVINM)
CAInMpLy2)=CoS5*ARTTT AN} *SAKCMEG

AERQULTS
AERDQLT4
AERQIDTS
AERGOOTb
ABERQGUT?
AERCONTS
AEROQOQ7@
AERJ3NDAG
AEROOQUBL
AERONO82
AERG)yB3
AERMJI0BS
AEROLUBS
AEROUVGRSG
AERDJGABT
AERONUIRB
AERDQO8Y
AERODIG,
AERDOQS1
AEROD092
AERGUUID
AERICO94
AERDULIS
AERDINIG
AERDOOLST
AERIODGI98
AERCO099
AEROOLGU
AERTU1ul
AERGOLnZ
AERTIL (3
AERJOULlGS
AERDULUS
AERODLNG
AERCO107
AEROG1GSE



€€T

110

16
C

20
40

CQUNM43,2)=0; 52 {AHVI T {NM) -AHVI {NM)*SNOMEG)
CAtNMy 3,43 )=-11.5%HR*AHI I T{NM )*SNOMEG
CQINMy442)=0s5%HREAHT I I (NM) *SNOMEG

CQUINMy 493)=0.5%(AHVITINM ]}~ AHVI({NM) xSNOMEG)

TFLITYPELEQei) GO TO 110
CDOINM,y 2,1 )=0AHVINM)

CDQINM, 5, 1)=0AHIVINM)

CQUNM;1 33 )=0.5%AKPECINMIZAFT 3P0

CQINMy 2; 1 Y=AKPII{NMI*AFZ 2P0
COINMy3,2)=COINMy 3,2 1-0.5FHRXAKPCINM ) *AFT3PO
CQINM,y3,3)=CQINM,3,3)+0,5%AKPCINM)*AFZ3P]
CQINM,y 49 2)=CQINMy442)-0.5%AKPC{NMI*AFZ3PL
COUNMa4+43)=COUNMy4y3)-0.5%HR*AKPC (NM) *AFT3IPO
CQINM, 5,1 =AKPI{NMI*AFTIF1

CONTINUE '

DO 16 I=1.6

DO 16 J=1,3

DO 16 K=1,5

QUNMel s JI=TTIT yKIRCQUNM Ko J J+QUINM, I J)
DQINM, 193 0=TTUT K IZCDQINMK,JI+DQ(NM,TI,J)

AERE FOR BLADES DUE TO WING MOTION

COHMX{NMy 1921 =AHRZ (NM)
CBHMX (NMy Ly 5 )= AHNRINM)
COHMX{NM¢2 43 )=-HREAHI {NM)
COHMXINMe 244 )=~-AHT T (M)
COHMX (NMy 34 LI=—AHI (NM)
COHMX{NMe3,3)=AHIT (NM)
COHMX [NMy 344 )=—-HP*AHI({NM)
CHMXINM,24,3)= AMDAXAHI (NM)
CHMX INM+3,4 )= AMDARAHI(NM)
DE 20 1=i,3
DO 20 J=1ls06
DE 28 K=1,45

DHMAX(NMy Ty ) sCOHMX {INMy ToK)XT{KyJI+DHMAX(NM, I, J)

HMAXINMy T, JIsCHMXONMp To KEXTIK g JI+HMAX(NM LT 4 J)
CONTINUE

AERDD109
AEROGL1D
AEROOL11
AERODL112
AERDOO113
AERODL114
AEROOL1S
AEROO116
AERON1ILT
AERDOL18
AEROOI119
AEROD120
AERDOL21
AERNO122
AERDO123
AERDO124
AERQD125
AEROOL26
AEROOL127
AERDD 128
AZRDOL129
AERDO130

" AEROG13)

AEROD132
AERQD1LI33
AERDO134
AEROOL35
AERDOL3G
AERQJ137
AERDO138
AERQQO139
AEROD 14D
AERDO141
AERODLI42
AERDD 142
AER(QOL144



VET

RE TURIN
EN O

AERGOL4S
AERDM 146



SET

o T,

454

BG1

845

SUBROUT INE EQMTXCIDOF)
T0O DEFINE THE CEEFFICIENT MATRICES AyByC AND D IN EQ. 2.3

COMMON /P ARMT/ ITYPE oIFLT

COMMON/ AREAB/BLAM(4 ) ¢ WLANM(SE) BRAM{4A) y WRAM(G) 4BLAMI(4 ), BRAMG {4 )
COMMUN fAREAL/OMEGARGVEL,CLyCDy RAMDA, SNOMEG

CCMMON /AREAS/NMOBLD RCHCHOD ¢ AT B CK e FMAST » A1.OCK o ANO, HR
COMMON/Z AMATIC/TTI645),C{6,6) 1 TL5,46]

COMMUN/ AREAS/ AH{ 444 o AHT(4) o AHIT (4 ) s AHRZ {4 )4 ARNRU &) 3 AWO{ 4), AVOL{ 4)

o AWL( 4} 2AVI(A) ,CAHL G 4) yTAWS(4) yDAVLELA) yDAHTTI L4, CAHTIT (&)

a +CAHVLEA L, DAHIVIS)
CE“'T"“'I’.‘:N./'“\ERTI/TTM'T(‘:fvbvBO51TT’CTJ(4!&'3'1AMJT(413.6}!‘CJT(‘DU 3!&'
COMMUN JARR/WGUSTL G 6) yCAMX( 640} yAMXEE+6) yDU{44643)4Q1{496,43)

a P CHNAX (4434 6) 3y FMAX(4,3,46)
COMMONZARKNG/DARWATLD 361 ARWA{G 46 ) » ARHG{G,3)
COMMON/COFLB/AAYI 19, 15) 4RBY(19,19),CCYI19419),400Y(1G,61}
CoMMON /COUPL/ AKPC (4 by AKPO(4)

WRITELE 450
FCRMAT(// /X TS LEH- /715X, 44HEQUATIONS (OF MCTION 5 AxXUefixX?+C

ExX=D%E o/7/1X2T581H-V/1717)
et BOL I=1,18
AAY LI 41)=1.0U
DC BG2 NM=l.4
oo o832 1=1,3
DE 802 J=1l46
AAY L 3={NM=1 )+, J+L2)=ANJTINM, 1 4]

AAY (d+12, 3% (NM=-L I+ T)=ANCATTMTINMJd, 1)
CL BG4 I=1,4
ERYL{3%]1-1,y3%1}=2.,3%SNCMEG
PEY{3=],3%[-1)=—-2,u*SNCMEG

DC 805 J=1l,4

BC 8uS 1=1,4

3J NO5 K=1,3
BEY{3%{J=10+K3%(I-11+KI1=AH{JSy1)

CC B4 nlM=1L,4%

EQMT A0D ]
EGMTO002
EQMTU003
EQMTOGO4
EQMT0O05
EQMTLJub
EQMTUOGT
EQOMTOUUB
FQMT J019
EQMTO010
EQMTOULL
EQMT U012
EQMTUCL3
EQMTdC L4
EQMTOGLS
EOMTuule
EQMTLULLT
CQMTO0LS
EQMTJO19
FAMTHIG20
EQMTU021
EQMTH22
EQMTOS 3
FUMTUU24
EQMTLN25
EQMTU026
EQMTYW27
EQMY 028
EQMTOL29
EQMTJu3a
EQMTO031
S IMTGN32
EQMTOO33
EAMTOQ34
EQMTIU35
EQUT D36



9£T

8C6

8Ca

839

81v

Bll

812

813

814

Bls

g0 8u6 I=1,3
DO 86 Jd=1,6

BRY (3% (NM=1)+T o J+12)=0HMAXINM T o JI+CITINM,y ] o J P ESNOMEG
BBY(J+1293%(NM =1} +1)=CQUINMydo T1-AND*TTCTIC(NMy Iy I I%SNOMEG

BC 808 I=1,6
BC 8U8 J=146

BEY(I1+12,J+12)=DAMXLT] yJ)+CUT4J)%*SNCMEG-DARWALI )

LE 8US I=ly4
COY(3=(T-1)+1,3%{I-1)¢1)=RLAM(])}
COYE3%LI-11+2,3%(1-1)0+2)=BLAM(I}-1.G
CCY(3%T43*%[)=BLAM(I)~1.0

DE 81¢ Jd=1.4

£EQ 8ld I=1.4

CCY(3%J-1,3%] r=AH{J, [ 1*SNOMEG

CEY{3%d 3% -11)=—AH{J I )2SNOMEG

DC 811 NM=1,4

DO 81l I[=1,3

PO 811 J=1486

CCY L3R (NM—1 h+1 4 J+12 b=HNAXI{NM,1,4J)
CCY(J+12,3%(NM=-11+1)= GINMsJ,I)

NI 812 I=1,46

G0 B81l2 Jd=lyb

CEY{I+12,J412)=AMK{],Jd) ~ARWALT )
CC 812 I=1, &
COYUI+12,1412)=CCY{I+12,1+12)+WLAMLI)
C 814 NM=l,4

COY (3%{ANM=1)+1,4)=~CAKITIINM)

DOY{3%{(NM—1)+42,5)=—CAHIT T (NM)
CEY {3+ (NM—-1)4396)=~CAHTT T (NM)

DOY {2xNM=1,2)=AHTIAM} *BBS(RAMLA) *(-1.,0)
DEY( 3=hM—2,3)=AHRZ{NNV)I*ABS(RAMDA) *(-le0))
CEY(3#NM, 1 )=~AHT{NM) HABRS{RAMOA) *{-1.0)

EC 815 I=1.+6
E0 8lé J4=1,3
CCY{T+12¢J)==WOUST(I,441} +ARWG (1 ,44)
CE E1T J=4,6

EQMTJ037
EGMTUw 38
EQMTOG3Y
EQMTwL40
EQUMTINAL
EQMTUI4Z
EQMTgG43
EQMTOO44
EQMTLUOAS
ECMTN.46
EQMTOLSGT
EQUTGC48
EQMT UG4S
EQMTOO05C
EQMTI0S]
EQMTGIS2
EQMTI053
EQMT 54
EQMTOG55
EQMTOUS56
FQMTAOST
EQMTOCS58
FQUATUU5S
EOMT JU6 D
EQMTO061L
ECMT.iN62
EeMTU063
EQMTICES
EQMTI265
EQMTO(CH6
EQMTIgLT
EQMTCO6R
EQMTUU6S
EGMT. T
EQMTOOTL
EQMTuuT 2



LET

BIT
Bl5

SLU

550

502

S0l
AN

A%

CEYUI+41250)=—WGUST(I )

CCNT INUE

IF{ITYPEEQaDQ)GD TO 300

N0 530 Jd=1ls 4

CC 5uu I=1l+4
BEYU3={Jd=L0+1y3%{1-11+1)=T8HCJ,1}

EC S55¢ I=1y4
CEYI3=(T-1)+1,3%(]-1)+1)=BLAMOC])
CCY{3%(I-1)+2,3%{1-1)+2)=BLAMIT)~1,0
CCY(3%],3%1)=RLAM{I)-1.C

DL 502 Jd=l+4

EQO Sfi2 I=1l+4
CCY(3%d-2,3%[-2)=CCY(2%J-2, Ix]~2 ) +AKPOL [ }*0ARITI{J)
COYULA==1,3%1-i)=CCOY{3%d-1,3%T=1)+AKPC{I)}*CAHIIY(J)
CCY(3%x) ,3=I y=COY( 2§ ,3%] YHARPCUI ¥*xCAHITI(I)
BE 501 N¥=1,4

EOYL 3% (NM~13+1,4)=—T0AHT]1(NM)
CENTINUE

IFIINDOF4EQe9) GO TN 100

IFUIFLT -NE.Q) 60 TO 205

WRITE(& 44511}

WRIETE(G ) (L AAYII,d)yd=1,9),1514+181}
WRITE(6,6) ({AAY Ly d)d=104,18),1I=1,18)
WRITL(6,45)

WRITE(E,45%2)

WRITE{&,6V (1 BBY(Isd)ed=1s9)s1=1,18)
WRITE(G 6 (BRY{I4J}4d=10,18¥41I=1,181%
WRITE{6,5)

WRITE(&,+453)

WRITE(G46) 10 CCYLI sdbed=149)e1=1418)
WRITEL6,6)ILCCYLII 3 J)yd=1CG418),1=1418)
WRITE(&,45)

WRITE(E,454)
WRITE(OyTH({CBY{1LeJ)yd=deb)y1=1,18])
FORMATI{IHI)
FORMATA//// L% k8L /1X90EL2.541X)))

EQMTINTS
EQMTIOTS
EQMTLGTS
EQMTLGTE
EQMTOOT?
EQMYAGT8
EQMTLUTO
EQMTC080
EQMTL B
EGMTJIUR2Z
EQMTILR3
EQGMTUI84
EQMTQOBS5
EQYTIG8S
EQMTCGS7Y
EQMTIUES
EQMYOuBS
EQMT CO9Y
EOMTL091
EQMTUW92
EQMT U093
EQMTOG94
EQMTQUS5
EQAMTUCS6
EGMTDU97
EQMTOD98
EQMTO099
EQMTU100
EQMTO101
EQMTG102
EQMTG1u3
EQMTULL4
EQMT{ 145
EQMTQ 106
EQMTOLUT
EQMT 108



BET

451
452
453
454

1Co

22

2.4

850
g5
205

FORMAT (/777 %0180/ X0 6LEL245+1X) )1}
FORMATU2CX,'A MATRIX=*Y)
FUORMAT(//20X+'B MATRIX=1)
FORMAT (//20X,'C MATRIX=1)
FORMATHL//720%y "D MATRIX=Y)
RETURN
CCNTINUE
o 201 I=1.,6
DL 201 J=7,9
AANL D3 D =8AY (T 4 J¢6)
ERY({TI,J)=BBY{f,J+6)
CCY(I,0¥=CCY{T,J+5)
AAY{ Uy I h=pAYLd+E,1)
BEYIJyI1=0RBY(J+6,1)
CCYLJsII=CCY({J46,1)
DO 222 1=7,9%
PG 202 J=T+5
AAYLT o J)=AAY (I +6,J+6)
BBY(L 3 J)=BBYLI1+64J46)
CCYL T4 JI=CCYiT+6,J+6)
Do 2d4 I=1,9
DC 204 J=146
GCY( 143 1=CDY(1+6,J)
IF{IFLLT<NELD) GO TO 205
WRITELEL451)
h?ltE(erSU'llﬁAY{IvJ)’J=1!9|QI=109’
WRITEl G452
WPITE[61850’({BBY(IOJ,!J=1t9'iI=119|
WRITE(G6+4531
WRITE(&!EEO'(‘CCY(IvJ'1J=1!9|1[=1'9'
WRITE[6,454)
hFITE(étQSO)((DDY(IfJ'gJ=116"I=1|9’
FURMATU/ZZ/71%X49 /71X, 9lELze541X)))
FORMAT (/7 /71X 490/ 1Xs6(ELZ25¢1X) 1))
CCMTINUE
RETURN

EQMTGLeS
EQUTOLLC
EQUTOLLL
EQMTOLLZ
FOMTOL113
EQMTI114
EQMTOLLS
EQMTO116
EQMTOLLY
EQMTOLLS
EOMTN11Q
EQMTQL120
EQMTu121
EQMTGLl22
EQOMTO123
EQMTL 124
EQMTOL25
EQMTO126
EQMTO12T
EQMTOL28
EQMTU129
EQOMTGL130
EQMTUL3L
ECMTiii32
FQMT0133
EQMTUl34
EQMTI135
EQMTO136
EQMT 3137
EQMTS138
EQMT(GL139
EQMTO 14y
EQMTOL41
EQMTOL42
ECMTC143
EQMTOL 4%



