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INTRODUCTION 

The information presented in this documentation report is 
specifically directed at providing a User's Manual for the 
Helicopter Aeroelastic Stability Analysis computer program 
(HASTA) developed under Army Contract Number DAAJ02-76-C-0032. 
The primary purpose of this report is to inform the reader of 
the capabilities of HASTA and to provide the information re- 
quired to construct an input data deck and successfully exe- 
cute the program.  Information pertaining to the construction 
and operation of HASTA is also presented to facilitate minor 
program alterations which may be desirable for specific HASTA 
applications; for example, redimensioning of variables. 

The HASTA program was developed to provide a suitable analysis 
for representing the interaction of a rotor with its aero- 
dynamic and support environment such that the air and ground 
resonance stability characteristics of fully coupled helicop- 
ter/rotor systems can be adequately predicted.  HASTA can be 
used to predict the complex modal behavior of a main or tail 
rotor operating in vacuo or in air, with or without the effects 
of rotor support structure flexibilities included.  These rotor 
support structure flexibilities include anisotropic gearbox or 
transmission support flexibility, anisotropic control system 
flexibility, rotor drive shaft torsional flexibility, and 
anisotropic landing gear flexibility, in addition to flexi- 
bilities associated with an elastic support structure such as 
the helicopter fuselage.  The HASTA program is not limited to 
the consideration of a single type of rotor, but can be applied 
to a variety of rotor types including rigid to fully articu- 
lated, gimballed, teetering, flexstrap, and bearingless, the 
last type having pitch control provided to the blades through 
torque tubes. 

The HASTA program is primarily a FORTRAN IV program developed 
for use on IBM 360/65 computer systems.  However, to reduce 
program running time, several matrix multiplication-related 
subroutines are in assembler language. The program in its 
present form has been developed to operate efficiently within 
the operational constraints of the USAAVRADCOM IBM 360/65 in 
St. Louis through the Applied Technology Laboratory terminal. 
Therefore, the present version is limited to the consideration 
of rotor systems consisting of identical blades equally spaced 
azimuthally.  This restricts array dimensions such that in 
combination with the use of an overlay structure, the require- 
ment for a core storage of less than 250K is satisfied.  High 
core requirements result due to the necessity of employing 



double precision real and complex variables to achieve 
satisfactory convergence and accurate solution eigenvalues, 
aigenvectors, and mode shapes on an IBM 360/65 system.  On 
elimination of the present program array dimension restric- 
tions, a rotor consisting of identical blades not equally 
spaced azimuthally can be considered at a cost of higher core 
storage requirements and longer running time. The mathematical 
analysis on which HASTA is based allows for consideration of a 
rotor having non-identical blades.  The program modifications 
necessary for considering non-identical blades are not compli- 
cated and can be easily implemented if the capability is 
required. 

The CPU time required for a HASTA run is primarily dependent 
on the number of iterations executed and the dimensional size 
of the final matrix for which the determinant must be obtained 
on each iteration.  The final matrix size is dependent on both 
the degree of interharmonic coupling allowed and the complexity 
of the coupled rotor/helicopter system of interest.  The 
CPU time for a run is also dependent upon the number and com- 
plexity of the blade and fuselage representational sections, 
"his latter CPU time dependency is of secondary importance in 
the determination of CPU running time. A rough estimate for 
the CPU time required for a run, based on times encountered 
for program execution on the AVRADCOM IBM 360/65 in St. Louis, 
is 

(# iterations allowed)*MXQ*MXQ minutes 
time = " ~ ?MÖ 

where the number of iterations allowed is equal to the sum of 
the iterations allowed for each starting eigenvalue of each 
case of the run and MXQ is the number of rows in the final 
matrix. 

Auxiliary equipment required for execution of the computer pro- 
gram consists of a card reader, a line printer, a tape or disk 
storage unit, and a card punch.  Input data for the HASTA pro- 
gram is presently read in on cards.  The program results, which 
are printed in a complex variable form, consist of the solution 
eigenvalues and their corresponding mode shapes defined rela- 
tive to both the local blade coordinate systems and to the hub 
(or disk plane) coordinate systems. The disk plane mode shapes 
are printed in both complex variable and polar form, the latter 
allowing quick assessment as to the degree of coupling and 
phasing relationship occurring between blade motions.  If de- 
sired, the resulting mode shapes can be punched on cards for 
subsequent use. The program can be readily modified to read 
aerodynamic coefficient input data from tape or disk data sets 



as well as redimensioned for specific applications.  It is 
recoiranended that the user consult his systems programmer if 
any program modifications are to be made. 

A detailed discussion of the basic mathematical analysis on 
which the HASTA analysis largely is based is contained in 
Reference 1.  Additional mathematical analysis was developed 
and used in the construction of the HASTA analysis to extend 
its capabilities.  This analysis is discussed in Reference 2. 

1. Sutton, Lawrence R., and Gangwani, Santu T., THE DEVELOP- 
MENT AND APPLICATION OF AN ANALYSIS FOR THE DETERMINATION 
OF COUPLED TAIL ROTOP/HELICOPTER AIR RESONANCE BEHAVIOR, 
USAAMRDL-TR-75-35, Eustis Directorate, US Army Air 
Mobility Research and Development Laboratory, Fort Eustis, 
Virginia, August 1975. 

2. Sutton, Lawrence R., and White, Jr., Richard P., THE 
DEVELOPMENT AND APPLICATION OF AN ANALYSIS FOR THE 
STABILITY BEHAVIOR OF BEARINGLESS MAIN ROTOR SYSTEMS, 
Letter Report SRL 14-77-3, RASA Division, Systems 
Research Laboratories, Inc., 1055 J. Clyde Morris Blvd., 
Newport News, Virginia. 
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OVERALL PROGRAM CAPABILITIES 

The HASTA program can predict the aeroelastic stability be- 
havior of fully coupled helicopter/rotor systems of various 
degrees of complexity in hover or forward flight.  The pro- 
gram is applicable to both tail rotor and main rotor systems 
with several different types of rotor support allowed.  With 
a rotor support structure and aerodynamic effects included 
in the system model either air resonance or ground resonance 
stability results may be obtained depending on the rotor sup- 
port structure model and its end conditions (free or canti- 
levered to ground).  When a rotor support structure is not 
involved in the system model o only a rotor control system 
is involved, the rotor hub is assumed to be cantilevered to 
ground and rotor air resonance stability results are obtained 
if aerodynamic effects are included.  If aerodynamic effects 
are not included, coupled or uncoupled normal mode results 
may be obtained.  In all cases the results consist of solu- 
tion eigenvalues in complex notation containing the damping 
and frequency characteristics of the modes and the correspon- 
ding mode shapes, i.e., the force, moment, deflection, and 
slope distributions along the blade span. 

The rotor configurations which can be considered by the pres- 
ent form of the HASTA analysis, due to program dimensional 
and coding restrictions, consist of those having any number 
of identical flexible blades equally spaced azimuthally. 
Several different types of rotors can be considered.  These 
include a rigid to fully articulated (hinged blade) rotor, 
a gimballed rotor, a teetering rotor, a flexstrap rotor, and 
a torque tube-type bearingless rotor.  The orientation and 
amplitude of the gravitational field and flight velocity to 
which the rotor is exposed are treated as part of the rotor 
configuration and can be considered. 

HASTA represents the blades comprising the rotor by a lumped- 
parameter approach in which up to 35 spanwise sections of the 
blade are allowed.  This representation allows for the inclu- 
sion of all blade characteristics believed to be of signifi- 
cance.  These characteristics, which are discussed in detail 
in the next section, include the blade geometric, structural, 
and aerodynamic properties.  Regarding the aerodynamic rep- 
resentation, HASTA is capable of using airfoil coefficient 
data provided in series coefficient form and/or tabular form, 
one of the acceptable forms being that of the C-81 data tables, 
The blade lumped-parameter approach also allows consideration 
of blades having an applied control torque, a pitch bearing, 
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a flap hinge, and/or a lead-lag hinge.  In addition, the 
applied control torque-imposed forces and moments acting on 
the blades of the more recent flexstrap and bearingless rotor 
concepts can be considered. By properly combining the blade 
representation with the rotor hub boundary conditions, most 
rotor system configurations can be represented and investi- 
gated by the HASTA program. 

The HASTA program has the capability to include the effects 
on the rotor aeroelastic stability behavior of an anisotropi- 
cally supported flexible swashplate-type control system. 
Basically, in this control system the flexible swashplate is 
anisotropically supported by linear spring-damper units, such 
that in combination with the control rod stiffness and damping 
characteristics any desired control system collective and 
cyclic stiffness and collective and cyclic damping may be ob- 
tained.  The HASTA program is capable of correctly representing 
the control system effects on system modal behavior when an 
elastic support structure is included, in that the linear 
spring-damper units are taken to be attached to the elastic 
support structure, instead of ground.  Regarding the control 
rod representation, the program is only capable of considerinig 
the control rods to act in a direction parallel to the rotor 
drive shaft in the case of articulated, gimballed, or teeter- 
ing rotor systems.  For a flexstrap or bearingless rotor, the 
program is capable of considering the orientation of the con- 
trol rods in that control rod angularity is usually more prev- 
alent in these rotor types. The control rod for all rotor 
types is taken to be attached to the swashplate and pitch arm 
by swivel ball joints such that the control rods cannot carry 
moments or transverse loadings. 

HASTA has the capability of including an elastic support struc- 
ture.  This elastic support structure is also represented by a 
lumped-parameter approach similar to that used for the blade 
representation, J/Ut it is simplified in that the elastic sup- 
port structure is not a rotating member.  A maximum of 15 
elastic support structure sections are allowed in the repre- 
sentation of the elastic support structure unless there are 
more than 25 blade sections.  Then the condition that the 
total number of blade and elastic support sections cannot 
exceed 40 must be satisfied.  All elastic support structure 
geometric, structural, and aerodynamic properties believed 
to be of significance can be considered by this lumped- 
parameter representation. Elastic support structure aero- 
dynamics, besides being based on airfoil data of the series 
or tabular form, can also be based on blockage (flat plate 
drag) effects or linearized NACA 0012 airfoil data. The 
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program is also capable of considering the magnitude and 
orientation of the flight velocity vector acting on sections 
of the elastic support structure.  The consideration of tor- 
sional spring-damper units on the elastic support structure 
provides the capability of representing anisotropic gearbox 
or transmission mounting stiffnesses and anisotropic landing 
gear stiffness.  The landing gear stiffness representation 
used in combination with the elastic support structure canti- 
levered to ground allows the capability to determine ground 
resonance characteristics. 

A fully coupled helicopter/rotor system will experience inter- 
harmonic coupling of motions.  That is, motions at a given 
frequency will couple with motions occurring at n/rev above 
and below the given frequency, where n  is an integer.  In 
particular, the aerodynamic environment acting on a blade will 
provide interharmonic coupling of motions of the blade as a 
result of aerodynamic damping effects.  The inclusion of a 
swashplate control system having collective and cyclic stiff- 
nesses will provide interharmonic coupling of the motions of 
one blade to the motions of another.  The existence of an 
elastic support structure in the system will provide inter- 
harmonic coupling between blade motions and the support struc- 
ture motions.  HASTA is capable of including these interharmonic 
coupling effects. 

A significant feature of the HASTA program is its capability 
to make use of a predefined phasing relationship between the 
motions of the blades of a rotor (blade phasing option).  This 
option, however, is only applicable to rotor systems having 
the blades equally spaced azimuthally.  By specification of 
the type of blade motion of interest; e.g., umbrella, forward 
cyclic, backward cyclic, and reactionless; and the type of 
rotor system of interest, the motion of each rotor blade can 
be defined in terms of a reference blade.  This allows the 
analysis to consider only one blade instead of several blades 
so that the size of the problem is much smaller.  Thus, the 
HASTA analysis running time is substantially shorter when this 
option is used.  In addition, solution eigenvalues associated 
with blade motion relationships other than that specified are 
removed from the problem, which facilitates a more rapid con- 
vergence to the desired results.  Use of this option, due to 
the present dimensional restrictions imposed to satisfy core 
requirements, is the only manner in which HASTA can be applied 
to investigations of the aeroelastic stability characteristics 
of rotor systems at the present time. 
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In addition to obtaining solution eigenvalues by iterating 
from inputted starting eigenvalues based on prior experience 
or engineering judgment, HASTA is also capable of performing 
a scanning procedure to facilitate the determination of solu- 
tion eigenvalues.  This eigenvalue scanning procedure, based 
on input, determines the final matrix determinant values in 
complex variable form for a rectangular grid of stability and 
frequency values over a range of stability (eigenvalue real 
part) and frequency (eigenvalue imaginary part) values. An 
interpolation scheme is then used to determine possible solu- 
tion eigenvalues, which are then treated as starting eigen- 
values.  Generally, due to the number of grid points required 
to avoid missing possible roots, the efficiency of using this 
procedure to obtain solution eigenvalues is poor compared to 
the use of guessed starting eigenvalues.  Thus, this procedure 
should only be used as a last resort. 
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HELICOPTER/ROTOR SYSTEM MODEL 

The HASTA computer program was developed from an analysis 
which models helicopter/rotor dynamic systems of varying 
degrees of complexity.  These systems, besides having a rotor 
comprised of flexible blades subjected to various restraint 
conditions imposed by hinges and the manner in which control 
torque is provided, may have a control system, various local 
rotor support conditions, and an elastic rotor support struc- 
ture, A knowledge of the types of system configurations which 
might be treated is necessary to use the HASTA program prop- 
erly. The system model configurations allowed may consist of 
several basic model components which can be categorized as: 

1. Rotor blade structure 

2. Rotor hub restraints 

3. Control system 

4. Control rod configurations 

5. Elastic rotor support structure 

6. Gearbox or transmission mounting flexibilities 

7. Rotor drive shaft torsional flexibility 

The computer program can mathematically model each of these 
basic model components individually and/or in combination 
with other basic model components.  When all of the model 
components are included, the coupled and interdependent modal 
behavior of a total system such as that depicted in Figure 1 
may be predicted.  A description of the modeling of the in- 
dividual system components is given in the following sections. 

ROTOR BLADE'MODEL 

The basic blade model allows for the inclusion of all blade 
characteristics believed to be of significance in the deter- 
mination of blade modal behavior. These are as follows: 

1. Orientation of the blade shear center axis by pre- 
cone and presweep distributions 

2. Location of the blade shear center axis (axis about 
which the blade cross section will rotate when 
perturbed) 

15 
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3. Localized rigid offsets of the shear center axis in 
the fl.apwise, edgewise, and spanwise directions (a 
spanwxse offset denotes that the blade is rigid over 
this offset distance) 

4. Variable twist distribution about the blade shear 
center axis including collective pitch 

5. Mass distribution and edgewise, flapwise, and tor- 
sional inertia distributions 

6. Edgewise location of the center of mass relative to 
the blade shear center 

7. Edgewise, flapwise, and torsional bending stiffness 
distributions and inclusion of centrifugal stiffen- 
ing effects 

8. Localized torsional spring-damper unit application 
about the flapwise, edgewise, and spanwise directions 

9. Structural damping 

10. Gravitational perturbation moment effects 

11. Edgewise location of blade aerodynamic center axis 
relative to blade midchord 

12. Chord length distribution 

13. Aerodynamic effects including cyclic pitch, aero- 
dynamic damping and Theodorsen's unsteady aero- 
dynamic effects 

14. Up to five different airfoil sections along blade 
span with the aerodynamic coefficients determined 
from either series coefficient data and/or airfoil 
table data 

The blade characteristics listed above are modeled by utilizing 
a lumped-parameter approach in which the blade is represented 
by consecutive sections from the blade tip to root.  In this 
sectional representation, the blade is divided into a finite 
number of sections. Each blade section is allowed a specified 
orientation (precone, presweep, and pitch) and is located in 
space by specification of the location of its inboard end.  In 
addition, each section may consist of the following characteris- 
tic groups:  shear center axis rigid offsets including a rigid 
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spanwise length, local bends in the shear center axis, a cen- 
trifugally stiffened elastic length or either flexstrap or 
bearingless rotor pitch control-imposed restraints, concen- 
trated torsional spring-damper units, mass and inertias, and 
aerodynamics.  A pictorial representation of these blade 
characteristic groups and the order in which they are con- 
sidered, proceeding outboard to inboard along the blade, is 
given in Figure 2.  The consideration of local shear center 
axis bends allows for the change in the shear center axis 
orientation from one section to another. 

elastic length or 
pitch control structure 

imposed restraints 

lumped 
aerodynamic 

lumped mass 
and 

inertias 
shear center 
axis 

outboard 

localized torsional 
spring-damper units 

rigid 
spanwise length 

/rl rigid shear 
center axis 
offsets 

Figure 2. A General Blade Section. 

The concentrated spring-damper units, shear center axis bends, 
and rigid offsets are allowed to occur relative to the local 
blade edgewise, flapwise, and spanwise directions at their 
point of application. Up to 35 blade sections may be used to 
represent the blade as a piecewise continuous structure. As 
an example of the lumped-parameter approach, a sectional!zation 
of a blade having only mass, elastic, and coning properties is 
depicted in Figure 3. 
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Lumped mass 

hub 
centerline 

Elastic length 
Section 1 

Section 
6 

Section 
5 

Section 
4 

Section 
3 

Section 
2 

Figure 3.  Simplified Sectionalization of a Blade 
Structure. 

In addition to representing the basic blade geometric, struc- 
tural, and aerodynamic characteristics, the blade model must 
also allow for the consideration of blade geometric and loading 
discontinuities which occur in the different rotor configura- 
tions allowed due to hinges on the blade and/or the manner of 
pitch control. An articulated rotor blade, besides having an 
applied control torque and pitch bearing, may have a flap hinge 
and/or a lead-lag hinge.  The representation of a flap hinge, 
if required in the blade model, is accomplished in either of 
two ways. One way is to use a blade section with a torsional 
spring-damper unit (an allowed basic blade characteristic) 
having required torsional stiffness and damping value, with 
the condition that the axis of the spring-damper unit coin- 
cides with the flap hinge axis.  This representation would be 
used in cases where the oscillatory flapping motion about the 
flap hinge is externally restrained (damped).  The alignment 
of the torsional spring-damper unit axis with the flap hinge 
is achieved by proper location and orientation (through the 
use of section precone, presweep, and pitch angles) of the 
section containing the spring-damper unit. 
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The second way is to represent the flap hinge analytically by 
considering a discontinuity in the oscillatory flapping motion 
to occur at the flap hinge location and the condition that the 
local oscillatory flapwise moment must be zero at the hinge. 
For example, the oscillatory flapping motion of a rotating 
rigid blade attached to a rigid rotor hub by a flap hinge can 
be considered to be a flap angle discontinuity at the flap 
hinge.  This method of representing a flap hinge does not allow 
inclusion of external damping of the oscillatory flapping 
motion.  Both of these flap hinge models are included in the 
computer program to allow the user the choice of the most suit- 
able model for particular program applications. 

The representation of a lead-lag hinge, if required, is accom- 
plished in either of two ways in a fashion similar to that of 
the flap hinge representation.  The first way is to use a blade 
section with a torsional spring-damper unit having the required 
torsional stiffness and damping values and having its axis 
coincident with the lead-lag hinge axis.  This representation 
would be used if the oscillatory lead-lag motion about the 
lead-lag hinge is externally damped. The second way is to 
represent the lead-lag hinge analytically by considering a 
discontinuity in the oscillatory lead-lag motion to occur at 
the lead-lag hinge location and the condition that the local 
oscillatory edgewise moment must be zero at the hinge.  Ex- 
ternal damping of the oscillatory lead-lag motion is not 
allowed in this representation of the lead-lag hinge.  The 
computer program includes both of these lead-lag hinge repre- 
sentational models to allow the user the choice of the most 
suitable model. 

The representation of a pitch bearing, if required, is accom- 
plished by considering a discontinuity in the oscillatory 
pitching motion to occur at the pitch bearing location and the 
condition that the local oscillatory torque at the pitch bear- 
ing must be zero.  The concept of a pitch angle discontinuity 
is similar to that of flap and lead-lag angle discontinuities 
except that it occurs about the pitch oearing axis.  The con- 
trol rod effects on an articulated blade, if they are to be 
included, are represented by considering the control rod to 
apply an oscillatory torque (torque discontinuity) to the blade 
shear center axis at the effective spanwise application point 
of this torque.  The torque discontinuity is normally consid- 
ered to be applied outboard of the pitch bearing location. 

The models for the flap and lead-lag hinges can represent 
large pitch-flap coupling 6,  and pitch-lag coupling a, 

effects.  This is possible since the flap and lead-lag hinge 
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axes may be placed in any desired orientation by the use of 
local section precone, presweep, and pretwist angles.  An 
alternate model for representing pitch-flap and pitch-lag 
coupling is also allowed.  In this model the flap and lead- 
lag hinges are taken to act about the local edgewise and 
flapwise axes, respectively, with the required coupling of 
blade motions taken into account on specification of pitch- 
flap and pitch-lag coupling factors. 

A blade of the flexstrap or bearingless type does not have 
flap or lead-lag hinges or a pitch bearing.  Instead, the 
flapwise, edgewise, and torsional motions inboard of the 
effective pitch control point are allowed by the flexibili- 
ties inherent in the blade retention structure.  While these 
flexibilities can be represented by the basic blade model 
elastic properties, the relationship between the elastic blade 
motions is also dependent upon the oscillatory forces and 
moments in three mutually orthogonal directions acting on the 
blade shear center axis due to the restraint provided by the 
blade pitch control structure. 

In the flexstrap-type blade model the control rod is assumed 
to be attached to a flexible pitch arm having length and hav- 
ing orientation in three mutually orthogonal directions.  This 
pitch arm is considered to be rigidly attached to the blade. 
The oscillatory forces and moments acting on the blade shear 
center axis at the effective pitch control point can be de- 
fined in terms of the pitch arm properties, local blade per- 
turbation (oscillatory) slopes and deflections, and the 
oscillatory displacements of the control rod attachment point 
to the pitch arm. Thus, instead of dealing with six force 
and moment discontinuities, the three control rod attachment 
point oscillatory displacements are considered as discontinuity 
quantities (restraint unknowns). 

In the bearingless-type blade model that can be treated by the 
computer program, the control rod is assumed to be attached to 
a rigid pitch arm having length and having orientation in three 
mutually orthogonal directions.  The pitch arm is considered 
to be rigidly attached by a fitting to the inboard end of a 
flexible torque tube having length and having orientation in 
three mutually orthogonal directions.  The torque tube at its 
outboard end is taken to be rigidly attached to the blade at 
the blade shear center axis.  The pitch arm-torque tube fit- 
ting also is considered to have a shaft (spur) extending in- 
board along the torque tube axis which is restrained by a 
spherical bearing attached to the rotor hub. This spur, 
which is allowed flexibility in three mutually orthogonal 
directions, is free to slide in the direction of its length- 
wise axis and to rotate about three mutually orthogonal axes 

21 



at the spherical bearing.  The oscillatory forces and moments 
acting on the blade due to this torque tube pitch control 
structure can be defined in terms of the properties of this 
structure/ local blade perturbation (oscillatory) slopes and 
deflections, control rod forces, and spherical bearing trans- 
lations.  The three control rod forces and three spherical 
bearing translations constitute the discontinuity quantities 
or restraint unknowns for the bearingless-type blade model. 

In the flexstrap or bearingless-type blade models, the pitch- 
flap 63 and pitch-lag a,  couplings are automatically in- 

cluded and are directly related to the blade retention strap 
or beam and the pitch control structure representation.  A 
significant amount of elastic coupling of flapwise, edgewise, 
and torsional deflections can occur with both of these blade 
models due to the flexibilities inherent in the retention 
strap or beam structure and the fact that the control rod 
does not remove all of the blade torque. Since the elastic 
couplings are very dependent on the rapidly changing orien- 
tation of the retention strap or beam stiffness parameters, 
a sufficient knowledge of the mean coning, lag, and pitch 
along the retention structure due to built-in and mean elas- 
tic deformation is required.  Because of these elastic coup- 
lings, the retention strap or beam must be represented by 
more lumped-parameter sections for a given spanwise length 
than is required in the representation of the rest of the 
blade. 

The pitch control and blade retention structure for the three 
types of blade models discussed above are depicted in Figure 
4.  The blade models necessary for considering a teetering or 
gimballed rotor are achieved by using the articulated blade 
model with the required representational options. 

ROTOR CONFIGURATION MODEL 

The rotor configuration model considered in the development 
of the representational analysis may consist of any number of 
flexible blades which can be arbitrarily located azimuthally. 
However, as noted in the introduction, the computer program 
was limited to rotor configurations consisting of identical 
flexible blades by the program coding and to rotor configura- 
tions consisting of any number of blades equally spaced azi- 
muthally by restriction of array dimensions. These rotor 
configuration program limitations can be easily removed by 
increasing variable dimensions where required and by modify- 
ing the analytical coding. 
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The rotor configuration models allow consideration of the 
orientation and amplitude of the gravitational field and the 
rotor hub flight velocity.  These orientations are specified 
relative to the reference (advancing) blade position.  The 
rotor configuration models can be considered to be rotating 
in either a clockwise or counterclockwise (conventional) di- 
rection.  The blades of all rotor configuration models which 
can be considered by the computer program can be considered 
to be cantilevered to a rigid rotor hub which may have degrees 
of freedom relative to its attachment to the rotor shaft. 
Types of rotor configuration models that can be considered 
are: 

1. A rigid rotor model that is constructed with the 
articulated blade model (flap and lead-lag hinge 
not included) 

2. A partial to fully articulated rotor model con- 
structed with the articulated blade model 

3. A flexstrap rotor model constructed with the 
flexstrap blade model 

4. A bearingless rotor model constructed with the 
bearingless blade model 

5. A gimballed rotor (more than two blades) con- 
structed with the articulated blade model 

6. A teetering rotor (two blades only) constructed 
with the articulated blade model 

The first four types of rotor models listed above require the 
rigid rotor hub to be cantilevered to the rotor shaft.  The 
gimballed rotor model assumes the rigid rotor hub to be 
attached to the rotor shaft such that it is free to rotate 
about two mutually orthogonal axes rotating in the plane per- 
pendicular to the rotor shaft at the rotor hub attachment 
point.  The teetering rotor model assumes the rigid rotor hub 
to be attached to the rotor shaft such that it is free to 
rotate about one axis rotating in the plane perpendicular to 
the rotor shaft at the rotor hub attachment point. 

CONTROL SYSTEM MODEL 

The model of the rotor control system is based on the assump- 
tion of a swashplate-type control system. The main component 
of the swashplate control system model, depicted in Figure 5, 
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is represented by a flexible ring having uniform mass dis- 
tribution around its circumference and consisting of upper 
and lower portions.  Both portions of the ring are allowed 
to translate along the rotor shaft axis (zf -axis) and ro- 

tate about two mutually orthogonal axes perpendicular to the 
rotor shaft axis.  The upper portion of the ring also rotates 
with the blades about the rotor shaft axis.  The lower portion 
of the ring, which does not rotate with the blades, is sup- 
ported by a finite number of supports located azimuthally 
around the ring.  These supports have linear stiffness and 
damping characteristics. The collective base plate to which 
the ring supports are attached is assumed to be attached to 
ground or to the rotor support structure, if included in the 
system model, by a linear support having an effective stiff- 
ness and damping value. The forces parallel to the rotor 
drive shaft axis acting on the swashplate from the control 
rods are passed through the swashplate control system model 
and are applied to rotor support structure, if included. 
Thus, by variation of the stiffness and damping characteris- 
tics and azimuthal location of the supports involved, any 
degree of control system anisotropic flexibility can be 
modeled. 

CONTROL ROD MODEL 

There are two types of control rod models which can be con- 
sidered by the HASTA program. One type can only be used in 
conjunction with the articulated blade model. The other type 
can only be used with flexstrap and bearingless blade models. 
In both control rod models, the control rod is assumed to 
have axial stiffness and damping characteristics and to be 
connected to the pitch arm and swashplate (or ground, if 
there is no swashplate) by swivel ball joints. Attached in 
this manner, the control rods cannot carry moments or trans- 
verse loadings.  In the control rod model used with an artic- 
ulated blade model, the control rod is assumed to apply only 
control torque to the blade and to act along a line parallel 
to the rotor drive shaft axis. 

The control rod model used with a flexstrap or bearingless 
blade model is much more complex than that which is used with 
an articulated blade model. The primary reasons for this 
model complexity are;  (1) the large angularity of the con- 
trol rod occurring in these rotor types; and (2) the strong 
elastic coupling created by the pitch control structure in 
the retention strap or beam flapwise, edgewise, and torsional 
degrees of freedom. In addition, because of the angularity 
of the control rod and the offset due to the pitch arm, blade 
motions in the inplane and flapwise directions are coupled 
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through the control system. Thus, in addition to control rod 
stiffness and damping characteristics, the orientation and 
location of the control rod must also be considered. 

The stiffness and damping characteristics of the control rods 
are also included with those associated with the swashplate 
representation, discussed previously, in order to adequately 
represent the cyclic and collective stiffness and damping 
acting on the blades due to the control system and control 
rods. 

ROTOR ELASTIC SUPPORT STRUCTURE MODEL 

The rotor elastic support structure model allows for the 
inclusion of all geometric, structural, and aerodynamic 
characteristics believed to be of significance.  These char- 
acteristics are essentially the same as those which were 
listed for the blade model. Since the support structure is 
not subjected to a constant rotational speed, the mass, in- 
ertia, and aerodynamic effects on the support structure 
behavior differ from those for a blade.  In particular, the 
support structure mass and inertia distributions do not pro- 
vide centrifugal stiffening or damping effects, and the 
support structure aerodynamic environment does not provide 
interharmonic coupling of support structure motions. The 
support structure aerodynamics can be based on blockage (flat 
plate drag) effects or a series representation (linearized 
aerodynamics) for a NACA 0012 airfoil section.  The magnitude 
and orientation of the steady air velocity acting on the 
support structure is allowed to vary along the support struc- 
ture length. 

The rotor elastic support structure characteristics are 
modeled by using a lumped-parameter approach similar to the 
technique used to model the blade characteristics. The sup- 
port structure is represented by consecutive sections from 
its tip to its attachment to the rotor hub.  The tip of the sup- 
port structure is generally that part of the support structure 
farthest from the rotor hub and is allowed to be either free 
in space or cantilevered to ground.  Thus, for the fully 
coupled system depicted in Figure 1, the fuselage-tailboom- 
fin structure would be represented by consecutive sections 
from the front end of the fuselage, which would be treated 
as free in space, to the tail rotor hub. 

The lumped-parameter sectional representation is used for the 
entire rotor support structure of interest, including the 
rotor gearbox or transmission mounting flexibilities and the 
rotor drive shaft, except for the drive shaft torsional 
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flexibility, which is treated in a different manner. Because 
of the similarity of the support structure and blade modeling 
techniques, Figure 2 is also valid for a support structure 
section on the condition that the outboard end of the section 
depicted is taken to correspond to the tipward end and the 
inboard end is taken to correspond to the end of the support 
structure section toward the rotor.  Thus, the order in which 
the sectional characteristics can be considered in going out- 
board to inboard along a blade section is identical to the 
order that can be considered in going from the tipward end to 
the rotor attachment end of the support structure section. 
The section characteristics corresponding to the pitch control- 
imposed restraints which were allowed for a blade section are 
not allowed for a support structure section. A maximum of 
15 support structure sections can be used to represent the 
entire support structure unless more than 25 blade sections 
are used in modeling the blade structure.  Then the condition 
that the total number of blade and support structure sections 
cannot be greater than 40 must be satisfied. 

GEARBOX OR TRANSMISSION MOUNTING MODEL 

Rotor gearbox or transmission mounting flexibilities are rep- 
resented by using the localized torsional spring-damper unit 
capabilities of a rotor support structure section. In par- 
ticular, localized torsional spring-damper units having tor- 
sional stiffness and damping characteristics are applied about 
two mutually orthogonal axes at the attachment of the gearbox 
or transmission to its support structure (e.g., the fuselage). 
The specific orientation of the two axes relative to the sup- 
port structure is accomplished through the use of the section 
orientation angles.  By variation of the stiffness and damping 
characteristics of the two torsional spring-damper units, any 
degree of anisotropy in rotor gearbox or transmission mounting 
can be modeled. 

ROTOR DRIVE SHAFT TORSIONAL FLEXIBILITY MODEL 

In representing the drive shaft torsional flexibility, the 
rotor drive shaft, whether it be for a main or tail rotor, 
is assumed to be constrained in torsion at the main rotor 
transmission.  The model of the torsional characteristics of 
the drive shaft system was formulated by considering a local- 
ized torsional spring at the root of each blade whose in- 
plane flexibility is equivalent to the drive shaft torsional 
flexibility.  The blade edgewise moments at the rotor hub are 
not allowed to provide torque to the shaft and thereby to the 
rest of the support structure since the torque on the rotor 
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shaft is assumed to be removed by the transmission.     This tor- 
sional spring model is considered independent of the blade and 
support structure sectional representation and should not be 
construed to be modeled by use of blade or support structure 
section characteristics. 
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COORDINATE SYSTEMS 

An understanding of the fundamental coordinate systems associ- 
ated with the representation of the rotor/helicopter system 
model components and their relative orientation and use in 
defining program input variables is a prerequisite to proper 
use of the HASTA program.  The information presented in this 
section is directed toward providing the user with this under- 
standing.  In particular, the coordinate systems pertaining 
to the representation of the rotor hub, blade structure, pitch 
control structure, control system, and rotor elastic support 
structure, and the manner in which they are related for main 
or tail rotors rotating clockwise or counterclockwise, are 
described.  The coordinate system relationships required at 
the rotor shaft-rotor hub interface for system representational 
continuity are also discussed.  The coordinate system-related 
definitions of the gravitational field and free stream veloc- 
ity orientation variables are not provided here but are pre- 
sented in the Description of Input Data section of this report. 

In the following discussion, two sets of coordinate systems 
are presented simultaneously for rotating system model com- 
ponents.  One set of coordinate systems is pertinent to the 
consideration of a counterclockwise rotating rotor system. 
The second set of coordinate systems is associated with the 
consideration of a clockwise rotating rotor system. The direc- 
tion of rotation of a rotor system is based on that observed 
from above (main rotor) or from the port side of a helicopter 
(tail rotor).  Six fundamental rotor system arrangements (two 
main rotor and four tail rotor) which are determined by com- 
binations of the rotor system rotational directions and the 
location of the rotor attachment are depicted in Figure 6 as 
viewed from the port side of a helicopter.  In this figure, 
the rotor disk plane for a rotor system arrangement coincides 
with the corresponding xf - yf plane where the (xf, yf, zf) 

coordinate systems shown are the fixed (non-rotating) hub 
coordinate systems for the various rotor system arrangements. 
The detailed definition of fixed hub coordinate systems for 
counterclockwise and clockwise rotating rotor systems is pro- 
vided below.  In Figure 6 a rotor blade with its leading edge 
shaded is shown in the reference blade position (i.e., along 
the x* axis) for each rotor system arrangement, to further 

r 

clarify the direction of rotation.  The control system, rep- 
resented by a ring, and the rotor drive shaft are depicted for 
each rotor system arrangement to show that although the fixed 
hub coordinate systems may be identical for two rotor arrange- 
ments, the arrangements differ in the location of drive shaft 
and control system.  Specifically, rotor system arrangements 
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having the drive shaft and control system in the -zf direction 

are denoted as class A arrangements (arrangements I, II, and 
VI) and rotor system arrangements having the drive shaft and 
control system in the zf direction are denoted as class B 

arrangements (arrangements III, IV and V). 

As originally developed, the HASTA program was based on a 
representational analysis for class A type arrangements.  In 
this form, the analysis was intended to be used for a rotor 
rotating counterclockwise when viewed from the side of the 
disk opposite the drive shaft.  However, since a clockwise 
rotating rotor can be viewed from a position and orientation 
in which the rotational direction appears counterclockwise, 
the HASTA program is applicable to clockwise rotating rotors, 
providing proper coordinate systems are used in defining pro- 
gram input variables.  For class B type arrangements (arrange- 
ments III, IV, and V), the HASTA program is applicable if 
extra care is taken in representing the rotor hub-drive shaft 
interface conditions and if the signs of input parameters 
associated with the effects of the elastic support structure 
motions on the pitch control structure for flexstrap and 
bearingless type rotors are changed.  Both of these require- 
ments are discussed in detail below. Regardless of whether 
a counterclockwise or clockwise rotating rotor system is 
considered, the rotor thrust is always positive in the fixed 
hub coordinate system zf direction and the control system 

(swashplate) displacement is always positive in the -zf 

direction.  The coordinate systems for various system model 
components will now be discussed in detail. 

ROTOR HUB COORDINATE SYSTEMS 

The coordinate systems associated with the rotor hub consist 
of a fixed (non-rotating) hub coordinate system (used in 
Figure 6) and a rotating hub coordinate system corresponding 
to each blade of the rotor.  The fixed hub coordinate system 
has its origin at the intersection of the rotor drive shaft 
centerline and the rotor disk plane, which is perpendicular 
to the shaft centerline. 

The rotor disk plane is the plane in which the rotor blades 
rotate at drive shaft rotational speed if the rotor blades 
are considered to be unconed, unswept, and unpitched (no 
pitch due to either pitch control or twist).  The fixed hub 
coordinate system z-axis coincides with the rotor drive shaft 
centerline and is positive in the direction of the rotor 
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rotational velocity vector.  The x and y axis of the fixed hub 
coordinate system both lie in the rotor disk plane.  The x-axis 
is defined to be located on the advancing side of the rotor 
disk plane and oriented in space perpendicular to the helicop- 
ter longitudinal axis.  The azimuthal location of the fixed 
hub coordinate system x-axis coincides with the reference blade 
position used for defining the azimuthal location of all blades 
of the rotor.  The y-axis is mutually orthogonal to the x and 
z axes producing a righthanded Cartesian coordinate system. 
The location of the fixed hub coordinate system axes; xf, yf# 

and z^, was shown in Figure 6 for the different rotor system 

arrangements depicted. 

To provide further clarification, the fixed hub coordinate 
system (xf, y-, zf) is depicted in general in Figure 7 for 

the two directions of rotor rotation. The yf-axis has not 

been shown parallel to the flight direction nor the zf-axis 
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long, axis 

line parallel 
to helicopter 
long, axis 
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Figure 7.  Fixed Hub Coordinate Systems for 
Two Directions of Rotor Rotation. 
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perpendicular to the flight direction since the rotor disk 
plane may be skewed with respect to the flight velocity vec- 
tor.  For an unconed, unpitched, and unswept blade at the 
reference blade position, as depicted in Figure 7, the yf-axis 

is parallel to the blade chord and positive toward the blade 
leading edge. Also in Figure 7, a line parallel to the heli- 
copter longitudinal axis has been drawn through the fixed hub 
coordinate system origin for the two directions of rotation. 
The x^axis, as previously defined, is perpendicular to this 

line.  The yf-axis, when viewed from a position on the zf-axis, 

would appear to be coincident to this line. 

The rotating hub coordinate systems, one corresponding to each 
blade, have the same origin and z-axes as the fixed shaft coor- 
dinate system, but their x- and y-related axes in the basic 
rotor plane are rotating about the zf-axis with a constant 

rotational speed of fi rad/sec. The rotating hub coordinate 
systems have their x-axis along the spanwise axis of the blades 
if the blades are unconed, unpitched, and unswept. 

These coordinate systems can be related to the fixed hub coor- 
dinate system by the coordinate transformation 

rm 

'rm 

rm 

cos(nt+(|) ) sin(fit+«j) )  0 
m m 

■sin(nt+({) ) cos(ßt+(J) )  0 
m m ■ V (1) 

where t is time (sec) and $m    is the angle between rath 

blade and the reference blade position at t = 0.  The I, j, 
and k variables are unit vectors, with rm subscripts denot- 
ing the rotating hub coordinate system for the rath blade and 
f subscripts denoting the fixed hub coordinate system.  The 
rotating hub coordinate system {xrm, yrm, zrm) for the first 

blade relative to the fixed hub coordinate system is depicted 
in Figure 8 for the two directions of rotor rotation. 
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Blade for Two Directions of Rotor Rotation . 

BLADE COORDINATE SYSTEMS 

In addition to the hub coordinate systems (rotating and non- 
rotating) previously discussed, there are blade coordinate 
systems defined which account for the mean orientation and 
deflection of the blade structure along its span. 

The fundamental coordinate systems associated with the blade 
structure consist of the rotating local blade coordinate sys- 
tems, one for each blade section.  The local blade coordinate 
systems are attached to the blade sections in their mean de- 
formed position and rotate about the fixed hub coordinate 
system z-axis with the same rotational velocity as the rotat- 
ing hub coordinate systems.  Thus, the orientation and loca- 
tion of the local blade coordinate systems are defined relative 
to the associated rotating hub coordinate system.  In the 
sectional modeling procedure for the lumped-parameter repre- 
sentation of a blade, the blade is subdivided into a number 
of straight sections that may be oriented relative to each 
other.  One of these blade sections for a deformed blade 
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rotating either counterclockwise or clockwise is depicted in 
Figure 9 relative to its associated rotating hub coordinate 
system and with its local blade coordinate system shown.  As 
can be noted in Figure 9, the origin of the local blade co- 
ordinate system for a blade section is located on the section 
shear center axis at the inboard end of the blade section. 

Counterclockwise Rotation 

rm 

shear center axis 

jth section 

^r*. x m] 

rm 

Clockwise Rotation 

rm 
— jth section 

rm 

Figure 9. General Description of the Rotating Local Blade 
Coordinate System for a jth Blade Section. 
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The location of the origin of the local blade coordinate sys- 
tem for a blade section is defined relative to the associated 
rotating hub coordinate system axis by specification of the 
h  , h  , and h  values for the blade section.  These three rx'  ry'     rz 
parameters, depicted in Figure 9, correspond to the three 
components of a position vector and are positive for a trans- 
lation in the direction of the x . y , and z _ axes, re- rm J rm     rm 
spectively.  The x-axis of a local blade coordinate system 
is coincident with the blade section shear center axis and 
is positive in the outboard direction.  The y-axis is per- 
pendicular to the x-axis and parallel to the chordline of the 
airfoil section at the coordinate system origin and is posi- 
tive toward the blade leading edge.  The z-axis is perpen- 
dicular to both the x and y axes such as to produce a right- 
handed coordinate system.  As depicted in Figure 9 by use of 
an airfoil shape having camber, the positive direction of the 
z-axis of a local blade coordinate system is toward the airfoil 
surface, normally considered to be the upper surface for a 
positive angle of attack. 

The orientation of the local blade coordinate system (x ., 

y ., z .) for a blade section is defined relative to the 'nrj' my 
associated rotating hub coordinate system (x , yrmf 

z
rm) by 

specification of the three angles;  *, 0, and f.  These three 
angles, in the order listed, correspond to three consecutive 
rotations that must be applied to the rotating hub coordinate 
system (placed at the local blade coordinate system origin) 
to align it with the local blade coordinate system.  In par- 
ticular: 

$ corresponds to local blade section presweep about 
the z -axis and i rm 
the rotor rotates, 

the zrm-axis and is positive in the direction that 

0 corresponds to local blade section precone about the 
preswept yrm-axis and is positive if the outboard end 

of the section is rotated in the -z  direction, and rm 

^ corresponds to local blade section prepitch about the 
preswept and preconed xrm""axis and is positive if the 

leading edge of the blade section is rotated in the 
preconed z„„  direction. ^       rm 
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The consecutive application of these angles to obtain the orien- 
tation of a local blade coordinate system relative to the asso- 
ciated rotating hub coordinate system orientation is depicted 
in Figure 10 for a counterclockwise and a clockwise rotating 
rotor system. 