6T

END

EQMTO145



Oy O M

0FT

11

4

SLBETUTINE AUTOLIDOF)
IN AUTOROTION FLIGHT ANOTHER DEGREE OF FREEDCM IS ADDER

COMMON /PARMT/ ITYPE HIFLT

CCMMIONZANMATIC/TTI{6 51,0 (646) 21 T15,6)

COMMON FAREAE/NQBLD ,ROH sCHOD AT R yCK 9y HMAST r ALCCK ¢ ANC o HR
COMMONZAREAS/ AH( 444 ) 9 ABT(4) y AHTT (40 AHRZ (4 ) o AHNR( 4}y ART{4) ,AVO(4)

a,AWl(éi-AVl(+| DAH(444) yCANC{4) yCAV] (4 ) o CAHTIT14) s CAHITT (4}

yCAHVE4) DAHTIVI4)
COCMMON/OOFLB/AAY(19419)+BBY(19519)+,CCY119,19),DDY119,6)
CCMMON /CQOUPLY/ AKPCL4)Y s AKPD(4)
CCMMON/ AERD/ AFTOPYL yAFTLIPO AFTIPZ2AFT2PLyAFZDOPUL,AFZLIP1,AFZ2P D,

aanzpz AHTITI (4 ) AHIVI4) 2 AHV (&) o AHVI(4 ), ARVII(4}

2y AFT3PD,AF T3P L ARZIPGAFZ3P]
NEB=4
Nh=6
NR=19
DO 11 I=1,.NB
AAY( 3%I-2,NR)=AVLI(I)
AAY INRy I%1-2}=AV1I( 1) *ANC
EBY(3¥] -2 NRI=AHNRI(I])
BRY{NR,3*]-2)=AHIV(I)
CONT INUE
DC 12 I=14sNk
BBY (NR, 3*NB+] I=AFT2P1*T(2,1].
EBY{3%NR+I,NR}=AFZIPL*T (2,1
CCNTINUE
AAY {NRy NR )= ATE*AND
BEY{NF NRI=AFTIP2
CCYUNR, 3)=-AFT2P1
NDY(NR 4 )=-AFT3P1
IF(ITYPEGEQe O} GO TH 13
DO L4 I=1,NB
AAY (3% -2 yNR)=UAVLLL}
AAYINR, I*I-21=0AVLI{] )*ANC

)
)

AUTOD YOUL
AUTMN w22
AUTO00GS
AUTOwWG 14
AUTOOUOS
AUTOIUUG
AUTDWIAT
AUTOO008
AUTONGLOS
AUTOLULLD
AUTII0L1
AUTGuul?
AUTDGOL13
AUTOOCLS
AUTOGU 1S
AUTCO0LS
AUTALDOLYT
AUTOONLY
AUTI00L19
AUTO. Y120
AUTO0G21
ALTQOn22
AITCo 423
AUTOO0Z24
AUTDIL2S
AUTOUN26
AUTO0O27T
AUTO X228
AUTGOD29
AUTOOU3S
AUTOI3]
AUTOOO3Z2
AUTOGO33
AUTIIC 34
AUTD0035
AUTOD36



VT

14
12

=~ @

1.4

15

BEY(MR ¢ 32 [-2)=JAHIV(T)
COCYANRy3%[-2)=AKPOII)*AFT3PL

CONTI NUE

CONT INUE

IFLIDUFLEC.SY GO TO 100

WRITE(E¢451 1} .
WRITELG ) AAY(I,J);:d=1492)41=1,419)
WRITE(G B0 LAAY(I4d)}ed=10,19),1=1,1%)
WRITE(6,5) )

WRITE(6,452)

WRITE(O&1 (L BBY{TI b d=149)41=1,419)
WRITL {64311 IBBYL Iy J)sd=10,19)1,1=1,15)
WRTTELG,45)

WRITE(E4,453)

WRITE(O98) 4L CCY{I4J)yd=1490e1=1415)
WRITE(6B8Y(ILCY (T sJ) od=204219)¢1=1,19)
WRITE(B,.5)

WRITE({H+454)
WRITE(ﬁg—l"(DDY(ItJ,yJ:—-].rﬁ' 21 121,191
FCRMAT{1HL}
FORMATHUZZZ/LX LU/ LXs91EL24541X)))
FORMATIZZ 77 0X01G0/1X36(EL2.5+¢1X)))
FCRMAT (///71X419{/1X4y101E12.5¢1X)))
RPETURN

CONT INUE

oDC 15 1=1,6

AAY({,1ut=AAY(1,19)

BEY (I, Ll )=BEY({],19)

COYLT,lCI=CCY {12

ABY( Luy [)=AAYI1G,1)
PEY{lu,st)=RRY119,1}
CCYLLCy IV =CCY(19,41)

CEYCLu, DI=D0Y 19,14

CONTINUE

DO 1é& I=1.3

AAY(1+6,10)=2AY{1+12,415)

AUTD 137
AUTOO038
AUTOUU3Y
AUTDOL4YD
AUTC 1041
AUTD 1542
AUTOU043
AUTOUDG4
AUTLO45
AUTOU046
AUTOI04AT
AUTGUOL4S8
AUTRI04S
AUTO UGS u
AUTGOO051
AUTD S2
AUT(IULS3
AUTOO0S54%
AUTOL55
AUTOUOS56
AUTOJ0S5T
AUTD J)58
AUTOD059
AUTONGEG
AUTGOUG L
AUTOO062
AUTGS63
AUTO0ub
AUTQOUGS
AUT D166
AUTC J067
AUTACL63
AUTLOGGS
AUTDJ070
AUTO I UTL
AUTTOT2



(44"

l6

451
452
453
454
B5L
550

BEY{I+6,1ul=BBY(1+12,19)
COYUI+6,LUF=CCY(I+12,15}
AAY{ Ly [+46)=4AY(19,1412)
BBY(1lU,I+6}=8RY{13,1+12}
CEY(lueI4€}=CCY(19,1412)
CONTINUE
AAY(LO,10)=AAY(19,19)
EBY(L.uylU)=BBY{13,19)
CCY{10410)=CCY(1L9419)
WRITE{E,451)

WRITE(64850) ((AAYL{TI,3)ed=1410)4+1=1414)

WRITElG,452)

WRITE(E)ES5Q) (IBBY{I9d}ypd=1s10041=1,410}

WRITE(64+453) ,
WRITELGE 50V LICEY{T ) pd=1 1) I=1y10)
WRITE(E,454)
WRITELG $SSUNIIDDY (1o dhyd=146),1=1410])
FORMATIL20X,%A MATRIX=")
FORMAT{/ /20X, 'B MATRIX="V)
FCRMATI//20X,°C MATRIX='}
FORMATL//2UNXe'D MATRIX=1')
FCRMAT U/ /71X 100/1X»12LELZ2a541X)))
FCRMAT(// /71X 4100 /LXs6(EL12e591X 1}
RETURN
END

AUTLUOTA
AUTOLuT4
AUTOLNLTS
AUTCIG T
AUTOL.TT
AUTODCTS
AUTOUSTY
AUTOL08 Y
AUTUQOO081
AUuTounaz
AUTD(I83
AUTOLIUBY
AUTO GBS
AUTJ008R6
AUuTauGET
AUTOUDLSBE
AUTOOCRS
AUTODMI G
AUTOU09]
AUTONLI2
AUTD 1393
AUTOGGSS
AUTOJO9S
AUTCUGY96
AUTCOGST



£EPT

(e

L REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR,

SUSTUTINE CUSTCCLL(CELET DY LMD
TY DEFINE GUST AN BLALCE FITCR CONTRLL COMECNEMTS

EIMENSION CCOLSTLE)LECYT LY ,8) H1ID21149)
1 I=14L

BITEA B & IS

Do 2 I=1,L

vy & J=1l,y¢

PRZLLI=CEY 0 Ty JI2CELSTOIILLZ LT
KETLRNE

END)

CUSTSU0L
GUSTuD7?
GUSTLUGY
GUST 204
RUSTLLSS
BUST I ie
GHISTul a7
GUST.L U
GUSTuLDS
GUSTLS LY
RUSTLULL
GUSTOOLZ



AN

GO CUTINE FRORESIL +2aA,BBF4CCC4OUN, IFLT,LILCF) Frilhulul

C FRQRTC2
C TV CALCULLATE THE FREQUEMCY RESPCASE FEQRLIT
C FedRualéd
IMINSTON A2AL1S 1S ) BRI LS41G)CCCULY,19},0CTLLI)Y) Frdliaed
DOUELE PRECISTON  FRCLZCPALL9419 )4 DPPRLLS LS4 0PCULIo13),0PD(19) TROR LG
CONMEBLE YTl CCM2LLG,1S),CONMETLS),y JCMPLX FRORLLUT

Wik I TE G, 0L ) FRORG 2L

Liwad FumATE///LuX et {lh e ) g /720Ky "FREJUENCY RESPONSEV ,//1LXaulLr™) FROPLLUO
s P11 7aXyV=~FRERLFNCY/OMEGA==-" ) FRURIULU
1IFUIDLFLEG LAY GO 10 1261 FRORGUL1
WRITE{&,1002) FRIRCQLZ

1ik? FIORMATI/ /10K QLU vy T2, QLC " o T34 4" CLSY o T Q207 4, T2d,'02C7 3T 7L, FROROLL
~ PR2S0 yTEZ 9P WING L%y T4, *WING 2%y T1UOs"WING 37 FRORUOL4
GovoT ILG2 ERQR{OLS

lowl #RITE(E91L04) FRORCULlo
luugd FIPVMATI/ZLICX P QLT s T22tml0 Y o T34 GLSY T4y "W2C s Tody * G20 4 TT0Ly FRORLGL7
- VQZSY 2 THZ 030 o TS4y Y40y TLIEPC35Y F710X 390,722, ERORGOLR

A TRACY 4 T34,y VQ4AS T TAE"WING 1Y T8, "WING 2%, TTustwlNG 34, FRORLULS

A THZ"WING 4%, TS44"hIAG 5", Tldb,'WING &6V) FRORGD2C

1.G2 CUONTIMUE FRQROODZ)
IFCIFLTLEQaUY GC TC 1CUT7 FRORI)G22
WRITE(&sLCLE) FRQRCO23

labh  FORMAT{/Z1CX,'CONG RY/DTY) FAORGDZ 4
1207 CLNTINUE FRORLI2S
DO 180 T=14L FRORDJZG

DT 180 Jd=14sL FROROS27T

DPACT J)=28R014d) FROQRLUZY

CrE T J)=E030L1,d) FRORGO29
BPC{T+J3=CCC{Tyd) FRORJUIL

| RV CONTINUE FRORTLIL
Y 181 I=1sL FRKNRLU32
nenq{ry  =Cctciern) Fe Ry 33

ISk UL NTINYE L2RILIS
I¥=y EROPUL2S

F-ZQ=raud FRAORTD 30



SPT

irl

611l

ForrR=FRrC+L L1 TL
Ie=TK+1

B0 Fd 511
FRECSER=O4+L L2008
iF=JK+]

65 T %11
Fabe=FRFO+LLOFEL
[K=1§+]

GO T 511
Far=FREG#L.ILC
JR=JK+]

G TZ 511
Freol=FRE04(¢ L5710
I¥=1K+]

Gd TO 511

N 36 I=1l,.L

Du ol J=1.L

COARLT»d)=CCMPLXACPCLT o J)-FREQ=¥ 2~

Ne 301t i-=’1'l.
CIalA{l)=DCMWPL X

TFCIKLLETLICH GC
IFCIKLTe25) GO
TH{IK.LTL37) GO
IFITR LT L57) GO
ITFLIKLTLTL) CL
BLTLRE

e

EPLUI) oL o CLG)
CALL CGAFY T{CTHmA, COME,L

P FREGCy INOF, IFLT)

DPALT + J) s FREQ=DPH{TL 44D

rRQI;-' .-JBT
FRAR .39
FRORYW3I
FRORCUEN
FRORGIG ]
FRORLG 42
FRORCC43
FIQR.u%qg
FROCCG4S
FARR 46
FRORUUAT
FRORLUAE
FRORjuey
FRORUGHU
FRORLUWS]
FROROUSBZ
FRORLCTIB3
FREARUUSS
FRYRGUSS
FRQRULSE
FRQROUST
FRORLOSS
FRQRIOOT
FRORUULOU
FRQRLO4A]
FRQR, G2
FRIURLLLE3
FEQRUDES



97T

Trow O,

o

AV

SUSETLTINE CAELT (LyY oMo FREGC, ILUFTFLT)
THE FALSS=JURE AN RECUCTIUN

COMPLEX=LE F1U1G0 1G9 4 ¥11E) 42 10G)
NCUSLE PRECISICN FREG ZCLARS
DIMENSTILN ARX{LG)

CCMNCR/FPMﬁG{ L FRO{A) yFRBC G oFRWIL) 2 ITFeMAG
o =1

Pa 18 I=14M

L=F+}

D13 Jd=L 4N
[FICCABSCAL I Jd Y} WFQLC0DBIGT T LU
N2 & K=slyN .

A I K= [ JoeK)=2(ToKYxbL{d4T)/2 LT, 1)
CONTINUE

YOJ = 0dd=Y(D)* {10721 4T)
CLNTINIFE

XINI=YANYPZA M gN)

D 20 I=1:¥

K=N=1

L=K+1

DI 20 J=LeN

Yik =Y {KY=X{J)1%2 k)
X{K)=Y(K)/A(K s K)

Df: 49 1=14M

ARXITIY=CLABSIX(TI})

ITLIFHMAGLEGQ.L)Y G 10 5o
TFLINOFLEG9) GO Tiv 5Y

Git T3 b4

Ho®
—r—-
W o~

=
=%
N
MNP
[ STy

R Vah S
hHL U7
Nac L a3
SOTLLJ04
GACL s
GAE LGOI
GAFL Ja0T
GEFLLILE
GAFLLOUS
GAELJOLGO
GAELOOLL
GAELGQL1Z
GAELQU13
GAZL{DL4
GAELGCLS
GAELCGULS
GARLILLT
GAnLi0le
GAELLOLS
GAEL )20
GAFLWOZ21
GAEL 022
GAcLnuw23
DAFLLW24
GAFLLN2Y
GAEL D26
GAEL2T
GAFL128
GAT L 3029
GAELIJ30
CAFLCLG3L
GARLLDYZ
GAFLLO33
CARL G
GAFL ™35
LAELLO36



LPT

52

53
50
56
100

2G40

ABXEI*X(I-1)+ JI=ABX(3*(TI-1)+J)%FRE(])
DE 55 I=1,L1T
ABK(I*(I=11+1)=ABX(3+{I-1)+1L)*FRBO{I}/FRB(I)
DO 53 I=1,4L7TT7
ABX(L1+3%LTI=ABX(I+3%LT }#FRWLI)
CONTINUE :

IF (IFLT.EQ.Q) GO TO 56
ABXIN)=FREQ¥*ABX(N)

CONTINUE

WRITE(€,100) FREQ

FORMAT (/73X —="4F 6429'-=1)
WRITE(E2C0) LABX(T) o I=14N)
FORMAT(/{B8X,9(EL10e3¢2X)/ )}

RETURN

END

GAEL0037
GAELDU3B
GAE1L 0039
GAELGU4I
GAELUGA]
GAEL.OG42
GAELO(%3
CAELOO%4
GAELJU4S
GAELOC4e
GAELJ0ST
GAEL 1048
GAELJIG%9
GAELYC50
GAEL JO51



SURROUTIMNFE FIGEM(N,AAALRRA,CCC DR, IDNFY EIGEAN]

8VT

r . EIGT0002
r ROUTINE TN SOPM AN ETGFKVALUE PRORLEM AND TO CALL EIPACK SURRMITINE EIGENNN3
C EIGFOONG
NIMENSION AAA(19,18),R3R(19,191,000(19,10),NDNI19,6) E16F0005
NIMSNSTON AC361),L119),M(19),AFNV(19,19) EIGEOING
DIMENSION AAM{L9,19),REBN(19,19),CCN{19,19),DDN{19,6) EIGFNDNT
REAL*8 AFIG(3R,3R),WP({3A),WII38),2P(38,38) EIGe00N8
PEAL=R SCALE(3A) EIGENING
INTEGER INT(38) £E1GEOO10
RIMENSTON RIG{25), ABMOD(25,25) ,DAMP(38) EIGFONLL
COMPLEYX AMODL 264 28) LRTIGLOMI25); ETGEODL2
COMMON/FRMAG/ FRA{4),FRBAO(&4Y,FRWIG) o TFRMAG EIGEOOLR
ICERMG=N FIGENN14
WRITF{6,1%3) EIGENDLS

NO 3003 T=1,N SIGENNLE

00 3004 J=1,N FYGE DT
AMI(T,J)=Ca0 FI1G50018
RBN{T1.,J)=0.0 ETGFTN19

3004 CON[1,J)=0.0 EIGEAN20
NC 3005 K=1,A FIGF0021

3005 CONIT4KI=0.D EIGEAN22
3003 CANTIMYyC EIGENN23
LL=0 FIGEON24

no 1000 J=1,N FIGFn" 28

RO 1700 T=1,N 160026
Lb=11+] FIGEND2T

1000 AtLLI=SAARLT, 4) EIGENG2A
CALL MINV{AyRyDyl,M) FrRenn?a

1L1=0 FIGENN3N

DO 20008 J=1,N EIGEDONA] |

N 2000 I=l,NM EIGENNS2
LL=LL+] EIGF~IR3

2000 AINVETJY¥=ALLL) E1550034%
DO 3IN00 I=14N FIGENEAS
FEIGFADN36

No 3001 J=1,N



3001

3002
3900
6000

g
EMA|

192

150
152

67

400

251

B0 3001 K=1,N
AANCT , JI=ATNVET K)RAAA (K, J) ¢AANTT,J)
RANT 1o JISATNVIT g K)XABE(Ky ) +RRN( T4 5)
CONET,JI=ATNVT  KI%CCCIKJ)+CON(T )
nO 3002 J=l.6

D7 3002 K=1,N ’
DONUT o V=ATNVI T KIENNDIK, J) +DONT T4J)
CONTINUE |

RIS

NN 300 T=leN

NG 300 J=1,N
AETG(T , Jh=="FN{T,d)
AFTGLT f J+N)Y=—CONIT o )

DN 301 T=1,N

N ANl J=1,NM2

ACTGIT#Ny Y =0, 000

rMoRAN2 T=1,N

AFIGIT+N,T)=1, 0PN

CALL ETPANK{3IA,ND ARG, W, Wly 7P, [C0ROR , SCALE , INT )
TFLIFRPRAR,EAAY 6N TN 152
WRITZ{6, 189 ITRPRR

EARMAT (15X, ' TERRQ3I=1,15)

CONT TNILIE

TRLYNERYG EQ,7) 6N TN 61
WRITEZ{HGE&TI{WPIT g WL sE=1,N2)

CFORMAT (/10X 4yN15. T92XeN15.T)

N3=N/2
NC 400 TL=1,N3

Ta=6%(TL-1)+1

KL=b%(IL-1146

WRITELE, 2510 40ZR T, Y, =TI, KLY 4 T=1,N2)

FORMAT(/ /7Ly U/ IX (2D 15 e T94Xe2N15 T4 X 2D15. 701 1)

TEL3=NI, FR. MY 6N TN 61
K=2%(fN-3%NMT)

TJ=KL+]

KL=KL+K

ETGFENOAT
ETGENDO3A
EIGER"39
E1GEDD4D
EIGFEONG Y
EIGFNN42
FIGEQN43
EIGENN44
ETSENN4S
EIGFONLs
EIGFRNNGT
FIGEQQ4B
ETGFON4S
EIGFARSAO
FIGFEDO0S1
FIGEMN52
FTRFON5
EIGENDS5A
E1GERNRS
FIGENOSA
EIGENNST
CIGEN0%S8
FIGFNNSQ
EIGENNED
EIGFDD61
EIGENDLZ
EIGFONGS
FIGENRNAG
SIAFAY65
FIGFON66
EIGERPET
CIREQ06R
FIGFANRKS
SIGRODTN
FIGFOQTY
FIGEART2



0sT

781
61

141
140

b4

69
58

71

50

WRITFE(H TR ILZPIT ) e dzldeKl ) I=1,N22
FORMAT U/ /71X {/1E (215,71
CONMT TR GE
noo1a4n T=z1,N7
YX=GNGT (WRIT 1422 +4WTI{TY%42)
l;(XX.EQnOuos G"‘* Tﬂ 1‘!1
DAMP{T})=-SNGL {WR{ETY)/SQRTIXX])
GIY TD 145
FAMP{ T }=0.0
CONTEMIF
MI=N+1
LK="
iLKK=0
NTOT =0
I=1
CONTTNUE
NTDT=ATOT+}
K=NTAOT
TRIWT (T EQDNDOY G TO 65
TNTLT) =K
INTE{I+1¥=K
LEK=LKK+1
| XK=)K+1
TFUIDERUG.FRL.O) GO TO &F
WRITELG yAQ)T 4L K, KK, K
FNRMAT (1 X,415)
COMT IME
NC 50 J=N1,N2
TF(IDFRUGLFO.AY GO TN 71
WRITFLALTI2VIPTH LK), ZPLJLKK)
FORMAT{LIX,2D1% 71
COMT TMUE
AMOD LKy J=N14+1LI=CMPLYXISNGIL (ZP{J LK) ) 4 SNGLIZPLJ,0KK}))
CONT IMLIE
T=142

EIGEANTA
FIGENNT4
FIGENNTH
CIGFNOTA
EIGFODTT
ETGECCTR
FIGFOOTS
E1GFINEAN
FIGF(D21
EIRTEANRD
EtRENNRA
FIGENORS
EIGEDDRS
FIGFiNRs
FIGEDDSRT
CIGENNAR
ETGEQODRS
EIGENNGQ
FYGENNQ]
EIGEOOS2
CIGENDO93
EIGEON9Y,
FIGEQ095
FIGENNGA4
CIGENDGT
ETGEONGR
CEIGF™Nag
FIGEO100
EIGFNINY
EIGENLN?
FIGEQYLON
EIGEn1ng
EIGFOLICS
FIGEN1NA
EIGEALCT
ETGAFO10A



1T

65

73

74

12

£3

124

13z
1 3¢
130

CC TT 64
CONTTNOE
INT{T)=K
1LK=1 KK+
LKK=| X
TEETNFRIIG,FRLNY 670

CCMTYIMIE
Ne 66 J=N1,4N?

D 732
HRITE(EH+6GIT ol Kyt KK, K

TRUINFRYUGLENLODY GO TQ 74
WRITE(6y T2 VZP LY, LK) 4 ZP{dsLKK)

FOMTTINGEIE

AMOD{Ky 1=M1+ 1} =CMPL XLSNGL (ZP(J,LK1),0.0)

COMTINGF
T=T+1

GO TO &4
FONTINUE

TEITFRMAG. EQL 1Y "D TO 130

IFIINDFLERLQ)Y GN TO 131

LT=4
LTT=4%

GC TN 134
1.7=2
LTT=3
COAMT INUVE

AN 136 TJ=1,NTOT

AC 132 1=1,LT
NC 132d=1,3
AMODIT Sy 3% (T~1)+d)=
PN1357=1,17

AMNDL T}, 3¢ (T~1)41)=
NT 1331=1,LTT

AMOD T J,3%4T-1)+JV%FREBIT)

AMOB (TS 3%(T=1 b+ )¥FRAD(T}/FROBL T

AMANTT gy T+ 3%LT)=AMOD{ Ty T3 XL TIHFRWI L)

CONTTMIE
CONMTTAIIE
00 51 T=1,NTOT

FI1GFO109
FINFSTLN
FIGFR11Y
EIRENLN2
FIGEAL13
ETGREQLYS
ETRFALLS
FIREN11A
FIGEQILT
ETREALLA
FIGFNI19
FIGENL?Y
EIREN12}Y
FYREQLZ22
FIGENYIZD
FIGTEN124
FIGFDIZ2S
ETRENLZS
FIRER12T
FIGFNL2R
EIGE~129
FIGFD120
FIGFC12A1
FIGENL32
FIRFN133
FINEN114
EIGENYAS
FIGEML36
FIGEN]137
E1IGENL3R
EIGFO13a
EIGEN140
FIGFO141
FIGEN142
FINENL4A]
FIGEN144



ZsT

51

54

51
5.2

60

153

151

59

154

57

MM

DO S1 J=1,N

ARMONE T, JY=F ARSI AMONT T, J))

no %2 1=1,NTQT

BICI1Y=C.0

N0 53 J=1,M

TF{ABMON{ I, 4 -~ RIG{T)) 53,53,54

BIGUTIY=ARMAD{T, 41}

BIGAOMIT y=AMON{T, )

CONT INUE

CANTINNIF

NCoAG T=1,NTOT

N &G d=1,M

ARMONT 3 J)=ARMOD{ T, 3}/ RIGLT)

AMORET , d)=AMOD{T, IV /8TGLOM(T)

CONT INYF

FORMAT 0/ /715%, 2011H®) /720X, "EIGENVALUES Y4 /715X, 200 1H%),
FP726X, %% REAL PART #%3, 3X,%%% TMAGINARY PART wmkwke

10X, vRE DAMPING RATIOQ *xt/)

WPITE(A 1S CINTOT o WRIT Iy WI(T Y DAMPET Y, T=1,N2)

FORMAT(/ OXy 'MOW 'y T2 yD15.735XKeD(54T915X4F15,7)

WRITE(64+59)

FORMAT(LIHL ///S%Xs 2D (1H*)},//10X,

1P=0

00 RS 1=1,NTOT

1P=1P+1

WRITE(&,154)1

YEIGFNVECTORS Y, / /5K, 2N I1H*®))

PWRIIPY,,WTLTP)

FOPMATL// /2%yt ~— CORRESENMUING TO MOL '3 12,1X, *EIGENMVALUE --t¢,

Sy TV, NI0.3, ) +TMAG(Y,DI0.3,% )%,

/7Ry v ¥% ARSIVLUTE VALUS Hx? , 20K, ¥&% REAL PART & 0¥,

Tdk TMAGIMARY PART Xkt 7/
TE{LIP+1) . GTM2) GO TO 752
TRITMNTLTR)L EQ.THT(TIP+1 Y
CONT PNUE
O 56 J=1,%
WRITE{E«STIARMINEY ydYy AMOD{T 4}
FORMAT (IOX 4 F 18,7 ¢2P%9yEL1S.T7y3X4F15.7})

IP=1P+]

FINEN145
FIGFr146
ETGFO147
EINEN1IL4A
EIGFEN149
EThREALISN
FIGENL1R]
FIGFO152
FINRE11513
FIGFN1IS4
FIGFNLISSG
EYGEN156
EIGFEQ157T
EIGFN1ISR
E1GRENLS9
FIGEQL60
EIGEA6]
FIGFNIAD2
ETRENLAS
FIGEN16L
EIGENLSLS
FIGFN166
EYGENIAT
FIGF{168
t1GEN169
EIGENLITE
cCIGENIMN
FIGF™1T2
EYGEQLT)
FIGF(1 T4
FIGFNL1TS
EYGEOL7?A
FIGFRTY
ETGFN17R
EIGENLTY
FIGENLIAN



£CT

56

5A
5%

[aNaNe

CONTINUF
HRITELE,H8)
FORMAT(///71%)
CONTTMUE
RETURN

£ND

SUBFOUTINE EIPACKL NMy N, Ay WRy WIy Z 4 IERRySCALE, INT )

AN ETGENSYSTEM FRCBLEM SOLVER FOR THE GENERAL MATRIX

CREALEB A{NMyNbeZ (NMyN}y WRIND, WICN)} o4SCALEIN)

INTEGER INTI(M)

CALL BALANCINM Ny A, LOWyIGH,SCALE)

CALL ELMHESIANM N, LQW, [GH, 2, INT)

CALL ELTRANCNM N, LOW, ICH A INT,Z)

CALL HRQRZINMsN L OWs 1CH, By WR W1y 2y TEKRY
CALL BAIDAKINMyN,LOW, IGHSCALEN, 1)
RETUPN

£ND

FIGFD1IRL
FINEN1R2
EIGE™]1A3
FIGFQLlER4
FIGFN185
EIGEN1 86

E1PALDYL
EIPAZ002
EIPAN)O]
EIPAd IS
EIPAQQOS
EIPAdUU6
EIPATQIT
EIPADO IR
EIPAZD)S
EIPAIQLOQ
EIPAQOLL
cETPARDY2
tIPAGOL3
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SUBRDUTTINE BALANC[NM,N,A,LOW, IGHy SCALF)

INTEGER TyJeKet ¢MeNyJJoNMy1GH,LOWy EEXC
REAL®*B A{NMN),SCALE(N)

REAL#E C,FeGyR,5,82,RADTX

REAL*E DABS

LOGICAL NOCONV

THIS SUBROUTINE IS A TRANSLATION OF THE ALGOL PRUCEDURE DPAYLANCE,

NUNM, MATH, 13, 2S2-2C&4{19€S) BY PARLETT ANLC REINSCH.

HANCECCX FCR AUTO. COMP,, VOL.II-LINEAR ALGERRA, 21E-3Z€(1671),

VHIS SUBROUTINE BALANCES A REAL MATRIX AND ISOLATES
EICENVALUES WHENEVER PDSSIELE.

ON INPUT:

NM MUST BF SET T0 THE ROk DINENSION CF TWO-CIMENSTIONAL
ARRAY PARAMETERS AS CECLARED TN THE CALLING PROGRAM
CIMENSION STATEMENT;

h 1S THE CRCER CF THE NMATRIX;

A CCKRTAINS TEFE INPLT MAIRIX TDO BE BALANCEL.

Ch CLTFLY:

A CONTAINS THE PALANCFI MATRIX:

LCh ANC IGH BRE TWE INTEGERS SULCH THAT AlT,.J)
1S EQUAL TC ZERC IF

(L} 1 IS CREATER TEAN J ANC
(?] J=1'o--lLCR‘l CR I=.[GP+1|t.llh;

66£1CCO1
6621CCG2
6521CC03
6521CC04
€521CCO%
6521CC06
6621CCO7
6€521CCO8
65210009
6521C010
6s21CCl1L
65210012
692100173
6621CC1L4
€5210015
65210016
65210017
6621C01A
66210019
65210020
65210021
65210C2¢2
66210021
6521CC24
58210025
6621C026
6S21CC27
6521C028
66210029
6621CC30
6621C031
6521CC3?
6521CC33
66210034
66210C35
65210C136
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SCALE CONTAINS INFCRMATIGN CETFRMINING THE
FERMUTATICNS ANLC SCALING FACTCRS USEL.

SUFPECSE THAT THE PRINCIPAL SUBMATRIX IN ROWS LCh THRCUGK IGHE
HAS BEEN BALANCEC, THAT P(J) CENOTES THE INEEX INFERCHANGEC
WITH J PURTMAG TEE FPERMLTATICN STER, ANC THAT THE ELEMENTS

OF THE CIAGONAL MATRIX LSFLC ARE CENCTED BY E(l,Jd). TEEM

SCALE LYY = Eld), FOR J = lysaerLOR—1
= [.‘J’J,l J = LCH,...,IGH
= p(J" J = [Gh’l' se s 'h.

THE CREER IN WrICH THE INTERCHANGES ARE PACE IS N IC IGH+1,
THEN 1 TC LCW-1.