Counterclockwise Rotation 
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rm 

Clockwise Rotation 
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Figure 10.     Description of the Rotating Hub Coordinate System 
Rotations Required for Definition of the    jth 
Section Local Blade Coordinate System Orientation. 
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The orientation relationship between the rotating hub coordi- 
nate system and a local blade coordinate system is represented 
by the coordinate transformation 

^mj 

/m3 . 

C* C9 

-s* CT + ct se sv 

s* sf + c<t> SG ct 

s$ ce 

C* C* + S<I> S9 S7 

-C* ST + S* S0 Cf 

-se 

ce s'f 

ce CT 

"rm 

'rm 

rm 

(2) 

where a short form of denoting the sine and cosine functions 
has been utilized (e.g., S* represents sin *. and C<I> repre- 

sents cos *.).  The I, j,  and k variables are unit vectors, 

with rm subscripts denoting the rotating hub coordinate 
system associated with the mth blade and mj subscripts 
denoting the local blade coordinate system for the jth sec- 
tion of the mth blade. 

The local blade coordinate systems are the coordinate systems 
to which the blade slopes, deflections, forces and moments 
along the blade span are referenced.  In particular, the blade 
state variables at the inboard end of the jth blade section 
act on the outboard end of the next inboard blade section in 
the positive axis directions of the jth section local blade 
coordinate system. These state variables are defined as 
follows: 

ux, uy, uz 

N, Vy, Vz 

(j)x, (|)y, 4)z 

are the blade deflections in the local blade 
coordinate system x, y, and z directions, 
respectively, 

are the axial, edgewise shear, and flapwise 
shear forces acting in the local blade coor- 
dinate system x, y, and z directions, re- 
spectively, 

are the torsional, flapwise, and edgewise 
bending slopes about the local blade coor- 
dinate system x, y, and z directions, re- 
spectively, and 

T, My, Mz are the torsional, flapwise bending, and 
edgewise bending moments about the local 
blade coordinate system x, y, and z direc- 
tions , respectively. 
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Since the blade state variables along the blade are defined 
relative to the local blade coordinate system, the blade 
state variables can also be defined relative to the rotating 
hub coordinate system by use of the coordinate transformation 
relationship specified in Equation (2). 

The $ and 0 values for a blade section having an elastic 
length but not shear center axis rigid offsets can be deter- 
mined by consideration of the changes occuring in the h  , 

h , and h  sectional parameters in going from the blade sec- 

tion of interest to the next outboard section, since the sec- 
tion shear center axis is a straight line.  In particular, 
for the jth blade section 

4>j = arctan (Ahry / Ahrx) (3) 

0. = arctan (-Ahrz / Ah^ +  Ah^) {4) 

where 

Ah  = h :'"1 - h ^ rx   rx     rx 

"Vy^ry^-V1' 

^r. ' hts
J'X - hrzj' 

and the j-1 superscript denotes the blade section just out- 
board of the jth section.  If shear center axis rigid offsets 
are involved in the blade section, the h , h , and h  para- rx  ry     rz r 

meters corresponding to the next outboard section in the previ- 
ous expressions would be replaced by those corresponding to 
the location at which the rigid offsets occur on the shear 
center axis segment which passes through the local coordinate 
system origin.  In the representation of the blade sectional 
characteristics (Figure 2), the localized change in the coor- 
dinate system orientation from that of the previous outboard 
section (local bends) can only be considered inboard of the 
section shear center axis rigid offset characteristics. 
Thus, the section shear center axis rigid offsets always are 
along the axis directions of the local coordinate system of 
the next outboard blade section. The use of the method de- 
scribed above for determining the blade section 4» and 0 values 
is particularly advantageous when blades having mean deforma- 
tion due to steady loading effects in addition to built-in 
geometric angles are being considered. 
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The local blade aerodynamic coordinate system for a blade sec- 
tion having aerodynamic characteristic is oriented such that 
the sectional lift and drag forces act along its z and y axes, 
respectively.  The origin and x-axis of the local blade aero- 
dynamic coordinate system for a blade section coincide with 
those of the associated local blade coordinate system.  The 
orientation of the local blade aerodynamic coordinate system 
is obtained by rotating the local coordinate system about its 
x-axis.  The relationship between the local blade aerodynamic 
and local blade coordinate systems of a blade section and 
several aerodynamic-related parameters are depicted in Figure 
11 for the two directions of rotor rotation, as viewed from a 
position on the positive x-axes of the coordinate systems. 

Counterclockwise Rotation 
zamj  zmj 

DJ unpitched y . axis r       m] 

Clockwise Rotation 

unpitched y . axis- / - D. 

am] 

am] 

Figure 11. Relationship Between the Local Blade Aerodynamic 
and Local Blade Coordinate Systems for the jth 
Blade Section. 
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In Figure 11, V.     is the previously discussed blade section 

prepitch which includes collective pitch,  f .  is the blade 

cyclic pitch, $ .     is the section inflow angle, a.  is the 

section aerodynamic angle of attack,  f .  is the angle of 

rotation between the local aerodynamic and local coordinate 
systems, and L.  and D. are the section lift and drag 

forces, respectively.  Since these parameters, except T., 

are dependent on the blade azimuthal position in forward 
flight the relationship between these two blade section co- 
ordinate systems may vary azimuthally.  This relationship is 
represented by the coordinate transformation 

am] 

amj 

amj 

1 

0 

0 

CH'. 
c 

-ST 

0 

ST 
c 

CT 

"mj 

Jm] 

k . m] 

(5) 

where ST  represents sinT CT represents cosT. 

and the i, j, and k variables are unit vectors, with amj 
subscripts denoting the local aerodynamic coordinate system 
and mj subscripts denoting the local coordinate system of 
the jth section of the mth blade.  As can be noted in Figure 
11, the rotation angle T .  is defined by T . y    a] ^  aj '*) 

-   T 

Regardless of whether a counterclockwise or clockwise rota- 
ting rotor is being considered, the lift force generated by 
the rotor is positive if it acts on the rotor hub in the pos- 
itive fixed hub coordinate system z-axis direction.  This 
definition is consistent with the direction of the positive 
section lift force resulting from a positive blade section 
angle of attack, as depicted in Figure 11. For some rotor 
systems (for example, the rotor system depicted in Figure 6 
as Arrangement IV) a negative lift force as defined relative 
to the rotor's fixed hub coordinate system is desirable.  For 
a symmetrical airfoil this can be achieved by defining the 
y^,  ^c-\i  and ♦i blade section parameters such that the a. 

(blade section aerodynamic angle of attack) parameters would 
be for the most part negative in value.  In particular, the 
T. and T . blade parameters would have values opposite in 
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sign to that required for positive rotor lift.  In that the 
(j). parameter is dependent on the magnitude and orientation 

of the hub flight velocity and the induced velocity field, the 
value of (j).  need not be negative, but the induced velocity 

should be negative in value (defined as positive acting on 
the rotor disk in the -z  axis direction). rm 

The above comments for a symmetrical airfoil do not suffice 
for a cambered airfoil producing negative rotor lift.  In 
addition, the airfoil coefficient data must be defined such 
that the cambered airfoil represented has a profile which is 
inverted compared to the cambered airfoil profile depicted in 
Figure 11.  This is necessary since a cambered airfoil having 
its lower surface on the z .-axis side of the airfoil chord- m] 
line would normally be used to generate rotor lift in the 
-z  direction.  The lift, drag and moment coefficients as a 

rm 
function of angle of attack,  a,  and Mach number, M, neces- 
sary to construct the airfoil coefficient data deck for this 
inverted cambered airfoil profile (inverted relative to the 
local aerodynamic coordinate system) can be obtained by use 
of the expressions: 

cJ(a,M) = -c£(-a,M) 

cJ(a,M) = cjJ(-a,M) (6) 

C*(a,M) = cJJ(-ct,M) 

In these expressions CL, CD, and CM correspond to the airfoil 

lift, drag, and moment coefficients, respectively, with the I 
superscripts denoting the coefficients for the inverted air- 
foil profile and the N superscripts denoting the coefficients 
as normally defined.  As an example, the inverted cambered air- 
foil lift coefficient for an angle of attack of -6 degrees and 
a given Mach number would have the same magnitude as but be 
opposite in sign to the standard cambered airfoil lift coeffi- 
cient for an angle of attack of 6 degrees and the same Mach 
number.  The airfoil coefficient data for a symmetrical air- 
foil inherently satisfies the expressions of Equation (6). 

PITCH CONTROL STRUCTURE COORDINATE SYSTEMS 

The pitch control structure, as previously defined, consists 
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of the structure connecting the control rod to the blade.  The 
HASTA analysis can represent three different types of pitch 
control structure, the use of which is dependent on the type 
of rotor being considered. These are: 

1. an arbitrarily oriented rigid pitch arm which applies 
only torque about the blade shear center axis at the 
pitch arm-blade attachment point (articulated teeter- 
ing, or gimballed rotor), 

2. an arbitrarily oriented flexible pitch arm which 
applies forces and moments in three directions to 
the blade (flexstrap rotor), and 

3. a torque tube structure which applies forces and 
moments in three directions to the blade and con- 
sists of a flexible torque tube and spur, both of 
which are allowed the same arbitrary orientation, 
and an arbitrarily oriented rigid pitch arm (bear- 
ingless rotor); 

all of which have been depicted in Figure 4.  The coordinate 
systems associated with the different pitch control structures 
consist of those necessary to define the orientation of the 
pitch arm, torque tube, and spur components and the axes about 
which the stiffness characteristics of a component are taken 
to act. 

The articulated rotor type of pitch control structure, con- 
sisting of a rigid pitch arm of length L _,  has the origin pa 
of its associated coordinate system located at the pitch arm- 
blade attachment point.  The x-axis of the pitch arm coordinate 
system coincides with the lengthwise axis of the pitch arm and 
is positive in the direction toward the pitch arm-control rod 
attachment point.  The y and z axes of the pitch arm coordinate 
system are both perpendicular to the pitch arm coordinate sys- 
tem x-axis as well as perpendicular to each other. The azi- 
muthal orientation of these two axes relative to the pitch arm 
coordinate system x-axis is arbitrary.  However, the positive 
directions of the x and y axes must be chosen such that a 
right-handed Cartesian coordinate system is produced. 

The orientation of the pitch arm coordinate system (x , y , z ) 
tr tr hr 

is defined relative to the associated rotating hub coordinate 
system (x  » y^ f z ) by specification of the three angles, * rm ■* rm  rm  ■*  r * 
a, ß, and y.     These angles, in the order listed, correspond to 
three consecutive rotations, which must be applied to the rotor 
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hub coordinate system (placed at the pitch arm-blade attach- 
ment point) to align it with the pitch arm coordinate system. 
The application of the a, 3, and y    angles is conceptually 
identical to that of the $, 0, and *  angles used to define 
the orientation of a local blade coordinate system.  The use 
of these angular rotations in defining the orientation of the 
pitch arm coordinate system relative to the rotating hub co- 
ordinate system is depicted in Figure 12 for both directions 
of rotor rotation. 

The relationship between the pitch arm coordinate system 
(x. i  y / pm' Jpnr 

z  ) is represented by the coordinate" transformation 

Cot Cß Sa Cß -Sß 

■Sa Cy + Ca Sß Sy Ca CY + Sa Sß SY Cß SY 

Sa SY + Ca Sß CY -Ca SY + Sa Sß CY Cß CY 

rm 

'rm 

rm 

(7) 

where a short form of denoting the sine and cosine functions 
has been used and the I, j, and ic variables are unit vectors, 
with the subscripts denoting the coordinate system to which 
unit vectors correspond. 

This rigid pitch arm pitch control structure is only allowed 
to apply torque to the blade about the local blade shear center 
axis (x .-axis) at the pitch arm-blade attachment point.  This 

torque can be defined in terms of the control rod force applied 
to the pitch arm and an effective moment arm. The value of 
this effective moment arm is, in fact, the only data required 
by HASTA to represent this pitch control structure used with 
articulated, gimballed, or teetering rotors, since the control 
rod applied force in this case is considered to act in a direc- 
tion parallel to the rotating hub coordinate system z-axis. 
This effective moment arm as required by the HASTA program is 
defined by 

a = -L  (Sa C$ - CaS*) Cß C0, (8) 

the terms on the right hand side having been previously defined. 
As can be noted from Equation (8) for a blade without presweep, 
precone, and prepitch at the pitch arm-blade attachment point, 
a is negative in value if the pitch arm is directed toward the 
blade leading edge (00<a<1800) and positive if the pitch arm is 
directed aft (1800<a<3600). 
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Counterclockwise Rotation 

pitch arm - 
blade attachment 
point   

rm 

Clockwise Rotation 

pitch arm - blade 
attachment point 

rm 

rm 

Figure 12.  Description of Rotating Hub Coordinate System 
Rotations Required for Definition of the Pitch 
Arm Coordinate System Orientation. 
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The pitch arm of the flexstrap pitch control structure differs 
from that discussed above in that the pitch arm is allowed 
bending and axial flexibility and applies restraining forces 
and moments to the blade in three mutually orthogonal direc- 
tions. The definition of the flexstrap pitch arm coordinate 
system orientation is identical to that presented above for 
the rigid pitch arm.  Thus, the orientation angles  (a, 3, 
and y)  and the coordinate system relationships depicted in 
Figure 12 and represented by the coordinate transformation of 
Equation (7) are directly applicable to the flexstrap pitch 
arm.  Since the flexstrap pitch arm representation requires 
bending stiffness information about the pitch arm coordinate 
system y and z axes (El  and El , respectively), the azimuthal 

orientation of these two axes relative to the pitch arm coor- 
dinate system x-axis should be based on the axes about which 
these stiffness parameters are known. The data required by 
HASTA to represent the flexstrap pitch arm, in addition to the 
bending stiffnesses, consists of the pitch arm length L , the 

axial stiffness EA , and the three orientation angles a, ß, 

and y. The flexstrap pitch arm representation requires also 
that the shear center axis at the pitch arm-blade attachment 
point be parallel to the x-axis (i.e., unswept, unconed, and 

unpitched).  The positional parameters hry and hrz  for the 
pitch arm-blade attachment point need not be zero in value and, 
in fact, would not normally be zero due to the presweep, pre- 
cone, and prepitch distributions occurring inboard of the 
attachment point. 

The torque tube pitch control structure coordinate systems con- 
sist of the torque tube, spur, and pitch arm coordinate systems. 
The torque tube of length L. has the origin of its associated 

coordinate system located on the blade shear center axis at 
the torque tube-blade attachment point.  The x-axis of the 
torque tube coordinate system coincides with the lengthwise 
axis of the torque tube and is positive in the direction to- 
ward the torque tube-spur-pitch arm attachment point.  The 
y and 2 axes of the torque tube coordinate system are defined 
in the same manner as the y and z axes of the flexstrap pitch 
arm coordinate system. The definition of the torque tube coor- 
dinate system orientation relative to the rotating hub coordi- 
nate system is identical to the definition of the rigid pitch 
arm orientation.  Thus, as was also noted for the flexstrap 
arm, the a, ß, and y    orientation angles and the coordinate 
system relationships depicted in Figure 12 and represented by 
Equation (7) are directly applicable to the torque tube rep- 
resentation. For the torque tube coordinate system, the value 
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of a in degrees should be close to 180 degrees since the 
x-axis of the torque tube should be primarily in the -x 

direction. The data required by the HASTA program to repre- 
sent the torque tube portion of the torque tube pitch control 
structure consists of data similar to that required for the 
flexstrap pitch arm and the torsional stiffness of the torque 
tube.  In addition, the blade structure must be modeled such 
that the blade shear center axis at the torque tube-blade 
attachment point is unswept, unconed, and unpitched regard- 
less of the location of the attachment point.  This condition 
is identical to that required for the flexstrap pitch arm. 

The spur (extension shaft) of length L has the origin of its 

associated coordinate system located at the torque tube-spur- 
pitch arm attachment point.  The orientation of the spur coor- 
dinate system is identical to the orientation of the torque 
tube coordinate system and as such is defined by the a, ßf 
and Y orientation angles used in the representation of the 
torque tube.  Thus, the numerical forms of the coordinate 
transformation matrix presented in Equation (7) for the tor- 
que tube and the spur are always identical.  Since the spur 
is attached to the hub structure by a spherical bearing such 
that the torque and axial force cannot be applied to the spur 
and the orientation angles are provided via torque tube data, 
data required by HASTA for the representation of the spur 
consists of its length and bending stiffnesses.  If the rotor 
hub is allowed rotational and translational degrees of free- 
dom due to its support structure, an additional length param- 
eter is required to define the tranverse motions of the 
spherical bearing relative to the rotating hub coordinate 
system z -axis.  This length, L., is the perpendicular dis- 

tance from the rotor disk plane (xrm"yrm plane) to the spheri- 

cal bearing (i.e., measured along a line parallel to the z - 

axis).  This length is positive in value if the spherical 
bearing is in the -z  direction from the rotor disk plane rm F 

regardless of the direction of rotor rotation.  For example, 
if the spherical bearing is on the same side of the rotor disk 
plane as the control system, the length L, is positive for the 

Class A rotors and negative for the Class B rotors depicted 
in Figure 6. 

The torque tube pitch control structure pitch arm of length 
L has the origin of its associated coordinate system also lo- 

cated at the torque tube-spur-pitch arm attachment point. The 
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axes of this rigid pitch arm coordinate system are located 
relative to the pitch arm structure in the same manner as for 
the rigid pitch arm used with articulated rotor blades.  The 
orientation of this rigid pitch arm coordinate system, however, 
is not defined relative to the rotating hub coordinate system 
but rather to the torque tube coordinate system.  This orien- 
tation is specified by the three angles a1, 3', and y'     which 
are applied conceptually in the same manner as a, ß, and y. 
The use of these three angular rotations in defining the orien- 
tation of this rigid pitch arm coordinate system relative to 
the torque tube coordinate system (placed at the torque tube- 
spur-pitch arm attachment point) is depicted in Figure 13 for 
the two directions of rotor rotation.  In this figure, the 
torque tube orientation angles a, 3, and y    have been assumed 
to have values (in degrees) of 180, 0, and 0, respectively. 

The relationship between this rigid pitch arm coordinate system 
(x ,, y i, z ,) and the torque tube coordinate system (x , y , 
f   p   p P  P 

z ) is represented by Equation (7) with the p and rm sub- 

scripts replaced by p' and p,  respectively, and a, B, and y 
replaced by a1, ß', and y',     respectively.  Since the pitch 
arm is rigid, only the correct orientation of the pitch arm 
coordinate system x-axis is required. This orientation can 
be achieved by use of only a and ß angular rotations.  The 
data required by the HASTA program for the representation of 
the pitch arm component of the torque tube pitch control struc- 
ture consists of the pitch arm length and orientation parameters, 

CONTROL SYSTEM COORDINATE SYSTEMS 

The fundamental coordinate systems required for the represen- 
tation of the control system consist of a fixed coordinate 
system and a rotating coordinate system corresponding to each 
rotor blade.  The origin of the fixed control system coordi- 
nate system is located on the rotor drive shaft axis (same as 
the zf-axis of the fixed hub coordinate system) where the 

plane of the control system ring intersects it.  The x and y 
axes of this coordinate system lie in the unperturbed plane 
of the control system ring which is also parallel to the rotor 
disk plane. The x-axis is defined to be along the line from 
the coordinate system origin to the location on the control 
ring at which the control rod of the first blade is attached 
when this blade is in the reference blade position (i.e., the 
position at which the spanwise axis of the unswept, unconed, 
and unpitched blade coincides with the xf-axis).  The orien- 

tation and positive direction of the y-axis is defined as 
required to produce a right-handed Cartesian coordinate system. 
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Counterclockwise Rotation 

rotor hub \ 

W 
torque tube - spur - 
pitch arm attachment 
point- 

Clockwise Rotation 

torque tube - spur - 
pitch arm attachment 
point 

Figure 13.  Description of Torque Tube Coordinate System 
Rotations Required for Definition of the Pitch 
Arm Coordinate System. 
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The orientation of the fixed control system coordinate system 
(xf . yfc, zf ) relative to the fixed hub coordinate system 

(xf, yf, zf) is depicted in Figure 14 for both directions of 

rotor rotation. 

Counterclockwise Rotation Clockwise Rotation 

'fc' 'f 

s 
I 
\ 
v. 

control system 
circumferential 
axis  

'fc 

control system 
circumferential axis 

Figure 14. Description of the Relationship Between the Fixed 
Hub Coordinate System and the Fixed Control Sys- 
tem Coordinate System. 

The angle 4)CR denotes the degree of azimuthal shift occurring 

between the two fixed coordinate systems that results from the 
control rods being attached to the control system ring at loca- 
tions not in their associated blade-related rotating hub coor- 
dinate system x-z planes.  The value of ipCR is not used by the 

HASTA program.  Instead, the azimuthal location  (x.) of the 

cyclic spring-damper units depicted in Figure 5 are defined 
relative to the fixed control system coordinate system. In 
addition, the control system displacement results obtained from 
HASTA application must be interpreted relative to the fixed 
and rotating coordinate systems associated with the control 
system and not those associated with the rotor hub. 
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The rotating control system coordinate systems, one for each 
blade but associated with the azimuthal location of the re- 
lated control rod-control system ring attachment point, have 
the same origin and z-axes as the fixed control system coor- 
dinate system.  Their x- and y-related axes are in the same 
plane as the x- and y-axes of the fixed coordinate system but 
are rotating about the z,  -axis with a constant rotational 

speed of Ü  rad/sec.  The relationshxp between the rotating 
control system coordinate system (xm . ym . z  ) associated 2 mc -* mc  mc 
with the first blade and the fixed control system coordinate 
system is depicted in Figure 15.  As can be noted in this 
figure, the angular relationship includes (j),.  This is 

Counterclockwise Rotation Clockwise Rotation 

zc   , z fc'  mc 

control system 
circumferential axis 

x fc 

/ 

control system       fc 
circumferential axis — 

mc 

Figure 15. Description of the Relationship Between the 
Rotating Control System Coordinate System 
Associated with First Blade and the Fixed 
Control System Coordinate System. 

necessary since (J^, if non-zero, shifts not only the azi- 

muthal location of the first blade but also shifts its con- 
trol rod-control system attachment point. Due to the azi- 
muthal shift occurring between the fixed control system 
coordinate system and the fixed hub coordinate system, the 
orientation of a rotating control system coordinate system 
will lag by ^CR that of the corresponding rotating hub 
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coordinate system. The relationship between the rotating and 
fixed control system coordinate systems is defined by Equation 
(1) with the rm and f subscripts replaced by mc and fc, 
respectively.  The above discussion is valid for both Class A 
and Class B control systems. 

CONTROL ROD ORIENTATION 

The control rod representation does not require coordinate 
system definition per se. Only the orientation of the con- 
trol rod lengthwise axis need be defined, since the control 
rods are only subjected to axial loading. There are two types 
of control rod representation, the use of which is dependent 
on the type of rotor being considered.  The first type is that 
used for the articulated, gimballed, or teetering rotor.  In 
this representation the control rod is assumed to act only in 
the rotating hub coordinate system z -axis direction (i.e., 

perpendicular to the rotor disk plane) , although it actually 
may or not act only in that direction.  The second type is 
that used for the flexstrap or bearingless rotor.  This con- 
trol rod representation allows for arbitrary orientation of 
the control rod relative to the rotating hub coordinate system 
(placed at the control rod-control system attachment point). 
The orientation of the control rod lengthwise axis is speci- 
fied by the orientation angles i  and 0 , which correspond c        c 
to the consecutive angular rotations that must be applied to 
the rotating hub coordinate system to align its z-axis with 
the control rod axis.  The application of the $      and 9 c        c 
angles is identical in concept to that of the $ and 0 
angles used for specification of the local blade coordinate 
system orientation. The relationship between the control rod 
axis and the rotating hub coordinate system is depicted in 
Figure 16 for the two directions of rotor rotation.  If a 
Class B rotor system (i.e., control system located in the 
+z  direction relative to the rotor disk plane) is being 

considered, the value of 6  will be greater than 90 degrees. c 
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Counterclockwise Rotation Clockwise Rotation 

rm 
control rod 
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control rod - control system 
attachment point 
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rm 

Figure 16. Relationship Between Control Rod Axis and 
Rotating Hub Coordinate System. 

The data required by the HASTA program for the first type of 
control rod representation, that associated with articulated, 
gimballed,and teetering rotor systems, consists of the effective 
control rod stiffness and damping characteristics in the z - rm 
axis direction. The primary data required for the control rod 
representation associated with a flexstrap or bearingless rotor 
system consists of the orientation angles, <j)  and 6 and 

c      c 
the control rod axial stiffness and damping characteristics. 
In the latter case, an additional length parameter, similar in 
concept to the length L. , is required if the rotor hub is allowed 

rotational and translational degrees of freedom due to its sup- 
port structure. This length parameter is necessary to define 
the transverse motions of the control rod-control system attach- 
ment point relative to the rotating hub coordinate system z

rm~ 

axis.  This length, L , is defined as the perpendicular distance 

from the rotor disk plane (x -y  plane) to the control rod- r      rm •* rm r 
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control system attachment point.  This length is positive in 
value for Class A rotors and negative for Class B rotors. 

SUPPORT STRUCTURE COORDINATE SYSTEMS 

The coordinate systems associated with the rotor elastic support 
structure consist of a fixed coordinate system and local section 
coordinate systems which are conceptually similar to the rotat- 
ing hub and local blade coordinate systems, respectively.  The 
primary difference is that the support structure-related coor- 
dinate systems are not rotating.  The fixed (reference) support 
structure coordinate system has its origin located on the shear 
center axis at the tip end of the support structure (the end of 
the support structure furthest from its attachment to the rotor 
hub).  In that the orientation of the fixed coordinate system 
axes is in general arbitrary except when gravitational effects 
on the support structure are included, two different possible 
fixed coordinate systems are discussed below. These coordi- 
nate systems are defined on the basis of the elastic support 
structure being a helicopter fuseläge-tailboom-fin structure 
but are also valid for any other elastic support structure. 

The inclusion of the effects of gravity requires the fixed 
coordinate system y-axis to be parallel to but opposite in 
direction to the gravity force (weight) vector acting on the 
fuselage structure. Thus, the fixed coordinate system y-axis 
is positive in the general direction toward the top of the 
helicopter fuselage. The x- and z-axes of this fixed coor- 
dinate system must lie in a plane perpendicular to the y-axis 
at the fixed coordinate system origin.  The azimuthal orienta- 
tion of the x- and z-axes relative to the y-axis is arbitrary 
providing that the positive directions of these axes are such 
that a right-handed Cartesian coordinate system is produced. 
However, for convenience in generating input data, the posi- 
tive direction of the fixed coordinate system x- and y-axes 
should be toward the tailboom (aft) and to the port side of 
the helicopter, respectively. 

When gravity effects are not to be included, the orientation 
and positive direction of the fixed support structure coor- 
dinate system axes are arbitrary providing that a right- 
handed Cartesian coordinate system is produced.  However, a 
fixed support structure coordinate system can be defined that 
is convenient to the determination of support structure input 
data.  In this fixed coordinate system, the x-axis is defined 
to be parallel to the forward flight velocity of the helicop- 
ter in level forward flight and to be positive directed aft. 
The y-axis is defined to be perpendicular to the x-axis, to 
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lie in the vertical plane of the helicopter fuselage, and to 
be positive toward the top of the helicopter. The z-axis is 
mutually orthogonal to the x- and y-related axes such as to 
produce a right-handed coordinate system.  The two fixed sup- 
port structure coordinate systems described above are depicted 
in Figure 17 as they relate to a fuselage-tailboom-fin support 
structure.  In regard to the fixed coordinate system depicted 
for the case of inclusion of gravitational effects, the grav- 
ity vector and therefore the y-axis have been assumed to be 
in the vertical plane of the fuselage.  Examples of local sup- 
port structure coordinate systems are also shown in Figure 17, 

The local support structure coordinate systems are obtained by 
application of the orientation angles $, 0, and V    in the 
same manner as is used in defining the orientation of the ro- 
tating local blade coordinate systems.  Thus, the relationship 
between the local support structure coordinate systems (x , s 
y , z ) and the fixed structure coordinate system (xf , yfs» 

zf ) is represented by Equation (2) with the mj and rm 

subscripts replaced by s 'and fs subscripts, respectively. 
It should be noted that the local coordinate system y-axis 
for a support structure section is the axis taken as the 
chordline for aerodynamic purposes. 

fuselage shear 
center axis 

tail 
rotor 
shaft 

flight 
direction 

fs 

  fixed system 
based on g 

fixed system not 
based on g 

Figure 17. Fixed Fuselage Structure Coordinate System and 
Examples of Local Fuselage Structure Coordinate 
Systems. 
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SHAFT-ROTOR HUB INTERFACE RELATIONSHIPS 

The matching of boundary conditions at the interface of the 
rotor drive shaft and the rotor hub requires a defined re- 
lationship between the local support structure coordinate 
system at the end of the rotor drive shaft and the fixed hub 
coordinate system.  The orientation of the local support 
structure coordinate system at the end of the rotor drive 
shaft is accomplished through the use of the $,  0, and V 
angles.  In that the blade state variables involved in the 
boundary condition equations must be defined relative to the 
rotating hub coordinate system, the most inboard blade sec- 
tion should end at the hub centerline and have no built-in 
presweep, precone, or prepitch; i.e.,  $, 0, and Y should 
be zero in value. 

The relationship between the two coordinate systems used for 
the matching of boundary conditions is that at the rotor 
drive shaft-rotor hub interface, in terms of unit vectors 

i = Jc- s   f 

^s " jf (9) 

^s " 'rf 

Thus, the required relationship between the support structure 
coordinate system and the fixed hub coordinate system at this 
interface is as depicted in Figure 18 for the two directions 
of rotor rotation. Note; This coordinate system relation- 
ship which is dependent upon the direction of rotor rotation, 
must be satisfied whether the rotor drive shaft is modeled on 
the positive or negative zf-axis side of the rotor disk plane. 

If this required relationship is not satisfied by the modeling 
of the support structure, the computer program will yield 
erroneous results except for the case of reactionless blade 
modes. The necessary orientation of the hub end of the rotor 
drive shaft can be easily specified by taking the last sec- 
tion of the support structure to consist of only the localized 
bending lumped-parameter characteristics *, 0, and V, which 
must be properly defined. 
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Figure 18.  Relationship of the Local Support Structure 
Coordinate System and Fixed Hub Coordinate System 
Required at Shaft-Rotor Hub Interface. 
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GENERAL DISCUSSION OF EQUATIONS 

Most of the mathematical representation of the various coupled 
rotor-helicopter systems that can be analyzed was developed 
rigorously in Reference 1.  Additional mathematical analysis 
developed to extend the capabilities of the HASTA program was 
discussed in Reference 2.  Thus, the mathematical analysis 
involved will not be discussed in detail herein.  The intent 
of this section of the report is to provide a background con- 
cerning the primary computational procedures utilized by the 
HASTA program.  In particular, the discussion herein is con- 
cerned with the numerical application of transfer matrix 
procedures, the numerical construction of the final governing 
matrix, and the eigenvalue and eigenvector solution method. 
This information should provide the user with a sufficient 
knowledge of the overall concept of the computer program. 

It is to be noted that the representational equations (i.e., 
control system equations, rotor support structure equations, 
and blade equations) and thereby the final governing matrix 
equation are in a Laplace transformed form involving the La- 
place transform variable  s and frequency-shifted Laplace 
transform variables such as s-ikß,  where k has a non-zero 
integer value.  The application of Laplace transformation 
techniques provides an effective means of converting time- 
differential equations having first and second order -ime- 
derivative terms, as well as periodically varying coefficients, 
to an algebraic form which can be efficiently manipulated.  In 
addition, a characteristic of Laplace transformed equations 
allows the development of the additional equations necessary 
to define the harmonically shifted variables required for the 
consideration of interharmonic coupling due to the control 
system and/or rotor hub motion and to periodically varying 
aerodynamic coefficients.  Because of the nature of the rotor/ 
helicopter problem, the resulting algebraic equations involve 
complex variable notation such that the Laplace transform 
variables must be allowed to be complex variables. 

TRANSFER MATRIX OPERATIONS 

The HASTA program operation required for the transfer matrix 
procedure representation of a blade will be initially presented, 
followed by the operational modifications required for the rotor 
support structure representation.  By considering the blade to 
be divided into sections representing the lumped-parameter 
characteristics of the blade, the k-frequency-shifted state 
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variable column vector at the inboard end of the ith section 
of the mth blade can be shown to be defined in general by 
the expression 

m 

- K.rX (lrn'm " K,„}m'^n' m (10) 

In this expression, the state variable column vector is de- 
fined by the form 

\S\  =   |üxN$xTÜy^z"Mz  -Vy  -uz" Jy My vF> 

where the state variables were defined previously in the dis- 
cussion following Figure 10 and the n-frequency-shifted blade 
tip unknowns column vector is defined by 

is\' i   n j m =   \ux  <t>x uy   4)Z  -uz   ty\ 
[                                      ■'jn/m. 

'irnV '^n'm'     «"n'm'     '^n'm'   'W„'m' and  (If^,. 

associated blade matrices  IB,, _ |   denote the contribution 

The 
quantities are the n-frequency-shifted blade discontinuity 
unknowns.  The specific definition of these unknowns and the 
inclusion of their contribution to Equation (10) is depend- 
ent upon the type of rotor system being considered. The 

[VnJ m 
of the n-frequency-shifted mth blade tip unknowns to the 
k-frequency-shifted state variables at the ith section of 
the mth blade. These matrices are 12 x 6 arrays due to the 
implementation of the blade tip boundary conditions (i.e., 
blade tip shears and moments are zero in value).  The blade 
discontinuity column vectors 
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{bk,n}m' K,n}m' K,n}m' {ek,n}m' {\,n]m'   and {gk,n}m m 

denote the contribution of the n-frequency-shifted mth blade 
discontinuity unknowns to the k-frequency state variables at 
the ith section of the mth blade.  The quantity Nf repre- 
sents the number of harmonics above and below the main eigen- 
value of interest s which are allowed to couple with the 
main eigenvalue-related behavior.  Thus, if Nf is 1, the 
1/rev and -1/rev shifted frequencies will be allowed to 
couple with the 0 shifted frequencies. 

The computer program during a normal iteration does not cal- 
culate the state variables at the inboard end of the ith blade 
section.  Instead, the computer program determines the associ- 
ated blade transfer matrices and the necessary blade discon- 
tinuity vectors at the inboard end of each section.  This is 
accomplished by consecutively multiplying, in matrix form, 
the associated blade transfer matrices and the necessary 
blade discontinuity vectors for the inboard end of the pre- 
vious section by the individual transfer matrices for the 
section lumped-parameters, as these parameters are crossed 
in going inboard along the section.  The associated blade 
transfer matrices and blade discontinuity vectors are not 
stored for each section but are updated by successive trans- 
fer matrix multiplication such that their final numerical 
values for an iteration correspond to those defining the 
blade state variables at the rotor hub centerline as re- 
quired for construction of the final matrix.  The construction 
of the final matrix also requires information concerning the 
numerical values occurring in specific rows of these matrices 
and vectors at the blade discontinuity locations.  This in- 
formation is saved in storage arrays as these discontinuities 
are crossed.  After eigenvalue convergence is obtained the 
blade transfer matrix procedure is used to obtain the values 
of the k-frequency-shifted state variables at the inboard end 
of each blade section.  These state variables are determined 
relative to both their local coordinate systems and the disk 
plane (rotating hub coordinate system). 

The general manner in which the associated blade transfer 
matrices and discontinuity vectors are obtained will be 
briefly discussed.  At the start of the transfer matrix pro- 
cedure the off-diagonal associated blade transfer matrices 
(k^n) are initialized to 12 x 6 arrays consisting of zeroes. 
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The diagonal associated blade transfer matrices (k=n) are 
initialized to zeroes except for a value of unity in each 
of the six columns such that on multiplying the blade tip 
unknown column vector by the 12 x 6 array the same vector 
results. As each lumped-parameter characteristic is crossed, 
the associated blade transfer matrices inboard of the lumped- 
parameter characteristic are obtained in terms of those out- 
board by carrying out the numerical operation specified by 

[Bk.n]m = [\]m [B
kfn] 

l"1 

«> (ID 

if a non-aerodynamic  lumped-parameter characteristic is 
being considered and 

Nf    _       _._       .j.! 

[^^m =    I     [^^[l^njm (12) 

if an aerodynamic lumped-parameter characteristic is being 
considered.  In these expressions j  is used to denote the 

lumped-parameter characteristic index and  g"    may repre- 
L kjm 

sent a k-frequency-shifted mass or spring transfer matrix or 
an unshifted (not involving s) elastic, bend, restraint, or 
rigid transfer matrix.  These transfer matrices specify the 
effect of a particular lumped-parameter characteristic on the 
k-frequency-shifted state variables as the parameter is 
crossed. 

The required blade discontinuity vectors, diagonal (k=n) and 
off-diagonal (k^n), initially consist of all zeroes. When 
a discontinuity is encountered the corresponding diagonal 
blade discontinuity vectors (k-n) are defined as necessary 
for the type of discontinuity involved. After a discontinu- 
ity has been crossed the corresponding blade discontinuity 
vectors are updated in the identical manner as exemplified 
by Equations (11) and (12) for the associated blade trans- 
fer matrices. 

The rotor support structure is not exposed to any representa- 
tional discontinuities or self-induced interharmonic coupling. 
Thus the k-frequency-shifted support structure state variables 
just beyond the ith section can be defined by the expression 
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{Sk}s -   [Sk]s{Sk}s' (13) 

where the support structure state variables and the k-shifted 
support structure state variable vector are defined in the 
same manner as that for the blades except that they are re- 
lated to the rotor support structure.  In this expression 

Pkjs is a 12 x 6 array representing the k-frequency- 

shifted associated support structure transfer matrix for the 
ith support structure section.  The k-frequency-shifted sup- 
port structure unknowns vector may consist of either the 
rotor support structure tip slope and deflection unknowns 
similar to that for the blades and corresponding free and 
conditions, or rotor support structure tip moments and 
shears corresponding to cantilevered end conditions such 
that 

{\)3  = f s *s  ^s   - ^s ^s ^s} k • 

The support structure transfer matrix procedure is carried 
out by the computer program in a manner similar to that 
used in the blade transfer matrix procedure.  The starting 
k-frequency-shifted associated support structure transfer 
matrices are all initialized to consist of zeroes except 
for a value of unity in each of the six columns such that 
on multiplying the support structure unknowns vector by the 
initial 12 x 6 matrices the same vector results.  It is to 
be noted that there are no off-d^-gonal associate transfer 
matrices for this structure and the initial form of the 
associate transfer matrices is dependent upon the form of 
the support structure unknowns vector. As each lumped- 
parameter characteristic is crossed, the associated support 
structure transfer matrices just beyond the lumped-parameter 
characteristic are obtained in terms of those previous by 
use of the form specified in Equation (11) with 

[Vn]m rePlaced ^ [sk]s- 

After eigenvalue convergence is obtained, the k-frequency- 
shifted support structure state variables are then determined 
at each section relative to the local and fixed coordinate 
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systems of the rotor support structure by use of the support 
structure transfer matrix procedure. 

FINAL GOVERNING MATRIX 

The system representational equations (Equations (20) , (21), 
(29), (30), (31), (32), (33), and (35) of Reference 1 and 
the additional blade discontinuity-related equations dis- 
cussed in Reference 2), as required for the coupled rotor/ 
helicopter system of interest, can be used in conjunction 
with Equations (10) and (13) to define the k-frequency- 
shifted governing equations.  These k-frequency-shifted 
governing equations can be expressed in the simple matrix 
form 

Zt &""] {q_"}*= o        ,l4, 

where Tk  I specifies the contribution of n-frequency-shifted 

n unknowns contained in jq^ to the k-frequency-shifted govern- 

ing equations. 

As an example of the construction 

of this matrix for a coupled three 
system is given by the expression 

oth.2 ■ 
-bladea r 

the general form 

rotor/he1i copter 

[Vn] ' 

j   i_  K,nj [^.n] [Plcnll [?k,„]2 [§Sk,n]3 

i          0 [KK [f^.n]! [!5k,n]2 [F5k,n]3 

Ml5n lFk,n]l Kn]i IfVnJl Kn]l 

[BSk]2  6n [Fk,n]2 Ma1 
[^k.n]^ ^,^2 

KJa 6n EVnjs l5k,n]3i [BSk,n]3 [Pk^sJ 

(15) 
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where integers have been used for blade subscripts and super- 
scripts.  The top row of submatrices are obtained from the 
control system governing equations.  The second row of sub- 
matrices are obtained from the moment and shear boundary con- 
dition equations at shaft-xotor hub interface.  The third, 
fourth, and fifth rows of submatrices are obtained from the 
slope and displacement boundary condition equations at the 
shaft-rotor hub interface and from the blade discontinuity 
equations for the first, second, and third blades, respec- 
tively. These submatrices have been defined in detail in 
Reference 1 for a fully coupled flexstrap, articulated, 
gimballed, or teetering rotor/helicopter system.  For a 
fully coupled bearingless rotor/helicopter system the sub- 
matrix definitions are different than those of Reference 1 
due to the different discontinuity unknowns and discontinuity 
equations which are involved.  It is to be noted that the 
content and dimensions of some of the submatrices for a 
particular system are dependent upon the degree of inclusion 
of control system spatial harmonic effects, the number of 
blade discontinuities, and the type of rotor system. 

The n-frequency-shifted unknowns vector is defined by 

Kl* ■ 

IK} 
KI: 

(16) 
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where the n-frequency-shifted control system unknowns are 
given by the general form 

K} = 

w „   (s-infi) -Nmax 

w_1(s-inQ) 

w- (s-inf2) 

w, (s-inP.) 

w.,  (s-infi) Nmax 

in which Nmax is the limit on the number of spatial har- 
monics retained in the control system representation, the 
n-frequency-shifted support structure unknowns are given by 

\s   \  c> , and the n-frequency-shifted mth blade unknowns 

are given by the general form 

W m 

(STn'm 

n m 

n m 

Blade discontinuity unknowns that are not to be included for 
a particular system of interest are omitted from the blade 
unknowns vectors.  In addition, the individual columns of 
the last three columns of submatrices in Equation (15), 

66 



which in the general form of these submatrices would multi- 
ply the discontinuity unknowns not included, would also be 
omitted. 