NCTE THAT 1 IS RETURNEL FOR IGH+ IF IGH IS ZERC FCRFALLY.
THE ALGLL PROCECURE EXC CCATAINEC 1IN BALANCE APPEARS IM
BALANC IN LINE., (NCTE THAT THE ALGUL RCLES CF ICERNTIFIERS
KyL HAVE PEEN REVERSEL.)

QUESTICNS AND CCWMENTS SHOLLD BE CIRECTEC TC B. S. CARRCHW,
AFFLIET VMATHEMATICS CIVISICN, ARGCANE NATICNAL LAPCRATCRY

B T T e e e R A T U S R S PR S v ——

sz RACIX IS A MACHINE CEPENCENT PARAMETER SPECIFYING

THE BASE CF THE MACWINE FLCATING PCINT REPRESENTATION.

RACIX = 16.C00 FCR LCNG FCRM ARITEVMETIC
CN S23&0 sz2zsezzese
CATA RACIX/ZGZ1ICLCCCOCCCOCCDY

B2 = RAECTX #% RALCTX

K =1

L = A

GO TC ¥cC

$1332:2322:8 IN-LINE PRCCECLRE FOR ROW AND

6G21CC37
65210038
6521CC39
65210040
6621CC41
6521CC42
65210043
69210C44
65210045
65210C46
66210047
69210048
$52100459
69210050
65210051
65210CCS2
6521CC53
65210054
65210C55
£521CC56
65210057
65210058
65210CS9
69210060
69210061
65210062
63521C063
69210064
65210065
69210066
6s210067
6521C068
€5210CH9
6921CCT0
6G921C0T1
6G621CCT2
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aNal

20

40

50

80

1Co

110

120

SCALE(M} =
IF {3 .ECQ.

0C 3C I =

F = ALT

A{1,4)

A{I,V)
COCMTINLE

CC 4C I =
F = Ald
Ald,1)
AN, T)

CCATINLE

C TC

LK X
- -aa

(8C,
L .EQ.
L -1

COLLMN EXCHANCF
J
¥} GC TC S¢C

1y L

vJ)

Al IyM)
e .

+ N
AlN,I)

Hoile. X

1301, TEXC

SEARCH FCR ROWS ISOLA
AKE FUSF THEM CCWN =2
1} ¢C TC 28C

FOR J=L STEP -1 UNTIL

L 1]
*”
-

TING AN

i 00 —

1y L

EC 110 I = 1,
IF (1 .EC.
1F {AlJ,1)

CCNTINUE

M= L
LEXC = 1
€C 1C 20

CCNTINLE

GC TC 14¢C

L+ 1 - Jd

L

Jy 6C TC 110

.hE.

C.CDC) GC TC 12¢C

-
.-

- -
. 3

EIGENVALLF

RN
as ae

£521CC73
6G210C74
65210075
6S521CC76
6521C077
6921C078
6621C079
65210C80
65210081
69210082
65210083
66210084
65210085
65210086
69210087
65210088
£%210089
65210090

- 6$210C91

69210C92
69210093
69210094
66210C95
65210836
65210C97
£521C098
69210099
692101G0
69210101
65210102
65210103
69210104
69210105
65210106
66210107
69210108
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LS1

$s3223223133: SEARCY FCR CECLUMAS ISCLATIANG AN EIGENVALUE 6521C109

AND PUSH TFEM LEFYT sscszszzzs 65210110

130 K = K 4+ 1] 65210111
65210112

140 CC 17C J = K, L 66210113
69210114

EC 15C T = K, L 65210115

IF (T .tC. J) €C TQ 150 65210116

IF (All4J) NE. C.OECY GC TC 170 65210117

150 CENTINUE 69210118
65210119

¥ = K 66210120

IEXC = 2 69210121

CC ¥C 2¢C 65210122

170 CCANTINLE 69210123
s122223222 ANCW EBALAMNCE THE SUBMATRIX IN RCWS K TC L zoozzxzsse: 68210124

O 180 T = K¢ 1L 69210125

120 SCALE(1Y = 1.0LCC 665210126
gtz ITERATIVE LCCP FCR NCRNM RECUCTICH =:sszzzz:: 65210127

150 NOCENV = LFALSE. 69210128
65210129

EC 27O T = K, 1L 65210130

C = C.CRC 69210131

R = C.CBC 69210132

_ 69210133

CL 20C 4 = K,y L 66210134

IF tJ JEC. I} GC TC 2CO 69210135

C =€ + CHRS(A(J,1)) 65210136

R = R + CABS(ALL,J)) 65210137

2CG CCNTTINLE 69210138
65210139

¢ = R / RACIX 69210140

f = 1.6EC 65210141

S =C + R 65210142

210 IF (C .GE. €£) GC TC 22¢C 69210143
F = F % RALCIX 65210144



8ST

220
230

240

250

260

210

280

C=¢*
GC 1r 2t

2
C

G = R * RADIX

F (O L
/

cC +
G = 1.CC
SCALFEID)
NCCONY =

tL 25¢
All+J)

[

£C 2¢€C
AlJ.T)

[ 2

CONT INLE

IF {(ACCCNW)

T« G) CE YL 240
RACIX

F

cC /7 w2
¢ 230
t

XOw BALANCE 33
)Y £ F .GE. C
cC & F
= JCALGI(I) * F
- TRUE.

% se
(¥, ]

) GC IC 270

‘-=K'N
AtTsJ) * C

= 1s L
Aldes1) % F

6C TC 19¢C

6621C145
65210146
665210147
6521C148
69210149
65210150
65210151
69210152
65210153
65210154
65210155
65210156
65210157
65210158
69210159
65210160
65210161
69210162
69210163
69210164
69210165
66210166
69210C1¢€7
65210168
69210169
6s21C170
69210171
69210172
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SUBREUTINE ELNHESHINN R LT ICKH 84 IAT)

INTECER TodoMyNyLA,NM, IGH,KPL,LCHyMN L, MP1
REAL?3 A(NN,N)

REAL#E X,Y

REAL#8 TAPS

INTEGER IAT(ICGF}

THIS SUBRCUTINE IS A TRANSLATICN CF THE ALGCL PRCCECULRE ELMEES,
NeNM. MATE, 12, 249-268{1968) BY MARTIN AND WILKINSON.
HANERCCK FLCR ALTC. CCMF.y VOL.IT-LINEAR ALGEBRA, 239-3T€(1S71}.

GIVEN A REAL GENERAL MATRIX, THIS SUBROLTINE
RECLCES A SUPMATRIX SITUATEC IN RCWS ANC CCLUMAS
LCw THROUGH IGF TC UFPPER HESSENEBERG FCRF BY
STABILIZEDL ELEMENTARY SIMILARITY TRANSFCRMATICNS.
Ch INPET:

NV MUST BE SET TO THE RCw CIMENSIOMN CF TWC-CINMENSICNAL
ARRAY PARAMETERS AS CECLAREC IN VKE CALLING PRCCRAM
CIMERSEION STATEMENTS

AN IS THE ORCER CF THE PATRIXN:

LOW AND IGH ARE INTEGERS CETERMINELC BY THE BALANCINEG
SUPRCUTEINE BALANC. [F BALANC HAS NCT BEEN LSEC,
SET LCk=1, TCF=A;

A CCNTAINS THE INPLT MATRIX.

Ch CLTPUT:

72210CC1L
T221CC02
1321CC03
13210004
73210C05
T3210C06
7321CCO7
7321CC08
1321 49C09
732314010
72210011
73210012
73210013
T3210C14
73210015
7321C016
73210CL7
72210018
73210019
7321CC20
T321C021
73216022
73210023
7321CC24
13210025
T321LC26
riz2ieczy
73210028
73210029
T321CC30
7321C031
7321C032
73210033
1321CG34
732100135
T3210C36
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A CCNTPINS THE FESSENBERG MATRIX. THE MULTIPLTERS
Wk ICE WERE USELC IN THE RECUCTICM ARE STCRECD IN THE
REVMAINING TRIANGLE UNCER THE FESSENPERC MATRIXS

INT CCNTAENS INFCRMATEION ON THE ROWS ANL COLUMNS
INTERCHANCEL I® THE RECUCTICM.
ONLY ELEMENTS LOW THROLGF IGH ARE LEEC.

QUESTTCNS AND CCNMEATS SHCULEC BE CIRECTEL TC B. S. GARECW,
APPLIEC MATHEMATICS DIVISICN, ARGCANE NATICNAL LABCRATERY

- - ——— —— e - -——

LA = IGF - 1
KPl = LOCW + 1
IF (LA .LT. KP1) €C ¥C 200

£C 180 ¥ = Kpl, LA
ML = ¥ - |
X = 0.000
1 =¥

CC 100 J = ¥, ICGF
IF (DARS(ACJ,M¥1)) LLE. DAES(X)) CC TC 100
X = ALJ,MML)
1

J
CENTINLE

Fu 0

INTINY = 1}

IfF {1 .EQ. F) CC TC 131

133322 INYERCHANGE RCWS ANC CCLUMNS C€F A zz2zziriz:
CC 11C 4 = M¥ly, N

- 8 @ &
-4 a8

Y = A{I'J)
AlT,J) = BUNM D)
AlVPeJY = ¥

CCNTINUE

i . . Y S A e Wl = . o e

73210037
7321C038
7221CC139
T221C040
7321C041
72210042
73210042
7321C044
72210045
73210046
73210047
73210048
12210049
73210050
73210051
13210C€52
73210053
T321C054
73210055
12210056
73210057
T7321C058
13210059
73210060
1321C061
T321CC62
7321C0¢€3
73210064
7321C065
13210066
13210067
7321C068
73210069
73210C70
7321C071
73210072
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gC 12€C b = 1, IGF

Y = Af{Jd,1)
ﬂlJrP)
Y

™
g -
[ 2
-

1
A

[T ]

t? ENE INTERCHANGE =:::
= M + 1

-e» L]
- - =

CC 160 T = KFFLl, IGF
Y = AlL MM
[F {Y FC. C.CDCY) GC TC 1£C
Y =Y /7 X
A(I¥ML) = ¥

00 14C J = My N
140 AlT,J) AlL J) — ¥ % A(NyJ)

EE 15C J = 1, ICGF
150 LRVEY ALJy¥) ¢+ ¥ % AL, 1)

10 CONT iNUE
1BO CCNTINLE

2€0 RETURN

7321CC73
71321C074
73210075
T321C076
T321C077
7321Cc078
73210079
73210080
73210081
73210082
73210083
73210084
73210085
73210086
73210087
732100488
73210089
1321C090
T3210091
7321C092
73210093
7321C094
13210095
7321€096
732iC097
73210098
73210099
73210100
7321C101
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SUBROUTINE ELTRANINM N LCwhIGH A, INT,2)

INTECER ToJeNsKLe MV VPNV, ICH,LUKW,NPL
REAL#8 A(NNLIGH ), 2{AVM,N}
INTECGER INT(IGH)

THTS SUPRCUTINE TS A TRANSLAYICN CF THE ALECL PRECECURE ELMTRANS,

NUM. MATH. 1&, 1€81-2C4¢1S7C) BY PETERS ANC WILXINSCHN,
HANCBCCK FOR AUTOD. COVMP., VOL.II-LINEAR ALGEBRA, 372-3G65(1%71).

THIS SURROQUTINE ACCUMLLATES THE STABILIZEC ELEMENTARY
SIMILARTITY TRANSFORFATIONS LSED IN THE REULCTICN CF A
REAL GENERAL FATRIX YC UPPER FESSENBERG FORM BY ELMEES.

ENPUT:

NV NMUST BE SET TC THE RCW CIMENSTION CF TWC-CIMENSICNAL
ARRAY PARAMETERS AS DECLAREC IN THE CALLING PRCGRAN
CIVENSICON STATEMENT;

N IS THE ORCER CF THE MATRIX;

LCW ANE IGE ARE INTEGERS CETERMINEC £Y THE BALANCING
SLRRCUTIANE BALAMC. IF BALANC HAS NCT BEEN USEC,
SET L@W=1, IGH=N;

A CENTAINS THE MULTIPLIERS WHICH WERE USEC IN TFKE
REDUCTION BY ELMHES IN ITS LCWER TRIANGLE
BELCW THE SUBCTIAGCNAL S

INT CONTAINS INFCRNFAYION ON THE RCWS ANLC CCLUPMNS
INTERCHFANGEC IN THE RECUCTION BY ELMHES.
ChNLY ELEMENTS LCW THRCUGKF ICF ARE USEC.

2c21cCol
2C216C02
2021CC03
20210004
2C210C05
2C21CC06
20210007
20210008
20210¢09
20210010
20210011
2C210012
20210013
20210014
20210015
2C210016
20210017
20210018
2C€210C19
20210020
20210021
2C21C022
2C210623
20210024
20210025
2C2Z10026
2C2100217
20210028
2C0210C29
2cz2100:7
202100 %!
2C21r7 ,2
20210033
20210034
2¢210035
2C21003¢6
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ON CLTPUT:

2 CENTAINS THE TRAANSFORNMATICN MATRIX PRCLCUCED IN THE
REMUCTICN BY ELMFES.

ELESTICNS ANC CCMMENTS SHOLLCE BE CIRECTEL TC B. 5. GARBCUW,
APPLIED MATHEMATICS BRIVISICN, ARGCNNE NATICNAL LABCRATCRY

. - . S - T T S - M . W S T e i — s

te: ENITYALT2E 7 TC ICENTITY MATRIX s3sczzozzz
= s N

LC €C J = 1s M

2(l440 = G.CEC
21,1} = 1.CCC
CENTINLE
KL = ICGF - LO% - 1
IFf (XL .LT. 1) GC TC 2C0C
$3s22:22222 FCOR MP=ICGH~1 STEP -1 LMNTIL LCw+l EC ~-- 2irzzzzic:
EC 140 MV = 1, KL
MP = TIGF - MWV

MFL = MP 4+ 1]

£C 1CC T = MP1, ICH
Z{T,NE) = A(I,MP-1)

I = INT{(¥MP)
IF €I +EC. FF} CC TC 140

EC 13C J = #P,y IGH
2INMP,J) = Z2LY, )
Z2{14d) = C.CLC

2C210C37
20210038
2021CC39
20210040
2C210041
20210042
20210043
2021C044
20210045
20210046
ZC21CC47
20210048
20210049
2C210C5¢C
2C21CC51
20210052
2€210C53
2C21C054
202100585
20210056
20210057
2C21C05¢8
20210059
2210060
2C21C061
20210062
26210063
2C21C064
2C210065
20210066
2C21C067
2C021CC68
2021C0&9
20210070
2¢2100T71
20210072
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130

140 CCNTINLE

CCNTITINLE

ZU14VP)

= l.CEC

20210073
2C21C074
2C21C075
2021C076
2C210077
2c21c078
20210079
20210080
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SUPRCUTINE FQRZ(NN Ny LCHy ICHoFowWRsWI,Z, TERR)

INTEGER TadoeKoLlyMeNyENgIT 4 JlylLoNF o NABSAN AN
X IGHs ITSLCWMEZ,ENVZ, TERR

REAL*3 FUIRM NY 3hRINY oWIIN}Z(NNMN)

REML%8 PoQsReSeTaheXo Y RALSALVI VR 27 4NCR¥,MACHEP
REAL#8 TSERY,TAES,ELSICN

INFEEER MINC

LCGTCAL MCTLAS

CCMFLEX®1E 22

CCMPLEX®16 CCMFLX

REAL#*8 T3(2)

EQUIVALENCE (22,72(1Y))

THIS SURRCYUTINE IS A TRANSLATICN CF T+t ALGCL PRCCEDURE HCRZ,
NUM. MATH, 16, 1F1-204(197C) BY PETERS AND WILKINSCN.
HANCBCCX FOR ALTC. COMP., VCL.ITI-LINEAR ALGEBRA, 372-36%5{1971).

THIS SUPRCUTINE FINCS THE FIGEAVALUES ANLC EIGERVECTCRS

OF A REAL UPPER HESSENPERG MATRIX BY THE QR NETHCC., THE
EICENVECTCRS CF A REAL CENERAL MATRIX CAN ALSO BE FCULNC

EF  ELMHES ANC  ELTRAN CR CRTHES ANC CRTRAN FAVE
BEEN USFL TC RECUCE THIS GENERAL MATRIX TC FESSEAPERCG FCRN
ANC 10 ACCUMULATE THE STMILARITY TRANSFORMATIONS.

ON INPLT:
NM MUST BE SET TC THE RCk CIMENSION OF TwO-CIMENSICNAL
ARRAY PARAMETERS AS CFCLAREC IN THE CALLING PRCGPAM
CINENSION STATEMENT;

N 1S THE CREER CF TvE PATRINS

87210001
8721CC02
B721CC03
8721CC04
81210£05
87210C06
8721CC07
8721C008
872100089
87210010
§721CC11
871210C12
B721CC13
8721CC1L4
89210015
B7210016
8721CC17
87210018
87210019
87210020
ar21c¢2l
87210022
87210023
8721C024
87121€02%
87210026
arz210027
g7210028
#7210029
87210030
8721CC31
87210C32
B721C073%%
8721CC34
87210635
B7210C36
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LCW ANEC IGF ARE INTEGERS CETERMINEC BY THE BALANCING
SLERTUTINE BAEANC. IF  BALANC kAS NCT EEEN USET,
SET LOw=1, IGH=N;

F COENTATINS THE UFPER HESSENBERC MATRIX;

I CONTAINS THE TRANSFORMATICN #ATRIX FRCCLCED BY ELTRAM
AFTER TEE RECUCTICN BY ELMHES, OR PY CRTRAN AFTER THE
RECUCTION BY CRTHES, IF PERFCRMEC. IF THE EIGENVECTCORS
CF THE HESSENBERG MATRIX ARE CESIREC, Z MUST CONTRIN THE
ICENTITY MATRIX.

CLTPUT:

t +AS PEEN CESTROYECL;

WR AND W COCNTAIN THE REAL ANC INAGEANRRY PARTS,
RESPECTIVELY, CF THE EIGENVALUES. THE EIGENVALLES
ARF UNCRCEREL EXCEPT THAT COVPLEX CCNJUGATE PAIRS
CF VALUES AFPEAR CCANSECLTIVELY WITF THE EIGENVALUE
FAVING THE PUSITIVE LNAGINARY PART FIRST. IF AN
ERECR EXIT IS MACE, THE EICENVALLES SHCULLE BF CORRECT
FCR INCICES 1ERR#140a0a1h3

1 CCNTAINS THE REAL ANC IMAGINARY PARTS CF THE EIGENVECTCRS,
IF THE I-T+ ETCENVALUE 15 REAL, THE [-TH COLUMN CF I
CCNTAINS ITS EICGENVECTCR. IF ThHE I-TF EIGENVALUE 1S CCMPLEX
WITE PCSTITIVE TMACINARY PART, THE I-TH ANC (1+41)-TF
CCLUMNS CF Z CONTAIN THF REAL ANC IMAGINARY PARTS CF ITS

EIGENVECTCR, THE EIGEAVECTERS ARE LANCRMALTIZEC. [IF AN

ERRCR EXITY IS MACE, NCNE CF THE EIGENVECTCRS FAS EBEEM FCUKNU;
TERR IS SET 7C

ZERD FCR NCRPAL RETURN,

J 1F THE J-TF ETIGENVALLE HAS NCT BEEA

CETERMINED AFTER 30 ITERATICNS.

8721CC37
87210038
87210039
17210040
872100641
BT1210042
87210043
87210C44
87210045
87210046
8721C047
8721C048
87210049
87210050
87210051
87210C52
87210053
B1210C54
BT21CC53
87210056
87210057
B7210058
B721005%
57210060
87210061
817210062
A7210C63
871210064
87210065
87210066
B7210C67
8721CC68
87210069
87210070
BT21CO71
81210072
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ARITHMETTIC IS REAL EXCEPYT FCR THE REPLACEFENT CF THE ALECL
PRCCECLRE CCIV EY CCMFLEX CIVISION,

QUESTICNS AND CCMMENTS SHCLLD B& CIRECTEL TC B. S. GARECW,
AFPLTEL MATHEMATICS CIVISICN, ARGONNE NATICNAL LABCRATCRY

- — . ——————— s Ak - T i Bl e i ke - — e U T e A . ma —md ey b T b A - -

CN S360 2333323323
CATA NMACHER/Z34LCCOCECCCCLOQCCOY/

[EFR = €
3133333337 STCRE RCETS [SCLATEC BY BALANC 2::zisiizss
DC SC T = 14 A
IF (1 .GE. LCW ANT. I .LE. IGH) GC TC 5C
WR(T) = PL,1}
Witl) = c.CCC
CONTINLE
EN = I€F
T = C.CTC

Trz33s2z23:: SEARCH FCR NEXTY EFGEAVALLES :s:tenszos:
I1F {EN JL¥. LCw) €C TN 340
T1s = C
NA = EN - 1
FANZ = KA - 1
terezrzezr LCCK FCR SINGLE SMALL SUR-CTACONAL ELEMENT
FCR L=gM STEP -1 UMNTIL LCw CC -- 2223338322
CC BC Lt = LCw, EN
L = N + LCh - LE
IF L LEC. LCw) GC TC 1CC
[F {NARSTH{L,L=1)) JLE. NACHEP * {CAPS{F({L-1,L-11}}

T MACHEP IS A MACHINF CEPENDENT PARAMETER SPECIFYING
THE RELATIVE PRECISICN CF FLCATING PCINT ARITHMETIC.
NACFEP = 1é.GEC*%*(-13) FCR LCNG FCRM ARITHMETIC

B1210CT73
B121CCT4
B72LCCT5
87210C76
gr21cer?
87210078
87210079
87210080
B72100R1
grzLocaez
BRT210C83
81210084
872LCCBS
87210086
81210087
B7210088
81210099
87210090
872iC091
B7210C492
87210€93
87210094
87210095
8721C096
87210097
87210058
81210099
87210100
87210101
47210102
87210103
87210104
1210105
B7210106
BT210107
B7210108



891

YOy

+ CABSH{Y (L.t X)) CC TC 1CC

CCATINLF

T2z FORM SHIFT sz
X = F{ENGEN)

IF (L «ECs EN) CC TC 270

¥ = HIMALRA)

W = FIENSNAY # FIRALEM)

IF (L .EC. NA) GC TO 280

IF (ITS .EC. 3C) €EGC YC 1l0CCGC

IF TITS .MNEo 1C ANE, ITS LME. 2C) GO TC 120
trz2z23223: FORM EXCEPTIOMAL SKHIFY 23z:z22:2:::
T =T + X

CO 120 1 = LGW, EN

H{Lel) = FlIgl) - X

S = DABSLHIEN,MAY) & CABSIHFINALENNZ))

£ = CJTI5CC * §

Y = X%

W = —Co43ITSEO » S 2 §

T8 = 178 +« 1)

132323t LCCK FCR TwC CONSECUTIVE SPMALL

SUB-CTACENAL ELEMFNTS.
FCR ¥=EN-2 £TEP -1 UNTIL L CC -~
EC 140 MV = L, ENM2Z
M = FRN2 & L ~ NV

17 = HIP,LV)
X - 17
¥y - 22

2 % S = W) / F(MEL,VM) + F(M,M2])
H{V+1,M+]1)} - 77 - R -~ §
Hi{NM+2,¥7¢1)

CARS(P) + CARPSIC) + TAPS(R)

P/
Q
R

POAMDVWLTAOADNR
(| | L O T I |

A A LA

/
/

----------
----------

B72101CH9
87210110
87210111
81210112
81210113
87210114
87210115
ar2l1oiis
81210117
87210118
87210119
871210120
87210121
87210122
87210123
871210124
87210125

7210126
87210127
gr210128
87210129
87210130
a721C131
87210132
87210133
B121{124
87210135
87210136
B7Z210137
872101238
87210139
87210140
87210141
87210142
B7210143
B7210144



69T

[N

X

IF ¥ JEC. L) €€ TC 150
IF (DABRSIHINM,M-1)) * (BAFS(C) +
* (TABSIH(NM~T,¥=1)) ¢ CARS(2Z)

140 CCNFIINLE

(]

FeI,1-2) =

160 T = ¥P2, EN
C.CEC
MP2) GC 10 1€C

C.CEC

[F ! .EQ.
F{L,1-2) =

160 CEMTINLE

170

180
150

EC

¢

- » 8 amen
-------

COUBLE GR STEP
COLUMNS M TC EN
260 K = M, N2

NETLAS = K JNE. NA

IfF (K .EC. M)} GC TC 17C
P F{KyK=-1)

HiKelyK-1)

c.cRL

{NCTLAS) R = F{K42,K-1)
RARS(P) ¢ LCAPSIC) + LCARSIR)

ot

R

1F
)

IF (X JEQ. C.CBC) GC TC 26C

F =P /7 X

€ =¢ ¢ x

R =R /X

5 = CSICHICSCRT(P2P4Q*Q4R#R),P?
IF (X .EC. M) CC ¥C 1RO
BIK,K-1) = =% = X

¢C 10 14¢C -

IF L O JNE. M) F{KK=1) = —F(K,K-
P =P +

X =P /5

Yy =¢ /S

27 = R /S

S N

--------

CAESIR) ) .LE. MACHEP * CARS{P)
+ CABS{h{M+Ll,M+1)))})} G TC 150

INVCLVIAG ROWSE L TC EN ANC

1)

8721C145
87210146
87210147
87210148
B7213149
87210150
87210151
87210152
87210153
87210154
87210155
BT210156
87210157
87210158
87210159
87210160
R7210161
87210162
87210163
87210164
87210165
872101¢€6
87210167
87210168
87210169
87210170
87210171t
8721CL72
87210173
87210174
87210175
87210176
87210177
B721GY 78
87210179
872101H0



0LT

2C0

210

240
250

260

270

&
¥

R=R /P

131322227 ROW MCTIFICAVION

tc 210 J =

Ky

)

P = BIKy,J) + T 2 H{K+Ll,J4)
I[F {.NOT, NCTLAS) GO TC 2CC

F =P 4+ R * FIK+Z,J)

FiK+2,4) - P % 77
Hlel'J} -
= F{Kyd) - P * X

FiK+2,.

Fik+]l,d

FlKyd)
CENTIMUE

[l =

)

) =

1,

INCIFEN,K+2)

t: COLUMN MECIFICATION 22sszizz:
e N

F =X % FILyK) ¢ ¥ % F{1,K+1)
1

P

*y

F (ADF. NCTLAS) CC TO 220
P =P « 27 % E(1,K+2)

F{TyK+2

f"qxil

FlT.K)
CCNTINLE

CC 250 1 =

2tI,K+2

Tllykel

2{T.X)
CCNTIANLE

CCATINLE

—as Y
T
L Y N |

1 s
- et M

P oae =
M »s
>

:: CN
= X

]
] =

"

LCWs ICH
P o= X & 20T,K) + ¥ % Z2({1,K+1)
I («NOT. NCTLAS) €N 10D 24C

P = P 4 27 % 201,K+2})

)
) =

= I{14X) = P

4+

1tl,k+2)
Zilyk4])

E RCCT FCLND

T

-

H(I'F’z‘ -~
F{lsKa1) -
= F(TeK;

-

p

p

P ®
P o*

* R
*Q

stz ACCLMNULATE TRANSFORMATICNS

R
c

B7210181
A71210182
B7210183
B7210184
ar210185
RT1210186
87210187
87210188
81210188
87210190
87210191
87210192
87210193
8721019%
87210195
B7210196
87210197
81210198
B7210199
87210200
8721020
87210202
87210203
87210204
87210205
872106206
87210207
87210208
87210209
87210210
87210211
87210212
871210213
B72i0214
B7210215
87210216



TLT

250

HIENLEM)

WICEN) = C.CDC

X = klEh EN}

HIMNAGZNAY = ¥ ¢+ T

IF {C JLT. C.CCC) GC TC 32C

szt REAL PALIR 222z ::

12 = P « CLSIGN(Z22,P)

WRINA) X 4+ 77

WR (EN} wWRINA)

IF (212 .NE. O.CEQ) WREEN) = X - W / 217
WI(NAY = CL.CCC

WI{EN) = C.CDC

W

X = FIENJNA)

R = CSCRT{X%X+722%21)
P =%/ R

Q =22 ¢ R

1327323220 ROW MCOIFSCATION s3sszezice
£C 290 3 = NA, A
11 = HINA,Y)
F(NAGY) = Q@ # IZ + P * H{FN,J)
FIENGJY = @ % FIEN,J) - P % 27

fIchNAY = € % 27 &« P % F(1,EN)
FIT4EN) = € # HlL1,ENY = P % 77

s333ssez2zs ACCUNULATFE TRANSFORMATICNS

- s w
- . v

----------
----------

87210217
ar210218
87210219
87210220
87210221
87210222
87210223
87210224
87210225
87210226
a721C227
B7210228
87210229
87210230
87210231
R7210232
87210233
B721G234
BT210235
B1210236
B1210237
87210238
87210239
87210240
B7210241
B71210242
BT1210243
B7210244
871210245
B7210246
87210247
87210248
B7210249
87210250
87210251
81210292



LT

(gL ]

320

340

150

360

WREN)

pC 21C 1

U1 NN
711 .EN
CONT INLE

GC 7C 2730

WR{NA)

Wi(ha)
WEILENY
EN =
GL TC

m

- nr

W DT H W .
~N

CRV = 0.

EC 260 1

CC 35¢
NCRF =

K =1

CEMNTINLE

= LChg I1GE
127 = I{1.NA)

C % 27 + P * JTU1,EN]
C % 2{1,6K) - P % 727

} =

T C
X ¢
X +
11

-7

oto

=1

J

C

*

b= - B

PLEX PAIR

ALL RCCTS FCUNC.
VECTCRS CF LPPER TRIANGULAR FCRV

)

Ky, A

NCGRM + DARS{H(I,.%)

EC

1

?

()

+ 1 ~ NN

tEN
(EM
N -

}
)

1

710,
: REAL VECTCR

€CC,y BCC

C.CCCY €C 10 1CO%
FOR EN=N STEP =1 UNTIL | €C ~=- 2322322212

PACKSUBSTITLTE

AT210253
87210254
B71210255
87210256
81210257
87210258
87210259
87210260
87210261
871210262
B7210263
87210264
87210265
871210266
87210267
87210268
871210269
arzL0270
B7210271
81210272
81210273
B71210274
BT210275
BT210276
8121Cc217
87210278
87210279
87210280
87210281
87210282
81210283
B1210284
AT210285
B71210286
g721028e7
81210288



ELT

£CO

610

£20

€30

€40

£50
1Co

i A
How B

F. r\l

FIERNGEN] = 1.CCC

te 1ce I1 =
I = EN -
R = HUT,+EN)

tn eXC J =
Ro= R 4+ +{IsJ) #* FULJ,EN)

IF (Wil )
22 = W
< = R

er TC 76C

b=t
1F RI(1)
T=h

IF (W .EC.