The definitions provided by Equations (15) and (16) assume 
a coupled rotor/helicopter system having a control system 
and a rotor support structure in addition to the rotor blades. 
With alterations in the coupled rotor/helicopter system com- 
plexity the construction of this matrix and the unknowns 
column vector is modified.  As an example, if a particular 
coupled tail rotor/helicopter system does not have a control 
system, the first row of submatrices and the first column of 
submatrices are omitted from the matrix and the control sys- 
tem unknowns are omitted from the unknowns vector.  Similarly, 
if a particular system does not have a rotor support structure 
the second row of submatrices and the second column of sub- 
matrices are omitted from the matrix and the support structure 
unknowns are omitted from the unknowns vector.  In addition, 
the removal of a blade requires the omission of the corre- 
sponding blade unknowns (including discontinuity unknowns) 
from the unknowns vector and the omission of the row and col- 
umn of submatrices containing the associated diagonal blade 

array.  Thus, analytically the T.   matrices can be as 

complex as shown in Equation (15), more complex due to addi- 

tional blades, or as simple as M! • 
The use of the blade phasing assumption for which all blades 
of the rotor are identical and equally spaced azimuthally 

allows the size of the T.    matrices to be significantly 

reduced by the removal of the submatrices associated with 
blades other than the first blade.  With the use of this 

assumption the submatrices SBk  .  and IFB,        .  have an 

altered form to include the contributions of the additional 
blades.  In the case of a gimballed or teetering rotor, the 

M i submatrices BB.    ,  also are modified.  This option allows 

the user to specify the type of blade modes to be obtained 
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(i.e., umbrella, reactionless, forward cyclic, or backward 
cyclic modes). 

The k-frequency-shifted matrix equations represented by 
Equation (14) involve n-frequency-shifted unknowns which 
can be defined by considering values of k from -Nf to 
+Nf such that the final governing matrix equation required 
for solution may be obtained in the form 

Ij-l.-l] fi   1 L-i.oJ IT         I 

Lfo.-U [5o,oJ T         '    l 

Ji.-lJ [Vo] T 

= 0 (17) 

for Nf=l.     In general,   the number of pK,n] matrices re- 
quired to construct the final governing matrix is defined 

by (2Nf+l) .  Thus, the size of the final governing matrix 
for a particular coupled tail rotor/helicopter system is 
dependent on the value of Nf and the size of the indivi- 

dual hk nl matrices'  T!-16 use of the blade phasing assump- 

tion can be seen to significantly decrease the size of the 
final governing matrix which must be solved. 

The operational procedure that the computer program uses 
to obtain the final g verning matrix in numerical form is 
to determine the numerical form of the individual 

l^k,n matrices involved in the final governing matrix and 

to store this information in a consistent order in a tempo- 
rary storage unit (disk or tape).  The final governing matrix 
in numerical form as required for the determination of the 
determinant and assumed mode shape correction values is ob- 

tained by reading the stored values of the \\  J matrix in 

the proper sequential order.  It is to be noted that when 
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the numerical content of each T.   matrix is fully deter- 

mined, the data is dumped off to tape so that the matrix 
storage array can be used for the np::t matrix. 

The numerical construction of a T,  ' matrix is achieved by 

determination of the numerical content of each submatrix 
which is required to construct the matrix and proper place- 
ment of this information in the matrix storage array.  In 
the majority of submatrices, the required numerical infor- 
mation is obtained by use of the final associated transfer 
matrices for the blade and rotor elastic support structure 
and the stored information required at blade discontinuity 
locations.  Although the analytical representation uses 
matrix operators in addition to numerical operators to spec- 
ify the particular information required for a submatrix, the 
computer program achieves the same representation by use of 
numerical operators, whose values can be obtained from in- 
put parameters, and proper indexing procedures.  Some of the 
control system-related submatrices are directly constructed 
with only manipulation of the control system input parameters 
and proper indexing control.  Due to the allowance of several 
different program representational options such as the type 
of rotor system, the type of blades, and the use of the blade 
phasing assumption, the construction of submatrices may have 
several different forms.  Thus, the computer program coding 
for the construction of a submatrix may consist of several 
parts, of which only one part may be used for a particular 
coupled rotor/helicopter system. 

EIGENVALUE AND EIGENVECTOR SOLUTION METHOD 

The solution method used to obtain the eigenvalues and eigen- 
vectors is based on a modified transfer-matrix method.  This 
method avoids the numerical accuracy problems due to the 
taking of small differences of large numbers that generally 
occurs in transfer matrix techniques, particularly when the 
frequency determinant is computed for higher natural fre- 
quencies.  In the solution procedure the eigenvector corre- 
sponding to the system unknowns and the eigenvalue are 
iterated simultaneously until the desired degree of eigen- 
value convergence is achieved.  This is accomplished by 
considering the eigenvector to consist of the sum of a trial 
eigenvector and a correction eigenvector such that as the 
trial eigenvalues are used in the iteration procedure to ob- 
tain a solution eigenvalue the trial eigenvector is being 
continuously updated. 
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The determination of the correction eigenvector for a given 
trial eigenvalue requires a modification of the final matrix 
equation for the trial eigenvalue.  The final governing ma- 
trix equation, as represented by Equation (17), can be express- 
ed in the form [A] {X} _=  0._ The {X^ column vector can be 
defined in general as {X} = {X}  +  {e} where {X} is the 
trial eigenvector for an iteration and_{e} is the correction 
eigenvector.  By substitution of the [X]_definition into the 
final governing matrix, the expression [A] {F}  =  {F} where 
{F} = [A] {X} can be obtained. Premultijalication of this 
equation by the inverse of [A] results in {X} = 0.  This 
problem of indeterminate equations is avoided by normalizing 
a particular element X. of {X} to unity such that the corre- 

sponding {X}  and {F} elements, X. and e., can be defined to 

always be unity and zero in value.  Since F. will always be 

zero b^ definition, the jth column of [A] _can be removed 
from [A] and the e. element removed from {e} such that the 

modified matrix equation [A1] {F1} = -{¥]  results where 
[A1] is a  nx(n-l) matrix and {e1} consists of n-1 elements. 
Thus, in this form the modified matrix equation represents 
one more equation than there are unknowns. Although, in 
general, any kth row of the modified matrix equation can be 
removed, best results for the coupled rotor/helicopter prob- 
lem are obtained when X, is a variable closely associated 

with the X. defined as unity.  For example, if the blade 

flapwise tip deflection is normalized to unity, the X, 

should correspond to the blade flapwise tip slope.  On re- 
moval of the kth row from the modified_equation, the equation 
[A"] {e1} = - {F1} is obtained where [A^] results due to re- 
moval of the kth row of elements from [AM and {F'} results 
due to removal of the kth element from {F}. Byjnultiplying 
both sides of this equation by the inverse of [A"], the n-1 
element correction vector is defined by 

{£'} = [A" J'1 {F'} . (18) 

The computer program for each trial eigenvalue, as the individ- 
n.  -i 

ual T,    matrices are constructed, also carries out the 

matrix multiplications necessary to determine {F}.  The deter- 
minant and correction eigenvector are determined on the basis 

of the  Tk  I  matrices and {F} by performing several steps. 
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First, the final matrix is constructed numerically by reading 

the Tu  I  information in proper sequence from the auxiliary 

storage unit.  The [Ä] matrix is then reordered by switching 
the jth column and last column of [A], which technically 
switches the jth variable and last variable of {e}.  Then 
the kth row and last row of the resulting_matrix are switched 
and the kth element and last element of {F} are switched.  A 
procedure is then applied which obtains the determinant of 
the modified nxn matrix and obtains the numerical {e1} 
correction factor using the modified nxn matrix with the 
last row and column omitted and the last element of the modi- 
fied {F} vector omitted.  In this procedure the {e1} cor- 
rection vector is returned to the inputted {F}.  The {e} 
correction vector is obtained by defining the last element 
of what was {F} to have the value of e. as zero in value. 

This program operation accomplishes the manipulation re- 
quired by Equation (18). 

For the solution method iterative scheme, the program con- 
siders trial eigenvalues until the convergence criteria 
based on the changes in trial eigenvalues are satisfied or 
the number of allowed iterations have occurred.  In particu- 
lar, for a given starting trial eigenvalue and a set of 
parameters required for the analysis, the determinant of 
[A] and the correction vector {el by use of Equation (18) 
are determined based on all quantities of the trial eigen- 
vector {X} being equal to unity.  The {e} quantities are 
then added to the {X} quantities to define a new {X}.  The 
new trial eigenvalue is obtained by increasing the starting 
trial eigenvalue by a specified percentage.  The new trial 
eigenvalue and new {X} are used to determine a new deter- 
minant of [A] and a new {e} which is used to update {X}. 
From this point on the new trial eigenvalues are based upon 
a slope interpolation scheme using the previous two eigen- 
values and corresponding determinant values of the form 

SNE = SCU " ^CU (SCU " SLA)/(ICU " ILA) ' 

In this expression, Acu and A-, denote the determinant values 

of [Ä] for the iteration just completed and the iteration just 
prior to the one just completed, respectively, and scu, Sj», 

and sNE denote the trial eigenvalues for the iteration just 
completed, the iteration just prior to the one just completed, 
and the next iteration, respectively.  For each new eigen- 
value the determinant and {e} are calculated with the latter 
used to update the {X}.  After each iteration after the 

71 



first two trial eigenvalues have been used, a convergence 
criteria test is applied such that a sufficient eigenvalue 
and eigenvector have been obtained if 

(SNE ~  sCU)/sCU lMerf where denotes the complex 

absolute value and Mer is an integer defining the con- 
vergence limit desired. As the program iteration proceeds, 
the determinant of [Ä] and the {c} quantities should both 
approach zero. 
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COMPUTER PROGRAM METHOD OF SOLUTION 

The overall execution of the computer program is controlled 
by the main program. The main program initially determines, 
on the basis of input parameters, whether or not the scanning 
procedure is to be employed to obtain starting eigenvalues, 
and if so, specifies the operational procedure required.  The 
main program then, on the basis of the number of starting 
eigenvalues inputted or obtained from the scanning procedure, 
the convergence criteria, and the iteration limit, directs 
the operational procedure of the program.  If more than one 
case is to be considered in a computer run, the main program 
repeats the process for the additional runs.  The overall 
iterative system flow for the computer program, assuming that 
starting eigenvalues are provided, is depicted in Figure 19. 

The basic operational steps involved in the program method 
of solution are: 

1. the input of system parameters, 

2. the determination of intermediate terms, 

3. the eigenvalue scanning procedure, 

4. the blade transfer matrix procedure, 

5. the rotor support structure transfer matrix 
procedure, 

6. the construction of the  IT,  I matrices and [Vn] 
the trial eigenvector forcing function vectors 
{F}f 

7.  the determination of the final matrix determinant 
and eigenvector correction array {e}. 

Each of these operational components will be discussed to 
various degrees. 

The system model parameters, program logic parameters, and, 
if needed, aerodynamic coefficient data are required as in- 
put to the program. The method of input of data consists 
of reading into a storage array all data (except aerodynamic 
data) using a single format which requires specification of 
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Figure 19.  Overall Iterative System Flow. 
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the variable array location and the variable value in float- 
ing point form.  The storage array input in floating point 
form corresponding to program integer variables is used to 
define the respective integer variables.  The storage array 
consists of control and system parameter input stored in the 
first 200 locations, blade and rotor support structure sec- 
tion data in the next 2000 locations (50 locations per sec- 
tion) , and a radial and azimuthally varying induced velocity 
distribution, if desired, in the last 600 locations. The 
reason for the use of this input form was to eliminate the 
necessity of a defined order of input so that input cards out 
of order would not result in erroneous results or aborted 
computer runs.  This method of input also allows several 
model configurations to be considered consecutively, with 
only system values inputted for those that are altered from 
the previous configuration.  In addition, a variable can be 
modified to a new value after being previously defined in 
the same set of input, such that a basic input deck followed 
by input modifications can be used for the specific configu- 
rations of interest.  The aerodynamic coefficient data, if 
required, must be read in for each case of a run.  The input 
of this data allows the use of several input formats. 

Since many terms and multiplying coefficients involved in 
the analysis are not a function of the Laplace transform 
variables and thereby the trial eigenvalue, these terms and 
coefficients (intermediate terms) are computed and stored 
prior to the first iteration of a case instead of being 
recalculated on every iteration of the iteration procedure 
for every initial eigenvalue.  Intermediate terms required 
for the representation of the blade and rotor support struc- 
ture sectional characteristics, except for aerodynamics, are 
stored in the SD vector which is contained in the labelled 
common SAIN.  Intermediate terms for the representation of 
the blade and rotor support structure aerodynamic sectional 
characteristics are stored in the AMA vector contained in 
the labelled common AMAT and the AFA vector contained in the 
labelled common FUSA.  In addition, intermediate terms asso- 
ciated with the control system representation and the blade 
discontinuities are also stored. This procedure of calculat- 
ing and storing intermediate terms was instituted to reduce 
the program running time for a system configuration. 

The eigenvalue scanning procedure was incorporated into the 
program mainline as an independent control segment to allow 
the determination of the possible solution eigenvalues in a 
specified range of stability (real part of the eigenvalue) 
and frequency (imaginary part of the eigenvalue) values.  If 
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this procedure is utilized, the program operation equivalent 
to a single iteration is executed for each eigenvalue of a 
grid of values defined by the specification of the lowest 
stability and frequency values to be considered, the stability 
and frequency step sizes, and the number of stability and 
frequency steps to be taken.  For each trial eigenvalue of 
the grid, the determinant of the final governing matrix is 
determined. An interpolation scheme is applied to the re- 
sulting information to determine possible solution eigen- 
values, which are then used as starting eigenvalues for the 
normal iterative procedure to determine the solution eigen- 
values and corresponding eigenvectors and mode shapes for 
the problem of interest.  This procedure is not foolproof, 
however, since reasonable step sizes in both frequency and 
stability values are required to avoid missing possible 
eigenvalues. 

The blade and rotor support structure transfer matrix pro- 
cedures are discussed in a previous section; therefore, only 
the overall concept of these procedures is reviewed here. 
The blade transfer matrix procedure consists of two basic 
forms, that used during the iterative procedure and that 
used to obtain the state variables (mode shapes) at the end 
of each section.  During the iterative procedure, the rep- 
resentation of the blade variables at the rotor hub - in 
terms of the blade tip and discontinuity unknowns - is ob- 
tained for each trial eigenvalue by successive multiplica- 
tion of the initial blade tip-associated transfer matrices 
and discontinuity columns by the individual lumped-parameter 
characteristic transfer arrays as each characteristic is 
crossed in transferring from blade tip to rotor hub.  The 
individual blade transfer matrices are obtained by use of 
the stored intermediate terms and from the value of the trial 
eigenvalue. Also, during the application of the blade trans- 
fer matrices, information required for the blade discontinuity 
equations is stored as the discontinuities are crossed. When 
a solution eigenvalue is obtained (converged eigenvalue) the 
blade transfer matrix procedure is repeated for the solution 
eigenvalue in the same manner as during an iteration, except 
that at the inboard end of each blade section the associated 
blade transfer matrices and discontinuity columns correspond- 
ing to this location are applied to pertinent blade solution 
eigenvectors to obtain the frequency-shifted and unshifted 
blade section state variables. The solution eigenvector 
used to determine the values for the blade section state 
variables is equivalent to the sum of the trial eigenvector 
and the correction eigenvector associated with the iteration 
involving the solution eigenvalue. 

76 

i...u imi  1..U1 i" 



The rotor support structure transfer matrix procedure is sim- 
ilar in concept to the blade transfer matrix procedure, except 
that due to the lack of structural discontinuities and aero- 
dynamic interharmonic coupling the form of the representation 
is simpler.  This transfer matrix procedure also consists of 
two basic forms; that used during the iterative procedure and 
that used to obtain the state variables (mode shapes) at each 
section of the rotor support structure when the eigenvalue has 
converged.  These procedures are carried out in the same man- 
ner as for the blade representation but involve rotor support 
structure variables, unknowns, and intermediate parameters. 

The representation of the frequency-shifted and unshifted 
blade and rotor support structure state variables for each 
trial eigenvalue at the rotor hub and discontinuity locations, 
in terms of the blade tip unknowns, discontinuity unknowns, 
and the rotor support structure unknowns, provides the major- 
ity of the terms necessary for the construction of the 

T,    matrices as defined by Equation (15).  The remaining 

terms, such as control system governing equation terms, can 
be obtained by direct use of the system parameters or a com- 
bination of system parameters and blade and rotor support 
structure variable representations.  As previously discussed, 
the complexity of these matrices is dependent on the degree 
of interharmonic coupling involved, the degrees of freedom 
of the rotor shaft-rotor hub interface, the number of rotor 
blades, the inclusion of control system representation, the 
inclusion of a rotor support structure, the use of the blade 
phasing assumption, etc.  Through the use of subroutines, 
the program for each trial eigenvalue determines the numer- 

ical construction of each  T,    matrix as required by the 

value of Nf and stores this information on an auxiliary 
storage input and also obtains the trial eigenvector forcing 
function {F}. 

The determination of the final governing matrix determinant 
and the correction eigenvector for each trial eigenvalue, and 
the iteration procedure used to obtain the solution eigen- 
value, eigenvector, and mode shapes, is discussed in detail 
in the previous section.  It should be noted that the deter- 
minant of the final governing matrix and the correction vector 
for each trial eigenvalue are obtained simultaneously by use 
of a sophisticated triangularization technique.  This tech- 
nique operates on the total final governing matrix and trial 
eigenvector forcing function in a manner such that an iter- 
ative procedure to obtain the determinant and a matrix 
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inversion for the correction eigenvector are not required. 
This technique has proven to be much faster in execution time 
and more accurate than previously used matrix manipulation 
procedures. 

The roles which the various subroutines perform in the over- 
all operation of the computer program to obtain the solution 
for the eigenvalues, eigenvectors, and mode shapes of a 
coupled rotor/helicopter system can be noted in the section 
pertaining to the description of the functionality of the 
various subroutines. 
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INTERPRETATION OF COMPUTER PROGRAM RESULTS 

The resultant eigenvalue and eigenvector values obtained by 
the use of the HASTA program represent the behavior of the 
total system investigated.  This program provides the funda- 
mental and harmonic coefficients in a complex variable form 
of the real-time control system, blade, and rotor support 
structure state variables. A rotor support structure state 
variable at the hubward end of the ith section can be ex- 
pressed as a function of time in the general form 

f(t) (i)  = I        (x(i) + iY(i)) e
0t ei(a3t+p^t)      (19) 

In this expression,  X   and Y    are the real and imagi- 

nary part, respectively, of the state variable of interest, 
a and w are the real and imaginary part, respectively, of 
the solution eigenvalue, and p is an integer that when 
positive in value denotes an oscillatory behavior at a fre- 
quency pfi radians per second higher than that corresponding 
to w.  In the HASTA program output the state variables are 
printed in the order of p, going from positive to negative. 
By conversion of the exponential function with the imaginary 
argument in Equation (19) to a sine and cosine equivalent 
representation, the form of this equation can be modified to 

CO 1   •   \ 

f(t)(i)   =  I       R(i)   eatcosUt + put +  f^1') (20) 
p=—00 " c 

where R(i) = /x(i))2 + (Y(i))2 and ß(i) = arctan{Y^i)/Xp
(i)). 

To be practical, the summation can be truncated to the range 
-Nf to Nf. 

This state variable representation can be modified to repre- 
sent a blade state variable at the inboard end of the ith 
section when the blade phasing assumption is not employed, by 
adding m subscripts to all blade-related variables.  The 
behavior of the mth blade is relative to the rotating coordi- 
nate system of the mth blade on an azimuthal basis.  Thus, 
at t equal to zero, the value of a state variable for the 
mth blade defined by the form of Equation (20) is for the 
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blade d> radians azimuthally ahead of the fixed reference 

blade location.  The variable 4  is not involved in the non- m 
phased blade state variable definition of the form of Equa- 
tion (20) since the contribution of this variable has been 
included in the blade tip state variables by the analysis 
coded. 

When blade phasing is used, state variable coefficients are 
obtained for the first blade for which 4»  is defined to be 

0 in value, such that the definition for additional blades 
is obtained by use of the phasing relationship 

-\(j)   /_ "I (i> i(-n-Nps)<f)m 
Sn I m  = lSnll  e where Nps is an integer 

denoting the type of phasing specified.  From this relation- 
ship the p-related coefficients for a state variable of the 
mth blade can be defined as the corresponding state variable 

i(p-Nps)4)m 
of the first blade multiplied by e        .  Thus, for 
blade phasing the representation used above for a support 
structure state variable would be modified, with the blade- 
related quantities having a subscript of 1  added, except 

for f(t)   , which would have an m subscript added and 
would have pßt replaced with p(fi+()) ) - Nps(|i .  The resulting 

mth blade state variables are azimuthally referenced to their 
own rotating hub coordinate system. 

The fundamental and harmonic coefficients of the blade state 
variables defined both relative to the local blade coordinate 
system axes and to the rotating hub coordinate system (disk 
plane) axes can be provided in complex variable form by the 
HASTA program.  Thus, the required form of Equations (19) and 
(2 0) can be used to determine the time-dependent behavior of 
the blade state variables as defined relative to either set 
of coordinate system axes, depending on which state variable 
output is used.  The disk plane-related blade state variable 
fundamental and harmonic coefficients, if provided in complex 
variable form, are also provided in polar form such that only 
Equation (20) need be used to define the time-dependent be- 
havior of the blade state variable as defined relative to the 
disk plane coordinate system axes.  Similar comments are 
appropriate to the support structure state variables in that 
the fundamental and harmonic coefficients of these state 
variables can be provided relative to the support structure 
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fixed coordinate system in both complex variable and polar 
form, in addition to those of the standard complex variable 
form defined relative to the local support structure coordi- 
nate systems. The control system rotating frame displace- 
ment variable w.(t) can be defined in the same form of 

representation as for the rotor support structure, with 

f (t) (:L) replaced by w^t) and X (:L)
 and Y (l) replaced by 

X0   and Y-  , respectively.  The latter corresponds to the x,, p     JG , p    * 
coefficients of the Ä.th spatial harmonic of control system 
ring motion in the rotating control system coordinate sys- 
tem at a frequency of w + pfl. 
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DESCRIPTION OF SUBROUTINE AND FUNCTIONS 

Subroutine 
or function 

ACOEFF 

AERO 

BAERO 

BARRAY 

BEND 

Description 

called from AERO and computes the two- 
dimensional lift, drag, and moment coeffi- 
cients and their slopes based on an airfoil 
angle of attack. Mach number, and specified 
type of aerodynamic coefficient representation 

called from BAERO and FAERO and computes 
aerodynamic angle of attack. Mach number, 
and preliminary aerodynamic terms (including 
Theodorsen aerodynamics on blade) required 
to determine the intermediate terms neces- 
sary for the aerodynamic transfer matrices 
at an aerodynamic load point 

called from SECPAR and computes the inter- 
mediate terms necessary for the construction 
of the aerodynamic transfer matrices at a 
blade aerodynamic load point by performing a 
harmonic analysis of functions 

called from the main program and performs the 
transfer matrix procedure for successive blade 
sections to obtain the associated blade trans- 
fer matrices and discontinuity column vectors 
with the necessary information at discontinuity 
locations being stored for subsequent use dur- 
ing an iteration and the blade state variables 
at each section (mode shapes) being determined 
with respect to the local section and disk 
plane coordinate system after eigenvalue 
convergence 

called from BARRAY and SARRAY and constructs 
the bend transfer matrix necessary to account 
for changes in the local blade or rotor sup- 
port structure section coning, pitch, and 
sweep angles 
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Subroutine 
or function 

BLARO 

Description 

called from BARRAY and constructs the aero- 
dynamic transfer matrices necessary to ac- 
count for aerodynamic effects on a blade 
section 

BMASS 

CDOT 

DCMAT 

ELAST 

EPSOLN 

ERRSET 

EXCHI 

called from BARRAY and constructs the mass 
transfer matrices necessary to account for 
mass and inertia effects on a blade section 

called from MLCC2 and is a FORTRAN-callable 
complex function written in assembler lan- 
guage that obtains the dot product of two 
complex vectors 

called from SOLVE and computes the deter- 
minant of a nxn complex matrix and solves 
the nxn complex matrix equatiorv returning 
the matrix inverse to the input matrix and the 
solution to the input column 

called from BARRAY and SARRAY and constructs 
the elastic transfer matrix necessary to 
account for flexibility of a blade or rotor 
support structure section or constructs a 
transfer matrix associated with flexstrap 
or torque tube blade restraints (blade sec- 
tion only) 

called from the main program and controls the 

order of determination of the T.   matrices [__K,nj 
and their transferral to auxiliary storage 
(tape or disk) and constructs the [F] vector 

called from SOLVE and is an IBM-supplied sub- 
routine for handling errors 

called from ZLN, XNLQ, and ULN and computes 
exponential functions of the general form 
i(L-Q)xi 

e     J where L and Q are both integers 
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Subroutine 
or function 

EXPON 

FAERO 

FMASS 

Description 

called from SUBMA, SUBMB, SUBMF, SWA, SWB, 
and ZTEGI; computes the exponential functions 

iL*m 
of the general form e    where L is an integer 

called from SETUP and computes from the pre- 
liminary aerodynamic terms the intermediate 
terms necessary for the construction of the 
aerodynamic transfer matrices at a rotor 
support structure aerodynamic load point 

called from SARRAY and constructs the mass 
transfer matrices necessary to account for 
mass and inertia effects on a rotor support 
structure section 

FUARO 

LOADIN 

MLCC2 

MLRC2 

POLAR 

RCDOT 

called from SARRAY and constructs the aero- 
dynamic transfer matrices necessary to 
account for aerodynamic effects on a rotor 
support structure section 

called from SETUP and reads in the program 
control parameters, blade and fuselage sec- 
tion data, and control system data 

called from BARRAY and SARRAY and multiplies, 
in string mode, a complex 12xn matrix by a 
complex 12x12 matrix, returning the complex 
results in the input 12xn matrix 

called from BARRAY and SARRAY and multiplies, 
in string mode, a complex 12xn matrix by a 
real 12x12 matrix, returning the r «mplex re- 
sults in the input matrix 

called from BARRAY and SARRAY and converts 
state variable harmonic coefficients to a 
polar form 

called from MLRC?? obtains dot products 
of a real and a complex vector and is a 
FORTRAN-caliable complex function written 
in assembler language 
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Subroutine 
or function 

RIGID 

ROWSUM 

Description 

called from BARRAY and SARRAY and constructs 
the rigid transfer matrix necessary to account 
for rigid shear center axis offsets on a blade 
or rotor support structure section 

called from DCMAT and is  a FORTRAN-callable 
subroutine written in assembler language 
which performs matrix row operations 

SARRAY called from the main program and performs 
the transfer matrix procedure for succes- 
sive rotor support structure sections to 
obtain the associated rotor support struc- 
ture transfer matrices with the rotor sup- 
port structure state variables at each 
section (mode shapes) being determined 
with respect to the local and fixed rotor 
support structure coordinate systems after 
eigenvalue convergence 

SECPAR 

SETUP 

called from SETUP and computes the intermedi- 
ate transfer matrix-related terms for both 
blade and rotor support structure sections 
and stores this information in the SD stor- 
age array, constructs the aerodynamic AMA 
storage array, and also outputs the section 
input data for all sections and the blade 
section steady forces and moments 

called from the main program and calls LOADIN 
and TABLU for the reading of system input 
parameters and aerodynamic data, respectively; 
defines integer control variables based on 
their corresponding floating point form vari- 
ables, calculates intermediate terms including 
the construction of the aerodynamic AFA stor- 
age array, calculates program control param- 
eters including indexing parameters, and 
outputs input data with descriptive headings 
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Subroutine 
or function 

SOLVE 

STIFF 

SUBMA 

SUBMB 

Description 

called from the main program; reads the 
final matrix from the auxiliary storage 
unit and obtains the determinant of the 
final matrix and the correction eigen- 
vector on each iteration 

called from BARRAY and SARRAY and constructs 
the transfer matrices necessary to account 
for torsional spring-damper units on a blade 
or rotor support structure section; can be 
used to account for a flap or lead-lag hinge 
between two blade sections 

called from TKNS; for a value of k and 
n constructs the elements of the 

T.   matrix corresponding to the FD".  and 

^v «ITT, submatrices of Equation (15), which 
K § n i in 

specify the contribution of the rotor support 
structure unknowns to the blade and rotor 
support structure related governing equations 

called from TKNS; for a value of k 

constructs the elements of the 

and 

n [Vn] 
sub- matrix corresponding to the 

matrices of Equation (15), which specify the 
contribution of the blade unknowns to the rotor 
support structure-related governing equations; 

constructs the first six rows of the [SB. M 
submatrix of Equation (15), which specify the 
contribution of the blade unknowns of the 
first blade to the blade-related governing 
equations of the first blade (not including 
discontinuity equations) 
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Subroutine 
or function 

SUBMF 

SUBMG 

SWA 

SWAPS 

Description 

called from TKNS and for a value of k and 

_kfnJ 

sub- 

n  constructs the elements of the 

matrix corresponding to the  BB, 

matrices of Equation (15) for values of m 
other than unity 

called from TKNS and for a value of k and 

n constructs the elements of the ^k n 

matrix corresponding to discontinuity rows 

of the BB.   ,  submatrix of Equation (15), 

which specify the contribution of the blade 
unknowns of the first blade to the blade 
discontinuity equations of the first blade 

called from TKNS and for a value of k and 

n  constructs the elements of the T. 1_ K ,nj 

matrix corresponding to the  SW.    and 

BS.    submatrices of Equation (15), which 

specify the contribution of the control 
system unknowns to the control system govern- 
ing equations and to the blade-related 
governing equations, respectively 

called from SOLVE ; swaps the column desig- 
nated by NORM with the last column of the 
final matrix and then swaps the row designated 
by IREM with the last row of the final matrix 
(note: NORM and IREM are associated with the 
.ocation of a column and row in the 

-0'<i 
matrix 
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Subroutine 
or function 

SWB 

TABLU 

TKNS 

ULN 

XNLQ 

ZLN 

Description 

called  from TKNS and  for a value of    k    and 

n    constructs the elements  of  the    T,   „ _k,nj 

matrix corresponding to the SF, and 

SB,      submatrices of Equation (15), which 

specify contributions of the rotor support 
structure and blade unknowns to the control 
system governing equations 

called from SETUP and reads in aerodynamic 
data, if required 

called from EPSOLN and for each value of 
k and n calls the subroutines necessary 

for the construction 0£ [Vn] 
called from SWB and computes multiplier 
terms involved in the determination of the 

elements of the Tj,  I matrix corresponding 

to the  SF.    submatrix 

called from SWA and computes the elements 

of the f.   matrix corresponding to the 

diagonal elements of SW, 
  K / nj 

called from SWA and computes the elements 

of the f. matrix corresponding to the 

off-diagonal elements of W 
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Subroutine 
or  function Description 

ZTEGI called  from TKNS when the rotor system is 
gimballed or teetering and computes the 

e lements of the Ti,  I matrix corresponding 

to the BB. n 2, submatrices of Equation (15) 

where j^m, redefines some of the elements 

corresponding to BB,   m as required for 

these two types of rotor systems 
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COMPUTER PROGRAM SYMBOL DICTIONARY 

Due to the quantity of computer program variables involved 
in the HASTA program, the program variables to be included 
in this section are restricted to those which are more sig- 
nificant.  Thus, input variables which are only used to 
define other program variables on a one-to-one basis (such 
as floating point variables which define integer variables), 
some of the intermediate variables that are used to define 
other intermediate and final variables, and indexing vari- 
ables are not included in the following definitions.  The 
number of indices involved in array variables is denoted by 
using the general form exemplified by AA(I,JrK,L).  The 
dimensional requirements and present dimensions of the pro- 
gram arrays are specified as part of the user's manual por- 
tion of this report.  The algebraic symbols used in Refer- 
ence 1 and this report corresponding to the computer program 
variables are provided where applicable.  It is to be noted 
that although a program name may represent more than one 
variable there is no conflict since an identical program 
name may be used in a subroutine.  Where applicable, units 
are given in English units but equivalent SI units or other 
systems of units (e.g., inches instead of feet) may be used 
if applied to all definitions of program variables. 

Computer 
Name 

A(I) 

A(I,J) 

Algebraic 
Symbol 

fi:]'*] 

Definition or Description 

I Ak m   array representing a blade mass 
transfer matrix in string mode 
by row 

final governing matrix array 

AC (I) 

AC (I) |^n-kjm 

damping coefficient of the con- 
trol system ring jth cyclic 
spring-deunper unit support, 
lb-sec/ft 

array specifying the contribu- 
tion of aerodynamic damping 
terms to a blade section aero- 
dynamic transfer matrix in 
string mode by row 

90 



Computer 
Name 

ACP(I) 

ACT (I) 

AD(I) 

AEXT 

AFA(I) 

AG 

AIRD 

AK(I) 

AKCI(I) 

Algebraic 
Symbol 

ce 

n-k m 

P 

k. 

1/k m 

Definition or Description 

torsional damping coefficient 
of control system ring jth tor- 
sional spring-damper unit 
counteracting local ring lon- 
gitudinal rotation, ft-lb-sec/ 
rad 

torsional damping coefficient 
of control system ring jth tor- 
sional spring-damper unit 
counteracting local ring later- 
al rotation, ft-lb-sec/rad 

array specifying the contribu- 
tion of non-damping aerodynamic 
terms to a blade section aero- 
dynamic transfer matrix in 
string mode by row 

length of torque tube pitch 
control structure spur or ex- 
tension shaft, ft 

storage array for intermediate 
support structure section aero- 
dynamic, terms 

gravitational acceleration 
, ,  2 constant, ft/sec 

2  4 
air density, lb-sec /ft 

linear stiffness of the control 
system ring jth cyclic spring- 
damper unit support, lb/ft 

reciprocal of the mth blade 
control rod axial stiffness 
for an articulated type blade, 
ft/lb 
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Computer 
Name 

AKP(I) 

AKT(I) 

AL(I,J) 

AL12(I) 

Algebraic 
Symbol 

k(fK 

ke. 

L12 m' cc 

ALM(I) 

ALPHS(I,J,K,L) 

[X] 

ai 

ALPHZ aj 

Definition or Description 

torsional stiffness of control 
system ring jth torsional 
spring-damper unit counteract- 
ing local ring longitudinal 
rotation, ft-lb/rad 

torsional stiffness of control 
system ring jth torsional 
spring-damper unit counteract- 
ing local ring lateral rota- 
tion, ft-lb/rad 

trigonometric functions of 
control rod orientation angles 
for the jth flexstrap or bear- 
ingless blade 

perpendicular distance between 
rotor disk plane and mth blade 
control rod-control system 
attachment point, positive if 
attachment point is in -z^ c rm 
direction from disk plane, ft 
(for flexstrap or bearingless 
blade) 

trial eigenvector column array 

storage array for the angles 
of attack inputted for each 
Mach number for each type of 
aerodynamic coefficient for 
each aerodynamic table number 

calculated angle of attack at 
an aerodynamic load point, rad 
(but usually converted to 
degrees, dependent on aerody- 
namic coefficient representa- 
tion used) 
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Computer 
Name 

ALSTH(I) 

AMA(I) 

AMACH(.I, J,K) 

AMACZ 

AMKC(I) 

Algebraic 
Symbol 

M. 

1/K c,m 

AMY(I,J,K), 
MAZ (I,J,K) 

^Vk'^Vk 

Definition or Description 

perpendicular distance between 
rotor disk plane and spur 
spherical bearing attachment 
point, positive if attachment. 
point is in -z rm 
from disk plane, 
ingless blade) 

direction 

ft (for bear- 

storage array for intermediate 
blade section aerodynamic terms 

storage array for the Mach num- 
ber inputted for each type of 
aerodynamic coefficient for 
each aerodynamic table number 

calculated Mach number at an 
aerodynamic load point 

reciprocal of the mth blade 
control rod axial stiffness for 
a flexstrap or bearingless 
blade, ft/lb 

arrays containing the shifted 
and unshifted flapwise and 
edgewise bending moments, re- 
spectively, acting on each 
section of each blade 

AMY(I,J) 
AMZ(I,J) 

^Vk'^Vk arrays containing the shifted 
and unshifted lateral and ver- 
tical bending moments, respec- 
tively, acting on each support 
structure section 

AN(I,J,K) m k 
array containing the shifted 
and unshifted radial forces 
acting on each section of each 
blade 
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Computer 
Name 

AN(I,J) 

Algebraic 
Symbol Definition or Description 

array containing the  shifted 
and unshifted axial   forces 
acting on each  support struc- 
ture  section 

ARMO,ARVZ,ARVY 

ATAB 

AZER 

B(I) 

3(1) 

w 

steady torque, flapwise force, 
and edgewise force, respec- 
tively acting on a blade sec- 
tion due to aerodynamic effects 

number of the aerodynamic 
data table to be used for 
an aerodynamic section 

velocity of sound, ft/sec 

array representing a blade or 
support structure bend transfer 
matrix in string mode by row 

IX T I k,nlm array representing all k and n 
subscripted associated blade 
transfer matrices at a section 
where each matrix is stored in 
string mode by column and the 
order of storage of these ma- 
trices in the array is accom- 
plished by varying n from -Nf 
to +Nf for each value of k from 
-Nf to +Nf 

BJ(I) b. 
D 

BSAVE(I) 

offset of the control system 
jth cyclic spring-damper unit 
attachment point from the cir- 
cumferential axis of the con- 
trol system ring, positive 
toward center of ring, ft 

storage array for the blade- 
associated transfer matrices 
B(I) at an aerodynamic charac- 
teristic; required to properly 
transfer across this type of 
characteristic because of inter- 
harmonic coupling effects 

• 
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Computer 
Name 

BVLI,BVLJ, 
BVLK 

Algebraic 
Symbol 

C(I) 

CAPC 

l^n-kjm 

CAPFY,CAPFZ, 
CAPM 

CAPK 

CAP? 