"‘(leh) =
¢ T0 7¢C

3222 SCLVE REAL EQUATICNS
Hil,1+41)
i‘(l"“1|i’
{WRE1)
(X # S -

}'(lrEh) =

IF (EARS (X

FUT+1+EN)
GC 10 7¢€C
FUTALSEND

CONTINLE

C) €€ 1€ 8GC
FNR TI=EA-1 STEP -1 UNTIL 1 CC --

1F (¥ JGT. NA) CC T0 £2C

GC TC &30

C.CCO) GC TC€ &4C

C.0EC) T MACHEP % ANORP

2 {WP{I) — P) + Wil1)

LE. CARSH{ZZ))
{t-R - W % T)
=S =¥ 2 7)Y/

FMD REAL VECTER
€C 1C BQC

87210289
8721025¢C
B7210291
87210292
87210293
E7210294
B7210295
B1210296
81210297
gr21c298
871210299
87210300
B7210301
87210302
87210303
87210304
87210309
B7210306
87210307
B1210308
871216309
87210310
871210311
87210312
B7210313
87210314
87210315
B7210316
BT210317
81210318
BT21031%
87210320
871210321
B7210322
B7T210323
BI121G324



VLT

(]

160

170

$223:: (CMFLEX VECICR ssessistes

= NA

22312z LAST VECTCR COMPONENT CHCSEN TMAGINARY SC THAY

ETGEAVECTCR MATRIX IS TVTRIANGLLAR 2::zz7zzz:

IF (PAPSIHUEN,NAZY LLE. DARSIF(MNA,ENIY) EC TT 720
FINBLNAY = € / H{EN,NA)
FINBJENY = = (HIEN,EN) = P) / FIEN,NA}
GC TN 73C
72 = COMPLX{C.CDC,~H{NAJENY) /7 COFPLAIHINS,MNA)=F,C)
FINAsNAY = T241)
FINALEN) = T3(2}
HIENsNA) = C.0DC
FLENJENY = 1.CLC

EAVMZ = NB - ]

IF {ENMZ LEC. C) GE TC €CO
£c 18C 11 = 1,
I = N& - 17
w ':HlI'[):“" P
R C.CCC
) FUIJEN)

ENM2

A =
A =

CC 76C J = ¥y N2
RA RA + H{l14d) * H{J4NA)
SA SA 4+ Fll4d) * HUJLEN)
CONTENJE

1F Wit ) L.EDC)Y GC TC 17C

17 =

IGE.

+MNEs C.OBCY GE TC 780

IF (WILT)
2 SA) / CCMPLX{W,C)

= CCMPLX{-RA,-

E{T,N2) = T2(1)

81210325
871210326
#721C327
872103282
B1210329
8721032730
87210331
87210332
87210333
B7210334
87210335
8121033%
81210337
87210338
87210339
B7210C340
B71210341
87210342
87210343
BT7210344
87210345
87210346
87210347
B7210348
87210349
8721C350
87210351
B7210352
87210353
B872103%4
87210355
31210356
8721C357
87210358
87210359
87210360



GLT

(an]

™

T€5

790

gCo

820

g40

----------

FEI,EN} = T31(2)
CC TO 7s¢C

SOLVE CCMPLEX EQULATIONS
: H{T+1,1)
VR {WR{T) - PY 2 IWR(T) - P)
vl! {WRAIY - P} * 2,.0C0 * ¢

IF (VR LEC. C.CCC +ANC. VI .EC.
* {DABSIW) + DABRS(Q)} + CABS(X)

---------------

Y
+ S0{0) * WICTD) - € * (¢

0.CC0) ¥R =
+ CABS(Y)

HACFEP # NCRP
+ CABSIZZ))

73 = CEOVELXA{XAR-Z27%RAAQ2SA, N#5-22%CA-C*RA) / COVWPLXIVR,VI)
FlTyNAY) = T3LL)
FTI,ENY = T2(2)
[F (0ARS(X) LE. ODARS{ZZ) + CABS{Q)Y GC TO 7E%
F{I+b W2} = (=RE —~ § % F{I,MA) + G #% FLILEN)) £/ ¥
FlT+14EN) = (-5S8 ~ W * H(L, EN) - C % Fil,NAY) / X
GC T0 7sC
277 = CCMPLX(-R-Y#-(T,NA),~S-Y*F(I,ENJ) /7 DCMPLX(ZZ,Q)
F{T+1,NA) = TAL1}
FUTH41,EN) = T3(2)

CCNTTIAMLE

11328 END CCMFLEX VECTCR srzzzisszc

ENE BACK SLBSTIVUTICN.
VECTCRS CF ISOLATECD RCCTS

----------
----------

BC E40 T = 1y N

(1 CGEF. LCW .ANC. I LLE. IGF) GC 7T #4C
CC 22C J = 1, ©
{14 = H(-Ivd-l
CCATINLE
$isiszerr NULTIPLY BY TRAMSFCRMATICN MATRIX TC CGIVFE
VECTCRS CF CRIGINAL FULL MAIRIX.
_ FOR J=h STEF -1 UATIL LEW Ff0 -— zoztiicriz:
D8 EEC JJd = LTh,y N

=K & LEw = JJ -

B7210361
81210362
87210363
B7210364
87210365
8712106366
BR721C367
BT210348
B1210369
872i0370
871210271
87210372
872103713
87210374
B7210375
87210376
R7210377
87210378
87210379
81210380
87210381
B1210382
872103813
871210384
B7210385
87121 C346
87210387
87210388
87210389
87210394
87210391
87210392
87210393
87210394
87210395
87210396



9L

[ ]

lge}

aXa

860

EE0

1CCO
1{C1

N o=

CC

CENT IN

FINOCGS,

EeC I =
1) = .0

LN B&E K
i1 =

21T+4) =
LE -

SEY

ETGENVALLE AFTER 3C ITERATIONS

*3 LAS

1Er )

LCwy IEF

£c

= ECwye W

17 4 Z(1,K) * KH(KyJ}

27

ERRCR -- ANC CCNVERGERCE TC AN

1 CARD CF HRR2 ::

* 8 e v eEeeee -
R R R

B721c397
872103298
87210399
87210400
87210401
BT210402
87210403
87210404
87210405
87210406
B12104C7
87210408
B7210409
B87210410
87210411
87210412
87210413
87210414



LLT

aNalsl

RN el ol e o N el el e R el e ol oo N o N e N N e e W e Wl o I W W W
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SUBRCUTINE BALBAK{AN NGLCWw, IGH,SCALE, N, 2}

INTECER ToJdoK yNyNeg TToANMe [GHHLOW

REAL*8 SCALE(N)Z(NN,V)

REAL *8

TEES SUPRCUTINE TS A& TRANSLATICON &€F JHE ALGCL PRLCCEDULRE BALBAK,
NUNM, MATH, 13, 293-304119¢S) BY PARLETT ANC REINSCH.

HANCPROCK FOR ALTC. COMP.y VCL.II-LIMEAR ALGEPRA, 315-32&{(1971}).
THIS SURRCLTINE FCRMS THE EIGENVECTCRS CF A REAL GENERAL

MATRIX RY BACK TRANSFCRMING THCSE CF THE CCRRESPUNCING

BALANCEL MATRIX CETERMINEE RY BALANC.

ON INPLT:

AV MLST BE SET TC THE RCw CIMENSION OF TwWwC—-CIMENSIGHAL
AFR#Y_P&R&FETERS AS DECLAREL IN YHE CALLING PRCCRAY
CIMENSION STATEMENT;

A 15 THE CRCER CF TFE MATRITIX:

LCW ANC [GH ARE INTEGERS LCFTERMINEL BY BALANCS

SCALE CCNYAINS TINFCRMATICN CETERMINING THE PERFUTATICNS
AKD SCAL NG FACTCHS LSED By BALANC;

M 1S THE NUNBER CF CCLUMNS CF 7 TC BE EACK TRANSFCRMED;

7 CUNTALINS THE fiFAL AND IMAGTIMNARY PARTS CF THE EIGIh-
VECTCRS TC BE BACK TRANSFCRMEC IN ITS FIRST M CCLUNNS,

Ch CLTPUT?

T0£1CC01
787210002
7C2LCCO3
TC210004
16210005
7C210006
TC2L0007
7C210008
7¢€2LCCa9
7C21CC10
70210011
TC210012
TC210013
70210014
70210015
TCc21CC- .
1C21C0L s
70210018
7C2L0C19
TC21C020
Te210021
7C21C022
7C216C23
TC21C024
TC210025
7C210GC26
1210027
70210028
TC210029
7C2LCC30
7C21C031
7C21C0732
7C210033
7C21C034
TC21C03%
TC21LC036



BLT

(=]

Y Y Y

me

I CENTAINS THE REAL AND IMACINARY PARTIS €F THE
TRANSFORVMED EJCENYECTCRS N BYS FIRST M CCLLWMAS,
CUFSTICKS AND CCMMENTS SFCULC PE EIRECTEL TC Bo Se GARBCW,
APPL LET MATHEMATICS DINISICNy ARGCMNE NAVICMAL LARCRATCRY

IF UIGE JEQ. LCwW} GO YC 12¢
EC 110 1 = LCW, ICH
S = SCALELL)
2122223222 LEFT HANE EICENVECTEORS ARE BACK IRANSFLRFMELD
IF THE FORECGCINCG STATEMENT IS REPLACED BY
S=1.L0C/SCALE(T Yy 22222232233
EO 1CEC J = 1, ¥
1C0 ZlEed) = Z(14J) * S

110 CONTINGE
$222323%: FOR I=LCw~1 STEP -1 LNTIL 1,
ICH+1 STEP 1 UNTIL N CC =-- ¢
120 DC Y4C 11 = 1,4 N
I = 11
IF (1 JLT7. ECW) 1 = LEW - TI
K = SCALE(T)
If (K JFC. 1) €0 TC Y40

£C 17C J = 1, W

S = Il )
2{14d) = Z2(K,;J)
TlKed) = S

130 CCNTINLE

140 CCONTINUE

7C21CC37
7C21C038
7€210C39
7C210040
7C21C041
70210047
7C21C043
7C210044
7C21 0045
70210046
7C210047
7C210048
7C210049
70210CS0
7C210051
70210652
70210053
TC210054
7021G05%
70210056
7€210057
7€210058
76210059
7C21CC60
71C21C061
7C210062
70210063
7021C064
7C210065
70210066
70210067
7C210068
7C210069
70210070
7¢210071
7C21C072



6LT

7021C073

RETLRN 7021C074
S22z LAST CARLC CF BALBAK 2:zz2z:2:: TC210075
EMNE 7021C076
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SUPROUTINE MINV

FURFCEE

INVERT & MATRIX

USAGE

CﬁLL HINV‘A'W'D'LpM’

DESCRIPTION OF PARAMETERS

A —_

N -
D -
I
M -

REMARKS

INPUT MATRIX, DESTRCYEDL IN COMPUTATICN AND REPLACEC BY
RESULTANT INVERSE.

CFOER QF MATRIX ¢

RESULTANT DETERMINANT

WIRK VECTOR OF LENETH N

WORK VECTOR OGF LENCTH N

MATRIX A MLST BE A CENERAL MATRIX

SUBROUTINES AND FUNCTICN SUBPROGRAMS REQUIRED

NONE

METHCD
THE

STANDARD CAUSS-JORCAN METHODR 1S USED. THE DETERMINANT

IS M50 CALCULATED. 4 SETERMINANT OF ZERO INDICATES THAT

THE

MATRIX TS SENGULAR,

MINV
MINV
MINV
MINV
MINY
MINV
MINV
MINV
MT NV
MINY
MINV
MINY
MINV
MINV
MINY
MINV
MINV
MINV
MINV
MINV
MINV
MINY
MINV
MINV
MINV
MINY
MMV
FINV

OD--al-i--o'u.-.onaqcaiillonlll.tt.t-'-a.DOU..Ut'.‘..D.OO.I..-...'MINV

SUBROUT INE MINV(A,NyDyLy M|

DIMENSTON

AL1 )LL) M1

MINV
MINV
MIAY
MINV

a----a----n---------on--nd---oouo---noa---o-no.ooouctocs...OiO.MINV

)

40

50

£

70

80

S4J
109
1140
129
1349
140
150
160
170
L80
199
200
210
220
230
240
250
260
270
280
250
300
310
320
320
340
350
360



aNale Rt sk knEeinEaEalnNaEeFaEaEeEeNa]

8T

MINY 370

If A DOUBLE PRECISION VERSION OF THIS ROUTIANE IS DESIRED, THE MINV 389

C IN COLUMN 1 SkHOULD BE REMNMOVED FROM THE POUBLE PRECISION MINV 390
STATEMENT WHICH FOLLOWS. MINV 400
MINV 410

NOUELE PRECISION ALD,BICGA,HOLD MINV 420
MIAV 430

THE € WMUWST 21.SO BE REMOVED FROM DOUELE PRECIESION STATEMENTS MINV 440
PPPEARING IN GCTHER ROUTINES USED IN CONJUNCTION WITH FHIS MINV 450
RILTINE, MINV &4£0

. MINV 470

THEE O0OUBLE FRECISTON VERSION OF THIS SUBROUTINE MUST ALSO MINV 480
CCNTATN DOUELE FRECISTION FORTRAN FUNTTICNS. ABS IN STATEMENT MINV 490

19 MUST Bz CHANGED 70 CABRS. MINV SO0
MINV 510

PO LOSCO00OROE ADCOIEREUR JVJOUIoERNREEsIesRTORSRERRERISERITRSTInsssnns TNV 52

: MINV 530

SEARCH FOR LLRGEST ELEMENT MINY 540
MINV 550

D=1.0 RINV 560
NK=-N MINVY ST0
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APPENDIX B

INPUT DATA AND OUTPUT LISTING OF THE SAMPLE PROBLEMS

B.1 Application of the FREEVI Program to the Wing

B.1.1 Input Data Listing for the Bell Wing

The FREEVI program input data for the wing
are illustrated in this section. The struc-

tural data are shown in Fig. 6 and in Table 3.
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B.1.2 The FEEVI program output data for the Bell
Wing. The example output of the Bell wing

is shown in this subsection.
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B.2 Application of the FREEVI Program to the Blade

B.2.1

The FREEVI Program Input Data Listing for
the Boeing Rotor (Hingeless Rotor)

The input data deck setup is illustrated
in this subsection for the hingeless
rotor. Structural data are shown in Fig., 7.
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B.2.2 The FREEVI Program Output Data for
the Boeing Blade
The example output of the Boeing
blade is shewn in this subsection.
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E.3 The TILDYN Program Examples