K 

Definition or Description 

calculated velocities of an 
aerodynamic load point with re- 
spect to the first blade-asso- 
ciated rotating hub coordinate 
system T, J, and k directions, 
respectively, ft/sec 

aerodynamic transfer matrix 
array identical to AC(I) 

damping coefficient of control 
system base plate spring-damper 
unit support, lb-sec/ft 

steady two-dimensional local 
aerodynamic edgewise force, 
flapwise force, and moment, 
respectively, at an aerodynamic 
load point 

linear stiffness of control 
system base plate spring-damper 
unit support, lb/ft 

effective rotational velocity 
of the blade around its span- 
wise axis due to coning, rad/ 
sec 

CCS(I,J,K) Cli,C2i,C3i storage array for r.eries repre- 
sentation coefficients inputted 
for each type of aerodynamic 
coefficient for each aerody- 
namic table number 

CFORC 

CHI 

centrifugal force acting on a 
blade section, lb 

one of two angles which specify 
orientation of the helicopter 
velocity vector with respect to 
the fixed hub coordinate systenv 
rad 
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Computer 
Name 

Algebraic 
aymbol 

CI,CR 

CIS,CRS 

CLALP,CDALP, 
CMALP 

CLDM(IrJrK,L)  CL.,CD.,CM. 
l'  i'  i 

CM1 

CMS 

C0E1 

i 

s 

COE2 

COE3 

Definition or Description 

frequency (rad/sec) and stabil- 
ity (1/sec) parts of a trial 
eigenvalue used during the 
search option procedure 

frequency (rad/sec) and stabil- 
ity (1/sec) parts of the initial 
eigenvalue used during the 
search option procedure 

calculated lift, drag, and mo- 
ment coefficient slopes, re- 
spectively, at an aerodynamic 
load point 

storage array for the values 
of the aerodynamic coefficients 
for each angle of attack for 
each Mach number for each type 
of aerodynamic coefficient for 
each aerodynamic table number 

imaginary number, /-I 

Laplace transform variable 

steady blade torque at pitch 
control structure - blade at- 
tachment point not removed by 
pitch control structure, ft-lb 
(for articulated blade without 
pitch bearing, flexstrap blade, 
or bearingless blade) 

effective distance, which in 
conjunction with COE1 defines 
steady flapwise shear force 
acting on blade as a result 
of steady blade torque removed 
by pitch control structure, ft 

percentage of steady blade 
torque not removed by pitch con- 
trol structure (for articulated 
blades with a pitch bearing) 
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Computer 
Name 

COLL 

CPSI(I,J) 

CS(I,J) 

CS1,CS2 

CSA(I,J) 

Algebraic 
Symbol Definition or Description 

9  ,,  collective pitch of the blades, 
COX1' rad, if not included in the 

blade section twist distribu- 
tion 

array containing terms of the 
form COS(L(K-1)2TT/NAS) 

array containing terms of the 
form cosLA rm 

k-frequency-shifted Laplace 
transform variable  s-ikfi and 

2 
(s-ikfi)   ,   respectively 

array containing terms of the 
form cosLx• 

CSUBL,CSUBD, 
CSUBM 

CTAU(I) Cx c.m 

CTB(I) 

calculated lift, drag, and 
moment coefficients at an aero- 
dynamic load point 

damping coefficient of the mth 
blade control rod for a flex- 
strap or bearingless blade, 
lb-sec/ft 

array representing contribu- 
tions of the blade tip state 
variables to the control torque 
discontinuity equations for an 
articulated blade, to the 
forces acting on the control 
rod end of the pitch arm in the 
rotating hub coordinate system 
x-axis direction for a flex- 
strap blade, and to the de- 
flection of the control rod end 
of the pitch arm in the rota- 
ting hub coordinate system 
x-axis direction for a bearing- 
less blade, where in all cases 
the information is stored by 
varying n from -Nf to -fNf for 
each value of k from -Nf to +Nf 
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Computer 
Name 

Algebraic 
Symbol 

CTBld) , 
CTB2{I) , 
CTB3(I), 
CTB4(I) 

CX(I) 
i.m 

CYFA 

CYLA 

D(I) 

DACO 

[Dn-k]m 

DAT(I) 

Definition or Description 

arrays containing the elements 
required to denote the blade 
torque, pitch bearing, flap, 
and lead-lag discontinuity 
contributions, respectively, 
to the control torque dis- 
continuity equations for an 
articulated blade where the 
order of storage is the same 
as for CTB(I) 

influence coefficients used to 
construct the restraint trans- 
fer matrices associated with 
the pitch control structure of 
a flexstrap or bearlngless 
blade 

fore and aft blade cyclic 
pitch corresponding to the 
value of blade cyclic pitch 
when blade is located in the 
fixed hub coordinate system 
-y-axis direction, rad 

lateral blade cyclic pitch 
corresponding to the value of 
blade cyclic pitch when blade 
is located in the fixed hub 
coordinate system x-axis di- 
rection, rad 

aerodynamic transfer matrix 
array identical to AD(I) 

control variable such that if 
greater than zero in value, 
mass and inertia-related 
damping are not Included in 
blade mass transfer matrix 

input data storage array 
which is eguivalenced to 
labelled common PLOAD 
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Computer 
Name 

DB(I,J) 

DETR(I) 

DETR2(I) 

DETSV 

DFAC 

DFYDP^FZDP, 
DMDP 

DFYDVZ,DFZDVZ, 
DMDVZ 

Algebraic 
Symbol     Definition or Description 

Äij »C^  final governing matrix array- 
L x2 identical to A(I,J) 

array storing the real part of 
the determinant for a zero- 
valued imaginary part based on 
interpolation at the first 
change in sign of the imagi- 
nary part during scan of sta- 
bility values for each fre- 
quency 

same concept as DETR(I) but 
pertains to a second change in 
sign of the imaginary part of 
the determinant 

value of the determinant of 
the final governing matrix 
with a factor of 10**(n*20) 
removed to avoid overflow 
problems 

corresponds to the power of 10 
{10**DFAC) which is removed on 
calculating DETSV and is an 
integer multiple of 20 

change in the total local 
aerodynamic edgewise force, 
flapwise force, and moment, 
respectively, with respect to 
a change in the blade local 
torsional angle at an aero- 
dynamic load point 

change in the total local 
aerodynamic edgewise force, 
flapwise force, and moment, 
respectively, with respect to 
a change in the blade local 
flapwise velocity at an aero- 
dynamic load point 
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Computer 
Name 

Algebraic 
Symbol 

DMS(I) m 

DPHAS, 
DPIVOT 

DTLG10 

E(I) [E] 

EC (I) 

EC(2) 

ECHI(I) 

Definition or Description 

rigid offset of the mth blade 
control rod attachment point 
from the circumferential axis 
of the control system ring, 
positive outward, ft 

complex numbers which when 
multiplied together provide 
the determinant value of the 
determinant matrix modified 
to have diagonal elements of 
a complex absolute value of 
unity 

factor removed from the de- 
terminant in the process of 
reducing the determinant ma- 
trix to one which has diag- 
onal elements with a complex 
absolute value of unity 

array representing a blade or 
support structure elastic 
transfer matrix in string 
mode by row where this matrix 
can also represent an elastic 
restraint applied to the blade 
as in the case of a flexstrap 
or bearingless blade 

array storing the interpolated 
eigenvalues associated with 
the data stored in DETR(I) 

array storing the interpolated 
eigenvalues associated with 
the data stored in DETR2(I) 

azimuthal angle of the jth 
control system cyclic spring- 
damper unit support relative 
to the fixed shaft coordinate 
system, rad 
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Computer 
Name 

Algebraic 
Symbol 

EE(I) 

EGNCEGNN, 
EGNL 

EONS(I) 

EGNSL(I) 

EM (I) 

EPS (I) {e} and {F} 

EYEX 

Definition or Description 

integer data block whose six 
values specify the elements 
of the initial associated 
support structure transfer 
matrices that are set to 
unity for free support struc- 
ture conditions 

trial eigenvalue for the it- 
eration just completed, the 
next iteration, and previous 
iteration, respectively 

starting eigenvalues for the 
solution iteration procedure 
(five values allowed for each 
case) 

array containing final eigen- 
values obtained for each 
starting eigenvalue 

integer data block used to de- 
fine initial associated trans- 
fer matrices corresponding to 
initial section end conditions - 
in BARRAY specifies free end 
conditions - in SARRAY specifies 
cantilevered end conditions 
(similar in concept to EE(I)) 

used as both correction eigen- 
vector column and trial eigen- 
vector forcing function column 
array 

flapwise bending stiffness of 
the torque tube pitch control 
structure spur about its local 
coordinate system y-axis, 
lb-ft2 
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Computer 
Name 

Algebraic 
Symbol 

EZEX 

FAB(I) 

FABl(I) ,FAB3(I) , 
FAB4(I) 

FACC,FACL 

FACT 

FGRA 

Definition or Description 

edgewise bending  stiffness of 
the torque tube pitch con- 
trol structure  spur about  its 
local coordinate  system z-axis, 
]b-ft2 

same concept as  for CTB(I) 
except that the  contributions 
specified are  for the pitch 
bearing discontinuity equa- 
tions  for an articulated 
blade,   for the  forces acting 
on  the control rod end of  the 
pitch arm in the rotating hub 
coordinate system y-axis di- 
rection for a  flexstrap blade, 
and for the deflection of  the 
control rod end of the pitch 
arm in the  rotating hub co- 
ordinate system y-axis direc- 
tion for a bearingless blade 

arrays containing the elements 
required to denote the blade 
torque, flap,   and  lead-lag dis- 
continuity contributions,   ra- 
spectively,  to the pitch bear- 
ing discontinuity equations 
for an articulated blade   (sim- 
ilar in concept to CTBl(I), 
CTB3(I) ,  and CTB4(I)) 

value of DFAC on iteration 
just completed and previous 
iteration,   respectively 

correction factor to account 
for a change in DFAC on suc- 
cessive iterations, required 
for proper interpolation to 
obtain the next trial eigen- 
vi.. .ue 

gravitational acceleration 
constant,   ft/sec -  identical 
to AG 
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Computer 
Name 

Algebraic 
Symbol 

FLB(I) 

FLBl(I) ,FLB3(I) , 
FLB4{I) 

FORCE(I) {FMF} 

FSB(I) 

Definition or Description 

same concept as for CTB(I) ex- 
cept that the contributions 
specified are for the flap 
discontinuity equations for 
an articulated blade and for 
the forces acting on the con- 
trol rod end of the pitch arm 
in the rotating hub coordinate 
system z-axis direction for a 
flexstrap or bearingless blade 

arrays containing the elements 
required to denote the blade 
torque, pitch bearing, and lead- 
lag discontinuity contribu- 
tions, respectively, to the 
flap discontinuity equations 
for an articulated blade (sim- 
ilar in concept to CTBKD, 
CTB2{I) , and CTB4(I)) 

trial eigenvectors forcing 
function column array in SOLVE 
which on solution is converted 
to the correction eigenvector 
column array 

same concept as for CTB{I) ex- 
cept that the contributions 
specified are for the lead-lag 
discontinuity equations for an 
articulated blade and for the 
deflection of the control rod 
end of the pitch arm in the 
rotating hub coordinate system 
z-axis direction for a bear- 
ingless blade (not involved 
with flexstrap blade repre- 
sentation) 
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Computer 
Name 

FSBKD ,FSB2(I) , 
FSB3(I) 

Algebraic 
Symbol 

FVEL 

FVLA^VLP, 
FVLT 

GCTCP 

GP,GT d) and 
9 

IALP 

Definition or Description 

array containing the elements 
required to denote the blade 
torque, pitch bearing, and 
flap discontinuity contribu- 
tions, respectively, to the 
lead-lag discontinuity equa- 
tions for an articulated 
blade (similar in concept to 
CTBKI), CTB2(I), and CTB3(I)) 

helicopter velocity with re- 
spect to a stationary refer- 
ence coordinate system, ft/sec 

helicopter velocity in the x, 
z, and y axis directions of 
the fixed hub coordinate sys- 
tem, respectively, ft/sec 

component of gravitational 
acceleration acting perpendic- 
ular to the rotor disk plane, 
ft/sec^ 

two angles that specify 
orientation of the gravity 
vector relative to the fixed hub 
coordinate system, rad 

integer data block whose six 
values specify the rows of 
the associated transfer ma- 
trices at the shaft-hub 
interface that correspond to 
slope and deflection defini- 
tions 

IBW internal control variable 
allowing use of blockage 
(MTAB=7) or simplified NACA 
0012 linear aerodynamics 
{MTAB=6) for the support 
structure 
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Computer 
Name 

Algebraic 
Symbol 

ICHG{I) 

ICOL,IROW 

IF,IG 

Definition or Description 

operational integer array 
utilized in triangularization 
of the final governing matrix 

number of the column and row, 
respectively, of the final 
governing matrix to be 
switched with the last column 
and row of the matrix for de- 
termination of the correction 
eigenvector (ICOL=NHC*NRIFC+ 
NORM andIROW=NHC*NRIFC+IREM) 

number of frequency and sta- 
bility steps, respectively, to 
be used in the search option 
solution method 

ILL index denoting aerodynamic 
load point number for use of 
azimuthal and radially varia- 
ble induced velocity field 

IPCT number denoting the percentage 
of a 1-percent increment of 
the starting trial eigenvalue 
to be added to obtain the 
second trial eigenvalue 

IPU 

IREM 

control parameter which con- 
trols punched shape vector 
output (O-no punched output, 
1-punched output) 

the number of the row in the 
set of unshifted equations of 
the final governing matrix 
which is to be removed for 
obtaining the correction 
eigenvector (see definition 
of IROW) 
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Computer 
Name 

Algebraic 
Symbol 

IROWl(I) 

IR0W3(I) 

ISER 

ITI 

KSML 

Ml-»-M7 

Definition or Description 

Integer data block whose six 
values specify the rows of 
the associated transfer ma- 
trices at shaft-hub shaft in- 
terface that correspond to 
force and moment definitions 

integer data block whose two 
values specify the rows of 
the associated transfer ma- 
trices at the shaft-hub in- 
terface that corresond to 
the blade flapwise and edge- 
wise force definitions 

control parameter that 
specifies whether aerodynamic 
coefficient data corresponding 
to a data table number is to 
be inputted in the standard 
tabular form, C-81 tabular 
form, or a series rep- 
resentation form (O-standard 
tabular data, 81- C-81 tabu- 
lar data, 1-series data) 

iteration index with ITI 
equal to zero on the first 
iteration 

integer denoting the frequency 
shift of the equations and 
Laplace transform variables 

section control parameters 
where Ml,M2,M3,M4,M5,M6, and 
M7 correspond to mass and 
inertia, bend, aerodynamic, 
elastic, rigid offset, tor- 
sional stiffness, and elastic 
restraint lumped-parameter 
characteristics of a section, 
respectively (the section con- 
trol parameter associated with 
a lumped-parameter character- 
istic is 0 if characteristic 
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Computer 
Name 

Algebraic 
Symbol 

MAER 

MAXN Nmax 

MCON Mr 

MCT,MFEA, 
MFLAP,MLEL 

MCTY 

MER 

Definition or Description 

is not to be included, 1 if 
included in a blade section, 
and 2 if included in a support 
structure section)  Note:  M7 
must = 0 if MFLEX = 0 

aerodynamic control parameter 
(0-no aerodynamics, 1-blade 
and/or support structure aero- 
dynamics included) 

hi<> est azimuthal (spatial) 
harmonic of control system 
ring displacement to be in- 
cluded 

control parameter for the in- 
clusion of the effects of the 
pitch control structure re- 
straint unknowns on the flex- 
strap or bearingless blade 
behavior (0-these effects not 
included, ]-these effects 
included) 

Mct,Mfea,  control torque, pitch bearing, 
Mflap,Mlel flap, and lead-lag disconti- 

nuity control parameters for 
an articulated blade, respec- 
tively  (O-discontinuity not 
included, 1-discontinuity in- 
cluded) 

control parameter used in con- 
junction with MFLEX=1 to de- 
note whether a flexstrap or 
bearingless rotor is of in- 
terest (O-flexstrap, 1-bear- 
ingless) 

Mer    number of repeatable signifi- 
cant figures required for 
convergence of the iteration 
procedure for each starting 
eigenvalue 
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Computer 
Name 

Algebraic 
Symbol 

MFASB 

MFLEX 

MFUS 

MODE 

MSC 

MTAB 

MXCPK 

MXCPL 

MXCPM 

MXCSB 

Definition or Description 

number of elements required in 
storing discontinuity contri- 
butions to the discontinuity 
equations (e.g., CTBl(I)) 

blade type control parameter 
(O-articulated, 1-flexstrap 
or bearingless) 

support structure control pa- 
rameter (0-no support struc- 
ture, 1-support structure is 
included) 

internal iteration control 
parameter (O-iteration proce- 
dure to continue, 1-mode 
shapes to be determined for 
solution eigenvalue) 

control system collective 
spring-damper unit control 
parameter (0-no unit, 
1-collective spring-damper 
unit included) 

number of the aerodynamic 
data table to be used for an 
aerodynamic section 

number of elements required 
in the associated blade trans- 
fer matrix storage arrays B(I) 
and BSAVE(I) 

number of combinations of k 
and n values required 
(MXSMI*MXSMI) 

number of elements in an in- 
dividual associated transfer 
matrix array (72) 

number of elements in an in- 
dividual discontinuity column 
array (12) 
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Computer 
Name 

Algebraic 
Symbol 

MXFAB 

MXKQ 

MXQ 

MXSMB 

MXSMI 

MXT2P1 

Definition or Description 

number of elements required 
in the arrays used for storing 
the blade tip variable contri- 
butions to the discontinuity 
equations (i.e., CTB(I)) 

number of elements required to 
store the  n-related discon- 
tinuity column arrays for a 
particular value of k 

number of equations in the 
final governing matrix (MXQ x 
MXQ) 

number of elements required in 
the arrays used for storing 
the discontinuity column ar- 
rays (e.g., SMLB(I)) 

number of sets of k-fre- 
quency-shifted equations 
(2*NHC+1) 

number of control system 
equations for a particular 
value of k 

MXTKN 

NAMA 

NAS 

NB 

number of elements in TKN(I) 

number of blade aerodynamic 
intermediate terms stored ior 
each blade section having 
aerodynamic lumped-parameter 
characteristics 

NAS     number of azimuthal steps to 
be used for the blade aero- 
dynamic harmonic computations 

Nb     number of blades unless the 
blade phasing assumption is 
used (NBP^O) where NB must 
be equal to 1 
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Computer 
Name 

Algebraic 
Symbol 

NBC 

NBP 

Definition or Description 

number specifying type of 
rotor hub conditions (0-can- 
tilevered, 1-gimballed, 
2-teetering) 

number of blades when the 
blade phasing option is used 
(otherwise equal to zero) 

NBSEC 

NCACF,NCACG 

NS 

NCCT,NCPFAr 
NCFLP 

number of blade sections 
(cannot be greater than 35) 

internal logic control param- 
eters that specify applica- 
tion of the transfer matrix 
procedures to SMLF(I) and 
SMLG(I), respectively, after 
the pitch control structure 
restraint application point 
is crossed for a bearingless 
blade 

internal logic control param- 
eters that specify applica- 
tion of transfer matrix pro- 
cedures to the control 
torque, pitch bearing, and 
flap discontinuity column 
arrays (SMLB(I),SMLC(I) , 
SMLD(I)), respectively, after 
the respective discontinui- 
ties are crossed for an arti- 
culated blade ; specifies 
application of the transfer 
matrix procedures to the 
SMLB (I), SMLC(I), and 
SMLD(I) arrays after the 
pitch control structure re- 
straint application point is 
crossed for a flexstrap or 
bearingless blade 
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Computer 
Name 

Algebraic 
Symbol 

NCLEL 

NCLS(I,J,K) 

NCOLS 

Definition or Description 

internal logic control param- 
eter which specifies applica- 
tion of the transfer matrix 
procedures to SMLE(I) after 
the lead-lag discontinuity is 
crossed for an articulated 
blade or the pitch control 
structure restraint applica- 
tion point is crossed for a 
bearingless blade 

storage array for the number 
of angles of attack for each 
Mach number for each type of 
aerodynamic coefficient for 
each aerodynamic table number 

number of blade tip variable 
unknowns for a particular 
value of k (6) 

NCON 

NCT,NFEAf 
NFLAP,NLEL 

NDAT 

Nr     blade section number of sec- 
tion at which the pitch con- 
trol structure restraint is 
applied for a flexstrap or 
bearingless blade 

NctjNfea, blade section number just in- 
Nflap,Nlel board of which the control 

torque, pitch bearing, flap, 
and lead-lag discontinuities, 
respectively, are applied for 
an articulated rotor (Note: if 
MFEA=0, NFEA still denotes the 
location at and outboard of 
which the collective pitch is 
added to the sectional twist 
distribution) 

number of elements in DAT(I) 
array, defined internally 
in SETUP as 2800 
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Computer 
Name 

Algebraic 
Symbol 

NDIM 

Definition or Description 

number of rows dimensioned for 
the final governing matrix ar- 
ray as defined in DCMAT; 
must be altered if the dimen- 
sions of the arrays in this 
subroutine are altered 

NEBC 

NEGN 

number of elements required 
to store the n-related asso- 
ciated blade transfer matrices 
for a particular value of k 

number of starting eigenvalues 
to be considered for a model 

NEIFC 

NEISC 

NEITC 

NES 

NESBC 

Nes 

NEX 

number of elements required to 
represent the first column of 
submatrices in Equation (15) 
(0 if no control system) 

number of elements required to 
represent the second column of 
submatrices in Equation (15) 
(0 if no rotor support struc- 
ture) 

number of elements required to 
represent the third column of 
submatrices in Equation (15) 

number of azimuthally located 
control system cyclic spring- 
damper unit supports 

number of elements required to 
store the n-related discon- 
tinuity column arrays for a 
particular value of k 

must have same value as 
IREM in the present solution 
technique 
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Computer 
Name 

Algebraic 
Symbol 

NFFB 

NFP1 

NFSEC 

NFUS 

NSF 

NHC 

NIT 

Nf 

NMACH(I,J) 

NOGNS 

NORM 

Definition or Description 

control parameter  specifying 
boundary  conditions  at  the 
first section of the support 
structure   (O-cantilevered  to 
ground,   1-free) 

NHC+1 

number of support structure 
sections (NFSEC+NBSEC cannot 
be greater than 10) 

number of support structure- 
related governing equations 
for a particular value of k 
(6*MFUS) 

maximum number of harmonics 
included for interharmonic 
coupling 

maximum number of iterations, 
in addition to the initial 
iteration, which are allowed 
for each starting eigenvalue 

storage array for the number 
of Mach numbers for each type 
of aerodynamic coefficient for 
each aerodynamic table number 

number of starting eigenvalues 
obtained from use of the 
search option procedure or set 
equal to NEGN 

the number of the column in 
the set of the (n=0) related 
columns of the final governing 
matrix which is to be removed 
for obtaining the correction 
eigenvector (corresponds to 
the row number of the unknown 
in the unshifted solution 
eigenvector which is normal- 
ized to unity; see definition 
of ICOL) 

t 
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Computer 
Name 

Algebraic 
Symbol 

NPD 

NPRS 

NFS 

Definition or Description 

control parameter for the de- 
termination of the disk plane 
blade shape vectors and sup- 
port structure shape vectors 
relative to the support struc- 
ture fixed coordinate system 
in both complex variable and 
polar form.  (0-shape vectors 
only with respect to local 
axis systems, 1-shape vectors 
calculated and outputted rela- 
tive to the additional coordi- 
nate systems in complex 
variable and polar form) 

control parameter for output 
of control parameter input in 
labelled form (O-no output, 
1-output) 

number denoting the type of 
blade phasing to be considered 
(-1 backward cyclic mode, 
O-umbrella mode, 1-forward 
cyclic mode, 2-reactionless 
mode) 

NRBD 

NRIFC 

NSCH 

number of blade-related gov- 
erning equations including 
blade discontinuity equations 
for each blade for a particular 
value of k 

number of rows (or columns) in 
the matrix represented by 
TKN(I) 

control parameter for use of 
search option solution method 
(0-no search option use, 
1-search option used) 
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Computer 
Name 

Algebraic 
Symbol 

NSK 

NSP 

NSY 

NTAB 

NTOT 

Definition or Description 

control parameter for use of sup- 
port structure aerodynamics (0-no 
support structure aerodynamics, 
1-support structure aerodynamics 
included if MAER^O) 

control parameter for use of 
control system representation 
(0-no control system equations, 
1-control system equations 
included) 

number of element in Y(I) (100 
by definition in SETUP) 

number of aerodynamic tables 
(or series form representa- 
tions) to be inputted 

.total number of lumped-param- 
eter sections (NBSEC+NFSEC) 
and cannot exceed 40 

NVI 

OM,OMl 

OM2 

P(I) 

Ü 

n4 

control parameter for use of 
radial and azimuthally variant 
induced velocity distribution 
(0-section input induced ve- 
locity used, 1-radial and azi- 
muthally variant distribution 
used) 

rotor rotational speed, rad/ 
sec 

square of the rotor rotational 
2   2 speed, rad /sec 

storage array for all blade 
and support structure section 
data with 50 elements to each 
section 

•' 
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Computer 
Name 

Algebraic 
Symbol 

PENOM(I) 

PFC 

PHIC(I) c,m 

PHIM(I) m 

PHIX(I,J,K) , 
PHIY(I,J,K) , 
PHIZ(I,J,K) 

PHIX(I,J) , 
PHIYCI^), 
PHIZ(I,J) 

PHOTT(I) 

Definition or Description 

array containing each final 
frequency obtained, in non- 
dimensional form, for each 
starting eigenvalue 

pitch-flap coupling factor 
representing pitch-flap coup- 
ling for an articulated blade, 
if this coupling is not repre- 
sented by blade modeling (see 
definition of input Loc. 9 in 
the Description of Input Data 
section of this report) 

one of two angles defining the 
orientation of the mth flex- 
strap or bearingless blade 
control rod with respect to 
the blade's rotating hub coor- 
dinate system, rad 

angular position of the mth 
blade relative to the refer- 
ence blade position (azimuthal 
location of fixed hub coordi- 
nate system x-axis) at time 
equal to zero, rad 

arrays containing the shifted 
and unshifted tprsional, flap- 
wise, and edgewise bending 
slopes, respectively, for each 
section of each blade 

arrays containing the shifted 
and unshifted torsional, lat- 
eral, and vertical bending 
slopes, respectively, for each 
support structure section 

array containing length, stiff- 
ness, and orientation param- 
eters associated with the flex- 
strap pitch arm (MCTY=0) or 
with the torque tube {MCTY=1) 
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Computer 
Name 

Algebraic 
Symbol 

PHWTT(I) 

PINO 

PLC 

QBAR(I) 

R(I) 

R(I) 

K 

REMC,REML 

Definition or Description 

array containing length, stiff- 
ness and orientation param- 
eters associated with the pitch 
arm of the torque tube pitch 
control structure (MCTY=1) 

pi, 3.141592654 

pitch-lag coupling factor rep- 
resenting pitch-lag coupling 
for an articulated blade, if 
this coupling is not repre- 
sented by blade modeling (see 
definition of input Loc. 10 in 
the Description of Input Data 
section of this report) 

temporary storage array of 12 
elements for the shifted and 
unshifted support structure 
state variable vectors at a 
section as each is determined 

array reporesenting a blade or 
support structure rigid offset 
transfer matrix in string mode 
by row 

operational complex variable 
array used in BARRAY and 
SARRAY which takes on the 
values of complex variable 
transfer matrix arrays gener- 
ated in transfer matrix sub- 
routines, except for the blade 
aerodynamic transfer matrices 

value of the determinant on 
the iteration just completed 
and the previous iteration, 
respectively 

it 
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Computer 
Name 

Algebraic 
Symbol 

RREAL(I) 

S(I) [^ 

SA(IrJ) 

SAT{I,J) 

Definition or Description 

operational real variable 
array used in BARRAY and SAR- 
RAY which takes on the values 
of real variable transfer ma- 
trix arrays generated in 
transfer matrix subroutines 

array representing all k- 
subscripted associated sup- 
port structure transfer ma- 
trices at a section where 
each matrix is stored in 
string mode by column and the 
order of storage of the ma- 
trices is for k from -Nf 
to +Nf 

used to represent coordinate 
system transformation arrays 
for a bend lumped-parameter 
characteristic and also used 
in the determination of terms 
associated with the represen- 
tation of the flexstrap or 
torque tube restraints 

used to represent a coordi- 
nate system transformation 
array for the next section 
outboard of a section having a 
bend lumped-parameter charac- 
teristic (multiplication of 
this array by the SA(I,J) 
array of the next inboard sec- 
tion with a change in orienta- 
tion provides the intermediate 
terms required for a bend 
transfer matrix) and also used 
in the determination of terms 
associated with the represen- 
tation of the torque tube 
restraints 
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Computer 
Name 

SD(I) 

SDCO 

SDVEL 

SHAPE(I) 

SKI) 

SK(I) 

SMLA(I) 

SMLB(I) f 
SMLCd), 
SMLD(I), 
SMLE(I), 
SMLF(F)/ 
SMLG (6) 

Algebraic 
Symbol 

0) 

M» 

m 

tPk,n/m# \ck,n/m 

t^k^/m' rk,n/m 

ifk#n/m'   l^k^n/m 

m 

m 

Definition or Description 

storage array for the Y(I) 
arrays of each blade and sup- 
port structure section 

structural damping coefficient 
factor 

velocity of sound, ft/sec 

temporary storage array of 12 
elements for the shifted and 
unshifted blade state variable 
vectors at a section of a 
blade as each is determined 

array of the frequency compo- 
nents of the starting eigen- 
values , rad/sec 

array representing a blade or 
support structure torsional 
spring-damper transfer matrix 
in string mode by row 

effective torque arm length of 
the mth blade pitch arm for an 
articulated blade, positive if 
pitch arm is aft of blade 
shear center, ft 

arrays representing all k- 
and n-subscripted associated 
blade discontinuity vectors 
corresponding to the contribu- 
tions of specific discontinuity 
unknowns, where each type of 
column array is stored in its 
respective array in the same 
manner as the associated blade 
transfer matrices are stored 
in B(I) 
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Computer 
Name 

SMLBSV(I), 
SMLCSV(I), 
SMLDSV(I), 
SMLESV(I), 
SMLFSV(I), 
SMLGSV(I) 

SN(I,J) 

SNA(I,J) 

SPSI(I,J) 

SR{I) 

STF,STG 

Algebraic 
Symbol 

SWEI 

SWGJ 

SWM 

SWR 

EI 

GJ 

M 

Definition or Description 

storage arrays for SMLB(I), 
SMLC(I), SMLD(I), SMLE(I), 
SMLF(I), and SMLG(I), respec- 
tively, at an aerodynamic 
characteristic; required to 
properly transfer across this 
characteristic due to inter- 
harmonic coupling effects 

array containing terms of the 
form sinL(J) m 

array containing terms of the 
form sinLx• 

array containing terms of the 
form sin(L(K-l)2Tr/NAS) 

array of the stability com- 
ponents of the starting eigen- 
values, rad/sec 

stepsize of frequency, rad/sec, 
and stability (growth rate) , 
rad/sec, respectively, to be 
used if the search option method 
is to be used 

control system ring local 
bending stiffness about a 
radial axis perpendicular to 
its circumferential axis, 

lb-ft2 

control system ring local 
torsional stiffness about its 

2 
circumferential axis, lb-£t 

mass of the control system 
2 

ring, lb-sec /ft 

control system ring radius, ft 
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Computer 
Name 

T(I) 

Algebraic 
Symbol Definition or Description 

operational array for passing 
an associated transfer matrix 
or discontinuity column into a 
matrix multiplication subrou- 
tine and returning the resul- 
tant matrix 

TAU(I) m 

TC(I) 

TEA(I,J,K) 

TEA(If J) 

m'k 

(rs>k 

TEMPN,TEMVY,TEMVZ 

TEMPT,TEMMY,TEMMZ 

THC 

damping retardation time of the 
mth articulated blade control 
rod spring-damper representa- 
tion, sec 

temporary array containing in- 
termediate aerodynamic terms 
at an aerodynamic load point 
for use in the generation of 
AMA(I) 

array containing the shifted 
and unshifted torque for each 
section of each blade 

array containing the shifted 
and unshifted torque for each 
support structure section 

temporary parameters for the 
steady axial, edgewise, and 
flapwise forces, respectively, 
acting on the blade and which 
are updated as each of the sec- 
tion lumped-parameter charac- 
teristics are crossed 

temporary parameters for the 
steady torque, flapwise bending 
moment, and edgewise bending 
moment, respectively, acting on 
the blade and which are updated 
as each of the section lumped- 
parameter characteristics are 
crossed 

real part of Theodorsen's co- 
efficient for unsteady aerody- 
namics 
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Computer 
Name 

Algebraic 
Symbol 

THCK 

THEC(I) e c,m 

THLD(I) 

TKN M 

TORFLX 

UBXd^^K), 
UBY(I,J,K), 
UBZ(I,J,K) 

UBX(I,J), 
UBY(I,J)f 
UBZ(I,J) 

1/kd 

^Vk'^Vk' 

m K 

'"Vk'^s'i' 
««.'i 

Definition or Description 

real part of Theodorsen's co- 
efficient for unsteady aerody- 
namics (identical to THC) 

one of two angles defining the 
orientation of the mth flex- 
strap blade control rod with 
respect to its reference ro- 
tating coordinate system, rad 

resulting associated transfer 
matrix or discontinuity column 
obtained in multiplication sub- 
routines which is passed back 
to the calling subroutine by 
T{I) 

array representing the contri- 
bution of all n-frequency- 
shifted unknowns to all k- 
frequency-shifted governing 
equations for a particular 
value of k and n where 
placement of data is in string 
mode by column 

reciprocal of drive shaft tor- 
sional stiffness, rad/(ft-lb) 

arrays containing the shifted 
and unshifted radial, edgewise, 
and flapwise deflections, re- 
spectively, for each section 
of each blade 

arrays containing the shifted 
and unshifted axial, vertical, 
and lateral deflections, re- 
spectively, for each support 
structure section 

V(I,J) radially and azimuthally 
variant induced velocity dis- 
tribution array defined by 
input, ft/sec 
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Computer 
Name 

Algebraic 
Symbol 

VELIK 

VLLX,VLLY, 
VLLZ 

VY(I,JfK), 
VZ{I,JrK) 

vy{i,j) 
VZ(I,J) 

(^ym)w(^ji fm k m k 

^A-^A 

Definition or Description 

Induced velocity at an aero- 
dynamic load point (radially 
and azlmuthally located) that 
may be defined by use of 
V(IrJ), If NVI=1/ or the blade 
section Inputted Induced veloc- 
ities, ft/sec 

calculated velocities of an 
aerodynamic load point with 
respect to the local blade 
rotating coordinate system x, 
y, and z axes, respectively, 
ft/sec 

arrays containing the shifted 
and unshlfted edgewise and 
flapwlse shear forces, re- 
spectively, for each section 
of each blade 

arrays containing the shifted 
and unshlfted vertical and 
lateral shear forces, re- 
spectively, for each support 
structure 

VZERO 

W(I) 

X(I) 

Y(I) 

Mi 

calculated resultant velocity 
acting on an aerodynamic load 
point, ft/sec 

array representing the support 
structure mass transfer matrix 
In string mode by row 

operational array In DCMAT, 
required for solution of the 
correction eigenvector 

storage array for the Inter- 
mediate terms associated with 
a section and required for 
construction section transfer 
matrices 
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Computer      Algebraic 
Name Symbol     Definition or Description 

Y(I) array in DCMAT corresponding 
to FORCE (1) 

YKM(I,J) temporary storage array for 
terms required in specifying 
the contribution of the con- 
trol system unknowns to the 
blade-related governing 
equations 

ZETA C     one of two angles which specify 
orientation of the helicopter 
velocity vector with respect to 
the fixed hub coordinate system, 
rad 
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USER'S GUIDE 

This section of the report describes in detail the input data 
and its format required for execution of the HASTA computer 
program and the output which results.  As an aid to possible 
redimensioning of the program for specific applications, the 
dimension sizes of the arrays contained in the program are 
presented.  A listing of a sample input deck for a flexstrap 
rotor in forward flight with aerodynamics included is pro- 
vided.  Some of the output produced by use of this input deck 
is also presented. 

DIMENSIONS OF COMPUTER ARRAY VARIABLES 

The HASTA program in its present form is restricted to the 
investigation of the aeroelastic stability behavior of cou- 
pled rotor/helicopter systems in which the rotor is taken to 
consist of an arbitrary number of identical blades equally 
spaced azimuthally.  This restriction is due to the dimen- 
sions of some of the larger arrays being based upon the use 
of the blade phasing option, which provides an adequate rep- 
resentation of system behavior without the penalty of higher 
core requirements and running time.  The program coding allows 
the consideration of identical blades arbitrarily spaced 
azimuthally if the restrictive array sizes are increased, and 
provides the basis for program modifications required to rep- 
resent nonidentical blades. The program coding also allows 
for use of up to five different aerodynamic data tables. 
However, the present associated storage array dimensions are 
such that only one aerodynamic data table can be inputted. 
To facilitate possible program redimensioning, the dimensions 
of the HASTA program arrays are presented in terms of program 
or defining variables in addition to their present (maximum) 
numerical dimensions.  The variables necessary to specify 
the required array dimension sizes are defined below in a 
tabular form. 

Defining Variable Definition 

MAFA 16*NAEF 

MAMB NAMA*NAERB 

MAXN highest harmonic of control system to 
be considered 
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Defining Variable Definition 

MCON 

MCT 

MCTY 

1 - effects of restraint related un- 
knowns included for flexstrap or 
bearingless blades,  0 - effects of 
restraint-related unknowns not in- 
cluded for flexstrap or bearingless 
blades 

1 - control torque discontinuity con- 
sidered for articulated blades, 0 - no 
control torque discontinuity 

1 - bearingless blade, 
blade 

0 - flexstrap 

MFASB 

MFEA 

MFLAP 

MFLEX 

MFUS 

MLEL 

NCSB*MXCPL 

1 - pitch bearing discontinuity included 
for articulated blades,  0 - no pitch 
bearing discontinuity 

1 - flap hinge discontinuity included 
for articulated blades,  0 - flap hinge 
discontinuity not included 

1 - flexstrap or bearingless blades, 
0 - articulated blades 

1 - support structure is included, 
0 - no support structure 

1 - lead-lag hinge discontinuity in- 
cluded for articulated blades, 0 - 
0 - lead-lag hinge discontinuity not 
included 

MXCPK MXCPL*MXCPM 

MXCPL MXSMI*MXSMI 

MXCPM 12*NC0LS 

MXFAB NCOLS*MXCPL 

MXQ NRIPC*MXSMI 
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Defining Variable 

MXSMI 

MXTKN 

MXT2P1 

NAEF 

NAERB 

NAMA 

NAS 

NB 

NBP 

Definition 

2*NHC+1 

NBSEC 

NCOLS 

NCSB 

NDAT** 

NEBC 

NESMI 

NRIFC*NRIFC 

(2*MAXN+1)*NSP 

number of support structure sections 
having aerodynamic characteristics 
included 

number of radial aerodynamic  load 
points   (number of blade sections having 
aerodynamic characteristics  included) 

34*MXSMI 

maximum number of azimuthal locations 
considered for a radial aerodynamic 
load point in one rotor revolution 

number of blades on the rotor; 
Note:  NB=1 if NBP^O 

0 - if blade phasing option not to be 
used; equals the number of blades on 
rotor if blade phasing option is to 
be used 

number of blade sections 

6 

200+50* (NBSEC+NFSEC)+NAERB*NAS 

MXCPM*MXSMI 

MXSMI or MXT2P1; whichever is larger 
in value 

**NDAT is equivalent to the number of variables in 
labelled common PLOAD and is set equal to 2800 in sub- 
routine SETUP 
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Defining Variable Definition 

NEI 

NEIT 

NES 

number of starting eigenvalues 

number of crossover eigenvalues 
to be stored during use of search 
option 

number of control system elastic 
supports 

NESBC 

NFSEC 

NHC 

NRBD 

NRIFC 

NSD 

NSP 

NSY 

12*MXSMI 

number of support structure sections 

highest harmonic of system motion to be 
included for interharmonic coupling - 
corresponds to Nf 

NC0LS+3*MC0N*MFLEX* (1+MCTY) + (MCT+MFEA+ 
MFLAP+MLEL)*(1-MFLEX) 

MXT2P1+6 *MFUS+NB*NRBD 

NSY*(NBSEC+NFSEC) 

1 - control system to be included, 
0 ^ no control system 

100 

NTAB 

NTAL 

NTC 

NTM 

number of aerodynamic data sets 

maximum number of angle of attack 
values for a Mach number 

maximum number of series representation 
coefficients 

maximum number of Mach number values 
for an aerodynamic coefficient table 

The dimensions of the arrays involved in the computer pro- 
gram are given by subroutines as follows: where the arrays 
of each subroutine are grouped by type of variable (i.e., 
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integer, real, or complex), an asterisk (*) following an 
array variable is used to denote that the variable is in 
double precision; the letter p following an array 
variable denotes that the array is involved in the labelled 
common PLOAD such that any change in dimension size requires 
modification of the data input format. 

Variable Dimensions Maximum Size 

NCC 
NCLS 
NMACH 

ALPHS 
AMACH 
CCS 
CLDM 

ACE p 
AKC p 
AKE p 
ATAÜ p 
BJE p 
BLI2 p 
BTAU p 
CLESP p 
CPSI 
DBS p 
ECHI p 

P p 
PAC p 
PAK p 
PHIC p 
PHIM p 
PHOTT p 
PHWTT p 
SD 
SI p 
SMA p 
SPSI 
SR p 

ACOEFF 

(Integer) 

(Real) 

BAERO 

(Real) 

NTAE ,3 1,3 
NTM, NTAB ,3 11/1,3 
NTAB ,3 1,3 

NTM, NTAL ,NTAB ,3 11,50,1,3 
NTM, NTAB ,3 11,1,3 
NTC, NTAB( ,3 25,1,3 
NTM, NTAL, .NTAB ,3 11,50,1,3 

NES 4 
NB 6 
NES 4 
NB 6 
NES 4 
NB 6 
NB 6 
NB 6 
NAS, 2*MXSMI 24,6 
NB 6 
NES 4 

(NBSEC+NFSEC)*50 2000 
NES 4 
NES 4 
NB 6 
NB 6 
8 8 
8 8 
NSD 4000 
NEI 5 
NB 6 
NAS, 2*MXSMI 24,6 
NEI 5 
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Variable Dimensions Maximum Size 

STKC p 
TAG p 
TAK p 
TC* 
THEC p 
V P 
y 

NB 
NES 
NES 
34 
NB 
NAERB,NAS 
NSY 

6 
4 
4 
34 
6 
25,24 
100 

AMA* (Complex) MAMB 2550 

Note:  The AMA array is presently initialized to zero in 
this subroutine by a use of a loop from 1 to 2550, such that 
if the dimensions of this array are altered, the upper limit 
of this loop must be modified. 

BARRAY 

EM (Integer) 6 6 

CX* 75 75 
RREAL* (Real) 144 144 
SD NSD 4000 
Y NSY 100 

ALM* MXQ 63 
AMY NB,NBSEC fMXSMI 1,35,3 
AMZ NB,NBSEC fMXSMI 1,35,3 
AN NB,NBSEC rMXSMI 1,35,3 
B* MXCPK 648 
BSAVE* MXCPK 648 
C* 144 144 
CTB* MXFAB 54 
CTB1* MFASB 9 
CTB2* MFASB 9 
CTB 3* MFASB 9 
CTB4* MFASB 9 
D* 144 144 

EPS* MXQ 63 
FAB* MXFAB 54 
FAB1* MFASB 9 
FAB3* MFASB 9 
FAB3* MFASB 9 
FLB* (Complex) MXFAB 54 
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Variable Dimensions Maximum Size 

FLB1* MFASB 9 
FLB2* MFASB 9 
FLB4* MFASB 9 
FSB* MXFAB 54 
FSB1* MFASB 9 
FSB2* MFASB 9 
FSB 3* MFASB 9 
PHIX NB,NBSEC fMXSMI 1,35,3 
PHIY NB,NBSEC fMXSMI 1,35,3 
PHIZ NBfNBSEC rMXSMI 1,35,3 
R* 144 144 
SHAPE* 12 12 
SMT.B* NESBC 108 
SMT.BSV* NESBC 108 
SMLC* NESBC 108 
SMLCSV* NESBC 108 
SMLD* NESBC 108 
SMLDSV* NESBC 108 
SMT.E* NESBC 108 
SMLESV* NESBC 108 
SMLF* NESBC 108 
SMLFSV* NESBC 108 
SMLG* NESBC 108 
SMLGSV* NESBC 108 
T* 72 72 
TEA NB,NBSEC fMXSMI 1,35,3 
UBX NB,NBSEC rMXSMI 1,35,3 
ÜBY NB.NBSEC rMXSMI 1,35,3 
UBZ NB,NBSEC rMXSMI 1,35,3 
VY NB,NBSEC rMXSMI 1,35,3 
VZ NBfNBSEC fMXSMI 1,35,3 

BEND 

Y NSY 100 
B* 144 144 

BLARO 

AC* 144 144 
AD*     (Complex) 144 144 
AMA* MAMB 2550 
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Variable Dimensions Maximum Size 

BMASS 

Y (Real) NSY 100 

A* (Complex) 

DCMAT 

144 144 

ICHG (Integer) MXQ 63 

A* 
X* 
Y* 

(Complex) 
MXQ, 
MXQ 
MXQ 

MXQ 63,63 
63 
63 

Note: When dimensions are changed, change the statement 
defining NDIM in this subroutine such that NDIM is equal 
to the magnitude of the variable MXQ, i.e., if MXQ is to 
be 135, put NDIM=135. 

ELAST 

cx* 
E* 
Y 

(Real) 

EPSOLN 

75 
144 
NSY 

75 
144 
100 

ALM* 
EPS* 
FTEMP* 
TKN* 

(Complex) 

EXCHI 

MXQ 
MXQ 
NRIFC 
MXTKN 

63 
63 
21 
441 

CSA 
SNA (Real) 

EXPON 

NES,MXT2P1 
NES ,MXT2P1 

4,24 
4,24 

CS 
SN (Real) 

FAERO 

NB,NESMI 
NB ,NESMI 

4,6 
4,6 

ACE p NES 
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Variable 

AFA 
AKC p 
AKE p 
ATAU p 
BJE p 
BL12 p 
BTAU p 
CLESP p 
DBS p 
ECHI p 
P p 
PAC p 
PAK p 
PHIC p 
PHIM p 
PHOTT p 
PHWTT p 
SD 
SI p 
SMA p 
SR p 
STKC p 
TAC p 
TAK p 
THEC p 
V p 
y 

(Real) 

Dimensions Maxitnum Size 

MAFA 240 
NB 6 
NES 4 
NB 6 
NES 4 
NB 6 
NB 6 
NB 6 
NB 6 
NES 4 
{NBSEC+NPSEC)*50 2000 
NES 4 
NES 4 
NB 6 
NB 6 
8 8 
8 8 
NSD 4000 
NEI 5 
NB 6 
NEI 5 
NB 6 
NES 4 
NES 4 
NB 6 
NAERB ,NAS 25,24 
NSY 100 

Note;  The AFA array is presently initialized to zero in 
this subroutine by a use of a loop from 1 to 240, such that 
if the dimensions of this array are altered, the upper limit 
of this loop must be modified. 

FMASS 

Y (Real) NSY 

W* (Complex) 

FÜARO 

144 

AFA 
Y (Real) 

MAFA 
NSY 

100 

144 

240 
100 
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Variable 

C* 

T 
X 

NBIGMD   (Integer) 

AC 
ACE p 
ACP 
ACT 
AFA 
AK 
AKC p 
AKCI 
AKE p 
AKP 
AKT 
AL 
ALSTH 
AL12 
AMKC 
ARRAY* 
ATAU p 
BJ 
BJE p 
BL12 p 
BTAU p 
CLESP p 
CONV 
CPSI 
CS 
CSA 
CTAU 
CX* 
DBS p 
DETR 
DETR2 
DMS 
ECHI p 

Dimensions 

(Complex) 

LOADIN 

144 

(Real) 
5 
1 

MAIN 

Maximum Size 

144 

(Real) 

NEI 

NES 
NES 
NES 
NES 
MAFA 
NES 
NB 
NB 
NES 
NES 
NES 
6,NB 
NB 
NB 
NB 
3 
NB 
NES 
NES 
NB 
NB 
NB 
NEI 
NAS,2*MXSMI 
NB,NESMI 
NES,MXT2P1 
NB 
75 
NB 
25 
25 
NB 
NES 

5 
1 

4 
4 
4 
4 
240 
4 
6 
6 
4 
4 
4 
6,6 
6 
6 
6 
3 
6 
4 
4 
6 
6 
6 
5 
24,6 
4,6 
4,24 
6 
75 
6 
25 
25 
6 
4 
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Variable Dimensions Maximum Size 

P p 
PAC p 
PAK p 
PENOM 
PHIC p 
PHIM p 
PHOTT p 
PHWTT p 
SD 
SI p 
SMA p 
SMLA 
SN 
SNA 
SPSI 
SR p 
STKC p 
TAG p 
TAK p 
TAU 
THEC p 
V p 
Y 

ALM* 
AMA* 
EC 
EC2 
EGNS 
EGNSL* 
EPS* 

R* 
T* 
THLD* 

R* 

T* 
THLD* 

(Complex) 

MLCC2 

(Complex) 

MLRC2 

(Real) 

(Complex) 

(NBSEC+NFSEC)*50 
NES 
NES 
NEI 
NB 
NB 
8 
8 
NSD 
NEI 
NB 
NB 
NB,NESMI 
NES,MXT2P1 
NAS, 2*MXSMI 
NEI 
NB 
NES 
NES 
NB 
NB 
NAERB,NAS 
NSY 

MXQ 
MAMB 
25 
25 
NEI 
NEI 
MXQ 

144 
84 
84 

144 

84 
84 

2000 
4 
4 
5 
6 
6 
8 
8 
4000 
5 
6 
6 
4,6 
4,24 
24,6 
5 
6 
4 
4 
6 
6 
25,24 
100 

63 
2550 
25 
25 
5 
5 
63 

144 
84 
84 

144 

84 
84 
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Variable Dimensions Maximum Size 

R* 
Y 

EE 
EM 

RREAL* 
SD 
Y 

ALM* 
AMY 
AMZ 
AN 
EPS* 
PHIX 
PHIY 
PHIZ 
QBAR* 
R* 
S* 
T* 
TEA 
ÜBX 
UBY 
UBZ 
VY 
VZ 

ACE p 
AKC p 
AKE p 
ATAU p 
BC 
BJE p 
BL12 p 
BTAU p 
CLESP p 
CX* 

RIGID 

(Real) 

SARRAY 

(Integer) 

(Real) 

(Complex) 

SECPAR 

(Real) 

144 
NSY 

6 
6 

144 
NSD 
NSY 

MXQ 
NFS EC 
NFSEC 
NFSEC 
MXQ 
NFSEC 
NFSEC 
NFSEC 
12 
144 
NEBC 
72 
NFSEC 
NFSEC 
NFSEC 
NFSEC 
NFSKC 
NFSEC 

NES 
NB 
NES 
NB 
3 
NES 
NB 
NB 
NB 
75 

»MXSMI 
,MXSMI 
,MXSMI 

,MXSMI 
,MXSMI 
,MXSMI 

,MXSMI 
,MXSMI 
^MXSMI 
,MXSMI 
,MXSMI 
,MXSMI 

144 
100 

6 
6 

144 
4000 
100 

63 
25,3 
25,3 
25,3 
63 
25,3 
25,3 
25,3 
12 
144 
216 
72 
25,3 
25,3 
25,3 
25,3 
25,3 
25,3 

4 
6 
4 
6 
3 
4 
6 
6 
6 
75 
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Variable Dimensions Maximtun Size 

DBS p NB 6 
ECHI p NES 4 
P p (NBSEC+NFSEC)*50 2000 
PAC p NES 4 
PAK p NES 4 
PHIC p NB 6 
PHIM p NB 6 
PHOTT p 8 8 
PHWTT p 8 8 
SA 3,3 3,3 
SAT 3,3 3,3 
SBT 3,3 3,3 
SD NSD 4000 
SI p NEI 5 
SMA p NB 6 
SR p NEI 5 
STKC p NB 6 
TAC p NES 4 
TAK p NES 4 
THEC p NB 6 
V p NAERB,NAS 25,24 
Y NSY 100 

SETUP 

AC NES 4 
ACE p NES 4 
ACP NES 4 
ACT NES 4 
AK NES 4 
AKC p NB 6 
AKCI NB 6 
AKE p NES 4 
AKP NES 4 
AKT NES 4 
AL 6,NB 6,6 
ALSTH NB 6 
AL12 NB 6 
AMKC NB 6 
ATAU p NB 6 

BJ      (Real) NES 4 
BJE p NES 4 
BL12 p NB 6 
BTAU p NB 6 
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Variable Dimensions Maximum size 

CLESP p 
CPSI 
**CS 
**CSA 
CTAU 
DAT p 
DBS p 
DMS 
ECHI p 
P p 
PAC p 
PAK p 
PHIC p 
PH IM p 
PHOTT p 
PHWTT p 
SI p 
SMA p 
SMLA 
**SN 
**SNA 
SPSI 
SR p 
STKC p 
TAG p 
TAK p 
TAU 
THEC p 
V p 

EGNS 
AMA* (Complex) 

NB 6 
NAS,2*MXSMI 24,6 
NB,NESMI 4,6 
NES,MXT2P1 4,24 
NB 6 
NDAT 2800 
NB 6 
NB 6 
NES 4 
(NBSEC+NFSEC)*50 2000 
NES 4 
NES 4 
NB 6 
NB 6 
8 8 
8 8 
NEI 5 
NB 6 
NB 6 
NB,NESMI 4,6 
NES,MXT2P1 4,24 
NAS,2*MXSMI 24,6 
NEI 5 
NB 6 
NES 4 
NES 4 
NB 6 
NB 6 
NAERB,NAS 25,24 

NEI 5 
MAMB 2550 

**Note: At present the program in subroutine SETUP deter- 
mines values of CS and SN arrays for values of the second 
index up to and including a value of six, and values of CSA 
and SNA arrays for values of the second index up to and in- 
cluding a value of 24 due to internal numerical definitions 
of the upper values on two loops. Dimensional modifications 
involving these arrays requires the Internal numerical def- 
initions of the upper values on these two loops to be such 
that the values for these arrays must be defined at least 
for values of the second index up to that specified by the 
dimensional definitions of these arrays. 
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Variable 

SOLVE 

Dimensions Maximum Size 

DB* MXQ,MXQ 63,63 
EPS* (Complex) MXQ 63 
FORCE* 

STIFF 

MXQ 63 

Y (Real) NSY 100 

SK* (Complex) 

SUBMA 

144 144 

IROW1 (Integer) 6 6 

S* (Complex) NEBC 216 
TKN* 

SUBMB 

MXTKN 441 

IALP 6 6 
IROWC (Integer) 2 2 
IROW3 2 2 

CX* (Real) 75 75 

B* MXCPK 648 
CTB* MXFAB 54 
CTB1* MFASB 9 
CTB 2* MFASB 9 
CTB 3* MFASB 9 
CTB 4* MFASB 9 
FAB* MXFAB 54 
FAB1* MFASB 9 
FAB3* (Complex) MFASB 9 
FAB4* MFASB 9 
FLB* MXFAB 54 
FLB1* MFASB 9 
FLB2* MFASB 9 
FLB4* MFASB 9 
FSB* MXFAB 54 
FSB1* MFASB 9 
FSB 2* MFASB 9 
FSB3* MFASB 9 
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Variable Dimensions 

SMLB* NESBC 
SMLC* NESBC 
SMLD* NESBC 
SMLE* NESBC 
SMLF* NESBC 
SMLG* NESBC 
TKN* 

SUBMF 

MXTKN 

TKN* (Complex) 

SUBMG 

MXTKN 

AC NES 
AK NES 
AKCI NB 
AL 6,NB 
ALSTH NB 
AL12 NB 
AL436 NB 
AL536 NB 
AMKC (Real) NB 
BJ NES 
CTAU NB 
CX* 75 
DMS NB 
SMLA NB 
TAU NB 

B* MXCPK 
CTB* MXFAB 
CTB1* MFASB 
CTB2* MFASB 
CTB 3* MFASB 
CTB4* MFASB 
FAB* MXFAB 
FAB1* MFASB 
FAB3* MFASB 
FAB4* MFASB 
FLB* (Complex) MXFAB 
FLB1* MFASB 
FLB2* MFASB 

Maximum Size 

108 
108 
108 
108 
108 
108 
441 

441 

4 
4 
6 
6,6 
6 
6 
6 
6 
6 
4 
6 
75 
6 
6 
6 

648 
54 
9 
9 
9 
9 
54 
9 
9 
9 
54 
9 
9 
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Variable Dimensions Maximum Size 

FLB4* MFASB 54 
FSB* MXFAB 9 
FSB1 MFASB 9 
FSB2 MFASB 9 
FSB3 MFASB 9 
SMLB* NESBC 108 
SMLC* NESBC 108 
SMLD* NESBC 108 
SMLE* NESBC 108 
SMLF* NESBC 108 
SMLG* NESBC 108 
TKN* MXTKN 441 
YKM* 

SWA 

MXSMI,NB 3,6 

AC NES 4 
AK NES 4 
AKCI NB 6 
BJ (Real) NES 4 
DMS NB 6 
SMLA NB 6 
TAU NB 6 

TKN* MXTKN 441 
YKM* (Complex) 

SWAPS 

MXSMI,NB 3,4 

DB* (Complex) 

SWB 

MXQ/MXQ 63,63 

AC NES 4 
AK NES 4 
AKCI NB 6 
BJ NES 4 
CX* (Real) 75 75 
DMS NB 6 
SMLA NB 6 
TAU NB 6 

B* MXCPK 648 
CTB* MXFAB 54 
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Variable Dimensions Maximum Size 

CTB1* MFASB 9 
CTB2* MFASB 9 
CTB3* MFASB 9 
CTB4* MFASB 9 

FAB* MXFAB 54 
FAB1* MFASB 9 
FAB 3* MFASB 9 
FAB4* MFASB 9 
FLB* (Complex) MXFAB 54 
FLB1* MFASB 9 
FLB2* MFASB 9 
FLB4* MFASB 9 
FSB* MXFAB 54 
FSB1* MFASB 9 
FSB2* MFASB 9 
FSB3* MFASB 9 
S* NEBC 216 
SMLB* NESBC 108 
SMLC* NESBC 108 
SMLD* NESBC 108 
SMLE* NESBC 108 
SMLF* NESBC 108 
SMLG* NESBC 108 
TKN* 

TABLÜ 

MXTKN 441 

NCC NTA,3 5,3 
NCLS (Integer) NTM^NTA^ 10,5,3 
NMACH NTA,3 5,3 

ALPHS NTM^TAI^NTA^ 10,15,5,3 
AMACH (Real) NTM#NTA,3 10,5,3 
CCS NTC,NTA,3 25,5,3 
CLDM 

TKNS 

NTM^TAI^NTA^ 10,15,5,3 

TKN* (Complex) 

ÜLN 

MXTKN 441 

AC NES 
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Variable Dimensions Maximum Size 

AK 
AKCI 
BJ 
DMS 
SMLA 
TAU 

(Real) 

NES 
NB 
NES 
NB 
NB 
NB 

4 
6 
4 
6 
6 
6 

XNLQ 

AC 
ACP 
ACT 
AK 
AKCI 
AKP 
AKT 
BJ 
DMS 
SMLA 
TAU 

(Real) 

NES 
NES 
NES 
NES 
NB 
NES 
NES 
NES 
NB 
NB 
NB 

4 
4 
4 
4 
6 
4 
4 
4 
6 
6 
6 

ZLN 

AC NES 
ACP NES 
ACT NES 
AK NES 
AKCI NB 
AKP (Real) NES 
AKT NES 
BJ NES 
DMS NB 
SMLA NB 
TAU 

ZTEGI 

NB 

B* MXCPK 
CTB* MXFAB 
CTB1* MFASB 
CTB2* MFASB 
CTB3* MFASB 
CTB4* MFASB 
FAB* MXFAB 

6 
6 
6 

648 
54 
9 
9 
9 
9 
54 
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Variable Dimensions Maximum Size 

FAB1* MFASB 9 
FAB 3* MFASB 9 
FAB4* MFASB 9 
FLB*      (Complex)   MXFAB 54 
FLB1* MFASB 9 
FLB2* MFASB 9 
FLB4* MFASB 9 
FSB* MXFAB 54 
FSB1* MFASB 9 
FSB2* MFASB 9 
FSB3* MFASB 9 
SMLB* NESBC 108 
SMLC* NESBC 108 
SMLD* NESBC 108 
SMLE* NESBC 108 
SMLF* NESBC 108 
SMLG* NESBC 108 
TKN* MXTKN 441 
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DESCRIPTION OF INPUT DATA 

The input required for the computer program consists of 
values for (1) system model and program logic parameters 
and, if required, (2) aerodynamic coefficient tables.  The 
system model and program logic parameters are inputted di- 
rectly into a single storage array equivalent to the label- 
led common PLOAD by specification of their associated array 
locations and input values.  In that all elements of this 
storage array are initialized to zero when the program is 
entered, only values for parameters which are non-zero in 
value need to be read in for the first set ol input to be 
used in a program run.  For convenience, the storage array 
is divided into three parts containing values for specific 
types of input parameters.  The array location numbers 
2 - 200 correspond to control parameter input consisting 
of values for program logic control, flight condition, rotor 
configuration, and control system parameters.  The array 
location numbers 201 - 2200 correspond to blade and support 
structure section input consisting of values for the blade 
and support structure sectional parameters.  Array location 
numbers 2201 - 2800 correspond to values defining a radi Vly 
and azimuthally varying induced velocity distribution if 
this program option is to be used. 

The value of parameters represented by the storage array 
are inputted by use of punched data cards with an 14, II, 
5E14.7 format.  The first four columns contain the right- 
justified array location number specifying the array loca- 
tion in which the first parametric value on the card is to 
be stored.  The fifth column contains the number of param- 
etric values to be read from the data card (up to five 
values may be read).  The remaining columns, consisting of 
five fields of 14 columns each, contain consecutive array- 
located parametric values.  Thus, columns 6-19 contain 
the parametric value to be stored in the array location 
specified on the card, columns 20 - 33 contain the parametric 
value to be stored in the next array location, and so on 
until the specified number of values to be read are contained 
on the card.  For example, the input of a card punched 
101620.01.....,. ...1.57, where b denotes a blank space, 

will set the value of array location 1016 and array location 
1017 to 0.01 and 1.57, respectively. 

Data cards of the same format are used to denote the end of 
storage array input for an input case and to terminate the 
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program execution.  In particular, a card with an 8 punched 
in the fifth column must be placed at the end of the storage 
array input for each case and a card with a 9 punched in the 
fifth column must be placed at the end of all input for a run. 
These cards, in combination with storage array input and aero- 
dynamic coefficient tables (if required),  are used to con- 
struct the input for a run.  The input for running more than 
one case in a run is exemplified by the input for two cases 
per run which has the form: 

1. Storage array input for Case I 

2. Card with 8 punched in fifth column 

3. Aerodynamic tables (if required) 

4. Storage array input for Case II 

5. Card with 8 punched in fifth column 

6. Aerodynamic tables (if required) 

7. Card with 9 punched in fifth column 

The aerodynamic coefficient tables must be included in the 
input for a case if in the same case the storage array loca- 
tion corresponding to the parameter MAER is to be non-zero. 

Since the storage array is only initialized to zero prior 
to reading storage array input for the first input case, 
the input for a subsequent case needs only to consist of 
the data necessary to update the values already in the 
storage array. For example, if the input parameter values 
for Case I and Case II of a run are identical except for 
the helicopter velocity, then the storage array input for 
Case II consists of a single card, which when read updates 
the value of the storage array location associated with 
helicopter velocity to that desired. The remainder of the 
storage array for Case II is automatically taken as that 
for Case I.  This input procedure of updating the existing 
storage array reduces drastically the number of input cards 
that have to be read for additional cases in the same run. 
The value of a storage array location can also be defined 
more than once in the storage array input for a case with the 
last values read being that used for the case.  This input 
capability allows the use of a basic storage array input 
deck in combination with a correction (update) input deck 
to construct the input deck for the initial case of a run. 
The correction deck is added to the end of the basic storage 
array input deck. 
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The program storage array input parameters and their associ- 
ated array location numbers, and also the aerodynamic coef- 
ficient table input, are discussed in detail in the following 
sections.  Prior to the generation of input data for a cou- 
pled rotor/helicopter system of interest, the inexperienced 
HASTA program user should be cognizant of the information 
presented in this report regarding the capabilities of the 
program, the coupled rotor/helicopter models, and the rep- 
resentational coordinate systems including definitions of 
various system parameters. 

Control Parameter Input 

As mentioned previously, control parameter input information 
is stored in the first 200 elements of the storage array 
corresponding to array location numbers 2 - 200.  The defi- 
nition of the specific input information stored in each of 
these 200 storage array elements is provided on this and the 
following pages where LOG. is used to denote array location 
number.  Table 2 at the end of this section lists the array 
location numbers for the storage array elements defined here- 
in and the computer program variables to which they corre- 
spond.  It is to be noted that although an element of the 
input data storage array may correspond to a system param- 
eter which is an integer, the value inputted must be pro- 
vided in decimal form. 

Loc. 2:  Rotational speed of the rotor, rad/sec (must 
always be positive in value) 

Loc. 3:  Velocity of sound, ft/sec, is used to determine 
the Mach number at aerodynamic stations when aero- 
dynamics are included 

2  4 Loc. 4:  Air density, lb-sec /ft , is used when aerodynam- 
ics are included 

Loc. 5;  Helicopter velocity, ft/sec 
Note: This is the total velocity at which the 
craft is moving with respect to a stationary 
reference coordinate system 
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Loc.   6 Two angles x  and  ?,  respectively,  in radians, 
and which specify the orientation of the helicopter 

Loc.   7 velocity vector relative  ^o the  fixed rotor hub 
coordinate system as shown in the  following 
sketch for two directions of rotation: 

^f*-^ 

Counterclockwise 

Rotation 

Clockwise Rotation 

Loc. 8:   Real part of Theodorsen's coefficient for unsteady 
aerodynamics, normally taken equal to 1.0 

Loc. 9:  Pitch-flap coupling factor representing pitch-flap 
coupling for an articulated blade with a flap 
hinge, if this coupling is not represented through 
blade modeling, defined as the 
cot 6, whei 

axis and the line perpendicular to the local pitch- 
ing axis at the flap hinge location as shown in 
the following sketch 

6, is the angle between the no-flapping 

shear 
center \ 

flapping axis 

_-~— local pitching 
axis 

axis of no flapping 
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Loc.   10;     Pitch-lag coupling factor representing the pitch- 
lag coupling for an articulated blade with a 
pitch bearing,   if this coupling is not represented 
through blade modeling, defined as the 
cot a,  where a,   is  the angle between the no feath- 
ering axis and local pitching axis at the  pitch 
bearing location  as  shown in the following sketch 

feathering axis 
local  pitch 
axis 

axis of no feathering 

Loc. 11:  Collective pitch of the blades, if not included 
in the blade section pitch angles specified 
in the sectional input (Locs. seventeen), in 
radians (the collective pitch value is added 
to the section pitch angle of each blade sec- 
tion for a flexstrap or bearingless blade, and 
added to the sectional pitch angle at each blade 
section outboard of, and including, the blade 
section at the inboard end of which the pitch 
bearing is located for an articulated blade). 

Note: If collective pitch is inputted, care 
must be taken to insure that the total geometric 
pitch distribution is that desired. Also, the 
condition that the blade total geometric pitch 
must be zero at the inboard end of the blade 
(shaft-hub interface) and at the pitch control 
structure-blade attachment point, if a flexstrap 
or bearingless blade is involved, must be 
satisfied. 

2 
Loc.   12;    Gravitational acceleration constant,  ft/sec  , 

inputted if gravitational effects are to be 
included 
Note: As discussed in the section pertaining 

149 



to coordinate systems, the fixed support struc- 
ture coordinate system y-axis orientation is 
dependent on the direction of the gravity field 
vector if gravitational effects are included. 

Loc. 13 
and 

Loc. 14: 

Two angles 6 and 4 , respectively, in radians, 

which specify the orientation of the gravity 
vector relative to the fixed rotor hub coordi- 
nate system and are required if gravity effects 
are to be included.  They are depicted in the fol- 
lowing sketch for two directions of rotation 

Counterclockwise Rotation Clockwise Rotation 

Loc. 15:  Logic control parameter^ which equals 1.0 if the 
blade shape vectors relative to the rotor disk 
plane and the support structure vectors relative 
to the fixed support structure coordinate system 
are to be determined in complex variable and 
polar form; equals 0.0 if these shape vectors 
are not to be determined 

Loc. 16:  Logic control parameter/which equals 1.0 if sup- 
port structure aerodynamics are to be included 
and equals 0.0 if support structure aerodynamics 
are not to be included 
Note:  For support structure aerodynamics to be 
included Loc. 26 (MAER) cannot be 0.0. 

150 



Loc. 17:  Number of rotor blades (NB) if the blade phasing 
option is not to be usecl in which case Loc. 18 
(NBP) equals 0.0; equals 1.0 if the blade phas- 
ing option is to be used 
Important Note:  The present program is dimen- 
sioned such that only the blade phasing option 
can be used to represent rotors having more than 
one blade.  Thus, Loc. 17 must always equal 
1.0 for the present version of the HASTA program. 

Loc. 18:  Number of rotor blades (NBP) if the blade phas- 
ing option is to be used, in which case Loc. 17 
(NB) must equal 1.0; equals 0.0 if the blade 
phasing option is not to be used 
Note:  The blade phasing option takes advantage 
of defined relationships between the motions of 
the blade* which are assumed identical and equally 
spaced azimuthally such that core requirements 
and running time are significantly reduced.  To 
use this option Loc. 18 must be defined as greater 
than or equal to 2.0 and the assumed relation- 
ship of blade motions specified by Loc. 65 (NFS). 

Loc. 19: Number of blade sections (NBSEC) representing the 
blade with a maximum value of 35.0 allowed; 
NBSEC+NFSEC (Loc. 20) cannot exceed 40.0 

Loc. 20: Number of support structure sections (NFSEC) 
representing the support structure with a 
maximum value of 15.0 allowed; NBSEC 
(Loc. 19) + NFSEC cannot exceed 40.0 

Loc. 21:  Logic control parameter (MFLAP)» which equals 
1.0 if a flap hinge is to be Included for an 
articulated blade and equals 0.0 if a flap hinge 
is not to be included 

Loc. 22:  Logic control parameter (MFEA), which equals 1.0 
if a pitch bearing is to be included for em 
articulated blade and equals 0.0 if a pitch 
bearing is not to be included 

Loc. 23: Logic control parameter (MCT), which equals 1.0 
if control torque is to be applied for an 
articulated blade and equals 0.0 if control 
torque is not to be applied 
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Loc. 24:  Logic control parameter (MCON), which equals 
1.0 if the restraint applied to the flexstrap 
or bearingless blade includes the effects of 
the pitch control structure-related discontinu- 
ity unknowns and equals 0.0 if these effects 
are not to be included 
Note:  Normally would be 1.0 if Loc. 25 
(MFLEX)=1.0. 

Loc. 25:  Logic control parameter (MFLEX), which equals 
1.0 if the rotor consists of flexstrap or 
bearingless blades and equals 0.0 if the rotor 
consists of articulated blades 

Loc. 26:  Logic control parameter (MAER), which equals 1.0 
if blade and/or support structure aerodynamics 
are to be included and equals 0.0 if aerodynam- 
ics are not to be included 
Note: For support structure aerodynamics to be 
include^ Loc. 16 (NSK) must also be 1.0. 

Loc. 27;  Logic control parameter (NFFB), which equals 1.0 
if the first section of the support structure 
lumped-parameter model is to be considered as 
unrestrained (free) and equals 0.0 if the first 
section of the support structure is to be 
cantilevered (to ground) 

Loc. 28:  Number of blade section (NFLAP), counting from 
the blade tip inboard, at the inboard end of 
which the flap hinge is to be located for an 
articulated blade if a flap hinge is to be in- 
cluded; i.e., Loc. 21 (MFLAP)^O.O 

Loc. 29:  Number of blade section (NFEA), counting from the 
blade tip inboard, at the inboard end of which the 
pitch bearing is to be located for an articulated 
blade if a pitch bearing is to be included; i.e., 
LOC. 22 (MFEA)/0.0 
Note: Even if Loc. 22 (MFEA)-O.O, the collective 
pitch (Loc. 11) is added to the sectional twist 
distribution of an articulated blade at and out- 
board of the blade section specified by NFEA. 
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Loc. 30: Number of blade section (NCT), counting from the 
blade tip Inboard, at the Inboard end of which 
the control torque application point is to be 
located for an articulated blade If control 
torque Is to be Included; I.e., Loc. 23 (MCT)^O.O 

Loc. 31: Number of blade section (NCON), counting from the 
blade tip Inboard, at which the pitch control 
structure restraint Is to be applied to a flex- 
strap or bearlngless blade If the effects of 
pitch control structure discontinuity unknowns 
are to be Included; I.e., Loc. 24 (MCON)^O.O 

Loc. 32:  Logic control parameter (NBC), which specifies 
the type of blade root conditions at the shaft- 
rotor hub Interface such that a value of 0.0 
denotes cantllevered blade root conditions as 
In the case of an articulated rotor, a value of 
1.0 denotes gimballed rotor blade root condi- 
tions, and a value of 2,0 denotes teetering rotor 
blade root conditions 

Loc. 33: Logic control parameter (MFUS), which equals 1.0 
if a support structure is to be included and 
equals 0.0 if a support structure is not to be 
included 
Note:  If a support structure is to be included 
Loc. 20 (NFSEC) must be 1.0 or greater. 

Loc. 34: Number of aerodynamic load point azimuthal steps 
in one blade revolution (NAS), used for the blade 
aerodynamics harmonic computations 
Note: NAS should be an integer multiple of the 
number of blades on the rotor and must be 
greater them 2*NHC (Loc. 35) for the necessary 
number of harmonics to be determined. However, 
in that the representative capability of the 
harmonic analysis is dependent on the number 
of azimuthal steps, a value of at least 12.0 
is recommended. 

Loc. 35: Maximum number of harmonics above and below the 
primary frequency to be Included for interhar- 
monic coupling (NHC) 
Important Note: The program is presently dimen- 
sional such that NHC cannot exceed 1.0. The 
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program should use NHC = 1.0 when the system has 
a forward velocity and/or an elastic support 
structure and/or an elastically supported control 
system.  For cases where interharmonic coupling 
is not possible (simple axisymmetric problem 
NHC may be set equal to 0.0 

Loc. 36:  Logic control parameter (NVI), which equals 1.0 
if the radial and azimuthal induced velocity dis- 
tribution as inputted in Locs. 2201 - 2800 is to 
be used, and equals 0.0 if the induced velocity 
distribution is to be taken from the blade sec- 
tion data (Locs. 201 - 2200) for each blade sec- 
tion and is assumed to be constant with azimuth 

Loc. 37: Logic control parameter (NSP), which equals 1.0 
if control system equations are to be included 
and equals 0.0 if control system equations are 
not to be included 

**Loc. 38: Maximum number of harmonics of the control sys- 
tem ring deflection above and below the primary 
frequency to be included for interharmonic cou- 
pling (MAXN) 
Note:  If the control system ring is rigid, the 
value for MAXN need not be more than 1.0.  If 
the control system ring is rigid and supported 
isotopically, MAXN should still be taken as 1.0 
since cyclic deflection of the ring can still 
occur.  Present program dimensions restrict 
MAXN to 1.0 unless there is either no support 
structure included (i.e., Loc. 33 (MFUS)=0.0) or 
no blade discontinuities. 

**Loc. 39: Number of concentrated cyclic spring-damper units 
supporting the control system ring (NES)(azi- 
muthal and radial positions and stiffness and 
damping characteristics for these supports de- 
fined in Locs. 89 - 96 and 109 - 132) 
Note: Present progran^ dimensions restrict the 
maximum number of spring-damper support units 
to no more than 4. 
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**Loc. 40: Logic control parameter (MSC), which equals 1.0 
if a collective spring-damper unit supporting 
the control system base plate is to be included, 
in which case the stiffness and damping charac- 
teristics of the spring-damper unit are defined 
in Locs. 133 - 134; equals 0.0 if a collec- 
tive spring-damper unit is not to be included 

2 
**Loc. 41: Mass of the control system ring, lb-sec /ft 

**Loc. 42:  Radius of the control system ring, ft 

**Loc. 43: Local torsional stiffness of a segment of the 
control system ring about its circumferential 

2 
axis, Ib-ft 

**Loc. 44: Local bending stiffness of a segment of the 
control system ring about a radially oriented 

2 
axis, Ib-ft 

**Note: If Loc. 37 (NSP) equals 0.0 a control system is not 
being included. Therefore, the control system information 
in Locs. 38 - 44 need not be included. 

Loc. 45: Effective drive shaft torsional flexibility, 
rad/{ft-lb), defined as the reciprocal of kd 
where kd is the torsional stiffness of an 
effective torsional spring 

Loc. 46: Logic control parameter (NPRSV which equals 1.0 
if control parameter input is to be printed as 
output and equals 0.0 if control parameter input 
is not to be printed 

Loc. 47:  Not used 

Loc. 48: Number of starting eigenvalues 
(NEGN) to be considered for a particular case 
where a maximum of five starting values is 
allowed for a given case 

Loc. 49  Real part (growth rate, rad/sec) of the starting 
thru   eigenvalues, where the number of array locations 

Loc. 53:  to be defined is specified by Loc. 48 (NEGN) 
Note: As em example, if Loc. 48 is defined to 
be 2.0 only Loc. 49 and 50 need to be defined. 
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Loc. 54  Imaginary part (frequency, rad/sec) of the start- 
thru   ing eigenvalues where the number of array loca- 

Loc. 58:  tions to be defined is specified by Loc. 48 (NEGN) 
Note:  As an example, if Loc. 48 is to be 2.0, 
only Loc. 54 and 55 need to be defined. 

Loc. 59: Percentage of a 1-percent increment of starting 
eigenvalue (IPCT) which is to be used to compute 
the second trial eigenvalue to be used in the 
next step in the -'.teration procedure (recommended 
value is 50.0, which results in a second trial 
eigenvalue of 1.005 times the starting eigenvalue) 

Loc. 60: Maximum number of iterations to be performed for 
each starting eigenvalue (NIT) 

Loc. 61:  Number of repeatable significant figures (MER) 
required in consecutive trial eigenvalues for 
satisfactory convergence of the iteration pro- 
cedure for each starting eigenvalue (a value of 
7.0 is recommended) 
Note:  Whether convergence has actually been 
obtained can be noted on comparison of the 
last two eigenvalues and their determinant values 
and the degree to which the shaft-rotor hub 
interface conditions are satisfied. 

Loc. 62:  Logic control parameter (NORM), which equals the 
number of the unknown in the unshifted unknowns 

vector |q0[  counting from the top, which is to 

be used as the basis for normalizing the mode 
shape (i.e., normalized to unity) 
Note:  Mode shapes may be normalized to any 
unknown expected to be non-zero in value. 
For normalization based on a specific blade 
tip unknown being set to unity, 
NORM - NSP* (2*MAXN+1) + 6*MFUS + the loca- 
tion number of the specific unknown in the 
blade tip vector.  In this expression the 
first and second terms represent the number 
of control system and support structure un- 
knowns in the unshifted unknowns vector, 
respectively.  NSP is contained in Loc. 37, 
MAXN is contained in Loc. 38, and MFUS is 
contained in Loc. 33. From the above 
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expression, values of NORM required for 
normalization based on various blade tip 
deflections for various system configurations 
are as shown in Table 1. 

|                   TABLE 1.                      1 

VALUES OF NORM FOR NORMALIZATION TO VARIOUS    | 
BLADE TIP DEFLECTIONS FOR VARIOUS SYSTEM MODELS 

1   System 
I   Model 

Flapwise 
Deflection 

Edgewise 
Deflection 

Torsional | 
Deflection 

MFUS=0, NSP=0 
MFUS=1, NSP=0 
MFUS=0, NSP=1* 
MFUS=1, NSP=1* 

5 
11 
6 

12 

3 
9 
4 

10 

2 j 
8 
3 1 9       i 

*MAXN taken as zero in value 

If MAXN has been taken to have a value of one, 
the numbers in the last two rows of Table 1 
would be increased by two.  For normalization 
based on a support structure tip unknown the 
expression for NORM is similar to that for a 
blade tip unknown except that the term 6*MFUS 
is not included.  Thus, if the system model in- 
cludes a support structure, MFUS=1, and has a 
free end, NFFB (Loc. 27)=1, the values of NORM 
for setting a support structure tip deflection 
to unity are obtainable by subtracting 6 from 
the value of NORM required for the same type 
of blade tip deflection.  If the support struc- 
ture is cantilevered (NFFB=0) the support struc- 
ture tip unknowns are force and moment unknowns 
to which the mode shapes can be normalized if 
desired.  It should be noted that the support 
structure mode shapes, when reactionless blade 
behavior is assumed, can only be obtained if nor- 
malization is based on a support structure 
unknown. 

Loc. 63:  Logic control parameter (IREM), which equals the 
number of the unshifted equation to be removed 
from the matrix procedure to obtain correction 
values for updating the value of the unknowns 
(with one unknown being set to unity there is 
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one equation too many) 
Note:  The value IREM is dependent on the value 
of NORM (LOG. 62), particularly in the case of 
uncoupled modes.  Basically, the value to take 
for IREM corresponds to the location number in 
the unshifted unknowns column vector of an un- 
known other than that being normalized to, which 
will also be non-zero in value.  For example, 
if normalization is based on setting the blade 
tip flapwise deflection to unity, the blade tip 
flapwise slope will be non-zero such that IREM 
is taken as NORM + 1.  Thus, on this basis, for 
tip flapwise or edgewise deflections (either 
blade or support structure) of unity use 
IREM = NORM + 1 and for a blade tip torsional 
deflection of unity use IREM « NORM + 5 if 
blade discontinuity equations are involved.  For 
a blade tip torsional deflection of unity with- 
out discontinuity equations or a support struc- 
ture tip torsion deflection of unity use 
IREM = NORM - 1.  Relationships between NORM 
and IREM for normalization to support structure 
tip force or moment unknowns, if the support 
structure is cantilevered, can be obtained in 
a similar manner. 

Note:  If the system model has sufficient modal coupling, 
all modes except those corresponding to reactionless blade 
behavior when a support structure is included may be ob- 
tained by normalizing the blade tip flapwise deflection to 
unity.  In order to avoid singular matrix difficulties 
with an articulated rotor using the previous criteria for 
NORM and IREM, a stiff elastic blade section, even if of 
short length, should be modeled inboard of the most inboard 
hinge or bearing of an articulated blade. 

LOG. 64:  Logic control parameter (NEX), which has the 
same value as Loc. 63 

LOG. 65:  Logic control parameter (NFS), which denotes the 
type of blade phasing to be used where 0.0 
specifies the blades to be in an umbrella or 
collective mode, 2.0 specifies a reactionless 
or scissors mode, 1.0 specifies a forward cyclic 
mode, and -1.0 specifies a backward cyclic mode 
Note:  The value of NFS is significant only 
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when the phasing option of the program is to be 
used; that is, when Loc. 18 (NBP) is non-zero. 

LOG. 66:  Logic control parameter (NSCH), which equals 1.0 
if the search option is to be used for estima- 
ting the starting eigenvalues and equals 0.0 
if the search option is not to be used 
Note:  If NSCH = 1, then the real and imaginary 
parts of the starting eigenvalue for the scan- 
ning procedure must be inputted in Loc. 49 and 
54, respectively.  These input values should 
represent the beginning of the range within 
which the starting eigenvalues for the iteration 
procedure are to be estimated. 

**Loc. 67: Number of steps in growth rate to be considered 
if the search option is to be used 

**Loc. 68: Number of steps in frequency to be considered 
if the search option is to be used (should not 
be greater than 25.0) 

**Loc, 69: Stepsize of the growth rate increment if the 
search option is to be used 

**Loc. 70: Stepsize of the frequency increment if the 
search option is to be used 

**Note:  If Loc. 66 (NSCH) = 0.0, the search option is not 
specified and the numbers in Locs. 67 - 70 need not be 
defined.  If NSCH ■ 1, the ranges of growth rate and 
frequency should be selected such that no more than five 
starting eigenvalues are obtained, 

Loc. 71  Angular position, A, of the mth blade ahead 

e 76  of the reference blade position (fixed hub 
!  coordinate system x-axis) in the direction of 

rotor rotation at time ■ 0 for values of m 
from 1 to NB, sequentially , in radians 
Note: For a four-bladed rotor with equal azi- 
muthal blade spacing the values for Loc. 71 - 74 
would be 0.0, ir/2, ir, and 3ir/2, respectively, 
assuming ^ to be 0.0 as is the normal case. When 
the blade phasing option is being used Loc. 71 
must be defined to be 0.0.  It is to be noted 
that due to present program dimensions only one 
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blade can be considered unless the blade phasing 
option is used. 

LOG. 7 7  Reciprocal of the axial stiffness of the control 
thru    rod attached to the mth blade for values of m 

LOG. 82:  from 1 to NB, sequentially, ft/lb (inputted only 
for rotor systems having articulated type blades - 
for flexstrap bearingless rotors see Locs. 135 - 
140) 

LOG. 83  Damping coefficient to axial stiffness ratio of 
thru    the form c/k associated with the control rod 

LOG. 88:  attached to the mth blade, Tm, for values of m ' m' 
from 1 to NB, sequentially, sec (inputted only 
for rotor systems having articulated type blades - 
for flexstraps or bearingless rotors, see Locs. 
141 - 146) 

**Loc. 89  Torsional stiffness of the jth torsional spring- 
thru    damper unit counteracting local lateral (out of 

LOG. 92:  plane) control system ring rotation, k6., for 

values of j  from 1 to NES, sequentially, 
ft-lb/rad 
Note: At the control system cyclic spring-damper 
support unit locations specified by Locs. 117 - 
120, torsional spring-damper units attaching the 
control system ring to ground such that local 
lateral ring rotations are restrained can be con- 
sidered.  Specifically, each of these torsional 
spring-damper units counteracts out-of-plane 
rotation of the local segment of the ring at 
their point of attachment about a radially 
oriented axis thru their point of attachment. 

**Loc. 9 3  Torsional damping coefficient of the jth tor- 
thru    sional spring-damper unit counteracting local 

LOG. 96:  lateral control system ring rotation, cd-,  for 

values of j  from 1 to NES, sequentially, 
ft-lb-sec/rad 

**Note:  If Loc. 37 (NSP) equals 0.0, a control system is 
not being included, so that the control system information 
in Locs. 89 - 96 need not be provided. 
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Loc. 97  Effective torque arm length of the mth blade 
thru   pitch arm, a , for values of m from 1 to NB, 

Loc  102* iiwv.. J.  . seqUentially, as defined by Equation (8); 
positive if pitch arm is aft of blade shear 
center, ft (required only for articulated blades) 

Loc. 103  Rigid offset distance of rath control rod attach- 
thru   ment point from the circumferential axis of the 

Loc. 108: control system ring, d , for values of m' in from 1 

**Loc. 109 
thru 

Loc. 112: 

**Loc. 113 
thru 

Loc. 116: 

to NB, sequentially, ft (positive if control 
rod attachment point is located outward from the 
ring circumferential axis) 

Torsional stiffness of the jth torsional spring- 
damper unit counteracting local control system 
ring longitudinal (torsional) rotation, ktj)., for 

values of j  from 1 to NES, sequentially, 
ft-lb/rad 
Note: At the control system cyclic spring-damper 
support unit locations specified by Locs. 117 - 
120, torsional spring-damper units attaching the 
control system ring to ground such that local 
longitudinal ring rotations are restrained can 
be considered.  Specifically, each of these 
torsional spring-damper units counteracts tor- 
sional rotation of the local segment of the 
ring at their point of attachment about the local 
segment's circumferential axis. 

Torsional damping coefficient of the jth  tor- 
sional spring-damper unit counteracting local 
control system ring longitudinal (torsional) 
rotation, c4)., for values of j  from 1 to NES, 

sequentially, ft-lb-sec/rad 

**Loc. 117 
thru 

Loc. 120; 

Angle specifying azimuthal location of the jth 
control system cyclic spring-damper unit ahead 
of the control system fixed coordinate system 
x-axis in the direction of rotor rotation, x-^* 

for values of 
radians 

j  from 1 to NES, sequentially, 

161 



**Loc. 121 
thru 

Linear stiffness of the jth cyclic spring- 
damper unit supporting control system ring, k. 

Loc. 124: for values of 
lbs/ft 

j  from 1 to NES, sequentially. 

**Loc.   129 
thru 

Loc.   132: 

**Loc.   125    Damping coefficient of the    jth    cyclic spring- 
thru        damper unit supporting the control system ring, 

Loc.   128:   c.,   for values of    j     from 1 to NES,  sequentially, 
lb-sec/ft 

Rigid offset distance of the jth cyclic spring- 
damper unit attachment point from the circum- 
ferential axis of control system ring, b., for 

values of j  from 1 to NES, sequentially, ft 
(positive if cyclic spring-damper unit attach- 
ment point is located inward from the ring 
circumferential axis) 

**Loc. 133: Linear stiffness of the collective spring-damper 
unit supporting the control system base plate, 
K,  lb/ft (required only when Loc. 40 (MSC) = 1.0) 

**Loc. 134: Damping coefficient of the collective spring- 
damper unit supporting the control system base 
plate, C, lb-sec/ft (required only when Loc. 40 
(MSC) = 1.0) 

**Note:  If Loc. 37 (NSP) equals 0.0, a control system is 
not being included such that the control system infor- 
mation in Locs. 93 - 134 is not required.  

Loc. 135 Reciprocal of the axial stiffness of the control 
thru   rod attached to the mth blade for values of m 

Loc. 140: from 1 to NB, sequentially, ft/lb (required 
for flexstrap and bearingless rotors - for 
rotors having articulated blades, see Loc. 77 - 
82). 

Loc. 141 Damping coefficient of the spring-damper represen- 
thru   tation of control rod attached to the mth blade 

Loc. 146: for values of m from 1 to NB, sequentially, 
lb-sec/ft (required for flexstrap and bearingless 
rotors-for rotors having articulated blades, see 
Locs. 83 - 88) 
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Loc. 147 
thru 

Loc. 152: 

First of two angles, <j) . (in radians) needed to 

Loc. 153 
thru 

Loc. 158; 

Loc. 159 
thru 

Loc. 164: 

define the orientation of the control rod of the 
mth fleystrap or bearingless blade with respect 
to its rotating hub coordinate system at the 
control rod-control system attachment point re- 
quired for values of m from 1 to NB, sequen- 
tially, and depicted in Figure 16 

Second of two angles, A, (in radians) needed to 

define the orientation of the control rod of the 
mth flexstrap or bearingless blade with respect 
to its rotating hub coordinate system at the 
control rod-control system attachment point re- 
quired for values of m from 1 to NB, sequen- 
tially, and depicted in Figure 16 

Perpendicular distance (in feet) from the rotor 
disk plane to the control rod-control system 
attachment point associated with the mth flex- 
strap or bearingless blade, required for 
values of m from 1 to NB, sequentially; 
positive in value if the control rod-control 
system attachment point is located on the fixed 
hub coordinate system -z-axis side of the rotor 
disk plane 

Structural damping coefficient for the blade 
structural damping 

Logic control parameter, which equals 1.0 if all 
shape vector information determined is to be 
outputted in punched form (in addition to print- 
ed form) and equals 0.0 if no punched shape 
vector output is to be generated 

Loc. 167: Fore and aft blade cyclic pitch, which equals the 
value of the blade cyclic pitch (in radians) 
when the blade is located in the fixed hub coor- 
dinate system -y-axis direction, i.e., located 
aft 

Loc. 168: Lateral blade cyclic pitch, which equals the 
value of the blade cyclic pitch (in radians) 
when the blade is located in the fixed hub coor- 
dinate system x-axis direction; i.e., located 
in the reference blade position 

Loc. 165: 

Loc. 166: 
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Loc. 169: Logical control parameter (MLEL), which equals 
1.0 if a lead-lag hinge is to be included for 
an articulated blade and equals 0.0 if a lead- 
lag hinge is not to be included 

Loc. 170: Number of blade section (NLEL) counting from 
the blade tip inboard, at the inboard end of 
which the lead-lag hinge is to be located for 
an articulated blade if a lead-lag hinge is to 
be included; i.e., Loc. 169 (MLEL) ^ 0.0 

Loc. 171: Logical control parameter which equals 1.0 if 
the Made section mass and inertia-related 
damping effects on the system behavior are not 
to be included and equals 0.0 if these damping 
effects are to be included 
Note:  Normally a value of 0.0 would be used. 