B.3.1 Input Data Listing for the TILDYu
Program
In this subsection, the sample problem
data deck setup is illustrated. The
flight condition is powered flight for
the Boeing model and autorotation
flight for the Bell model. The data
for the computation is shown in Table 3
in detail,
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B.3.2 The Output Printout for the TILDYN
Program
The output printout is illustrated
for autorotation flight of the Bell
model in this subsection.
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=L+ 1426300E-04
=G 1T76501E-04
0. 6TB8599E-04
-0, 1646299E-014
=0.7790 LOQE~D4
-0, T81240C0E~0%
= .7878300F=04%
“LTAN1200E-04
=G o TTIILONE= D4
~0.T786400E-04
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EQUATIONS DOF MOTIGN § A%XW&BEX'+C*X=D*E
A MATRY X=
0. 10000+ 0.0 D.0 0.0 3.0 0.0
0.0 0. 100U0E+GL 0.0 0ep 2.0 0.0
0o G.0 0.10000E+G1 0.0 0.0 0.0
0.0 Cel 0.0 0.1C00UDE+01 0.0 0.0
g.g g.g g.g g.g 0.10000E401 0.0
- » . - \,.O OII +
0. 6154TE-10 ~(l 22C79E-01 ~0.36785E~04 0.40159E-10 -9.383)9E~03 -0.233222.85
0e39B46E+JU ~0.14T12E-04 C.17952E¢00 0.25999E+¢00 -0.84213E-01 0,31148E=~02
~015BITE-06  Ue66432E400 0443345E~0% ~0e10360E-C6 J.11526E-01 0.26666E+00
0.TL5T4E¢CD  0.C 6.0 ~0.23844E+401  D.C 040
B MATRIX=
0.54017E+0G0 0.0 0.0 -0.26B76E400 040 0.0
0.0 0.37042E+00 0.20000€401 0.0 ~0.4116TE400 0.0
0.0 ~0s2C000E+0L  D.37042E+00 0.0 0.0 ~0.4LL6TE+OG
-0,19099E+00 0.0 0.0 0+43642E400 040 0a0
0.0 -Us 34603E+00 0.0 0.0 2.39483E+00 0,200)0E+01
0.0 0.0 "D'l 3‘.6035*00 0-0 "0- ZOOUOE"OE 0. 394835"00
04 22544E-10 ~0, 79814E-02 0.25224E-C1 ~0.21837€-12 0.58643E~-02 ~0.66846E-01
0,14595E400 ~0s33128E400 0,64894E~01 ~0o 14137€-02 -0.32659E-01 ~0.T2073E-01
~0.58157E-07 0.240156¢00 0.12474E+0L 0¢56333E-D9 =-0426671E+00 0. 10046E+00
-0.33172E¢02 (40 0.0 -0,33280E401 0,0 0.0
€ MATRIX=
E¢OL Da Q.0 0.0 2.0 0.0
3:3“”E ° -0.?#993L500 0.37042E400 0.0 ~0«57593E~01 -0.4116TE+00
U ol ~0.37042E400 -04 149936400 0.0 044116 TE+N0 -0.57593E-01
Del Gel) 0.0 OGIGZSBE’.‘OZ 0.0 0.0
0.0 Us LTB62E+0D -0434603E+0G 0.0 D« B545QE+00 C+I9%BIE+DD
Cof 1.34603E+00 0.17862E400 C€.0 -0.39483E400 0.B5658E+00
0.0 -0, 65434E-01 D»36TI9E~01 0.0 Da67322E-01 0.22616E-01
20 -0.95611E~01 -0.43438E-02 0.0 1.62958E-01 ~3,36532E-01
Ce0 -0.374B6E-01 0.33214E+00 0.0 -0+ 11480E+00 -0, 228156400
0.0 0.0 0.0 0.0 9.0 0.0

0. 20516E~10

0.13282E+00

=0e14719E-01 -0,98082E-0%

=0.24523E-04
0.13386E-10

D.11968E¢00
0. 86664E-01

~025539E-03 -D,.56142E-01

=0e14037E+00
0.10000E+D1
0.0
0.0
0.0

0.695T4E-11
-C.53078E-02
0.,77536E-01
0.17233€-11
04956 TE-02
-0.456BBE-D1
0.3299T7E-01
D.85543E-02
-0+ 18944E~01
=0, 66859E=-09

0.0
0e21493E~-10
-} &8426E-02
0.0
-N,20644E-10
D.46514€E-02
Ue11688F+00
-0 .82583£-03
0.14950E-02
0.0

0.20765€-02
0.0
0.10000F+01
0.0
0.0

0.45043E~D1
0.25859E400
0.43156€E-01
0a1115T7E~0OL
~Ua14325E-01
=0.40302E-01
B.6T399E~02
D.28552E-01
Ce21209E~02
=0 .44580E+01

6.0
~0e3IFITHE-OL
-0.969BTE-11

0.0

0,37820E-01

D.,93158E-11

0.85114E-03

0.38097E+00
=0e25609E-D1

0.0

=0s52925E-07
Ne%4298F¢ 0
0.2889TF-(14
=0 e 34933E-07
G T60A&2E~-D2
OelbbbiQE+ DO
0.0

0.0

O« 10000E+(1
C.0

-0, 17948E-07
0. 159T0E+ DN
=0.94210E+00
-0.44457E=-08
=0u L49L&E+ 00
0.38752E-01
-0 186G2E=01
0.22520€-02
Ou 12854E+G0
Ce L TTH4HE-OS

0.0

=0.55695E=-07
0. 145T1E4+00
0.0
045330407

-0 13995E+00
0 109568E+ND
O« 24848E-01
0. 11399F+01
0.0

Le23858F¢00
a0
[ 9}
=L« TI4BOELOD
Ge2
LAY}
0.2
0.0
0.9
Ce3TROLE+ G

~0e13242E¢02
0.0

GaD
=Ve2300TE+DD
0.0

0.0
=02 T1542E~79
=Ce46317€+01
O« 18456E-05
011459404

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Q.0

t
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D MATRI X=

0.0 C.0 -0.11221E+02

0.0 0.11374E+02 0.0
=~Q:113T74E+Q2 0.0 0.0

0.0 0.0 -0-218'1'95’01

0.0 _ -0. 109256402 0.0

.10925E¢02 0.0 0.0

-0 10349E+02 -0.24586E+00 0.38116E+00
“De2204TE+0L 0.1622BE+0] ~0.45530E+01

Ca 24135E+02 0.0 0.0
0.0 0«236TBE*D2 0.0
0.0 J.0 0.23678E+02
C.37430E+0)1 0.0 0.0
0.0 -D.23117E¢02 0.0
0.0 3.0 =0.2311TE+Q2

o l4824E-08 =0.51082E+00 -0.5T982E+01
0.95973E+01 0.25721E+¢01 0.41534E+01

0.29504E+01 0.T3975E+0L O0.3T122E400 -0.3B242E-05 0.15370E+0Z -0.11503E+02

[t 1% 0.0

0.15879E+04 -0.23930E+04 0.0 0.0

_r
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FREQUENCY

RESPONSE

HRRUE TR TR SRR SRRURRE RN AN SRR RN RN R R

-=~FREQUENCY /OMEGA~-

13

DiNU R} /DT

Qe
Q. lB‘BE-Oﬁ

0. 959E~-05

0. 02—~

0.196E=04

0.03~-
0.921E-06
Ve3IVGE~-04

ﬂ - O‘l-‘
0.159E-05
0.429E-04

C.05~-
(e 252605
0.5TOE-04

U O&=—
fe3T9E-05

0. TIZE--04

Qo

CoTT2E4CO

0.TTLE+DO

V. T6IE+OC

0. TEEE+CD

0.7T62E+00

0« TSBE +Q0

Qs

(e 304E+0Q

0+304E+00

0. 305E+00

0. 30TE+QD

0, 308E+00

U.311EF00

Q20

Q. S49E-07

0.114E-06

0.+ 1BOE-06

G 259E-06

003555'06

0. 4TIE=C6

Qz2c

0. 4 76E~01

0.486E-01

0.505E-01

0.534E-01

0« 5T6E~O1

0.633E-01

Q2s

0. 203E-01

0. 480E-CL

0. TI9E=01L

0.953E~-01

0. 120E+00

0+ 14SE+00

WENG 1

0.162€+L0

0.162E¢00

Oe164E+C0

3.165E¢00

0«16TE+DD

0.17TDE+0U

WING 2

0.518E-03

0.531E-03

Ce553E-03

0<584E-03

0.,623E-03

0.6T0E-D3

WING 3

0.527€-02

0.584E-02

Do 66TE~92

0.767€-]2

0.878E-02

0.9964E-02



ETZ

i

O or=--
Q. 548E-05

G+920E-04

0. OB""
Oe TH6E=0S
0.114E=-03

0.09--
Ve 1D4E-04
0.139E-03

e 10w
D.140E~D4
Q«16TE-U3

Oul2==
0.237E-04

0.2376~03

Ve 1é~-
U. 384E-04

J«329E-D3

Oe 16—

G.6U2E-04

(o 4GE-UY

0.753E+00

0. T46E+00

0.T39E+CO

0.T3LE+00

0.T10E4D0D

0.685E4+00

0,652E+00

0.3L4E° 00

0.31TE+00

0.321E+00

0.326E+00

CL,330E+00

0.354E+00

0 3TIE+OD

0.619E~D6

0. T90E-06

0. 102E~05

0. 129E-05

0e 203E~05

0. 312E-05

0- 4?'05—05

0. T08E-01

0.802E-01

0.918E-01

0. LOGE+CD

0+ 140E+00

0.186E+00

0.243E+00

0«170DE*Q0

D.195E+00

0.220E+00C

0. 246E+00

0.300E+0D0

0.356E+00

B.&414E+GO

0. 1T3E+00D

0.1 TTE+LD

D.181E+00

O.1B6E+00

0. 198E+00

0.213E+DD

0.231E+00

0. T26E-03

0.790E-03

0.862E-03

0.744€-03

0. | 3 IQE-OZ

D.138€E-02

Del6IE-D2

CelllE-O1

0.123E-931

0e1356-01

Ga14T7E=D1

3e17T0E~DL

0e192E-01

Ne212F-01



| 414

Qe 1B=—
0.921E=0%

D+608E-03

0. 20—
O 139E-03

0.820E-03

Qs22=-
0. 206E-03

0.110E~-02

0. 2=~
Oe 3qu -03

Qe L46E-02

0- 26-‘"
Le43ITE-D3

U- 19’05“02

0,28~
0.633E-03

Q. 25BE-0Q2

Qe 3}m=
Us 9H4E-03

D4355€E-02

Ge3&—
Ja 154E-02

Ue 536E-2

Ce6L0E+Q0

0.558E+00

0.495E400

Ue425E+00

{2355€E+CO

0.292E400

0.239E+00

CeiB3F+CN

0. 396E+CO

0.,420EN D

T D & A&E+00

Du 462E400

0.4 T15E+00

O« 4B%E+Q0

0,200E+00

0. 540E+Q0

0. T13E-05

0+ 1OTE=0¢

0.158E~04

0. 232E-04

G« 338E-04

Os 494E -04

Qe T4SE~O&

0.122E-03

Ce312E*U0

0. 391E+00

0.4T6E+0D

0.562E+00

0.644E+00

0+ T24E+Q0

0.822E+00D

0.98TE+00

Ou 4 T3E+QC

De 530E+00

" 0.ST9EHI0

Q.61 TESOD

0.542E+00

D.662E400

D.694E+00

0. T684E+00

0.253E+00

D« 27BE+ 00

0.309E¢0D

0.3608E+00

0. 401 E+0D

Ou 486E+0D

N,635E+00

1.95TE+OD

0e.208E-D2

0+259E~-02

" 0+325E-02

D.407E-D2

0s5126-02

9.651E-02

D.861E-02

D.125E=C1

De.229E-01

De242E-U1

0.253E-01

0.259€-01

0.263E~D1

Qe264F-01

0. 2426~01

Ge262E~01



L% 4

.

-

Qe 34~--
0.26BE-D2

0.869E-02

Ce 36—~
0, 185E~02
0.560E~-D2

0o 38—~
Qe TTTE-03

e 220E-02

Qo 40—
0.31CE-D3
0. 825E-03

00“5“
0. T95E-23

0.182E-02

0. 50--
0. 210E~-D2
C.4lTE-D2

0s 55~
e 569E-02

0. 990E~D2

) o 6=~
se 344F-01

Je 528E~CL

0.209E+00

0.375E+00

0.36CE+00

0. 346E+00

0.331E+00

0.323E+00

Ce319E+00

(2376400

0.569E+00

0. 209E+00

O+ L40E+0O0

0. 169E+00

€. L90E+00

0. 190E+00

0,191€+00

Co14TE®C)

0. 216E~03

0.151E-03

0. 643E-04

0. 260E-04

Q. 6B4E-04%

0. 185E-03

0.511E-03

Ou 314E -2

0. 12GE+01

0«524E+00

0.161E+00

J+ 1ASE+00

0.261E+00

0.273E+00

0+269E+00

J.211E«00

0.932E+00

0« 4%38BE+00

D+158E+00

C.116E+D0

0.116E+00

0 LITE+OO

0.103E+00

Ue LITEDC

0.169E+01

0. 130E+Q1

0. TO3E+DD

CoH5TE+OD

0+ 234E+00

0. 153E«0C

U« 113E+0D

0.918E-01

0.197£-01

0. 123E-01

DebT1E-02

D.1T2E-02

0.359E-02

0.78SE~02

0.179E-01

0.927F-N1

0.105E-01

0.229E-01

0.306E=-01

0.332E-~01

0.377F=01

0.430E-01

0. 524E~01

U-S#TF'QI



91z

——

0e 65—=

0.114E-01

D.156E-01

DeT0=~

C. TOTE=D2
0.865E-02

OuT5--

0. 586E-02
0. 645E-02

(e BO=—

G+ 545E-02

0s 85~~

e S5UE-02

Je496E=-D2

Ce 90—~

0.580E-02

004176-02

Qe95——

Ce639E-L2

0. 480E~Q2

s 268E+00

D.2TAE+0Q

U.273E+00

0. 2T1E+00

3.2T7CE+00

0«2TLE+DD

le 2TSE+00

0. 138E+00

0.152E+00

0.155E+00

0. 158E+00

D.L&1E+GO

0. L&SE+QO

C.1TOE+QOD

0. 105€~02

0«658E-03

0.548E-03

J« 512E-03

0-513E—03

0« S37E-03

0.585E-0C3

0. 242E+00

0.239E+00

0.234E400

0.229E+00

0. 226E+00

0.225E+00

0e226E+00

0.TB1E-01

0.59%E-01

0.687E~D1

0.TOVE-DL

0. T36E-0L

0« T8LE-D1

D.840E~-01

0.6T73E~01

0. 568E-01

0.483E-01

J«MLRE=0]L

0.367E-01

0.326€~-01

0+293E-01

D+262E~01

0.140E-01

D.101E-01

0.825E-02

D.T26E-02

0.6 TOE-02

D o549E-0?

0.252E~01

0.390E~71

0. 466E~01

0.536E=01

0.613E-01

0. TOGE-D]

QeB26E-01L



LTZ

ba 00~
0. T33E-02

U 5058 =02

le LO—-
0. 113E-01
0.662E-C2

1.20--
0. 266E-01

0.133E-01

1.30=-
04 360F 01

V.15T7E-B1

1le 4=~

Del3iE-U1

0. 500E-02

1 SO~
0.T83E-02

N,263E-02

1le 60=~
0. 5456E~02

Ve L62E-02

l. Tu==
e 4l1E-D2
0.109E-02

0.282€E+090

0.324E+00

0.510E400

0.500E+00

0.243E400

0.241E+00

0.2T1E+00Q

Ce 31 BE+DDY

0. 1 TBE+00

0. 203E+00

0.2T3E+00

0. &4 75€-01

0.122E+00

0.17BE+QO

0. 229E+00C

0« 291E#GD

0. 5663E~03

0+ 990E-03

0.222E-02

0.286E-D2

0.987€~03

0.557E-03

0. 372603

0. 276E-03

0. 231E+00

0+ 260E+00

0.383E+00

0.225E+00

0.238E-01

0.722E-01

0.93T7E-01

U«102E#00

0.915E=01

O.116E¢00

0+187E+00

0.110E+D0

0.248E~0L

0+591€E~01

0.808E-01

J+984E-D1

0.266E-D1

0+230E-01

0. 221E-01

0.TB5E-02

0.981E~-02

0. 9% TE-02

O+ 866E~02

Q. TT3E-Q2

0.656E-D2

J.T85E-D2

0.143E-01

0.150E-01

D4l TE~02

0.189€-02

0.997E~-03

3.‘385E-(}3

0.939€-01

0.160E¢+00

C+385E+00

0.529E+00

0. 195E+00

0119E+00

0«875E=01

D.ﬁqu-“l



812

——

1.80~--
0. 383E-02

0. 90TE-C3

Le 93~
Qe 29E-02
0.913E-03

z+00~-
0.333E-02
0. 640E-03

24 10—
Ge L16E-C2

0.202E-03

2¢ 20—
C.128E~-02

Ue 201E =03

2. 30-~
Ue34DE-02Z

J«435E-03

24 40--
0.529E-02
0.684E-03

Ue3BIE+O0

0.430E+00

0.400E 00

0. 310E+CD

0.225E+00

0.156E+C0

0.845E-01

Qe 369E+00

0.438E+00

0.425E+00

0.341E+Q0

0« 254E+00

0.175E+00

0.821E-01

00266E-03

0. 325E-03

0.289E-03

0+ 119E-03

0. 156E=-03

0.499E-03

0. 930E=-03

0. LO3E+0D

0.742E-01

0.921E-02

0.670E-D1

Je141E+Q0

D 226E+00

0304E+0D

C«110E+0D

0.100E+00

0.551E-01

D.453E~D1

D.115€+00

0.211E+00

0.310E+00

0.661E-~02

0.525E-02

B+ 457E-D2

0.5i1E~D2

0.591€E-02

0.675E-02

0, 689E-02

D.eb3E~-0GD

0.504€E-03

0eh22:-03

De165E-0%

0.204£-03

D.502E~-0D3

0.102€-02

0.540€E-01

0.342E-D1

0.T92E-02

O.IQBE-DI

De314E-n]

D.466E-D1

0.571E~01



612

2450
Q. 501E-02
0.5BTE~-D3

2-60-‘
Ue364E-D2

0. 3856-03

2e 10--
0.262E-D2
tla 249E~-03

24 80—~
Ju L 96E-02

Jel6TE-03

29—
Ue 153E€-02

O« 115E-0%3

3,00”‘
0. 122602
Ou T96E-0%

3,50--
Do 5IFE-D3

N1.T58E-1i5

Ua. 4CBE-0Q1

0. 463E-01

0.4 T0E-CL

0.436E-01

0. 392E-01

0. 350E-01

0,20 1E-01

0,389E~01

O« 644E-01

0.694E-01

Cu66TE-D1)

0.619F-01

0.568E-01

0+3T5E-01

0. 105E-02

0. 913E-03

0+ TB1E~C3

0.694E-03

Je 540E-03

0.603€E~03

0.6T4E~03

G2T3E+OD

Qs 194E+DD

0.139E+00

0« 105E+U0

U«B820E-01

0.662E~Q1

0.298E-01

0.299E+J0

0.225€+00

0.1TDE+OU

04 134E+00

0.110E+0C

0.923£-01

U.#QSE-OI

0.496E~02

0.308E-02

Qe 219E-02

0. 182E-02

D.164€E=02

J154E-02

Uul23E~02

Ge105E-02

0.811E-03

D.61T7TE-03

De&BSE~(3

0.393E-03

D.326E-03

DJ156F~D3

Q.468E-D1

0.,305E~=01

C.200E-01

O.138F=01

0e992E-02

GeT3TE~D2

Ue219F=02



oze

——

49 00—~
0. 420E-03

e 646E-04

44 50—
Je 22TE-03

0. 331LE=D%

5.00=
D.140E~D3
Je L55E-04

S5¢ 50--
J.9TIE-L &

D+ 2BE=~G5

be Q==
Qe T2TE~D4

0.526E~0S5

6 50—~
Os 56 1E-D&

G456 E-05

T OU—-
e 44b6E~D4

Qe ISUE-US

0.125E~01

Ce B40E-02

0.592E~02

De®35E-C2

D.329E~02

0.256E-02
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V. 4D4E-(3
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00‘995-06

DeT45E~U4
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D366E-04
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D+1T78E=-04

0.T98E-03
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B4 50—~
Ue 252E-U%

0. 194E-05
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0.16TE-05
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0. 146E-05

10. 00~
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0.130E-05

0.164E-02

De134E-02
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0.938E-03

0.796E~03

0.682E=-03

0. 633E~02

0.552E-02

Q. 485E~0C2

0,431E-D2

0.38%E-02

04 346E-02

0. 294E-04

0. 234E-04

O«.19E~D4
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0. 115E-04
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D.12TE-02
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0.895€-03

0. 763E-03

0.698E-02

0.606E-02

0.532E-02

0.4T1E-02

0.420E-02

0.377E=-02

0.306€E-03

0. 269E~-03

0.239E~-03

Gu214E-03

0.192E-03

0. 1L T4E-03

Dal4&E-04

0.121E-04
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0.759E=05

Oubb4E-05
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EIGENVALUES

AR NR R R iR e R R

w* REAL PART *% *& IMAGINARY PART *o% *% DAMPING RATIQ ==

[ 444

ND,. 1 0.0 0.0 0.0

Hla 2 0209224 8D +00 0.4071266D401 0.5132288E-01
ND. 2 -0.2092248D0+00 ~0.4071266D+01 0.5132288E-01
ND. 3 ~0. 14810560 +00 0.24218390+01 0.6104D13E-01
ND. 3 -0e1481056D+00 -0.2421839D401 0,6104013E-01
N2, % -0.2021062D+30 0+1945624D401 0. 1033183€+00
ND. & -0,20210020+00 -0.1945624D+01 0.1033183E+00
ND. 5 -0.26321030+00 0.18751470+01 0+ 13900 50€ +00
NO. 5 -0+2632103D+00 -0.1875147D+01 0. 13900 50E+00
ND. & -0.3342787D-01 0.1260777D+01 D.2650439E-01
NDe & -0.33427870-01 ~0.12607770+01 0+2650439E-01
NO. 7 =0.11445920-01 0.6041955D+00 0.1894066E-01
ND, T -0 1144592001 ~0.6041 9550400 018940 66E-01
ND. 8 -0.15375690~01 0.34593820+00 0.4440252E-01
NO. 8 ~0.15375690-01 -0.34593820+00 0. 4440252E-01
ND. 9 =0« LU 946650 +Q0 N.24521220+00 0.4076408E4+00
NOe 9 ~Us 10946650 +00 -0,2452122D+00 0.4076408E 400
‘NO.10 -0.2820982D +00 0.4124979D-01 09094 TTBE+00
ND. 10 -0, 28209820 +00 -0.4124579D-01 0.98947T8E*00
NJall 0,31 T9621D+00 0.0 G.1000000E401



7 20 e o ol ke e ol Aok o
EIGENVECTORS

o M e o o ke

~= CORRESPONDING T3O ND. 1 EIGENVALUE -~ { 0,0 J+1IMNAG( 0.0 }
w& ABSOLUTE VALULC =+ *k REAL PARY w&  *x%x [MAGINARY PART »»x

0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
Da.0 G.0 0.0
0.0 0.C D.0
0a0 0.0 0.0
0.0 G.0 0.0
2.0 0.0 0.0
0.9 0.0 0.0
0. 1000000E+Q1 0.1000000E«01 0.0

0

]

w

= CORRESPONDING TO NO. 2 EIGENVALUE —— (=0.2090¢00)¢INAGE D.407D¢01)
“i ARSILUTE VALUE »e *¢ REAL PART #% & [MAGINARY PARY =«

0o L1I0TDELE +00 0.,5960987E~01 ~0.9328753E-01
Duea®01162E~-02 0.4983202E-03 =0 4#372850E-02
0.3052047€-01 0.3021199E-01 -0.%4328273E~02
G« 100C000E+GL 0. 1000000E+0L 0.0
0.2562390E-01 -0.2548093E-01 0+2T02991E-02
0.1051418E-01 0.2121001E~-02 0.,1029802E-01
0.1073238€-03 0.3453433E~04 0.1016158E~-03
Cal 7TT9419E-01 -0.1T652713E-01 0.2239201E-02
N.5262852E-02 0. 1084T98E-02 0.5149834E-02

0.1380952E-01 0+1266621E-01 ~3+5501822E-02



¥t

*k ABSOLUTE VALUE

0.1813177E-D1
0.4931911E+00C
0. 33201 59E+00
0« 304698502
0.9230196E+00
0« 1 O00CCQDE+G]
0.1226842E~01
0+33559&6TE-02
0.1654489E+00
0.9685631E~02

=~ CORRESPONDING TO NO.

*+ ABSOLUTE VALUWE

0.256291BE~01
04 1CO0000E+01
04913T043E+00
De126T7240E-02
0. 3160684E+00
e 3524439F+00
0 455464BE-02
0,1546631E-02
0.10530 16E+00
0.2736067E-02

== CORRESPONDING TO NJe 3 EIGENVALUE --

"

4% EIGENVALUE --

"

% REAL PART %= #& [IMAGINARY PART =»

0.52568326-02
3+ 492537 2E+00
-0.2398358E-01
0.5288171€-03
0. 551 0997€~02
€. 1000000E+01
0+ 1224252E-01
~0. 136043303
~0. 1650685€+00
-0, 881591 8E~03

*% REAL PART *» «&& [MAGINARY PARY =

0.2539718E=01
0.1000000E+01
~Da 5365834E-01
=0« 8799934E-03
~0. 200401 8E+00
0. 281 6455E+00
0.42067T7TE-02
-0+ 144 3410E-02
~0.9349859E-01
0. 7346331E-03

{=0+.148D¢00)+IMAGE 0.2420+01)

~0.1735301E~-01
=0.2539496E-01
=0+.331148TE+00
0.3000749E~-02
0.9230042E+00
0.0 ’
~0.7968692E~03
0.3353212E-02
0.1121332E~01
=0.4011374E-03

{-0.20204+00}) +IMAG{ 0. 1950+01)

0.4T7042T4E~02
0.0
=0.91212T5E+00
0.8838666E-03
0.2444144E+00
0.2281262E+00
0.1T45808E-02
0.5555502E-03
~0+4844000E~01
~0.2635599E~02



sz

-=- CCRRESPONDING TO NC,

&% ABSOLUTE VALUE

0. 1000000E+01
0.981T5826~01
0. 5672661€-01
0.3115343E-01
0. 18480556 -01
0.5520776E-01
0.6100570E-03
0. 26306 258-01
0.4561391E-01
0. 1181544400

== CORRESPINDENG TQ ND,

**x ABDSDLUTE VALUE

0e5219237E-01
0. 1000CCUE+DL
0+3072107E+00
944124L 53E~ G2
0450340 16E+G0
0+2669921E+00
0412007 90E-01
0423554 82E~01
0.76B5637E+00
0. 1921405E-01

5 EIGENVALUE -~

P

6 EIGENVALUE —

L]

%% REAL PART *%* #x [MAGINARY PART ¢=

0.1000000E+01
=C. T606643E-01
0.2192894E~01
-0. 14899 75E-01
0.1686821E~D1
e 164%658E~-02
0.788334TE-Q4
=0.25TL483E-01
0. 2269105E-01
-D.B819941E-03

*% REAL PART #% =% [MAGINARY PART *=

~0.4088937E-01

0. 1009000E+01

0.1548536E+00
-0,1214229€E-02
-C. 2209883E+00
=-0.93156667F-01
-0.97Tt8515E-02
~0.96464018E-02
-0.T72378B6E+00
=0e 1733962E-01

(=0.263D+D0}¢IMAG{ 0.188D+01)

G0
-0.62067556-01
0.52316656~01
0.2735936E~01
0.T7549502E-02
~0.5519328E~01
=0.6049422E~03
0.55456831F-02
Ce3979991E-01
~0.1181511£+400

{~0s335D-01I+INAGT D.126D+01 1}

=0.3243618E~-01
0.0
-0+2653276E¢00
=0+3941245E-02
-0.4523084E+00
0. 24807 42E+0D
0.7052649E~-02
~0e21556994E-01
0.2584966E+0D
0.8277591£-02



~— CORRESPONDING YO NO. 7 EIGENVALUE -- ~0.1140-01}+IMAGT 0.5606D+00)

kx ABSOLUTE VALUE #» ** REAL PART =& % IMAGINARY PART 2

N
]
-1

-- CORRESPIND ING TO NO.

*x ABSOLUTE VALUJE

8 EIGENVALUE —-

L1

w& REAL PART *=x

G« 1899540E+00 -0.9512359E-01 0.1644202E+00
Oe T1860T4E+00 ~0.1414695E+0D G .TO45444E+00
D.1000000E+01 0. 10000C0E+0L 0.0
0.1727831E-01 -0+ 1256843E-01 0.1185641E~-01
G+35312 T3E+00 0.1046424E+00 =0.3372667E+00
0.5622941BE+00 =0+ 2424563E4+00 =0.57T3821TE+00
. 0.53323566=01 =0,2112583F-01 ~0.4896023E-01
0.5013081E+00 =0, 39562 TOE+ GO 0.3078703E+00
0.3995003E+30 =04 264024 9E+00 =0.2998188E¢00
CekB824TTTELDO 0.1262509E+00 0.465666TE+QD

(-0.154D-0L+TMAGL 0, 345D+003

*% [MAGINARY PARY =&

0. 1800445E~02 0. 6TH9953E£-03 0.166T7545E-02
0.2911242E+00 0.28668T2E+CGO 0.5063349E-01
0.4352518E+00 0.4194663E+00 ~0+1161560E+00
Del42&049E~-03 0. 4478541E~0% 01351 793E-03
0. 0451266E+00 0+54T6120E+00 =0+ 64370 THE+00
06462139 +00 0. 16073 76E+0D 0:.6259041E400
0.1000000E+01 0. 1000000E+01 0.0

0.1269024E-01 0. 1486531E-02 D.1260208€-01
0.20678084E-01 -0.9552781E~02 0.18340106-01

0.16753 73E~-01

0. 1418500E-01

0.8914784E-02



Lze

== CORRESPUNDING TO NOs 9 EIGENVALUE ~-

&k ABSOLUTE VALUE #»

0e 243494TE-03
N.56926835E+00
Ue5258981E+00
C.1357527E-04
0.955238%E+00
0.1 000000E+D1
0.8736736E-01
0.2355T62E-D2
0. 8463684E-02
0.4402682E-02

~= CDORRESPONDING TO NOJ10 EIGENVALUE —-

¥% ABSOLUTE VALUE **

0.2436394E-02
0. 1000GUOE+O1
0e9246252E400
UelT98500E~0%

D.6785136E+00

0.4797139E+00
0e45223126~01
0.5225TTRE-02
0.3273504E~01

D.5850627E-01

(=0« L090+00) +IMAGH

*x REAL PARYT »*»

0.8291703E-04
-0.5446492E+00
0.9681088E-01
0.4603972E-05
=0.1093801E~01
0.1200000E+01
=Q.8715111£~01
0.1651092E-02
0. T7221349E-02
0.4384559E-02

{~0.282D+00)+IMAG(

*% REAL PARY »x

~042435637E~02
0. 1000000E+01
-0. 25592 80E+00
~0.9399982E-05
~0.5765943E¢00
~0.2741120E¢00
0,4180256E-01
0. 2554 759E-02
~042485351E-31
N.5792243E~01

0.2450%00)

** [MAGINARY PART ==

0.2289419€-03
-0.1656526E+0D
-0.5169105€+00
0.12TTDT2E~0%
~3.9551762E+00
0.0
0.6141596E~02
0. 1680330E-02
~0.4414298E~02
~0.3990191€-03

*% [MAGINARY PART =&

0.5074352E~-04
0.0
~0.8885002E+00
-0+ 1533299E-04
~0+3576506E+00
0.3936852€¢00
0.1725332€-01
0.4558T720E-02
0.2131075E~-01
0.8794524E-02



gee

== CORRESPONDING TO NO.11 EIGENVALUE --

** AGSOLUTE VALUE s

D464 1TTAE-CU1
0+1062824E+00
0.5 TB9TT4E-O1
0.2153117€-03
03157100801
0.727T1657E~01
0+304824%6E-02
0. 66564162E=-02
0.2990245E-02
.1 000000E+01

% REAL PART %% &% IMAGINARY PART =&

=0. 46417 T4E-O1
0.1062824E+00
0.5T89T74£-01
0.2153117E~-03
-0+ 315T100FE-01
-0, 1271057E-01
0. 3048246E-02
~0,.6654162E~02
=0, 2990245€E-02
0.1000000E+01

(~0.318D+00)+1MAGI 0.0

0.0
0.0
0.0
0.0
0.0
2.0
0.0
0.0
0.0
0.0

-
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