Loc. 172: Logical control parameter (MCTY) used in con- 
junction with MFLEX (Loc. 25) = 1.0 such that 
when equal to 0.0 a flexstrap rotor system is 
to be considered and when equal to 1.0 a bear- 
ingless rotor system is to be considered 
Note: When MFLEX (Loc. 25) = 1.0, MCON (Loc. 
24) is normally defined to be 1.0 

Loc. 173: Length of torque tube pitch control structure 
spur or extension shaft, ft, which is required 
for a bearingless rotor system 

Loc. 174: Flapwise bending stiffness of the torque tube 
pitch control structure spur about its local 
coordinate system y-axis, Ib-ft^, which is re- 
quired for a bearingless rotor system 

Loc. 175: Edgewise bending stiffness of the torque tube 
pitch control structure spur about its local 
coordinate system z-axis, lb-ft2, which is re- 
quired for a bearingless rotor system 

Loc. 176: Steady blade torque (COEl) at the pitch control 
structure-blade attachment point not removed 
by the pitch control structure, ft-lb (appli- 
cable for articulated blades not having a pitch 
bearing, for flexstrap blades, and for bearing- 
less blades) 
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Loc. 177: An effective distance (C0E2) which is used in 
conjunction with C0E1 (Loc. 176) to define the 
steady flapwise shear force acting on the 
blade as a result of the steady blade torque 
removed by the pitch control structure, ft 
(applicable to same blades specified for Loc. 176) 
Note: To provide clarification to the defini- 
tion of this system parameter the following dis- 
cussion is provided.  In the case of a torque 
tube pitch control structure lying in the rotor 
disk plane, as depicted in the following sketch, 
the value of C0E2 can be defined as equal to 
c (a+b)/a where, as depicted,  c is the perpen- 
dicular distance from the control rod-pitch arm 
attachment point to the torque tube axis,  a is 
the distance along the torque tube axis from the 
dropped perpendicular to the spur spherical bear- 
ing, and b is the distance along the torque 
tube axis from the dropped perpendicular to the 
torque tube-blade attachment point. This defi- 
nition of C0E2 is based on the torsional and 

flapwise moment equilibrium equations about the 
torque tube axis and the spherical bearing, re- 
spectively. The above definition of C0E2 is 
valid for a pitch arm oriented toward the blade 
leading edge if c is taken to have a negative 
value and for the dropped perpendicular inter- 
secting the torque tube axis inboard of the spur 
spherical bearing if a is taken to be negative. 
For a torque tube pitch control structure not 
lying in the rotor disk plane the distances re- 
quired can be determined from the projection of 
the three attachment points onto the disk plane. 
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Loc. 178! 

**Loc. 179; 

**Loc. 180: 

**Loc. 181i 

**Loc. 182: 

**Loc. 183 
thru 

Loc. 185; 

In the case of an articulated or flexstrap rotor, 
a and b go to zero such that COE2 is equal to c. 

Percentage of steady blade torque (COE3) in deci- 
mal form (i.e., less than 1.0) not removed by the 
pitch control structure in the case of an articu- 
lated blade having a pitch bearing (normally 
would be 0.0 in value for a frictionless pitch 
bearing) 

Length of the flexstrap blade pitch arm along 
its coordinate system x-axis if Loc. 172 
(MCTY) =0.0 and length of the torque tube (from 
blade attachment point to pitch arm attachment 
point) if Loc. 172 (MCTY) = 1.0, ft 

Product of Young's modulus and the average cross- 
sectional area (EA) of the flexstrap blade pitch 
arm if Loc. 172 (MCTY) =0.0 and product of 
Young's modulus and the average cross-sectional 
area of the torque tube if Loc. 172 (MCTY) = 1.0, 
lb 

Flapwise bending stiffness of the flexstrap blade 
pitch arm about its coordinate system y-axis if 
Loc. 172 (MCTY) =0.0 and of the torque tube 
about its coordinate system y-axis if Loc. 172 
(MCTY) =1.0, lb-ft2 

Edgewise bending stiffness of the flexstrap blade 
pitch arm about its coordinate system z-axis if 
Loc. 172 (MCTY) =0.0 and of the torque tube 
about its coordinate system z-axis if Loc. 172 
(MCTY) =1.0, lb-ft2 

Three angles; a, ß, and y,   respectively, (in 
radians) which define the orientation of the 
flexstrap blade pitch arm (Loc. 172 (MCTY) = 0.0) 
or torque tube (Loc. 172 (MCTY) =1.0) relative 
to the rotating hub coordinate system as de- 
picted in Figure 12 

**Note:  If a flexstrap or bearingless rotor is not to be 
considered the information of Locs. 179 - 185 is not 
needed. ' 
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Loc. 186: Torsional stiffness (GJ) of the torque tube if 
a bearingless rotor is to be considered ib-ft^ 

Loc. 187: Length of bearingless blade pitch arm along its 
coordinate system x-axis, ft 

Loc. 188 
thru 

Loc. 190: 

Loc. 191 
thru 

Loc. 193: 

Not used 

Three angles, a, 3» and y,  respectively, (in 
radians) which define the orientation of the 
bearingless blade pitch arm relative to the 
torque tube coordinate system as depicted in 
Figure 13 

Loc. 194: Not used 

Loc. 195 Perpendicular distance (in feet) from the rotor 
thru   disk plane to the mth bearingless blade spheri- 

Loc. 200: cal bearing-spur attachment point for values of 
m from 1 to NB, sequentially, and is positive 
in value if the spherical bearing is located on 
the fixed hub coordinate system -z-axis side of 
the rotor disk plane 
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TABLE 2. 
CONTROL PARAMETER INPUT LOCATIONS 

AN D CORRESPONDING PROGRAM VARIAE ILES 
program program program program 

, Loc. symbol Loc. symbol Loc. symbol LOC. symbol 

0002 OM 0030 NCT 0064 NEX 0135- AMKC(I) 

0003 SDVEL 0031 NCON 0065 NPS 0140 
0141- 

1=1,NB 
CTAU(I) 

0004 AIRD 0032 NBC 0066 NSCH 0146 1=1,NB 

0005 FVEL 0033 MFUS 0067 IG 0147- 
0152 

PHIC(I) 
1=1,NB 

0006 CHI 0034 NAS 0068 IF 0153- THEC(I) 

0007 ZETA 0035 NHC 0069 STG 0158 
0159- 

1=1,NB 
AL12(I) 

0008 THC 0036 NVI 0070 STF 0164 1=1,NB 

0009 PFC 0037 NSP 0071- PHIM(I) 0165 SDCO 

0010 PLC 0038 MAXN 
0076 
0077- 

1=1,NB 
AKCKI) 0166 PUNI 

0011 COLL 0039 NES 0082 1=1,NB 0167 CYFA 

0012 AG 0040 MSC 0083- 
0088 

TAU(I) 
1=1,NB 0168 CYLA 

0013 GT 0041 SWM 0089- AKT{J) 0169 MLEL 

0014 GP 0042 SWR 0092 
0093- 

J=1,NES 
ACT(J) 0170 NLEL 

0015 NPD 0043 SWGJ 0096 J=1,NES 0171 DACO 

0016 NSK 0044 SWEI 
0097- 
0102 

SMLA(I) 
1=1,NB 0172 MCTY • 

0017 NB 0045 TORFLX 0103- DMS{I) 0173 AEXT 

0018 NBP 00-46 NPRS 
0108 
0109- 

1=1,NB 
AKP(J) 0174 EYEX 

0019 NBSEC 0047 not used 0112 J=1,NES 0175 EZEX 

0020 NFSEC 0048 NEGN 
0113- 
0116 

ACP(J) 
J=1,NES 0176 COE1 

0021 MFLAP 0049- SR{I), 0117- ECHI(J) 0177 COE2 

0022 MFEA 0053 
0054- 

1=1,NEGN 
SKI), 

0120 
0121- 

J=1,NES 
AK(J) 0178 COE3 

0023 MCT 0058 I=lfNEG^ 0124 J=1,NES 0179- PHOTT(I) 

0024 MCON 0059 IPCT 0125- 
0128 

AC(J) 
J=1,NES 

0186 
0187- 

1=1,8 
PHWTT(I) 

0025 MFLEX 0060 NIT 0129- BJ(J) 0194 1=1,8 

0026 

0027 

MAER 

NFFB 

0061 

0062 

MER 

NORM 

0132 

0133 

J=1,NES 

CAPK 

0195- 
0200 

ALSTH(I) 
I-1,NB 

0028 NFLAP 0063 IREM 0134 CAPC 

1 0029 NFEA 
i 
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Blade/Support Structure Section Input 

As mentioned earlier, location numbers 201 - 2200 contain 
section input for blade and support structure sections. 
Each section has 50 locations associated with it.  Thus, 
locations 201 - 250 are associated with the first section, 
locations 251 - 300 with the second section, and so on. 
The maximum number of sections is 40 and the 40th section 
would be associated with locations 2151 - 2200. However, 
it is not necessary that this many sections be used and in 
such case the locations corresponding to unused sections 
would be left with values of 0.0 as initialized by the 
program. 

The order in which the particular sections are taken is 
very important.  Section number 1 is always at the blade 
tip, section number 2 is the next inboard section on the 
blade, and so on until the hub section is reached.  The 
most inboard blade section corresponds to the rotor hub. 
The number of this section by definition is equal to 
NBSEC.  The next section, number NBSEC+1, always is the 
first section of the support structure.  This is the sup- 
port structure section furthest from the rotor hub (at 
the support structure tip). This section is also allowed 
to have either free or cantilevered end conditions at its 
end most distant from the rotor hub.  The next section, 
number NBSEC+2, is the next most distant section of the 
support structure, and so on.  This numbering order con- 
tinues until section number NBSEC + NFSEC is reached, 
which corresponds to the last section of the support struc- 
ture.  The total section data for all sections is placed 
in the storage array such that the section data is stored 
in the single array P(2000) of the labelled common PLOAD. 
Thus, each section is not denoted by an independent pro- 
gram name. 

The definitions of the 50 input locations associated 
with each blade or support structure section are provided 
in the following discussion.  In addition, for the more 
experienced HASTA program user these input locations and 
their corresponding mathematical symbols are given in 
Table 3 at the end of this discussion of section input 
data. 

As described previously, each general section (blade or 
support structure) may consist of concentrated mass and 
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inertia, aerodynamics, torsional spring-damper units, an 
elastic section with centrifugal stiffening or localized 
elastic restraint (this localized elastic restraint is 
used for only one particular section for a flexstrap or 
bearingless rotor), bends in shear center axis and/or a 
rotation of local coordinates to account for blade twist 
and collective pitch, and rigid offsets in the shear center 
axis. Of the 50 locations provided for each section, the 
first seven are the section control indicators; Ml, M2, 
M3, M4, M5, M6, and M7.  Each of these control indicators 
specifies whether or not a particular transfer matrix is 
to be used for the section.  The section control indicators 
and their related transfer matrices are as follows: 

Related Transfer Matrix 

Concentrated Mass and Inertia 

Bend 

Aerodynamics 

Elastic Section 

Rigid Offset 

Torsional Stiffness 

Location Parameter 

one Ml 

two M2 

three M3 

four M4 

five M5 

six M6 

seven M7 Elastic Restraint 
(for flexstrap or bearingless 
rotors only) 

It is to be noted that the alpha location number used here is 
with regard to the position in the block of 50 locations 
given to each section.  This convention will be followed 
throughout the remainder of this discussion.  In using the 
control indicator a value of 0.0 indicates that the par- 
ticular transfer matrix will not be used.  For a blade 
section a control indicator value of 1.0 specifies that the 
particular transfer matrix is to be used.  For a support 
structure section, a value of 2.0 specifies that the par- 
ticular transfer matrix is to be used.  For example, a 
blade section may have a concentrated mass and an elastic 
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length associated with it.  Thus, Ml and M4 for that sec- 
tion would have a value of 1.0.  If, in addition, the sec- 
tion includes aerodynamics, then M3 would be 1.0.  The 
remaining values for M2, M5, M6, and M7 would be 0.0. For a 
support structure section with mass, an elastic length 
and aerodynamics, the values of Ml, M4, and M3 should be 
2.0 and the values of M2, M5, M6, and M7 would be 0.0. 

In developing the input values for the seven control indica- 
tors, there are two sets of special conditions.  The first 
set of conditions is in regard to the use of M7.  Only one 
blade section is allowed to have a non-zero value for M^ and 
all other control indicators for this section should be 0.0. 
Thus, a bend transfer matrix should be used in the next 
outboard section to align the local blade coordinate sys- 
tem of the section having non-zero M7 with the rotating 
hub coordinate system, as required in the program.  A fur- 
ther condition is that the blade section having a non-zero 
value for M7 must be that specified by NCON (Loc. 31) if 
MCON (Loc. 24) equals 1.0.  A support structure section is 
not allowed to have a non-zero value for M7.  The second 
set of conditions is in regard to the first blade section 
(section number 1) and the first support structure section 
(section number NBSEC+1) when a support structure is in- 
cluded.  These two sections must consist of only mass and 
inertia properties.  Thus, only Ml can be non-zero for 
these two sections. 

Of the remaining section array locations (locations eight 
thru fifty), locations fifteen thru seventeen must be de- 
fined for every section; whether or not other locations 
must be defined is dependent on the values for the section 
control indicators.  This dependency is given below. 

If a section has a non-zero Ml, locations eight thru 
fourteen for that section must be defined (only non- 
zero numbers need to be inputted). 

If a section has a non-zero M2, no additional locations 
other than locations fifteen thru seventeen must be 
defined. 

If a section has a non-zero M3, locations ten, eleven, 
and eighteen thru twenty-four must be defined. 
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If a section has a non-zero M4, locations twenty-five 
thru twenty-nine must be defined. 

If a section has a non-zero M5, locations thirty-eight 
thru forty must be defined. 

If a section has a non-zero M6, locations forty-four 
thru fifty must be defined. 

If a blade section has a value of 1.0 for M7, no 
additional information other than that provided in 
array locations 2 thru 200 is required. 

The various section properties and corresponding locations 
are described in the following: 

Loc. 
eight: 

Loc. 
nine: 

Loc. 
ten: 

Lumped mass of section, m, lb-sec /ft 

Offset of the section center of gravity in 
the local section y-axis direction from the 
local x-axis (shear center axis) , e ry' ft 
(e.g., positive for a blade section if eg 
is forward of the local x-axis) 

x-coordinate of the origin of the local 
blade or support structure section coor- 
dinate system in the rotating hub or fixed 
support structure coordinate system as 
depicted in Figure 9 for a blade section, 

rx' ft 

Loc. 
eleven: 

Loc. 
twelve: 

Loc. 
thirteen: 

y-coordinate of the origin of the local 
blade or support structure section coor- 
dinate system in the rotating hub or fixed 
support structure coordinate system as 
depicted in Figure 9 for a blade section, 
hry, ft 

Local blade or support structure section 
polar mass moment of inertia I , lb-sec2- 

Local blade or support structure section 
flapwise mass moment of inertia I , 
lb-sec2-ft y 

ft 
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LOC. 
fourteen: 

Local blade or support structure section 
edgewise mass moment of inertia Iz, lb-sec -ft 

Note:  The mass moments of inertia are with respect to axes 
passing thru the section center of gravity and parallel 
to the local section coordinate system axes. 

Section locations fifteen thru seventeen are angles which 
describe the orientation of the local blade or support struc- 
ture section coordinate system with respect to the rotating 
hub or fixed support structure coordinate system.  These 
have been discussed in detail in the section of this report 
pertaining to coordinate systems and are depicted in 
Figure 10. 

Loc. 
fifteen: 

Loc. 
sixteen: 

Loc. 
seventeen: 

Local blade or support structure section 
lead-lag angle, *, positive for a right- 
handed presweep rotation about the reference 
coordinate system z-axis (for a blade, the 
outboard end of the section forward) , rad 

Local blade or suppert structure section 
coning angle, 0, positive for a right- 
handed precone rotation about the preswept 
reference coordinate system y-axis (for a 
blade, the outboard end of the section in 
the -z-axis direction), rad 

Local blade or support structure section 
pitch angle, V, positive for a right- 
handed rotation about the preswept and pre- 
coned reference coordinate system x-axis 
(for a blade, leading edge up), rad 

Note:  The value read for a blade section 
can be taken as the total local section 
pitch angle (collective + twist contribu- 
tion) with the collective pitch value of 
Loc. 11 equal to 0.0 or can be taken as only 
the local twist contribution.  In the latter 
case this value is superimposed on the col- 
lective value of Loc. 11 in a manner depend- 
end on the MFLEX (Loc. 25) and NFEA (Loc. 24) 
values (see Loc. 11). The twist contribution 
should include steady twist due to blade 
loads. As examples of the possibilities 
for the determination of f input values. 
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Loc. 11 = 0.0 and Loc. 11 ^ 0.0 cases can 
be considered for articulated and flexstrap 
or bearingless blades. If Loc. 11 is 0.0 
then the value of f for a section should 
be inputted as the total of collective and 
twist contribution at the section such that 
the V distribution over the blade span 
might be as shown in the following sketch, 
where NFEA (Loc. 24) and NCON (Loc. 31) 
denote location of pitch bearing and flex- 
strap or bearingless pitch control struc- 
ture restraint respectively. 

LOC. 11 a 0.0 

iT^ 
NFEA NCON 

Y"* 

i tot 

articulated blade    flexstrap or bearing- 
less blade 

But if a collective input, ^-.QII»  
is used, then 

the Y for each section should be defined by 
utilizing the expression * ■ *tot - ^con 

at 

each section, as depicted in the following 
sketch where V of a section, if other than zero, 
is negative. 

Loc. 11 = ¥ 
coll 

/NCON  V .. 
L   *S     ^  co11 

articulated blade flexstrap or 
bearingless blade 
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It should be noted that at the flexstrap or bearingless 
pitch control structure restraint location, 9,   Q,   and 
4'   must be zero for consistency with the pitch control 

structure restraint representations. 

Section locations eighteen thru twenty-four describe the 
aerodynamics of the section and need not be inputted if 
M3 = 0.0 

Loc. Aerodynamic table number (MTAB) which de- 
eighteen:     notes the aerodynamic coefficient table to 

be used to determine the lift, drag, and 
moment coefficients and their slopes as a 
function of angle of attack and Mach number 
for this particular section 
Note:  The aerodynamic coefficient tables 
are discussed in further detail in the pre- 
sentation of their input.  Basically, the 
program was developed to use up to five 
different spanwise airfoil shapes.  The 
representation of any of these shapes may 
involve the use of table look-up or analyti- 
cal expressions for nonlinear aerodynamic 
coefficients.  Thus, for a blade section, 
MTAB may equal any number from 1 to 5.  How- 
ever, for a support structure section, MTAB 
may also be equal to 6 and 7, where for 
MTAB « 6, the aerodynamic section is a 
NACA 0012 airfoil and for MTAB = 7,   flat- 
plate crossflow aerodynamics are used. Due 
to present program dimensions only one aero- 
dynamic coefficient table corresponding to 
MTAB equal to 1 can be used. These dimen- 
sional restrictions can be easily removed 
if more than one set of aerodynamic coeffi- 
cient data must be used.  These dimensional 
restrictions do not affect the use of 
MTAB = 6 or 7. 

Loc. Effective aerodynamic length of the blade 
nineteen:     or support structure section, L_, ft 

Locations twenty and twenty-one are required for a support 
structure sections only. These are the two angles which 
describe the velocity of the helicopter with respect to the 
fixed support structure coordinate system, as depicted in 
the following sketch. 

175 



Loc. 
twenty; 

Loc. 
twenty-one: 

*xfs 

Vc = arcsin (U /V) where U is the climb rate f x y'  ' y 
and V is the resultant velocity of the heli- 
copter, rad 

0-: = arctan (U /U ) where U is the lateral 

velocity and U is the forward velocity of 

the helicopter, rad 

Note:  U is positive if the helicopter is moving forward 

(negative xf direction),   U  is positive if the helicopter 

is climbing (positive y^ direction), and U is positive 

if the helicopter is moving laterally to the starboard 
(negative zf direction).  In auch case that V  is zero, 

both tf and 9f are indeterwinant.  In this case input these 

angles as zero.  Similarly, if U = U_ = 0, but V is not 
X    z 

zero   (i.e.,   U    = V)   then input i|>f ■ +Tr/2  if U    is positive 
and ip- =  -TT/2  if U    is negative.     In either case  input 6- 

as   zero. 

Loc. 
twenty-two: 

Loc. 
twenty-three: 

Loc. 
twenty-four: 

Distance that the blade or support structure 
section shear center axis is forward of mid- 
chord along the local coordinate system 
y-axis, 6, ft 

Chord length of the blade or support struc- 
ture section, c, ft 

Local induced velocity of the blade section, 
v^ ft/sec (not required for a support struc- 

ture section) 
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Note:  This induced velocity needs to be inputted only when 
the control parameter NVI (Loc. 36) is 0.0.  If NVI is 
greater than zero, the induced velocity as a function of 
radial and azimuthal position of the blade section inputted 
in locations 2201 - 2800 is used. 

Locations twenty-five thru twenty-nine must be defined if 
M4 is non-zero. 

Loc. 
twenty-five: 

Loc. 
twenty-six: 

Loc. 
twenty-seven; 

Loc. 
twenty-eight: 

Loc. 
twenty-nine: 

A parameter used in combination with the 
centrifugal force acting on a section to 
specify the centrifugal stiffening effects 
on the torsional stiffness of a flexible 
strap or beam section inboard of the flex- 
strap or bearingless pitch control structure 
restraint application; defined as the 
effective value of .5 (El + EI JA/(If+I ) 

(in pounds) for the section where El  and 

El are the section flapwise and edgewise 

bending stiffness, respectively, A  is the 

total cross-sectional area of the section, 
and If and I are the flapwise and edge- 

wise area moments of inertia, respectively 
Note:  Only required for sections in which 
this effect is significant.  Not required 
for a support structure section. 

Elastic length of the blade or support struc- 
ture section, L , ft 

Local blade or support structure section 
torsional stiffness. El , lb-ft2 

Local blade or support structure section 
flapwise bending stiffness, El , lb-ft2 

Local blade or support structure section 
edgewise bending stiffness. El , lb-ft2 

Loc. 
thirty: 

Centrifugal force acting on the blade sec- 
tion that is estimated inside the program 
using mass distribution and rotational 
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speed, and for output purposes is stored 
in this location, lb (no input needed) 

Locations thirty-one thru thirty-seven are not used. 

Locations thirty-eight thru forty need only be described 
if M5 is non-zero. The pertinent parameters are depicted 
in the following sketch for a blade section where n and 
n-1 superscripts denote a local coordinate system inboard 
and outboard of the rigid offset characteristics, 
respectively. 

inboard 

shear 
centei center 

^T1 
n»3 

n 

z I X'^m 
y 6 ' 

♦•x n mj 

n-1 
mj 

n-1 
mj outboard 

Loc. 
thirty-eight: 

Rigid blade or support structure section 
shear center axis offset in the local coor- 
dinate system x-axis direction, V ft 

Loc. 
thirty-nine: 

Rigid blade or support structure section 
shear center axis offset in the local coor- 
dinate system y-axis direction, 6 , ft 

Loc. 
forty: 

Rigid blade or support structure section 
shear center axis offset in the local coor- 
dinate system z-axis direction, 6_, ft z 

Locations forty-one thru forty-three are not used. 

Locations forty-four thru fifty, which pertain to consider- 
ation of localized torsional spring-damper units in the 
blade or support structure sectiorv need be described only 
when M6 is non-zero. Also, locations forty-four thru 
forty-nine cannot be defined non-zero if location fifty is 
non-zero. 
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Loc. Inverse of the localized torsional spring- 
forty-four: damper unit stiffness about the local sec- 

tion coordinate system x-axis, 
IT1,  rad/(ft-lb) 

Loc. Inverse of the localized torsional spring- 
forty-five:   damper unit stiffness about the local sec- 

tion coordinate system y-axis, 

K'1,  rad/(ft-lb) 

Loc. Inverse of the localized torsional spring- 
forty-six:    damper unit stiffness about the local sec- 

tion coordinate system z-axis, 

K"1, rad/(ft-lb) z 

Loc. Damper time constant (c/k) associated with 
forty-seven:  the localized torsional spring-damper unit 

acting about the local section coordinate 
system x-axis, T . sec 

Loc. Damper time constant (c/k) associated with 
forty-eight:  the localized torsional spring-damper unit 

acting about the local section coordinate 
system y-axis, T , sec 

Loc. Damper time constant (c/k) associated with 
forty-nine:   the localized torsional spring-damper unit 

acting about the local section coordinate 
system z-axis, T_, sec z 

Loc. Control system spring constant, K  , which 
y: may be used to represent the applied control 

torque as a linear function of local tor- 
sional rotation.     (However,  use of the 
previously described representations of the 
control system effects are recommended 
instead) 
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TABLE 3.  SECTION DATA INPUT LOCATIONS 
AND CORRESPONDING SYMBOLS 

Location Symbol Location Symbol Location Symbol 

X* + 0001 Ml X + 0018 MTAB X + 0035 t 
X + 0002 M2 X + 0019 L 

a X + 0036 not 
used 

X + 0003 M3 X + 0020 *f X + 0037 
\ 

X + 0004 M4 X + 0021 ef 
X + 0038 i  6 

X 

X + 0005 M5 X + 0022 6 X + 0039 6 
y 

X + 0006 M6 X + 0023 c X + 0040 6 
z 

X + 0007 M7 X + 0024 vi X + 0041 

not 
used 

X + 0008 m X + 0025 GJca X + 0042 

X + 0009 e 
ry 

X + 0026 'e X + 0043 
\ 

X + 0010 hrx 
X + 0027 EIx X + 0044 ^x1 1 

X + 0011 hry 
X + 0028 EIy 

X + 0045 K"1 
y 

X + 0012 
^ 

X + 0029 EIz X + 0046 K"1 
z 

X + 0013 I 
y 

X + 0030 "T X + 0047 T 
X 

X + 0014 h X + 0031 i X + 0048 Ty 
X + 0015 * X + 0032 

not 
X + 0049 Tz 

X + 0016 0 X + 0033 used X + 0050 Ks 

X + 0017 V X + 0034 f 

*X represents the last data input location of the 
previous section which is factorable by 50. 
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Optional Induced Velocity Distribution input 

The computer program can use a rotor induced velocity dis- 
tribution which varies both azimuthally and radially, de- 
termined by use of an independent analysis, instead of a 
radially varying distribution inputted through blade sec- 
tion data.  The use of this optional induced velocity dis- 
tribution is controlled by the parameter NVI (Loc. 36). 
If the value of this array location is equal to 1.0 this 
optional induced velocity distribution is used and must be 
defined for Locations 2201 - 2800.  This set of induced 
velocities is stored in the array V(25,24) in common block 
PLOAD.  The first index of this array corresponds to blade 
aerodynamic section number (radial position), and the 
second index corresponds to the azimuthal position of the 
blade.  The blade aerodynamic section numbers are deter- 
mined in the same manner as the blade section numbers 
except only blade sections having aerodynamic character- 
istics included are counted.  The induced velocity values 
for each aerodynamic blade section are those occurring at 
the radial position of the aerodynamic load (lumped mass) 
point on the section. 

The induced velocities are inputted for each radial aero- 
dynamic section going from the blade tip section to the 
most inboard blade aerodynamic section, while maintaining 
a fixed blade azimuthal position.  Then, the induced veloc- 
ities are inputted for each radial aerodynamic section, 
taken in the same order as above, at a fixed blade azi- 
muthal position one azimuthal step in the direction of 
rotor rotation ahead of the previous azimuthal position. 
This process is repeated until the induced velocities at 
each blade aerodynamic section (radial position) and blade 
azimuthal position have been defined.  Due to the dimen- 
sions of the induced velocity storage array, 25 input 
locations corresponding to aerodynamic radial position 
are reserved for each azimuthal position of the blade 
and up to 24 blade azimuthal positions are allowed, 
which are equally spaced azimuthally.  The azimuthal blade 
positions allowed are dependent on the value of the control 
input parameter NAS (Loc. 34) and defined by i|>k = 2TT(1-1)/NAS 

where ik  is the kth azimuthal blade position, in radians. 

This azimuthal blade position is defined relative to the 
fixed hub coordinate system x-axis (reference blade posi- 
tion) and k is an integer having values of 1 through 
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NAS.     Thus,   location numbers  2201  -  2225 are associated 
with the blade azimuthal position denoted by ty^,  location 
numbers  2226  - 2250  are associated with the  blade azimuthal 
position denoted by il^»  and so on. 

In general,   the location number for the induced velocity of 
the nth aerodynamic radial position at the kth blade azi- 
muthal  location is defined as 2200 + 25(k-l)   + n.    Since 
k    cannot be greater than NAS and    n    cannot be greater 
than the number of blade aerodynamic sections,   the largest 
location number to be defined would be 2200  + 25(NAS-1)+ the 
number of aerodynamic sections. 

It should be noted that if the induced velocity distribu- 
tion to be used does not vary azimuthally but is either 
uniform or only varies radially,  this distribution can be 
more conveniently inputted by the definition of v^   (loca- 
tion twenty-four of the blade section data)   with the  logic 
control parameter NVI equal to 0.0. 

Aerodynamic Coefficient Input 

The airfoil aerodynamic coefficient data is  to be included 
for a case  only when the control parameter MAER  (correspond- 
ing to location 26)   of the case  is equal to  1 and must be 
included after the number 8 card following the storage 
array data  for the  case.    This data,   if required,  is input- 
ted with an entirely different format than  that utilized for 
the previously discussed storage array data. 

The aerodynamic coefficient data for an airfoil shape can 
consist of any of three types,  corresponding to the form 
of representation to be used to determine the aerodynamic 
coefficients.     The first type consists of data describing 
aerodynamic coefficients in a tabular form for a lower and 
upper range of angle of attack values,  and of data defining 
coefficients to be used in a series representation of 
aerodynamic coefficients for angles of attack between the 
two tabular data ranges.    For example,  tabular data may be 
provided for angle of attack values of 0 to 20 degrees and 
350 to 360 degrees, with series coefficient data provided 
for angle of attack values between 20 to 350 degrees.    The 
second type consists of only data defining coefficients to 
be used in a series representation of the aerodynamic co- 
efficients of a symmetrical airfoil.    The third type consists 
primarily of aerodynamic coefficient data in the C-81 
computer program form. 
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Initially, the input data required for the first and sec- 
ond type of aerodynamic coefficient representation is pre- 
sented.  This is followed by a detailed discussion of the 
series representation used in both of these types of aero- 
dynamic coefficient representation.  The input data required 
for the third type of representation is then briefly dis- 
cussed in regard to the modifications required, in that the 
C-81 aerodynamic table format has been fully documented 
elsewhere (e.g.. Reference 3). All aerodynamic coeffi- 
cient input is read in and stored in common block COEFFS 
for later use in subroutine ACOEFF. 

Although the HASTA program is presently limited to the 
consideration of only one set of aerodynamic coefficient 
data due to dimensional restrictions, the program was 
developed to consider up to five different sets of aero- 
dynamic coefficient data. Thus, the construction of the 
aerodynamic data described below will be based on five 
different sets: 

First Card - Format 1415 

NTAB, a number from one to five defining the 
number of airfoil aerodynamic coefficient data 
sets to be inputted. 

Note: The following cards are included for each set of 
aerodynamic coefficient data. 

Card #1 - Format 1415 

ISER, a control parameter such that if equal to 0, 
the aerodynamic coefficient data consisting of 
both tabular and series coefficient data (corre- 
sponding to the first type of data) is to be in- 
putted; if equal to 1, aerodynamic coefficient 
data consisting of only series coefficient data 
(corresponding to the second type of data) is to 
be inputted; and if equal to 81, aerodynamic 
coefficient data based on the C-81 aerodynamic 
table format is to be inputted (corresponding to 
the third type of data). 

3.  Davis, John M., ROTORCRAFT FLIGHT SIMULATION WITH AERO- 
ELASTIC ROTOR AND IMPROVED AERODYNAMIC REPRESENTATION, 
Volume II - User's Manual, Bell Helicopter Company; 
ÜSAAMRDL-TR-74-10B, Eustis Directorate, US Army Air 
Mobility Research and Development Laboratory, Fort 
Eustis, Virginia, June 1974, AD 782756 
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Note:  As an example, if aerodynamic coefficient 
data set number two is designated to read in only 
the series coefficients of the second type (i.e., 
ISER = 1), then any aerodynamic section with its 
section input variable MTAB (corresponding to loca- 
tion eighteen) = 2 will use the series representa- 
tion with the inputted coefficients for determination 
of lift, drag, and moment coefficients. 

Card # 2 - Format 1415 

MT, a number from one to five assigned to this 
set of aerodynamic coefficient data to distinguish 
it from other sets such that the input between this 
card and the next ISER card is associated with a 
data set designated by the number MT. 

Note:  Due to present program dimensional restric- 
tions, MT must = 1. 

An aerodynamic coefficient data set is constructed of the 
data necessary for the determination of the two-dimensional 
lift, drag, and moment coefficients about quarter chord 
(i.e., about a point on the airfoil chord located 1/4 chord- 
length aft of the leading edge of the airfoil).  The data 
necessary for each of these three types of two-dimensional 
coefficients is presented in the following discussion in 
the required order of input. The data for each type of 
two-dimensional coefficient is constructed independent of 
the other two-dimensional coefficients. 

Lift Coefficient Data: 

Card #3.1 = Format 1415 

NCC1 (equivalent to NCC(MT,1)), number of series 
coefficients for lift coefficient determination 
where if ISER = 0 a value of 15 is required and 
if ISER = 1 a value of 20 is required 

Cards #3.la - Format 5E14.7 (more than one card) 

CCS(K,MT,1) for K = 1, NCC1, coefficients 
(constants) of the series representations for 
determination of lift coefficients (dependent 
on type of series to be used) such that 
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Cols.  1-14 Cl^ the first constant 
15-28 Cl-, the second constant 
29-42 Cl3, the third constant 

43-56 Cl4, the fourth constant 
57-70 Cl5, the fifth constant 

Next card 

Cols.   1-14 Clg/ the sixth constant 

15 - 28 Cl-j,   the seventh constant 

etc., until Cl„«m has been reached 

where the form Cl, has been used to 

denote CCS(K,MT,1) 

Note: Cards #3.2, etc., are not inputted if ISER = 1. 

Card #3.2 - Format 1415 

NMACHS (equivalent to NMACH(MT,1)), the number 
of Mach numbers involved in the lift coefficient 
table where NMACHS cannot be greater than 11 

Card #3.2a - Format 7F10.0 (may be more than one card) 

AMACH(K,MTfl) for K = 1, NMACHS, values of Mach 
numbers for the construction of the lift coefficient 
table such that 

Cols.  1-10 M,, lowest Mach number 

11 - 20 M,, next highest Mach number 

21 - 30 M-, next highest Mach number 

31 - 40 M., next highest Mach number 

41 - 50 M5, next highest Mach number 

etc., until **«._„s has been reached 

where M^ has been used to denote AMACH(K,MT,1) 

Note: The value of M, should be zero and 

the highest Mach number should be equal to 1.0. 

185 



Card #3.3 - Format 1415 

NCL (equivalent to NCLS{lfMT,l)) - first index being 
the Mach number index), the number of angles of attack 
(with corresponding lift coefficients) for Mach number 
M. where NCL cannot be greater than 50 for any Mach 

number 

Card #3.3a - Format 7F10.0 (may be more than one card) 

ALPHSd^MT,!) for K = 1, NCL - first index being 
the Mach number index, values of angles of attack, 
deg, for the first Mach number such that 

Cols.   1-10 o.» first angle of attack for M.. 

11 - 20 a2, second angle of attack for M, 

21 - 30 a3, third angle of attack for M, 

31 - 40 a., fourth angle of attack for M. 

etc., until ex „, has been reached 
NCL 

where a has been used to denote ALPHS(1,K,MT,1) 

Note:  Normally the angle of attack distribu- 
tion is such that it represents a lower and an 
upper range of angle of attack with a series 
representation utilized between the two 
ranges. 

Card #3.3b - Format 7F10.0 (same number of cards as 
Card #3.3a) 

CLDM(1,K,MT,1) for K = 1, NCL - first index being 
the Mach number index, values of the lift coefficient 
for the first Mach number and each angle of attack 
such that 

Cols.  1-10 CLw lift coefficient at M,, a, 

11 - 20 CL2, lift coefficient at M,, a, 
21 - 30 CL3, lift coefficient at M., a. 
31 - 40 CL4, lift coefficient at M., a. 

etc., until CLNCL has been reached 
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where CL,, has been used to denote 
K 

CLDM(1,K,MT,1) 

Card #3.4, Card #3.4a, and Card #3.4b are the next set of 
input cards; they are similar to Card #3.3, Card 
#3.3a, and Card #3.3b, respectively, except that the 
input numbers are those corresponding to M2. 

Similar sets of cards are added corresponding to M3 thru 

^SjMACHS to comPlete the  lift coefficient data required 

to construct an aerodynamic coefficient data set. 
It is not necessary to have the same number of or values 
of angles of attack for each Mach number, since NCL is 
read for each Mach number. However, the angle of attack 
defining the upper end of the lower angle of attack range 
and the angle of attack defining the lower end of the 
upper angle of attack range should be the same for all 
Mach numbers used in constructing an aerodynamic co- 
efficient table, (e.g., lift coefficient table). 

Drag Coefficient Data: 

Input for the drag coefficient data is carried out in 
the same fashion as that for the lift coefficient data. 
Thus, 

Card #4.1 - Format 1415 

NCC1  (equivalent to NCC(MT,2)),the number of series 
coefficients for drag coefficient determination where 
if ISER « 0 a value of 10 is required and if ISER = 1 
a value of 7 is required 

Card #4.la - Format 5E14.7 (more than one card) 

CCS(K,MT,2) for K = 1, NCC1, coefficients (constants) 
of the series representations for the determination 
of drag coefficients (dependent on type of series to 
to used) 

Note: Cards #4.2, etc., for the drag coefficient table are 
not inputted if ISER ■ 1. 
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Card #4.2 - Format 1415 

NMACHS (equivalent to NMACH(MT,2)) , the number of Mach 
numbers involved in the drag coefficient table where 
NMACHS cannot be greater than 10 

Card #4.2a - Format 7F10.0 (may be more than one card) 

AMACH(K,MT,2) for K = 1, NMACHS, values of Mach 
numbers for the construction of the drag coefficient 
table where M. should be zero and the highest Mach 

number should be 1.0 

Card #4.3 - Format 1415 

NCL (equivalent to NCLS (lfMT#2)) - first index being the 
Mach number index), the number of angles of attack 
(with corresponding drag coefficients) for Mach 
number M1 where NCL cannot be greater than 15 for 

any Mach number 

Card #4.3a - Format 7F10.0 (may be more than one card) 

ALPHS(1,K,MT,2) for K = 1, NCL - first index being 
the Mach number index, values of angles of attack, 
deg, for the first Mach number 

Card #4.3b - Format 7F10.0 (may be more than one card) 

CLDM(1,K,MT,2) for K = 1, NCL - first index being the 
Mach number index, values of the drag coefficients 
for the first Mach number and each angle of attack 

Cards 4.3, 4.3a, and 4.3b are followed by similar sets 
of cards with values corresponding to drag coefficient 
table Mach numbers M2 thru ^^-„g to complete the 

drag coefficient data required to construct an aero- 
dynamic coefficient data set. 

Moment Coefficient Data: 

Input of the moment coefficient data is carried out in 
the same manner as that for the lift coefficient data 
or the drag coefficient data. These cards may be 
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numbered starting with Card #5.1.  For the moment 
coefficient data, if ISER = 0 a value of 22 is required 
for the NCC1 card and if ISER = 1 a value of 16 is 
required. The moment coefficient data must correspond 
to the data necessary to define the two-dimensional 
moment coefficient about quarter chord (i.e., about a 
point on the airfoil chord line located a distance of 
1/4 of a chordlength aft of the airfoil leading edge). 

The construction of the preceding data completes the input 
necessary for the first data set, which is designated as 
the MTth set of aerodynamic coefficient data by the number 
inputted for MT. 

The input of the next set of aerodynamic coefficient data 
(if NTAB>1) must be constructed in the same fashion as that 
given for the previous data set, starting with input for 
variable ISER, followed by input for MT,NCC(MT,1) ,   
etc. The same procedure is repeated for the third, fourth, 
and fifth sets of data, if required. Thus, additional sets 
of data would be inputted in the form represented below. 

Aerodynamic Coefficient Data Set No. 2 (Include 
only if NTAB>2): 

Cards #6   Data set type card (either ISER = 0 
or ISER - 1) 

Cards #7 Data set identification card (MT = any 
number from 1-5 that has not been 
used for the other data sets) 

Cards #8   Lift coefficient data 

Cards #9   Drag coefficient data 

Cards #10  Moment coefficient data 

Aerodynamic Coefficient Data Set No. 3 (Include only 
if MTAB>3): 

Cards #11  Data set type card (either ISER = 0 or 
ISER « 1) 
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Cards #12  Data set identification card (MT = any 
number from 1-5 that has not been 
used for the other data sets) 

Cards #13  Lift coefficient data 

Cards #14  Drag coefficient data 

Cards #15  Moment coefficient data 

Aerodynamic Coefficient Data Set No. 4 (Include only 
if NTAB>4): 

Cards #16 Data set type card (either ISER = 0 or 
ISER = 1) 

Cards #17 Data set identification card (MT = any 
number from 1-5 that has not been 
used for the other data sets) 

Cards #18  Lift coefficient data 

Cards #19  Drag coefficient data 

Cards #20  Moment coefficient data 

Aerodynamic Coefficient Data Set No. 5 (Include only 
if NTAB = 5): 

Cards #21 Data set type card (either ISER = 0 or 
ISER = 1) 

Cards #22 Data set identification card (MT = any 
number from 1-5 that has not been 
used for the other data sets) 

Cards #23  Lift coefficient data 

Cards #24  Drag coefficient data 

Cards #25  Moment coefficient data 

' 
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The series coefficients required for an aerodynamic coefficient 
data set are dependent upon the type of representation being 
utilized to determine the two-dimensional lift, drag, and 
moment coefficients and their slopes about airfoil quarter 
chord. For the first type of representation (tables plus 
series), ISER = 0, a series representation is utilized if the 
angle of attack a is not in the ranges represented by the 
tabular data.  For the second type of representation, ISER = 1, 
a series representation is always used.  The various coefficients 
(constants) required for each of these series representations 
is presented in the following discussion where Cl«, C2 , and 

C3 correspond to lift, drag, and moment series constants, 

respectively. 

Lift Coefficient Series Representation (ISER = 0) : 

This representation is used when the condition Cl,<a<Cl2 

is satisfied, where Cl,, which must be >0, is the maximum 

value of the angle of attack, deg, for which the lower 
angle of attack range of the lift coefficient tabular 
data can be used and Cl« is the minimum value of the 

angle of attack, deg, for which the upper angle of 
attack range of the lift coefficient tabular data can 
be used.  If the maximum value of the angle of attack 
in the lower range of the tabular data is not the same 
for all Mach numbers of the table, then the lowest 
maximum angle of attack defining the lower angle of 
attack range of all Mach numbers must be used for Cl.. 

Similarly, if the minimum value of the angle of attack in 
the upper range of the tabular data is not the same for 
all Mach numbers, then the highest minimum angle of 
attack defining the upper angle of attack range of all 
Mach numbers must be used for Cl2. 

As an aid to defining in series form the lift coefficient 
as a function of angle of attack a,   two intermediate 
functions can be defined. These functions are in general 
form: 

Ll(x) = Cl3 + Cl4x + Cl5x
2 + Cl6x

3 + Cl7 

L2(x) = Clg + Clgx + Cl10x
2 

x- 
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Then, the series representation for the two-dimensional 
lift coefficient CL for various ranges of angle of attack 
is defined as: 

CL = Cl  Ll(a) for   Cl <ct<90o 

CL = Cl12Ll(a) for   900<a<1600 

CL = Cl12L2(a) + Cl13(a-160)/20 for 160
0<a<1800 

CL = Cl 4L2(A) + Cl13(200-a)/20 for 180
0<a<_2000 

CL = -C114L1(A) for   20öo<a<270o 

CL - -Cl:rLl(A)   for   270
o<a<Clo 15 2 

where A = 360° - a. 

Drag  Coefficient  Series  Representation   (ISER = 0): 

This  representation  is used when the  condition C2,<a<C2_ 

is  satisfied, where  the C2.   and C2? angles,   deg,  are based 

on  the  upper  and  lower angle of attack  limits  of the 
lower and upper angle of attack ranges  for the drag 
coefficient  tabular data,   respectively,   in the  same 
manner as  the  Cl,   and Cl- angles were determined.     As 
an aid  to defining in series  form the drag coefficient 
as a  function of the angle of attack a,   two intermediate 
functions can be defined.    These  functions  in a general 
form are: 

Dl(x)   =  C23  + C24x + C25x2   + C26x3   + 02^ 

D2(x)   =  C28   +  C29x  + C210x2 

The series  representation for the two-dimensional drag 
coefficient CD for various ranges of angle of attack is 
defined as : 

CD = DKYD   for   C21<a<90
o 

CD = D1{Y2)    for   900<a<1660 

CD = D2(a)    for  1660<a<1800 

• 
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CD » D2(A)     for  1800<a<1940 

CD = D1(-Y2)   for  1940<a<2700 

CD = 01(Y3)   for  270o<a<C22 

where 

yl = <> + (15 - C21) (90-a)/(90-C21) 

Y2 = 180 - (x,   and 

Y3 = 360 - a - {345-C22) (a-270)/(C22-270) . 

Moment Coefficient Series Representation (ISER = 0): 

This representation is used when the condition C31<a<C32 

is satisfied where the C3, and C32 angles, deg, are based 

on the upper and lower angle of attack limits of the 
lower and upper angle of attack ranges for the moment 
coefficient tabular data, determined in the same manner 
as the Cl, and Cl- angles were determined.  As an aid 

to defining in series form the moment coefficient about 
airfoil quarter chord as a function of the angle of attack, 
five functions can be defined. These functions in a 
general form are: 

Ml(x) « C33(30-x)/14 + C34 + C35x + C36x
2 + C37x

3 

M2(x) = C38 + C39x + C310x
2 + C311x

3 + C3 ^ 

M3(x) = C313 + C314x + C315x
2 + C316x

3 

M4(x) = C317 + C318x + C319x
2 + C320x

3 + CS^x1* 

M5(x) = C322(a-330)/(C32-330) - C34 - C35x 

- C36x
2 - C37x

3 

The series representation for the two-dimensional moment 
coefficient about the airfoil quarter chord for various 
ranges of angle of attack is then defined as: 

CM o Ml(a)    for   C31<a<30
o 

CM » M2(a)    for   300<«<1500 
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CM ■ M3(a) for 1500<a<1680 

CM » M4{a) for 1680<a<1800 

CM = -M4(A) for 1800<a<1920 

CM = -M3{A) for 1920<a<2100 

CM = -M2(A) for 210o_<cK330o 

CM = M5(A) for 330o<a<C32 

For the first type of aerodynamic coefficient representation 
(tabular plus series form) the angle of attack a has the 
units of degrees,, and the coefficients required in the series 
representation ere based on this fact.  For the second type 
of aerodynamic coefficient representation, the angle of 
attack a has the units of radians in regard to the symmet- 
rical airfoil series representation and, thus, the series 
coefficients for this type must be based on this fact.  In 
addition to the condition that ISER = 1 for the second type 
(series only), the value of Cl. must be less than zero. 

If the combination of ISER « 1 and Cl.. ^0 is used, the program 

will terminate execution. Since a symmetrical airfoil is 
being represented, only the expressions for the lift, drag, 
and moment coefficients about quarter chord for a between 0 
and TT radians are required to define the necessary constants. 
If a is greater than TT the aerodynamic coefficients are 
determined using the expressions» with a being redefined as 
2T\-(X  and the sign changed on the two-dimensional aerodynamic 
coefficients, as required. 

Lift Coefficient Representation (ISER = 1, C11<0): 

As an aid to defining the lift coefficient the following 
terms can be defined: 

SQT = /I^M7- 

LL = Cl2(l-M)(1+C13) 

LMj^ = [(1-M)C18  +   (ClgM + Cl10)a]/(C111  + Cl^M) 

LM- = (Cl13sina + Cl14sin2a + Cl15sin3a  + Cl16sin4a) 
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where M is the Mach number.  The term LL, with Cl. = 0, is 

the angle in radians at which the lift coefficient curve 
normally becomes nonlinear.  The purpose of Cl. is to 

allow extension of the normal range of linear aero- 
dynamics to a higher angle of attack.  The representation 
for the two-dimensional lift coefficient for various 
angle of attack ranges is defined as: 

CL ■ Cl-a/SQT    for 0<a<LL 

CL = LMj/SQT      for LL<CX<C14 

CL - LM2/SQT     for Cl4<a<Cl5 

CL » (Cl17 + Cl18a)/SQT for Cl5<a<Cl6 

CL » (Cl19 + Cl20a)/SQT for Cl6<a<Tr 

Drag Coefficient Representation (ISER ■ 1, C1.<0): 

As an aid to defining the drag coefficient the following 
terms can be defined: 

DM, ■ C2, + C2,cosa + C2ccos2a + C2,cos3a 13     4 5 6 

+ C2-COS401 

The representation for the two-dimensional drag coefficient 
for various angles of attack ranges is defined as: 

CD » C2. + C22a
2   for  0<a<LL 

CD = DMj^/SQT      for  LL<a<TT 

Moment Coefficient Representation (ISER ■ 1, C11<0) : 

As an aid to defining the moment coefficient the following 
terms can be defined: 

mi  = C36(C37 - (a + C38)/C39) 

MM» > C3,sina + C3-sin2a + C3.sin3a + C3ilsin4a 2 1 2 3 4 

-  .25{LM2cosa + DM.sina) 
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where the first four terms of the last expression above 
define the moment coefficient about midchord.  The repre- 
sentation for the two-dimensional moment coefficient for 
various angles of attack ranges is defined as: 

CM = 0 for 0lalcl4 

CM = MM2/SQT for Cl4<a<Cl5 

CM -  03 /SQT for Cl5<a<Cl6 

CM = MM1/SQT for Cl6<a<Tr 

For this type of aerodynamic coefficient representation 
the lift, drag, and moment coefficient slopes are normally 
determined by use of analytical expressions obtained by 
taking the derivative of the expressions for the two- 
dimensional aerodynamic coefficients with respect to a, 
such that additional constants are not required to define 
the slopes.  However, this is not the case for the moment 
coefficient slope for Cl4<a£Cl1. where the moment coefficient 

expression directly uses the values obtained for CL and 
CD for the lift and drag contribution to the moment 
coefficient about quarter chord.  In this case, the moment 
coefficient slope expression, which is obtained by taking 
the derivative with respect to a of the moment coefficient 
expression with the lift and drag coefficient effects 
represented in series form, requires the definition of 
additional constants.  These constants can be defined in 
terms of previously defined constants as: 

C3 

C3 

C3 

C3 

C3 

C3 

10 

11 

12 

13 

14 

15 

C31 - Cl14/2 - C23/4 - C25/4 

2C32 - Cl13/4 - 3Cl15/4 - C24/4 

3C33 - Cl16 - C27/4 

C26/4 

C3 16 

4C3 

3(C114 + C25)/4 

Cl15 + C26 

5{C116 + C27)/4 
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The modification required to the C-81 format aerodynamics 
data table for use in the HASTA program is discussed below. 
Initially, the table identification card and the title and 
control card are removed from an existing C-81 data deck 
such that only a basic lift coefficient table, drag co- 
efficient table, and a moment coefficient table (in that 
order) remain.  Six cards must be added to the front of 
the resulting C-81 deck.  These are, in terms of previously 
defined data cards, 

1. First Card - Format 1415 - (NTAB) 

2. Card #1 - Format 1415 - (ISER) 

3. Card #2 - Format 1415 - (MT) 

4. Card #3.1 - Format 1415 - (NCC1) 

5. Card #3.la - Format 5E14.7 - (CCS(K, MT,1)) 

6. Card #3.2 - Format 1415 - (NMACHS, NCL) 

which must be added in the order listed.  For C-81 format 
tables ISER (Card #1) must be equal to 81.  The First Card 
and Card #2 are as previously defined. NCC1 (Card #3.1) 
is defined equal to 2 and CCS (1, MT, 1) and CCS (2, MT, 1) 
(Card #3.la) are defined equal to 180.0 and -180.0, respec- 
tively, corresponding to the highest and lowest angle of 
attack included in the lift coefficient table.  Two 
integer values corresponding to the number of Mach numbers 
involved in the lift coefficient table and the number of 
angles of attack involved in the same table, in the order 
mentioned, must be provided on Card #3.2 instead of the 
previously defined value.  After the last card of the lift 
coefficient table but before the first card of the drag 
coefficient table, three cards must be added in the follow- 
ing order:  Card #4.1 (NCC2), Card #4.la (CCS (1, MT, 2), 
CCS (2, MT, 2)), and Card #4.2 (NMACHS, NCL).  These three 
cards are identical in concept to Cards #3.1, #3.la, and 
#3.2 except that they are defined in regard to the drag 
coefficient table.  In fact, NCC2 must be defined as 2 and 
CCS (1, MT, 2) and CCS (2, MT, 2) must be defined as 180.0 
and -180.0, respectively.  Similarly,after the last card 
of the drag coefficient table but before the first card of 
the moment coefficient table, three cards containing 
NCC3; CCS (1, MT, 3) and CCS (2, MT,3); NMACH  and NCL 
must be added. These are defined as 2; 180.0 and -180.0; 
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the number of Mach numbers involved in the moment co- 
efficient table and the number of angles of attack in- 
volved in the same table, respectively. 

If more than one C-81 data set is to be used the additional 
sets would be constructed in the same manner but without 
the First Card, which contains NTAE^ and added to the back 
of the first set.  In fact, the three different types of 
aerodynamic coefficient representations can be utilized 
for one case by noting that the departure path of input 
generation is initiated at Card #1 (ISER). 

DESCRIPTION OF PROGRAM OUTPUT 

The output obtained from the execution of the program is 
dependent upon the type of run, the type of data included 
in the input deck, and the program options activated by the 
various input parameters.  This output may consist of both 
printed and punched output.  For purposes of discussion the 
output can be divided into several basic output groups, which 
are discussed individually in the following sections.  Each 
of these groups may not be outputted or may have various 
parts which may or may not be outputted depending on the 
values used for the input parameters. The dependency of 
output on input parameters is also presented in the discus- 
sion of the various output groups. 

The general sequence in which the basic output groups are 
outputted (overall output flow) for a general computer run 
can be represented by the following steps where the output 
is in printed form unless otherwise noted: 

1. Output of storage array data 

2. Output of program control parameters 

3. Output of aerodynamic coefficient tables 

4. Output of sectional aerodynamic coefficients 
and steady loads 

5. Output of section data 

6. Output of search option information, if used 

7. Output of iteration scheme steps 
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8. Shape vector output (printed) 

9. Shape vector output (punched) 

10. Output groups 7, 8f and 9 are repeated for each 
additional starting eigenvalue inputted or 
obtained from use of the search option for the 
first system configuration (case) of a computer 
run 

11. Output specified by 1 - 10 is repeated for each 
additional system configuration (case) of a com- 
puter run 

where output groups 1-9 are the basic output groups 
that will be discussed in the following sections. 

Output of Storage Array Data 

The first numerical output for a case of a run consists of 
the printout of the basic input deck, which defines values 
for variables of the 2800-element storage array.  This 
output is preceded by a title heading, PRINTOUT OF INPUT 
DATA, and by column headings of the form LOG NUM VAL1 
VXL2  VAL3  VAL4  VAL5.  The numerical printout of all 
storage location input cards follows this last heading in 
the same order in which they are read.  Each printed line 
consists of the initial storage array location number 
(under LOG), the number of variable values on the card to 
be read (under NUM), and up to five variable values, de- 
pending on the value of NUM (under VAL1, VAL2, VAL3, VAL4, 
and VAL5, as required).  The variable values are printed 
in a 5(G14.5,4X) format to aid in the determination of 
whether or not these values are properly aligned on the 
input cards. 

The main reason for this output is to allow the input data 
to be easily checked to ascertain whether or not all of 
these data cards are properly punched.  It should be noted 
that number 8 and number 9 punched control cards are not 
included in this output.  For cases in a run other than the 
first case, this output may be short since only a few mod- 
ification cards may need to be inputted. 
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Output of Program Control Parameters 

The next group of output for a case of a run, which may be 
printed, is that pertaining to the program control param- 
eters.  The output of this group is preceded by the head- 
ing, HELICOPTER AEROELASTIC STABILITY ANALYSIS INPUT 
PARAMETERS, and consists of one page of output.  This out- 
put is not printed if the input number in Location 46 
(corresponding to NPRS) of the control parameter input 
is equal to 0.0. 

The first four lines of this output contain the values of 
various important integer parameters.  The first line prints 
out the parameters NB, NBP, NBSEC, NFSEC, NBC, NHC, NFFB, 
and NAS - corresponding to the input in Locations 17, 18, 
19, 20, 32, 35, 27, and 34, respectively.  It should be 
noted that the integer parameters are obtained by truncation 
of the corresponding input numbers in floating point form. 
The second line contains the values of parameters NFLAP, 
NFEA, NOT, NCON, NES, MAXN, and FUA - corresponding to the 
input in Locations 28, 29, 30, 31, 39, 38, and 16, respec- 
tively.  Also in this line, the value of parameter NSY - 
which is always equal to 100 - is printed.  The next two 
lines provide the values of parameters NEGN, IPCT, NIT, 
MER, NORM, IREM, NEX, NPS, IG, IF, NLEL and MCTY - corres- 
ponding to input in Locations 48, 59, 60, 61, 62, 63, 64, 
65, 67, 68, 170, and 172, respectively. 

The next four lines of this output give the general descrip- 
tion of the rotor configuration being considered.  This out- 
put is self-explanatory, in that 17 short statements, which 
can be thought of as questions regarding the configuration, 
are followed by "yes" or "no" answers.  For example, if 
ARTICULATED SYS NO is printed, the configuration has a flex- 
strap or bearingless rotor system with or without the effect 
of constraint unknowns included - depending on whether 
CONSTRAINT APP is followed by YES or NO, respectively.  The 
"yes" or "no" answers are based upon particular input param- 
eters.  For example: BLADE PHASING YES corresponds to NBP 
input (in Location 18) being non-zero; DISK PLAN CALC YES 
corresponds to NPD (input in Location 15) being non-zero; 
and COLL SPRING IN is followed by YES when the input in 
Location 40 (MSC) is 1.0. 

The statements answered by YES or NO are FLAP HINGE, CONTROL 
TORQUE EQ, PITCH BEARING, ARTICULATED SYS, CONSTRAINT 
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APPlied, FUSELAGE, BLADE PHASING, AERODYNAMICS, GIMBALLED 
SYSM., VARIABLE OUTPUT, DISK PLANE CALCulations, FUSELAGE 
AERO., SWASHPLATE IN, COLLective SPRING IN, VI (induced 
velocity) DISTribution USED, SEARCH OPTION, SHAPE PUNCHED, 
and LEAD-LAG HINGE.  Lower case letters contained above 
have been added for clarification of the statements and are 
not included in the output.  It should be noted that GIM- 
BALLED SYSM.  YES corresponds to either a qimballed or a 
teetering rotor system, with the specific type determined 
by the value printed for NBC. 

The next set of output in this group consists of seven lines 
of output describing ROTOR SPEED, VEL. OF SOUND, AIR DENSITY, 
CRAFT VEL., ANGLE CHI, ANGLE ZETA, THETA GRAV., PSI GRAVITY, 
COEF. C(K), DELTA3, ALPHAl, COLL. ANGLE, GR RATE STEP, FREQ. 
STEP, GRAV. ACC, SHAFT FLEX., STR. DAMPING, F/A CYCLIC, 
LONG CYCLIC, DAMPING OUT, SPUR LENGTH, SPUR EIY, SPUR EIZ, 
C0E1, COE2, and C0E3 - corresponding to input in Locations 
2, 3, 4, 5, 6, 7, 13, 14, 8, 9, 10, 11, 69, 70, 12, 45, 165, 
167, 168, 171, 173, 174, 175, 176, 177, and 178, respectively. 

The next few lines of output give the information regarding 
the control rod and its attachment to the blade.  If the 
rotor configuration is an articulated rotor system (MFLEX=0) 
this output consists of the parameters PHIM(MS), AKCI(MS), 
TAU (MS), SMLA(MS), and DMS(MS) for values of MS from 1 to 
NB - corresponding to input in Locations 71-76, 77-82, 83-88, 
97-102, 103-108, respectively.  But if the rotor configura- 
tion is a flexstrap rotor system (MFLEX = 1 and MCTY = 0), 
this output describes the parameters PHIM(MS), AMKC(MS), 
CTAU(MS), PHIC(MS), THEC(MS), AL12(MS), and ALSTH(MS), for 
values of MS from 1 to NB - corresponding to input in 
Locations 71-76, 135-140, 141-146, 147-152, 153-158, 159-164, 
and 195-200, respectively, and the eight parameters of the 
PHOTT(I) array corresponding to Locations 179-186.  If the 
rotor configuration is a bearingless rotor system (MFLEX = 1 
and MCTY = 1) the same parameters described for a flexstrap 
configuration are described plus the eight parameters of 
the PHWTT(I) array corresponding to Locations 187-194. 

Information concerning the control system ring and its sup- 
port system is printed next if there is a control system 
included (NSP j  0).  The first line of this part of the out- 
put describes the control system ring; torsional stiffness, 
bending stiffness, mass, and radius; in that order.  The 
next output consists of the spring-damper unit support 
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parameters ECHKJ), AK{J), AC{J), and BJ(J) for values of J 
from 1 to NES - corresponding to the input in Locations 117- 
120, 121-124, 125-128, and 129-132, respectively.  In the 
last line of this part of the output, the collective spring- 
damper unit parameters CAPK and CAPC are printed, which 
correspond to the input in Location 133 and 134, respec- 
tively.  It should be noted that these last two parameters 
are outputted independent of the value of MSC, which speci- 
fies whether or not the collective base plate support exists. 

The last lines of output on this page depict the starting 
eigenvalues (both real and imaginary parts) for the normal 
iteration procedure and correspond to input in Locations 
49-58.  One eigenvalue is printed on each line, such that 
the number of lines printed is equivalent to the values of 
parameter NEGN.  If the search option is employed, only one 
eigenvalue is outputted, corresponding to the starting 
eigenvalue for the range of search. 

Output of Aerodynamic Coefficient Tables 

If C-81 aerodynamic coefficient tables are inputted into the 
computer program, these tables, including the cards denoting 
the number of Mach numbers and angles of attack, are printed 
out essentially the same as inputted.  The only difference 
is that the angle of attack value is outputted in a IX, F 6.1 
format instead of F7.3 (as inputted) to avoid dropping the 
first character of the angle of attack value.  It is to be 
noted that if several aerodynamic coefficient data tables 
are inputted only those of the C-81 format will be outputted. 
Preceding this output is a message FOR ISER EQUAL 1 ONLY CCS 
ARRAYS ARE INPUTTED which is printed if ISER is equal 1 or 
81.  If ISER is equal 81 this message should be ignored. 

Output of Sectional Aerodynamic Coefficients and Steady Loads 

This output follows the previous group and consists of the 
printout of two groups of intermixed output.  The first 
group consists of the steady forces and moments acting 
on the next inboard section from the section for which they 
are outputted. Prior to the first force and moment output 
the title STEADY FORCES AND MOMENTS is outputted followed by 
the heading SECTION, N, VY, VZ, T, MZ, MY spaced such that 
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the corresponding values fall directly underneath.  The posi- 
tive direction of these variables corresponds to that defined 
for similar variables in the blade shape vector.  The infor- 
mation is outputted for every blade section. The second group 
consists of the aerodynamic variables for each aerodynamic 
load point position. This output is not printed out if aero- 
dynamics are not included; that is, if the input variable 
MAER (Location 26) is equal to zero.  The size of this out- 
put for each aerodynamic blade section is dependent or. the 
number of azimuthal steps (NAS) used for representing the 
blade aerodynamics. The aerodynamic variables printed for 
each blade aerodynamic section at various azimuthal positions 
of the reference blade and for each fuselage aerodynamic sec- 
tion are, in the order of printing:  angle of attack (ALPHZ), 
Mach number (AMACZ), lift coefficient (CSUBL), drag coeffi- 
cient (CSUBD), pitching moment coefficient (CSUBL), lift 
curve slope (CLALP), drag „urve slope (CDALP), and pitching 
moment curve slope (CMALP) where the aerodynamic coefficients 
printed are two-dimensional. The heading, AERO COEFFICIENTS, 
and the column headings corresponding to the variables speci- 
fied above in parentheses precede the numerical output in 
tabular form. This aerodynamic output for a blade section 
precedes that of the blade section steady loads and moments. 

The order in which these numbers are outputted for a blade 
section will be briefly noted. The first line of aerodynamic 
output is for the blade aerodynamic section at the first 
azimuthal position (reference position) of the blade (corre- 
sponding to iK which equals zero) . Ti?e next line of aero- 

dynamic output is for the blade aerodynamic section at the 
next azimuthal position of the blade (corresponding to ^ 

which equals 2n/NAS). Additional lines are printed corre- 
sponding to the stepped azimuthal positions of the blade 
aerodynamic section until all azimuthal positions have been 
considered. It should be noted that aerodynamic coefficients 
are printed only for those blade sections having aerodynamics 
associated with them. Similar aerodynamic coefficient in- 
formation for support structure aerodynamic sections is 
outputted (there being only one line per support structure 
aerodynamic section). 
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Output of Section Data 

The input for the blade and support structure sections is 
printed on the next four pages of output in the form of 
four tables.  The numbers printed in these tables corre- 
spond to that stored in locations 201 - 2200 as  described 
in the section pertaining to blade/support structure sec- 
tion input.  Preceding the first table, the heading, SECTION 
INPUT DATA, is printed followed by another heading specify- 
ing the order of the application of structural sections of 
the blade and fuselage - which is 'ORDER OF SECTIONS:  BLADE 
TIP (SECTION 1) TO HUB, THEN FROM FREE END OF FUSELAGE (SEC- 
TION 1) TO HUB*. 

On the first page of this output, the section number, the 
values of parameters Ml - M7 which denote the transfer mat- 
rices associated with a section, and the values of the param- 
eters m, e  , h  , h  , I , and I  for each section are 

outputted under similar column headings.  Section parameters 
described on page two for each section are, in order: 
Iz/ *» 9/ *# L, ^f, ef, and 6, where these parameters are 

outputted under similar column headings. Page three of the 
output describes c, v., xxxx (GJcs), L , El , El , El , and 

X 6     X     y     Z 
P., for each section where these parameters are outputted 

under similar column headings. PT is the steady centrifugal 

force acting on the section due to rotation of the blade and 
depends upon the magnitude and distribution of masses out- 
board of the blade section. It may be noted that P., for 

fuselage sections is zero. The fourth group of output de- 

scribes, in order:  6x, 6y, 6z, NQ, Vy0, Vz0, K^
1, K'

1
 , 

K~ , T - T . T , and K for each section with the values 

given under column headings similar to the variables. The 
values for NQ, Vy0, and VZQ will always be 0.0 since these 

are the steady forces now determined internally in the pro- 
gram. 

This tabular form of output of blade and support structure       , 
section data provides a convenient form for checking the 
sectional input to ascertain if the blade and support struc- 
ture representation is as desired. 
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Output of Search Option Information 

This set of output provides information regarding the value 
of the final matrix determinant for each trial eigenvalue 
specified in the use of the search option procedure by in- 
put of the initial stability and frequency values, the size 
of the stability and frequency steps, and the number of 
stability and frequency steps. 

For each trial eigenvalue, a set of three numbers in double 
precision (first and last numbers being complex) are printed, 
which are components of the resulting final governing matrix 
determinant.  The numbers printed with descriptive labels are 
the program variables in the order DTPHAS, DTLG10, and 
DPIVOT:  where the determinant A is defined as 

A = DTPHAS*DPIVOT*10 (DTLG10) 

The quantity DTLG10 is representative of a factor removed 
from the determinant in the process of reducing the deter- 
minant matrix to the one which has diagonal elements with a 
complex absolute value of 1 and DTPHAS and DPIVOT are com- 
plex numbers resulting from obtaining the determinant of 
this resultant matrix. 

This information is followed by the output of the trial 
(initial) search option eigenvalue and the value of the 
determinant with descriptive labels.  It is to be noted that 
due to size limitations, a factor (multiples of 10**20) is 
removed from the calculation of the determinant to prevent 
overflow problems.  Thus, for purposes of output the matrix 
determinant is defined by the equation 

1=  DTPHAS*DPIVOT*10 (DTLG10-IFAC*20.) 

where IFAC is the integer number of times 20 can be divided 
into DTLG10.  Thus, a factor 10**(IFAC*20.) has been removed 
from the determinant before printout.  When the above in- 
formation has been outputted for all trial eigenvalues the 
possible starting eigenvalues that are obtained will be used 
in the iteration procedure. However, if there are not any 
possible starting eigenvalues in the region scanned, then a 
message that there are no eigenvalues in that region is out- 
putted. 

The main purpose of the output provided for the search op- 
tion procedure is to allow the user to ascertain if possible 
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roots may have been missed or if there may be an eigenvalue 
in a neighboring area based on trends observed in the deter- 
minant values as a function of stability and frequency values. 

Output of Iteration Scheme Steps 

This set of output is the pertinent information regarding the 
iterational procedure such that the program behavior from one 
iteration to the next can be observed. 

The first line that is printed under this group of output by 
the program is as follows: 

XXX VALUES OF UPDATED LAMBDA MATRIX 

where in place of the xxx the actual number of values is 
printed.  The numbers printed after this heading are the 
trial eigenvector quantities which are the approximations 
to the non-zero solution unknowns.  It is to be noted that 
these are initially assumed to be unity and are updated by 
the correction quantities after each iteration and printed. 
Once the program has converged to an eigenvalue, there 
should be no significant change in these quantities.  There- 
fore, the printout of this information provides an additional 
check on the program convergence to an eigenvalue. The ini- 
tial set of trial eigenvector quantities is followed by the 
printout of the three determinant components,  DTPHAS, 
DTLG10, and DPIVOT, for the starting eigenvalue. The func- 
tionality of these variables was discussed in detail in the 
previous output section. After the output of this infor- 
mation on the first iteration (ITI - 0), the initial eigen- 
value and corresponding modified (i.e., a factor removed as 
discussed in the previous section) determinant value are 
printed. 

The updated LAMBDA MATRIX for the second iteration (ITI* 1) 
is then printed, followed by the listing of determinant com- 
ponents (DTPHAS, DTLG10, and DPIVOT) for the second trial 
eigenvalue.  The eigenvalue and modified determinant value 
on the second iteration are not printed, but are outputted 
as the LAST values on the third iteration. 

The output for each iteration above the second iteration 
(ITI > 1) has the following form: 

. 
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1. Updated LAMBDA MATRIX is printed. 

2. The three determinant components (DTPHAS, DTLG10, 
and DPIVOT) are listed. 

3. The three numbers describing the last modified 
determinant value, current modified determinant 
value, and eigenvalue convergence are printed. 

4. The three numbers stating the last eigenvalue, 
current eigenvalue, and next eigenvalue are 
printed. 

The three determinant components (2.) correspond to the 
CURRENT eigenvalue and determinant.  The heading LAST refers 
to the values on the previous iteration.  The NEXT eigen- 
value is based on the interpolation of CURRENT and LAST 
values.  It is to be noted that the possibility of the 
value of IFAC changing from one eigenvalue to another has 
been compensated for in the interpolation scheme. The 
convergence value is based on the change of eigenvalue from 
the current eigenvalue to the next eigenvalue relative to 
the current eigenvalue.  Also, it may be noted during suc- 
cessive iterations that the normalized quantity in the up- 
dated LAMBDA MATRIX remains equal to one. 

As the program iterates to a solution eigenvalue, the cur- 
rent modified determinant value will become smaller and 
approaches zero in the limit (at an eigenvalue). Further- 
more, the difference between the current eigenvalue and the 
next eigenvalue, as predicted by the program, will approach 
zero.  The last iteration will show eigenvalue convergence 
being less than (.1) ** MER, indicating that the eigenvalue 
has converged to within the prescribed accuracy.  (Note that 
MER is the input parameter in Location number 61.)  If this 
is not so, then the program ran out of iterations (pre- 
scribed in the input by NIT). As an example, consider the 
following sample printout of the last step of an iteration 
where the following is outputted: 

LAST DETERMINANT VALUE =-0.688730D-06-0.344391D-06 
CURRENT DETERMINANT VALUE =-0.570891D-09 0.161642D-09 

EIGEN VALUE CONVERGENCE » 0.104667E-08 

LAST EIGEN VALUE »-0.250890D 02 0.177439D 03 
CURRENT EIGEN VALUE —0.250888D 02 0.177439D 03 

NEXT EIGEN VALUE =-0.250888D 02 0.177439D 03 
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Here, it is obvious that the eigenvalue has converged to a 
value of (-25.0888+177.4391), rad/sec, and the last eigen- 
value convergence is less than (.1)**MER where MER is taken 
as 7. 

After the program has converged to an eigenvalue, or if it 
has reached its upper limit on the number of iterations, 
then the following title for the shape vector output group 
(discussed in next section) is printed out: 

AEROELASTIC STABILITY 
STATE VECTORS 

Shape Vector Printed Output 

The shape vectors for the blades and fuselage are computed 
and printed after the eigenvalue has converged to a solu- 
tion eigenvalue or the maximum number of iterations allowed 
has occurred.  The shape vectors are printed out after the 
last iteration whether or not convergence has been obtained 
because quite often, even though the eigenvalue convergence 
is not within the prescribed accuracy, the convergence may 
be very close to that desired and the shape vectors may be 
quite satisfactory if they satisfy the boundary or matching 
conditions at the hub.  It should be noted that the degree 
to which the boundary conditions are satisfied anr' the de- 
gree of convergence obtained determine the validity of the 
results of a run.  The main reason a converged eigenvalue 
for a specific case may not be obtained before the number 
of allowed iterations has occurred is that the starting 
eigenvalue may not be sufficiently close to an actual solu- 
tion eigenvalue of the system of interest.  Quite often 
fairly good guesses are needed to assure that the starting 
eigenvalues converge to the proper solution eigenvalues. 

The printout of the swashplate (control system) displace- 
ments and the shape vectors (or mode shapes) of the blades 
and support structure will be presented assuming ±l/rev 
interharmonic coupling (NHC = 1) to be involved in the pro- 
gram run.  The swashplate ring deflections/ if NSP ^ 0, are 
printed out following a general heading, SWASHPLATE DEFLEC- 
TIONS, and separated into sets corresponding to a particular 
shifted frequency by headings of the form,  p PER REV., 
where p goes from a value of +NHC to -NHC.  It should be 
noted that a positive value of p corresponds to an upward 

208 



shift in the frequency (for example, if p is equal to +1 
the output corresponds to behavior at 1/rev above that of 
the frequency obtained on solution).  Under each of these 
headings are printed the corresponding p/rev frequency 
shifted Fourier spatial harmonics of the swashplate motion 
in the order of the harmonics going from +NMAX to -NMAX, 
where the particular spatial harmonic is specified (with 
the opposite sign) in the printout. Thus, for NHC = 1, the 
swashplate information is printed out in the following o^der; 

1. +NMAX to -NMAX spatial harmonics of 
swashplate displacement for p = 1 
corresponding to a +l/rev motion rela- 
tive to the main frequency 

2. +NMAX to -NMAX spatial harmonics of 
swashplate displacement for p - 0 
corresponding to a motion at the 
main frequency 

3. +NMAX to -NMAX spatial harmonics of 
swashplate displacement for p = 1 
corresponding to a -1/rev motion 
relative to the main frequency 

The next set of output is the printout of the blade shape 
vectors. The shape vector printout for NHC = 1 can be 
listed in the order of output as 

1. heading, BLADE 1 +1 PER REV SHAPE 
VECTOR (LOCAL AXIS SYS.) 

2. +l/rev mode shapes for blade 
number 1 in the local section coordinate 
systems where k is -1 but motion is 
1/rev above the main frequency 

3. heading if NPD is 1 (corresponding to input 
Location 15), DISK PLANE AXIS SYSTEM 

4. +l/rev mode shapes for blade 
number 1, if NPD is 1, in the disk 
plane axis system (rotating hub coordinate 
system) where k is -1 but motion is 
1/rev above main frequency 
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5. heading if NPD is 1 (corresponding to 
input Location 15), DISK PLANE AXIS 
SYSTEM - POLAR COORDINATES AMPLITUDE 
AND PHASE ANGLE 

6. +l/rev disk plane mode shapes for blade 
number 1, if NPD is 1, in polar form, 
where motion is 1/rev above main frequency 

7. steps 1 thru 6 are repeated for blade 
number 2 (only if NB > 2), blade number 
3 (only if NB > 3), etc. 

8. steps 1 thru 7 are repeated for the 
blade mode shapes at the main frequency 
(p = 0) 

9. steps 1 thru 7 are repeated for the blade 
mode shapes 1/rev below the main frequency 
(p = -1) 

The blade shape vectors are printed out for all the blade 
sections with four sets of three columns each for the local 
coordinate system values and disk plane values with the sets 
in the following order: 

1. radial, inplane, and vertical 
blade deflections 

2. torsional, vertical bending, and inplane 
bending slopes 

3. radial, inplane shear, and vertical 
shear forces 

4. torsional, vertical bending, and inplane 
bending moments 

Each column has a descriptive heading specifying the variable 
listed in the column and the positive convention of the vari- 
able.  The state variable values for a blade section are the 
values of the variables acting on the outboard end of the 
next inboard section.  If NHC is equal to zero only 0/rev 
shape vectors are involved and printed. 
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The blade shape vector output is followed by the printout 
of the support structure mode shapes if the configuration 
includes a support structure (i.e., MFUS = 1 corresponding 
to input Location 33).  This printout can be listed in the 
order of output as 

1. heading, +1 PER REV SHAPE VECTORS ON 
THE FUSELA. STRUCTURE (LOCAL AX) 

2. +l/rev mode shapes for the support 
structure in local section coordinate 
systems where k is -1 but motion is 
1/rev above the main frequency 

3. heading if NPD is 1 (corresponding to 
input Location 15), FUSELAGE REFERENCE 
AXIS SYSTEM 

4. +l/rev mode shapes for the support 
structure relative to the fixed support 
structure coordinate system where motion 
is 1/rev above main frequency 

5. heading if NPD is 1 (corresponding to 
input Location 15), FUSELAGE REFERENCE 
AXIS SYSTEM - POLAR COORDINATES 

6. +l/rev mode shapes for the support 
structure relative to the fixed support 
structure coordinate system in polar form, 
if NPD is 1, where motion is 1/rev above 
main frequency 

7. steps 1 thru 6 are repeated for the 
support structure mode shapes at the 
main frequency 

8. steps 1 thru 6 are repeated for the 
support structure mode shape 1/rev 
below the main frequency 

The support structure shape vectors are also printed out for 
all support structure sections with four sets of three col- 
umns each for the local coordinate system values and fixed 
support structure coordinate system values, with the sets 
in the following order: 
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1. axial, vertical, and lateral support 
structure deflections 

2. torsional, lateral bending, and vertical 
bending slopes 

3. axial, vertical shear, and lateral shear 
forces 

4. torsional, lateral bending, and vertical 
bending moments 

Each column has a descriptive heading specifying the variable 
listed in the column and the positive convention of the var- 
iable.  It should be noted that in these headings the nota- 
tion, INPLANE, has been used to denote the lateral direction. 
The positive convention for the twist in the reference axis 
system is for the top of the structure to the left.  Basic- 
ally, the variable values outputted for a support structure 
section are the values for the variables acting on the hub- 
ward end of the section in the positive axis directions. 
For both the support structure and blade mode shape output, 
the section numbers are also printed in an adjacent column 
to allow easy association of results with the section to 
which they correspond.  If NHC is equal to zero only the 
0/rev shape vectors are printed. 

The printout of the blade shape vectors and the support 
structure shape vectors, if a support structure is modelled, 
is the last printed output associated with the results ob- 
tained for a given starting eigenvalue. From this shape 
vector output the convergence of the eigenvalue could be 
verified, if desired.  Normally, when the program converges 
to an eigenvalue, all of the boundary conditions at the hub 
are satisfied. One of these boundary conditions can be 
easily checked from the printed output. The blade deflec- 
tion denoted by UBZ at the blade root (hub section) of each 
blade in the local coordinate system (or disk plane, since 
the variable values at hub section should be independent 
of coordinate system) should be equal to the support struc- 
ture deflection denoted by UBX at the last section (hub sec- 
tion) of the support structure in the local support structure 
axis system. The remaining blade root variables and support 
structure variables at the hub may also be checked for match- 
ing of boundary conditions, but the equations describing the 
hub boundary conditions involve combinations of -1/ rev. 
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O/rev, and +1/ rev frequency-shifted shape vectors due to the 
transformations from the blade rotating system to hub fixed 
system and vice versa. 

Shape Vector Punched Output 

The computer program provides the blade and support struc- 
ture state variable information in punched card form if IPU 
(corresponding to array Location 166) is equal to 1.  The 
punched output includes all state variables (shifted and 
unshifted) determined for all blade sections of all blades 
and all support structure sections. The punched data is 
generated with the use of a (15, 3(1X,2(1PE12.4})) format 
such that each card contains the section number and three 
state variable values in the same order as they are printed. 
For every row of printed state variable output a punched 
card containing the same information is generated.  The 
order in which the state variable information is punched 
coincides with the order in which all of the blade and sup- 
port structure state variables are printed. This program 
capability was added to allow the state variable informa- 
tion to be available after a run for subsequent use. 
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SAMPLE INPUT 

Bearingless Rotor Case 

2011 
251« 
301« 
351« 
«014 
«51« 
501« 
551« 
601« 
651« 
701« 
751« 
801« 
851« 
901« 
9515 
10023 
10521 
11071 
1151« 
1201« 
125t« 
1301« 
1351« 
1«01« 
l«5l« 
15014 
1551« 
16014 
16514 
17021 
2055 
2965 
1085 
3585 
4089 
4989 
9089 
9989 
6089 
6989 
7089 
7989 
8089 
8989 
9089 
9989 
11989 
12089 
12989 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 
0070792 
0083197 
0080139 
0060139 
0078979 
0077380 
0077380 
0077380 
0077380 
0077380 
01)4267 
0077380 
0089997 
0116129 
0129993 
032923 
0089010 
0097872 
0020748 

i.o 
i.o 
i.o 
1.0 
l.o 
1.0 
1.0 
1.0 
l.o 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.0 

1.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0 

•.6159 
-.6199 
•.6199 
•.6199 
•.6199 
-.6199 
•.6199 
•.6199 
• .6199 
•.6199 
•.6199 
-.6199. 
•.18618 
•.01991 
•.11217 
0.0 
0.0 
0.0 
0.0 

0.0 l.o 
0.0 1.0 
0.0 1.0 
0.0 l.o 
0,0 1.0 
0.0 i.o 
o.o i.o 
0.0 1.0 
0.0 1.0 
0,0 i.o 
0.0 1.0 
0.0 1.0 
0.0 i.o 
0,0 l.o 
0,0 l.o 
l.o 

0,0 i.o 
0,0 1.0 
0,0 i.o 
0,0 l.o 
0,0 i.o 
0.0 l.o 
0,0 1.0 
0,0 l.o 
0,0 1.0 
0,0 1.0 
0,0 1.0 

l»3f .60991 
185. .60991 
IT4, .60991 
164, .60991 
194. .60991 
l«9. .60991 
1)9. .80991 
129. .80991 
116. .60991 
106, .80991 
9*. .60991 
8T, .60991 
77, .60991 
*7. .60991 
98. .60991 
91. 0,0 
48, 0,0 
«1. 0,0 
)8. 67400 0,0 

1.0 

.024 
«048 
.0484 
.048 
.048 
.046 
,046 
«046 
,046 
,046 
.09) 
.046 
«049 
.0)1 
• 019 
.067 
• 0)4 
• 010 
.011 
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130Ö5 
13585 
14085 
14585 
1S065 
15585 
16085 
16585 
2141 
2641 
3141 
3641 
4141 
4641 
5141 
5641 
6141 
6641 
7141 
7641 
6141 
6641 
9141 
9641 
11641 
12141 
12641 
13141 
13641 
14141 
14641 
15141 
15641 
16141 
16641 
2764 
3264 
3764 
4264 
4764 
52*4 
5764 
6264 
6764 
7264 
7764 
626« 
6764 
926« 
976« 

,002059(1 
.0020697 
,0021199 
,0022519 
,0044613 
,0154515 
,0444966 
,0260251 
.024216 
,046432 
.046432 
,046432 
,048432 
,046432 
,046432 
,046432 
,046432 
,046432 
,053236 
.046432 
.045456 
.031465 
.019626 
,067765 
,034662 
,030316 
,012693 
,010097 
,007622 
,007141 
,007547 
,013266 
,026026 
.362516 
.340449 
9,6665 
9,6665 
9,6665 
9,6665 
9,6665 
9,6665 
9,6665 
9,6665 
9,6665 
9,6665 
9.6665 
9,6665 
9,6665 
9,6665 
6,5560 

0.0 33,63975 0,0 ,010097 
0.0 29,00550 0,0 .007622 
0,0 24,17125 0,0 ,007141 
0,0 19,33700 0,0 .007547 
0,0 14,50275 0.0 .013266 
0,0 9,66650 0.0 .026026 
0.0 4,63425 0.0 .362516 
0,0 0,0 0.0 ,340449 

360000E+07 
360006E*07 
360000E*07 
360000E*07 
360000E*07 
560000E+07 
S60000E407 
360000E*07 
360000E*07 
360000E407 
3610001607 
5S6SOOE607 
2175500E*07 
3596600E*07 
«511SOOE607 

,2360000E*07 
,2360000E407 
,2360000E*07 
.2360000E+07 
,2360000E*07 
,2360000E*07 
,2360000E*07 
,23600001*07 
,2J60000E*07 
,2J60000E*07 
,2J60000I*07 
,2550100E*07 
,197«IOOE*07 
,5664S00E*07 
.10766001606 

,59«0000E606 
,5940000E*06 
,59«00O0E*06 
,5940000E*06 
.S960000E606 
,59«00OOE*06 
,59«0000E*06 
,59«0000E606 
.S960000E606 
,S9«0000E606 
,59«0000E*O6 
,5667500E606 
.5496600e*06 
,50«7«00E*06 
,6«60600E*06 
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Iü26ü 2.4750 
11764 0.6S7S 
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• .007 •,0075 -.0075 -.012 -.01 -.013 .00« 

-.0075 •.0084 •,0084 -.0105 ••009 •.012 •.'027S 

-.008 • ,009 •,009 • .009 ••006 •.ois -.'osis 
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1. 

2. 

3. 

a, 

5, 

6| 

7, 

8. 

9, 

10. 

11. 

12. 

13. 

I«. 

U. 

25. 

«0. 

60. 

«0. 

us. 
140. 

160. 

166. 

IT«. 

176. 

-,oa3S . ..057 
-.0065 < ..0085 - 
-.05 ..0615 
-.009  . .,009  . 
-.0505 • ..068 
-.0093 « ..0093 - 
-.051  . ..072 
-.01 ..0095 - 
-.0655 • .,0745 
-.01 ..009  . 
-.0025 • .,0805 
-.0115 • .,0075 - 
-.0935 ' ..085 
-.013  • .,0045 - 
-.099  . ..091 
-.015  • ..0005 - 
-.104  • .,096 
.006 .006 
-.1066 • •.1009 
.0125  . .0125  • 
-.1137 . .,1058 
.0135  . .0135  , 
-.1186 . •.1106 
.0035  , .0035  . 
-.1235 . '.1155 
-.0165 • •.0185 - 
-.1285 • •.1205 
-.0435 • ..0435 - 
-.1335 • •.1255 
-.102 • •,102  - 
-.H3 . •.1354 
-.175 . •.175  . 
-.175 • •.175 
-.29 ..29  . 
-.29 •.29 
-.43  • ..43   - 
-.43   • ».«3 
-.58 ..58  - 
-.58 ..58 
-.63  • ..63  - 
-.61   • ..61 
-.55$ • ..555  - 
-.555 • ..555 
-.43  « ..43   - 
-.43  . •.«3 
-.38 ..38  - 
-.38  • •.38 
-.19 ..39  . 
-.39  . •.1« 
-.28  • ..28  - 

.0083 

,0087 

.009 

,0095 

,009 

.0085 

,0078 

.007 

.006 

.003 

001 

0035 

.005 

.0565 

.0885 

.175 

.29 

.«3 

.58 

.61 

.555 

.«1 

.38 

.19 

.28 

-.009  . «.0088 . .,0075 . ..0125 . ..0505 - 

-,009  . ..OOBS . .,007  . -.025  < ..0515 - 

-.0076 « .,006  • .,011  • ».0415 . -.0525 - 

-.006  • .,0035 • .,0225 • .,0525 . ..057  - 

-,0024 • .,005  • ..04 «,0605 • ..076  - 

J.     • •,015  • .,0505 • .,067  • •.083  • 

,0005  • .,031  . .,05*  • •.0755 . ..0785 • 

-,011  • .,0425 . .,077  • .,082  • ..089  - 

-,0223 . .,0525 . .,082  • .,0«9  . ..09«  • 

-.0315 - •,0624 . ..0869 • «.096  • ..0989 . 

-.0415 • •.0723 • .,091« • ..101  . ..1028 - 

-.0514 . •,0822 . .,0966 ■ •,1058 . ..1087 - 

-.0613 • •,0922 • ..1017 • .,1107 . •.1137 - 

-.0612 • •,1023 • •.1065 • •,1157 . •.1186 - 

-.0912 • •,1122 • ..1165 • •,1252 . •.1285 - 

-.175  • .,175  • • .175  • •.175  • •.175  - 

-.29  . ..29  . ..29   . ..29   . ..29   - 

-.43  . • .43   . ..43  . •,43 •.«3   - 

-.58  . ..58   . ..58   . •.5« ..58   • 

-.63  • ..63  . .,61   . ..63   • •.63   - 

-.555 • ..555  • .,555  • ••555  • ..555 • 

-.41   • .,43   . ..41   . .,41   • ..43   - 

-.18  • ..38   . ..18   . ',38   • ..58  - 

-.19   « •.19   . ..19   . •.19   . -.39  - 

-.28  • >.28   . ..28   . •.28   . ..28  - 

.0235 

.'0 37 

."0175 

:o6 

."08« 

.'0975 

.09 

.097 

.'102 

.1068 

.'ill« 

.'1167 

.'1215 

.1266 

.1365 

.175 

.29 

.43 

.58 

.63 

.555 

.43 

.38 

.39 

.28 
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160. 
-.2» • .26 
• •04 • .04 
-.04 -.04 

• .04 '.04 '.04 • .04 '.04 ..0« -.04 
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SAMPLE  OUTPUT 

Bearingless Rotor Case 

lOCeOOOOOOO«OOOOOOOCOQ04 

« C  O O O 4 

•«0»^*OS»»«tf»4»«>OT-»^l*»* 

3 ooooooooooooooo      o                 o  —•. — —-••-.-. —-. — -»««or- 
aM OOOOOOOOOOOOOOO       O                    O  »♦»»•■•■»♦^#»«' ••-«-• 
jr j ooooooooooooooo     o                o m**vn*i*t***mmifn*w**m-r* 
M« ooooooooooooooo                  O                                                   O      ••«••«••■•■»••««•«•••»••«•Ifl*« 

> ■•••••••«»*••■    «O                   «000003000     •        «««««««•««««-««-•««OOOOOOOOOO 
h. «• ««^ •«•**•*•***•*«*« MM^M  •        .«•••••••• •—      ■•••«•••••••••••••«•••••• 
O ••••••Itllttftt 
t- 
s 
»- 
z 
»-• *¥ ni «•«• «• rti «l «i «• rtl-• Of «i-*•*-* n# w flt «»«*«•«• rti-* 
•r e e e e o o o o o o o e o o o o o o o o o o o oo 
•. ••■••(•••••••••itftiiiiia 
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g*f*. 1\ 

••*•*»»•» • •••«•»-•»»»►•»-»'•••H»»! 

O C O O O 4 

o o o 
• • ♦ 

• «•-••<•» «c 

e o e 
♦ ♦ ♦ 
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« • • w mm e o* o o •• 
o M« e •« 
m ««• • • » r • 

o 
♦ 

ts 

o o     o * •     • 

IW   • •      • 
t • 

■ t ■ ■ • • • 

i«   • o o o   «o   «eott»« » — « O « O O       OOOO« too««   «  ■   «»»tflMM      •«        •••004 

>M   •   •   ••••    ••«•••«•(«   «MM.«. 

•• •• .«MM MMMM      Af O-«MMM « « tHIA •• t >M« ««««« 
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653 1.0000 
703 1.0000 
753 1.0000 
803 1.0000 
853 1.0000 
ibb i.oooo 9,6685 
318 1.0000 9.6685 
368 1.0000 9.6665 
«18 1.0000 9,6685 
«68 i.oooo 9.6685 
518 i.oooo 9.6685 
568 1.0000 9.6685 
618 1.0000 9.6685 
668 1.0000 9.6685 
718 1.0000 9,6685 
768 1.0000 9,6685 
818 1.0000 9,6685 
868 1.0000 6,3('07 
^72 3.2659 10.6^0 
322 3.2659 10,6«0 
372 5.2659 10.6<'0 
«22 3.2659 10,6«0 
«72 3.2659 10,640 
522 3.2659 10,6«0 
572 3,2659 10,640 
622 3.2659 10.640 
672 3.2659 10,6«0 
722 3.2659 10,640 
772 3.2659 10,640 
822 3.2659 10,640 
872 3.2659 10,6«0 

3 13«03. ,ll«63C-06 
6 1,5706 .0 

26 1,0000 
3« 16.000 

27« 513.97 
32« 513.97 
37« 513.97 
«2« 513.97 
«T« 513,97 
52« 513,97 
S7« 513.97 
62« 513,97 
67« 511,97 
72« 511,97 
77« 513,97 
62« 513,97 
d7« 513,97 
U7 ,164l0e«02 .500901*02 
211 •1,6519 
261 •1,7112 
111 •1,5720 
361 •1,4291 
«11 •1,2644 
«61 •1,1366 
511 •«96641 
$61 •,61160 
611 •,67972 
661 •,52502 
711 -.37095 

,60000 
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oni»«<ma • « xw» n« «MO 

•        «w        • 

oooooooooo • ••••>•••• 
o «   •        o a mm o o        »» o 

ooooooooeoooooooooooooo oooooooooo 

«r      All 
•  •* 

WWhlWWWWWWMIIIillbiWtollUWWWIIIhllüW 
■ r-i-i~»o«i#iirii>»-Ki<w«>«f-K»ni«»«ii»««»oiK»»»» 
'ooo.>M»>in«»->a»9«oi«i»«««n»M>-nioiiir-K >iri/>i«>xKmninm«»in»<ii>«K»nitfir~»v»r~mr-«»» 
'►KKni«nieni«iiiinni««a««i(iininiiiipipi»in«MMM 

» •-x o O 9 « HI m o    «04 
M ——oor^^lwAIMKO« 

i MMM» »ininMNiiiw • 

> oee • »moo 
>eoo »MVOO 
loom mmmo  • 

IM«M«M«M«_«X«X«. |I<M«M«M«M«<»SM«a»«W«MS«<«M«M'l 
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ibb 
Üb 
Sbb 
«16 
abb 

bbb 
bib 
bbb 
71b 
7bb 
ölb 
Bbb 
^Ib 
9bb 
101b 
llbb 
Ulb 
I2bb 
131b 
libb 
l«lb 
l«bb 
151b 
Ibbb 
Iblb 

5b 

UB 
49 
54 

.3Obl0E-0l 
,3nbl0E-0l 
,3l25äE-0l 
,32839f.0l 
,35ll8F-0l 
,37b49E-0l 
,«0028F-0l 
,4l928E-0l 
.a3264F-0l 
.45907F-01 
,43«53E-0l 
.42989E-01 
,41268F-0l 
.387091.01 
.35435E-01 
•34803F-01 
.34803E-01 
.34803E*01 
,3044U-ei 
,3oa4lf-Ol 
.24709E-01 
.24709F-01 
,16297E-01 
,16297E-01 
.67200E-02 
.67200^-02 
.18700E-02 
• 0 
2,0000 
I.0000 
14.600 
48.600 
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m*ia o o o      o o 

o o o      o«l 
■ •- a    >*• 

m-m m *. ^ « =>» » « 
z *. z 

•- O« 
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o a v •-• kl 
o •* _»•- > hi* «t» 

m m m • •- _l Ä   3 
-J •- O fct c 

m m m m—o 
■x m. 
O * i-t «r           z 
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ta<>  M « •» ^ 4  X  M 
to. •» w S « C X « o 
* 7 7 • 

OOfci 
y X > 

O -» ■•         -rr- o           » o o 
»- » z 1             • o « 
w«o •-• Ml            ► WW 

■   V   ■ > Kt            • o o 
OM t> 
w     z «■ •- •   •- • o 
1- o »« •" o o  « o o 

X X ■« fc*« —        m-m 
U M |U -1 -J» •        rt      • 
z •« a 3 -J •» 
-p i •-• 1J -« 
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m. «-o 

o mto « o o 
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*      o o o o 
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O       O -> o o 

w« a 
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z z z 

•-. o » r- 

•-» •*        O -I 
m at     «J UM 

mm zu     -i > •- 
OUtelO        W        *-•        Ukl 
z>->-z       C « •«• • 

•- X » « ar 
« w ft. « z 3 

iti     »-* x -j » o a 
a     zu     «•'•tfaj«» 
z « •-• z 

■E MMX 
■« x »- -«i^ 
w « « t» « e 
• Z   _!< O « « 

>-   •   J O -«lu 
X O X   • O o o 
o o n o oooooa O O M 

hi z 
«a » »- 
k. t_i k> »- 
z Z X Cl 

-« o m o 

•S •- K l»i 
31 U *-* -I 
Z  Z  Z   7 
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• O »-        *W 

3« 
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ft  Z 

a o o c      o _* 

ft. w u 
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ift a. tu z ui tr ' 
■« >   «  O ft.  I 
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hi ft. 
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3 X «I « O 
h. 19 o » o 

» r^ e 

» o tft < 

i Z X 
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• o « ft 
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o X 
»r •- 
X A 

■  ft ft  ft 
>• 9- ft. ft >- »- >-»- 
hlO kilt» 

«  • 
r o 

« ft ■ ft 
* ft 

UX U X 
« « ■• ■« 
W t> hi <3 

O 9 ft ft *- ft 
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-««I 

O       »» ft M 
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o      -«nt m 1C 

u. mt^ 
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•-•** -Jhl 

233 



AERO TABLES 

11 

180, 0 

IT«, 0 

170, Ü 

166, 0 

133. 0 

113, 0 

•SO, 0 

-36, 0 

-20, 0 

•15, 0 

-13, 5 

-12. 0 

• 9, 5 

■5 .5 

•«( .0 

-2, .0 

ml .0 

.0 

.0 

i0 

• 0 

• o 

• 0 

10 IO 

11 • 0 

12 • 0 

IS • 0 

FO« 
39 
0,0 
0,9000 
o.oaoo 
0,0400 
Ü.bSOO 
0,6500 
0,6500 
0.6500 
0,6200 
0.6200 
0,8650 
0.6650 
0,6350 
0,6350 

• 0,6900 
•0,6900^ 
-l.iaoo. 
-l.iuoo- 
-0,9600- 
•1,0100- 
-1,1650- 
•1,0100-1 
•1,2200.1 
-1,0100-1 
-1,0950-1 
-1,0100-1 
-0,8900-* 
-0,9470- 
-0,4700- 
-0,4100- 
-0,3120. 
•0.2200. 
•0,1000. 
•O.OSSO^ 
0.0 

•0,0150. 
0,1100 
0.1100 
0,1200 
0.3900 
0,4250 
0,9200 
0.5100 
0,6300 
0.7420 
0,9200 
0.9500 
1,1900 
1.1650 
1.1900 
1.2610 
1.1900 
l.STSO 
1.1900 
1.4100 

ISER EQUAL 1 ONLY CCS ARRAYS 

3000 0,4000 0,5000 0,6000 
0000 
0400 0.0400 0.0400 0,0400 
0400 
6500 0,6500 0.6500 0,6500 
6500 
6500 0,6500 0.6500 0.6500 
6500 
6200 0.6200 0.6200 0.6200 
6200 
6650 0.6650 0.6650 0.6650 
6650 
6350 0.6350 0,6350 0.6150 
6350 
8900-0.8900.O.e^OO^O.890 0« 
6900 
1400-1.1400.1.1400-1,1400« 
1400 
0300-1.0700-1.1300-1,1400< 
1400 
2250-1.2650.1.2300-1.1300« 
3400 
2800-1.3300-1.2600M. 1200« 
1400 
1S00-1.2000-1.1400^1.0920« 
2500 
9300-0.9700.0.9100-1.0500' 
1000 
4910.0.5100.0.5500.0.5850' 
6100 
1100.0.1350.0.1600.0.1900' 
4100 
1070-0,1050-0,1150-0,1200« 
1650 
0    0,0   0.0   0.0100 
0600 
1100 0.1200 0,1100 0.1400 
0600 
1120 0,1500 0,1750 0.4100 
SOOO 
4430 0.4670 0,5000 0.5470 
4260 
5500 0,5900 0,6200 0.6600 
S4S0 
7720 0.6110 0,S6I0 0.9100 
7670 
9950 1,0150 1.1190 0.9990 
0100 
2200 1.2600 1,2700 1.0790 
0990 
1260 1,1600 1.2760 1.0920 
0990 
«400   1.4200  1.2900   l.UJO 
0990 
9900 1,1950 1.2290 1.1100 

ARE INPUTTED 

0.7000 0.7500 0.6000 0.6500 

0.0400 0,0400 0.0400 0.0400 

0.6500 0,6500 0,6500 0,6500 

0.6500 0,6500 0,6500 0,6500 

0,6200 0.6200 0.6200 0.6200 

0.6650 0.6650 0.6650 0.6650 

0.6150 0.6150 0.6350 0.6150 

0.6900.0.6900.0.6900-0.6900 

■I.1400-1, 1400.1,1400-1.1400 

0,6660-0.8600.0,«450-0,7400 

•0,6600.0.6920.0.6270-0,6650 

•0,6600.0,6650.0,6140-0,6770 

•0,6600*0.6770.0,7910-0,6550 

•0,6100.0.6500.0.7700-0.6200 

>0.6400«0.6660.0.6500*0.5600 

•0.4100-0.9000.0,4750-0.2600 

•0,1200*0.1270^0,1600-0,1650 

0.0290 0,0150 0.0500-0.0050 

0.1700 0.1900 0.2400 0.0*00 

0.4790 0.4650 0.1700 0.2060 

0.6200 0.9000 0.4150 0.2600 

0.6790 0.9700 0,4750 0.2600 

0.7670 0.6700 0.9100 0.1200 

0.69*0 0.7920 0,9490 0.1990 

0.9420 0.7910 0.9600 0.9910 

0.9190 0,6250 0.6000 0.6110 

1.0260 0.1910 0.6150 0.4920 

1.0690 0,6*50 0,6110 0,4900 

234 



1.1900 1,0950 
ü.s 1.5500 

1.1900 
1,6000 
1,0950 

1,2700 1.2070 1.1410 1.0900 0.9000 0,6410 0,4610 

la.o 1.5650 
1.1900 

1,0950 
1.0950 

1.J400 1.1900 1.1500 1.1120 0.9130 0,6500 0.4700 

!S,0 0.9150 
1,1900 

0.9620 
1.0950 

1.0000 1.1920 1.1700 1.1550 0.9460 0,6660 0,4900 

20.0 1.0000 
1,1900 

1,0500 
1,0950 

l.O'OO 1.2000 1.2600 1.3670 1.1000 0,7600 0.5900 

30.0 1,1150 
1.1350 

1,1350 
1,1350 

1.1350 1.1350 1.1350 1.1350 1.1350 1,1550 1.1550 

56.0 0.8900 
0.6900 

0,8900 
0,6900 

0.8900 0,8900 0.6900 0.6900 0.8900 0.6900 0.6900 

113.0' -Ü.6350-0.6550. 
-0.6350*0.6350 

•0.6350. .0,6350. ■0.6350. •0.6350' •0.6550. •0,6350< ■0.6550 

133.U ■0,8650. •0,6650-0.8650. •0,8650. .0.6650. .0,8650-0,6650. ■0,6650i ■0,8650 
■0,66501 •0,6650 

15».0' ■1,0000-1,0000-1.oooo.l.OOOO.l,0000. ■1.0000-1,0000-1,oooo< ■1.0000 
I ■1.0000-1.0000 

166*0' •0,7200-0,7200* •0,7200-0,7200*0,7200-0,7200-0,7200-0,7200^0,7200 
•0,7200-0,7200 

170,0' •0,6200-0,6200« •0.8200-0.6200-0,6200> •0,8200-0.8200-0.8200-0.8200 
t •0,6200-0,6200 

160.0 0,0400 
0.0400 

0,0400 
0.0400 

0,0400 0,0400 0.0400 0,0400 0.0400 0.0400 0.0400 

11 45 
0.0 0.4000 0,5000 0.6000 0.6500 0,7000 0.7500 0,6000 0.6900 
0.9000 1.0000 

•160.0 0.0150 
0.0150 

0.0150 
0.0150 

0.0150 0.0150 0,0150 0.0150 0,0150 0,0150 0,0150 

•1T5.0 0.0400 
0.0400 

0.0400 
0.0400 

0.0400 0.0400 0.0400 0,0400 0,0400 0.0400 0.0400 

•170.0 0.1100 
0.1100 

0.1100 
0.1100 

0,1100 0.1100 o.uoo 0,1100 0.1100 o.uoo 0.1100 

•164.0 0.2200 
0.2200 

0,2200 
0.2200 

0,2200 0,2200 0.2200 0.2200 0.2200 0.2200 0.2200 

•155,0 0.5100 
0.S100 

0,5100 
0.5100 

0,5100 0,5100 0.5100 0.5100 0.5100 0.9100 0.5100 

•130,0 1.0600 
1.0600 

1.0600 
1,0600 

1.0800 1,0600 1.0600 1.0600 1.0600 1.0600 1.0800 

•100.0 1.5100 
1,5100 

1.5100 
1.5100 

1.5100 1,5100 1,5100 1.9100 1.5100 1.5100 1,5100 

•90,0 1,5600 
1.5600 

1.5600 
1.5600 

1.5600 1,5600 1,5600 1,9600 1.5600 1.9600 1,5600 

•60,0 1,5100 
1.5100 

1.5100 
1.5100 

1.5100 1,5100 1.5100 1,9100 1.5100 1.5100 1.5100 

•60,0 1.2400 
1.2400 

1.2400 
1.2400 

1.2400 1,2400 1,2400 1,2400 1.2400 1,2400 1,2400 

• «0,0 0.9000 
0.9000 

0.9000 
0.9000 

0.9000 0,9000 0,9000 0,9000 0.9000 0,9000 0.9000 

•25,0 0,5100 
0,5100 

0,9100 
0,9100 

0.5100 0.9100 0,9100 0,9100 0.9100 0,9100 0,9100 

•••0 0.0205 
0.19J0 

0,0209 
0,2179 

0.0670 0.1360 0,1379 0,1409 0.1440 0.1700 0,1618 

•6,0 0,0194 
0,1160 

0,0194 
0,1619 

0.0300 0.0790 0,0765 0,0790 0.0970 0,1190 0.1270 

•«•0 0.0112 
0,06)0 

0.0112 
0,1062 

0,0119 0.01«! 0,0163 0.0192 0.0217 0,0600 9.0719 

•3,0 0.0107 
0,0625 

0,0107 
0.0890 

0.0109 0.012S 0,0133 0,0164 0.0117 0,0312 0.0449 
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•2 .0 0,0104 
0,0489 

0,0104 
0,0715 

0,0104 0.0105 0.0104 0,0107 0.0110 0.0137 0.0864 

■ } .0 0.0105 
0.0512 

0,0105 
0.0612 

0.0103 0.0104 0.0104 0.0105 0.0104 0.0177 0.0373 

,0 0,0106 
0,0600 

0,0106 
0,0910 

0.0102 0.0102 0,0103 0.0103 0.0131 0.0867 0.0445 

.0 0,0105 
0,0790 

0,0105 
0,1105 

0.0103 0.0104 0,0107 0.0119 0.0817 0.0474 0.0631 

• 0 0.0104 
0,0975 

0,0104 
0,1293 

0.0104 0.0105 0,0112 0.0166 0.0364 0.0659 0.0620 

0 0,0106 
0,1165 

0.0106 
0,1465 

0.0107 o.oue 0,0150 0.0296 0.056« 0.0646 0.1010 

IO 0,0106 
0,1350 

0,0106 
0,1670 

0.0110 0.0131 0,0236 0.0464 0.0755 0.1035 0.1195 

0 O.Oll« 
0,1530 

0,0114 
0,1660 

o.oue 0.0191 0,0345 0.0670 0.0944 0.1280 0.1363 

■ 0 0,0120 
0,1720 

0,0120 
0,2050 

0,0125 0,0293 0,0530 0.0660 0.1130 0.1410 0.1570 

0 0,0127 
0.1915 

0,0127 
0,2230 

0.0133 0.0426 0.0720 0.1047 0.1319 0.1600 0.1760 

u 0,0133 
0,2100 

0,0133 
0,2425 

0.0153 0.0610 0,0905 0.1235 0.1505 0.1768 0.1950 

0 0,0137 
0.2290 

0,0137 
0,2610 

0.0212 0.0796 0(,1092 0,1422 0.1693 0.1960 0.2135 

lo< 0 0.0153 
0,2460 

0,0153 
0,2600 

0.0300 0.0985 0,1275 0,1607 0.1660 0.2170 0.2320 

It .0 0,0lT5 
0,2660 

0,0175 
0,2990 

0.0463 0.1180 0.1465 0,1790 0.2070 0.2360 0.2505 

12. 0 0,0205 
0,2650 

0,0205 
0,3180 

0.0670 0.1357 0.1650 0,1965 0.2850 0.8560 0.2700 

13 .0 0,0262 
0,3040 

0,0282 
0,3365 

0.0858 0.1545 0.1835 0,2170 0.2440 0.8750 0.2890 

lb • 0 0,0465 
0,3400 

0.0465 
0.3740 

0.1233 0.1920 0.2210 0,2540 0.2610 0.3135 0.3865 

30 .0 0,6600 
0,6600 

0.6600 
0,6600 

0.6600 0.6600 0,6600 0,6600 0.6600 0.6600 0.6600 

5u .0 1,0700 
1,0700 

1.0700 
1,0700 

1.0700 1.0700 1,0700 1,0700 1.0700 1.0700 1.0700 

eu .0 1,5000 
1,5000 

1,5000 
1,5000 

1.5000 1.5000 1,5000 1.5000 1.5000 1,5000 1.5000 

90 .0 1.S600 
1,5600 

1,5600 
1,5600 

1,5600 1.5600 1.5600 1.5600 1.5600 1.5600 1.5600 

100 .0 1,5100 
1.5100 

1.5100 
1.5100 

1,5100 1.5100 1.5100 1,5100 1.5100 1.5100 1.5100 

120 • 0 1,2300 
1,2300 

1,2300 
1,2300 

1,2300 1.2300 1,2300 1,8300 1.2300 1.2300 1.2300 

l«0 .0 0,6900 
0,6900 

0,8900 
0,6900 

0.6900 0,8900 0,6900 0.6900 0.6900 0.8900 0.6900 

15S .0 0,5000 
0,5000 

0,5000 
0,5000 

0.5000 0.5000 0,5000 0.5000 0.5000 0.5000 0.5000 

164 .0 0,2200 
0,2200 

0,2200 
0,2200 

0.2200 0.2200 0.2200 0,8800 0.8800 0.8200 0.2200 

170 .0 0,1100 
o.uoo 

0,1100 
0,1100 

0.1100 0.1100 0,1100 0.1100 0.1100 0.1100 0.1100 

ITS, .0 0.0400 
0.0400 

0,0400 
0,0400 

0.0400 0.0400 0,0400 0,0400 0.0400 0.0400 0.0400 

ieoi 0 0.0150 
0.0150 

0,0150 
0,0150 

0.0150 0.0150 0,0150 0,0150 0.0150 0.0150 0.0150 

it 44 
0,0 0,4000 0.5000 0.6000 0,6500 0.7000 0.7500 0.6000 0.6500 
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0,9000 1, 
ISO • o-o.om-o, 

•0.0400-0, 
172, ,0 0.3700 0, 

0,3700 0, 
16». iO 0.3S0O 0. 

0,3500 0, 
16«, .0 0.3900 0. 

0.3900 0. 
156, 0 0.4200 0. 

0.4200 0. 
ISO. ,0 0.4450 0. 

0,4450 0, 
130, ,0 0,5750 0, 

0,5750 0, 
115. •0 0,6000 0, 

O.bOOO 0, 
•«»0, 0 0,5500 0. 

0.5500 0. 
-60, .0 0.4000 0. 

0.4000 0, 
• (10, 0 0,2600 0. 

0.2600 0. 
-30. .0 0,1800 0. 

0.1800 0, 
•16. .0 0.1050 0. 

0,1050 0, 
-4. .0-0,0075-0, 

0,0200 0, 
■ 3, iO-0,0070-0, 

-0,0060-0, 
•2, 0-0,0070-0, 

•0,0310-0, 
-11 ,0-0,0075-0, 

-0,0300-0, 
0-0,0060-0, 
-0,0435-0, 

0-0,0065-0, 
-0,0500-0, 

0-0,0090-0, 
-0,0505-0, 

.0-0,0093.0, 
-0,0510-0, 
0-0,0100-0, 
-0,0655-0, 

0-0,0100-0, 
-0,0825-0, 

•0-0,0115-0, 
•0,0935-0. 

.0-0,0130-0, 
-0,0990-0, 

.0-0,0150-0, 
-0,1040-0, 

.0 0,0060 0, 
-0,1068-0, 

10 .0 0,0125 0, 
-0.1137-0. 

11. .0 0.0135 0. 
-0.1166-0. 

12. .0 0.0035 0. 

.0000 

.0400< 

.0400 

.3700 

.3700 

.3500 

.3500 

.3900 

.3900 

.4200 

.4200 

.4450 

.4450 

.5750 

.5750 

.6000 
,6000 
,5500 
,5500 
,4000 
,4000 
.2600 
.2600 
.1600 
,1800 
,1050 
,1050 
,0075. 
.0050 
,0070« 
.0020 
.0065« 
.0095 
.0075. 
.0350 
,0080. 
,0570 
,0085. 
,0615 
,0090. 
,0680 
,0093. 
,0720 
,0095. 
,0745 
,0090. 
,0805 
,0075. 
.0650 
,0045. 
,0910 
,0005. 
,0960 
,0060. 
,1009 
,0125. 
,1056 
,0135 
,1106 
,0035 

0.0400-0.0400-0,0400-0.0400-0.0000-0.0400*0.0400 

0.3700 0.3700 0.3700 0.3700 0.3700 0.3700 0.1700 

0.3500 0.3500 0.3500 0.3500 0.3500 0.3500 0.3500 

0.3900 0.3900 0.3900 0.3900 0.3900 0.3900 0.3900 

0.4200 0.4200 0.4200 0.4200 0.4200 0.4200 0.4200 

0.4450 0,4450 0.4450 0.4450 0.4450 0.4490 0.4450 

0.5750 0.5750 0.5750 0.5750 0.5750 0.5750 0.5750 

0.6000 0.6000 0.6000 0.6000 0.6000 0.6000 0.6000 

0.5500 0.5500 0.5500 0.5500 0.5500 0.5500 0.5500 

0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 0.4000 

0.2600 0.2600 0.2600 0.2600 0.2600 0.2600 0.2600 

0.1800 0.1600 0.1800 0.1600 0.1800 0.1800 O.lAoO 

0.1050 0.1050 0.1050 0.1050 0.1050 0.1050 0.1050 

0.0065-0.0105-0.0150-0.0180-0.0175 0.0238 0.0090 

0.0067-0.0091-0.0112-0.0150-0.0169 0.0090 0.0055 

0.0070-0.0075-0.0075-0.0120-0.0100-0.0130 0.0040 

0.0075-0,0 064-0.0064-0.0105-0.0090-0.0120-0.0275 

0.0080.0.0090-0.0090-0.0 090-0.0 080-0.0 330-0.0215 

0.0083-0.0090-0.0088-0.0075-0.0125-0.0505-0.0235 

0.0087-0.0090-0.0085-0.0070-0.0250-0.OS 15-0.0370 

0.0090-0.0076-0.0060-0,0110-0.0415-0.0525-0.0375 

0.0095-0.00(.v 0,0035-0,0225-0.0525-0.0570-0.0600 

0.0090-0.0024-0.0050-0.0400-0.0605-0.0760-0.0840 

0.0085 0.0 -0.0150-0.0505-0.0670-0,0830-0,.)975 

0.0078 0.0005-0.0310-0.0580-0.0755-0.0785-0.0900 

0.0070-0.0110-0.0425-0.0770-0.0820-0.0690-0.0970 

0.0060-0.0223-0.0525-0.0620-0.0890-0.0940-0.1020 

0.0030.0.0315-0.0624-0.0869-0.0960-0.0969-0.1068 

0.0010.0.0415-0,0723-0,0918-0.1010.0.1028-0.1118 

0.0035.0.0514.0.0822-0.0966-0.1058-0,1087-0,1167 
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•0.|81S> 
tl.o« •0,0165« 

•0,1885- 
H.O< •0,0«35« 

•0.1315- 
lfc.O< •0.1020- 

•0.1410- 
2S.0< •0,1750- 

•0,1750- 
«O.O« •0,2900- 

•0,2900- 
60,0« •O.U300- 

•0.4300- 
»0,0« •0,5800- 

•0,58U0- 
Uf»0« •0,6300- 

•0,6300- 
iao,o« •0,5550- 

•0,5550- 
»60,0« •0,4300- 

•0,4300- 
168,0« •0,3800- 

•0,3800- 
172.0« •0,3900- 

•0.3900- 
176.0« •0.2800- 

•0.2800- 
ISO.O« •0.0400- 

•0.0400. 

-0.1155 
-0,0185-0 
-0,1205 
-0,0435-0 
-0,1255 
-0,1020-0 
-0,1354 
-0,1750-0 
-0,1750 
-0,2900-0 
-0,2900 
-0,4300-0 
-0.4300 
-0.5800-0 
-0,5800 
-0,6300-0 
-0,6300 
-0,5550-0 
-0,5550 
-0,4300-0 
-0,4300 
-0,3800-0 
•0,3800 
-0,3900-0 
-0,3900 
•0,2800-0 
■0,2800 
-0,0400-0 
-0,0400 

,0090. 

.0565* 

.0885' 

.1750, 

,2900. 

,4300' 

.5800. 

,6300. 

,5550. 

,4300. 

,3800. 

,3900. 

,2800. 

,0400. 

• 0.0613. 

• 0.0612« 

•0.0912. 

• 0.1750. 

.0.2900« 

.0.4300« 

.0.5800« 

.0.6300« 

.0.5550« 

.0.4300« 

.0.3800« 

.0.3900« 

.0,2800« 

• 0.0400« 

0.0922« 

0.1023« 

0.1122> 

0.1750« 

0,2900« 

0,4300« 

0.5800« 

0.6300« 

0,5550« 

0.4300« 

0,3800. 

0.3900« 

0,2800« 

0.0400« 

0.1017-0.1107 

0.1065-0.1157. 

0.1165-0.1252. 

0.1750-0.1750 

0.2900-0.2900. 

0.4300-0.4300. 

0.5800-0.5800. 

0,6300-0,6300. 

0,5550-0,5550. 

0,4300-0.4300. 

0.3800-0.3800. 

0.3900-0.3900. 

0.2800-0.2800. 

0,0400-0,0400. 

.0.1137-0.1215 

.0,1186-0.1266 

.0.1285-0.1565 

•0.1750-0.1750 

«0.2900-0.2900 

•0.4300-0.4500 

.0.5800-0.5800 

•0.6S00"0.6S00 

.0.5550-0.5550 

•0.4300*0.4300 

.0.3800*0.3800 

*0.3900*0.3900 

•0.2800*0.2800 

.0,0400*0.0400 

SECTION 
STEADV FORCES AND HONCNTS 

VV VZ T Mf MV 

1       0.2708TE^04     .0.338716*01     -0.857431*02       0.48235E*02       0.16*856*04       0.0 
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8UMH4RY OF PRCDICTID MODI! 

NOOB DAHPINC FRCB   IN MCO CONVlROCNCe PMCOOMINANT 

•»o PE» sec PCR «ev CPITIPI» stTisPiio «ooe rtpe 

1    •O.I«*2220«02    0.«92St20f02      1,1971 VCl VC'TtCAL 
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ADDITIONAL SAMPLE CASES 

Sample Input (Flexstrap Case) 

2U2S.66 
3113400.0 
41,00A000115 
61.8 
1511.0 
1711,0 
1814,0 
19125,0 
2011,0 
2411,0 
2511,0 
2611,0 
31116,0 
3311,0 
3418,0 
3750,0 
4233,44 
451.0000066 
4611,0 
«612,0 
492.26.0 
542175.00 
59150,0 
60110,0 
6117,0 
62111,0 
63112,0 
64112,0 
6512.0 
11740.0 
12H9.00000000E* 
13316700.0 
1351.00000134 
1471,35457 
1531.61211 
159111,22 
17926.12662« 
161220000000.0 
16322.769096 
20111.0 
2065.0002«« 
213S 
25U1.0 
2585,001536 
2639 
27641.846 
30141.0 
306S.001001 
31SS 
32642,61 

0.0 3.0 1,0 
9, 0000OO00E* 149, 000000OOEMtt 

2.« 
20«,«0 

.0265 

2.094« «.1866 
I69.00000ft00e+169.00000000E+169.0000000QEM6 

100000000. 
20000000,0 
•.025075 

•.932« 
.000628 
1.0 
-.9556 
.003953 
261000,0 
1.0 
•.9889 
.002573 
301000.0 

60.75 
-.15212 

56,929 
-.19212 
3«1000,0 
1.0 
96.329 
-.19212 

-4.4074 
-.01619 
1.0 
-4.1277 
-.01619 

20200000.0 
1.0 
.1.7291 
-.01619 

.000628 

.0893 

.601991 

.6901 

.001971 

.0969 
460000,0  18200000,0 
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3SU1.0 
3565.000901 
3635 
37602,07« 
40141.0 
4065.001103 
4135 
42642,529 
45141.0 
4565.001551 
4635 
47643,667 
50141.0 
5065.001472 
5135 
52644.190 
55141.0 
5565.001499 
5635 
57644.047 
60141.0 
6065.001527 
6135 
62640.047 
65141.0 
6565,001554 
6635 
67644.047 
70141.0 
7085,001472 
7135 
72643,906 
75141,0 
7565.00195« 
7635 
77643,401 
60141,0 
8065,002596 
8135 
62642,529 
85141,0 
6565.002912 
8635 
67641,516 
90141,0 
9065,00269« 
9135 
9264.885 
95211,0 
95711,0 

1.0 1.0 1.0 
-.8727 54,275 .3,«i«e .002592 

.002592 ••15212 •,01619 .1023 
323000,0 586000,0 16100000.0 
1.0 1.0 1,0 
••7444 51,775 •1,0315 .003967 
,003967 •.15212 •.01619 .1066 
343000.0 711000.0 15600000.0 
1.0 1.0 1.0 
•.8101 48.15 -2.«758 .006336 
.006336 •.15212 •.01619 .1163 
373000.0 816000.0 16600000.0 
1.0 1.0 1.0 
..8627 44.0 •1.8396 .006486 
.006488 •.15212 -.01619 .1292 
411000.0 894000.0 17600000.0 

1.0 1.0 1.0 
..9245 «0,0 -1,226« .007099 
.007059 -.15212 -,01619 .1396 
451000.0 975000,0 19200000.0 
1.0 1.0 1.0 
..9847 36,0 -0,6132 ,007629 
.007629 •.15212 -.01619 ,1501 
«90000.0 1060000.0 20S00000.0 
1.0 1.0 1.0 
.1.0558 32.0 -0,000 .0062 
.0082 •.15212 -.01619 ,1606 
529000.0 1140000.0 21800000. .0 
1.0 1.0 1.0 
.1.1153 28.137 .5922 ,006149 
,008149 •.15212 -.01619 .1707 
566000.0 1210000.0 23100000.0 
1.0 1.0 1.0 
.1.2776 24,775 1.1076 ,008158 
.006156 •.15212 -.01619 .1791 
603000.0 1290000,0 2«200000.0 
1.0 1.0 1.0 
.1.4803 22,275 1.4909 .010329 
.010329 •,15212 -.01619 .1860 
796000.0 1690000.0 36000000.0 
1.0 1,0 1.0 
.1.4089 20,775 1.720« .007789 
.007769 •,15212 -.01619 ,1900 
1120000.0 2370000.0 64300000.0 
1.0 1.0 1.0 
• 1.19 19,9 1.855 .006852 
.006652 •,15212 -.01619 .1923 
4340000.0 5270000,0 97900000.0 
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100141,0 
10085,007778 
10135 
102642,656 
105121,0 
105421,0 
10585.00125S 
10635 
107642,929 
108912,26174 
110141,0 
11085.002 
11143.00066 
112642,619 
115111,0 
115411,0 
11585.0012 
11643,000676 
117642.381 
120111.0 
120411.0 
12085.00053 
12143.000692 
122642.0 
125111.0 
125411,0 
12581.000S 
126015.0 
12621.000896 
12641,000896 
12661.,01619 
127642,0 
130141.0 
130Ö1.000085 
131012,671 
13121.000066 
13141.000086 
132642,329 
133111,0 
135411,0 
13581,001 
136011,342 
13623,001 
137641,392 
140411,0 
142641,342 
31912,9916 
36912,2974 
41913,0926 
46912,9159 

1,0 1.0 1.0 
-1.15 17,275 2.2574 .034366 
.034366 •«15212 -.01619 .1991 
2240000.0 606000.0 19900000, .0 
1.0 
1.0 
0.0000 14.0 2.9269 .004421 
.004421 -.01619 0.000 
101000.0 500000.0 14000000.0 

1.0 1.0 
0.0000 11,361 

-,01619 
.00066 

60000.0 45000.0 15400000.0 

.000 9.0 
•,01619 

.000676 

60000.0 45000.0 16200000.0 

7.0 .00*69? 
-.01619 

60000.0 45000.0 20700000.0 

60000,0 
1,0 

60000,0 

140000.0 

66500.0 

21600000.0 
1.0 

22200000.0 

.001 
10000000.0 66500,0 29200000.0 

9.00000000EM69.00000000EM69.00000000EM6 
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51913.1052 

bl9m,03«»3 

71^13.6^75 
76912,96 
81912,02 
Ö691l.l9<>2 
«1911,7672 
101913.622R 
32232.9692 
37233.03tt0 
«2233.1122 
47233.22<*7 
52233.35ü3 
57253."821 
b2233.ö060 
67233.7319 
72233.8539 
77233.9567 
M223U.ÜJ86 
8725«.0846 
9223«.1115 
10223«.1952 
31811.0 
36811,0 
«IbU.Ü 
«6811,0 
51811,0 
56811.0 
61811.0 
66811.0 
71811,0 
76811,0 
81811,0 
86811,0 
918U,0 
101811,0 
1«5112,Ü 
2162-,02013 
2662-,02013 
3162.,02013 
3662-,02013 
«162-,02013 
«662,,02013 
5162«,02013 
5662.,02013 
6162>,02013 
6662.,02013 
7162-.02013 

8,05 603,7 

8,2 603.7 

8,« 603.7 

8,65 603,7 

9.0 603,7 
9.25 603,7 
9.6 603,7 
9,86 603,7 
10,18 603,7 
10,a 603,7 
10,6 603,7 
10,72 603.7 
10.85 603,7 
11,0 603,7 

.11«« 

.1192 

.12<» 

.131« 

.1379 

.l«T« 

.1583 
,1687 
,1792 
.1897 
.199B 
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7662.,0201J       .2082 
6162..02013      .2151 
8662.,02013       .2l«l 
9162..02013      .2214 
10162..02013      .2202 
10661..02013 
11161..02013 
11661..02013 
12161..02013 
12661..02013 

8 
t 

1 
IS 

19,0         340. -,«2045519    0.06899219    •l,53509l«f.0J 
7,«25««02E.06-8,2868165E.0999,79237 «1.20279« 0.0036020154 

1.0          1.0 0.0 1.0 1.0 
10 

0.0 0.3 0.4 0,505 0.555    0.616    0.66 
0,7b 0.62 1.0 

6 
0.0 12.7 20.0 340. 350.     360. 
.19 1.5 1.1 «1.0 «.65     .19 

12 
0.0 8. 11. 13. 14.      15.      20. 
340. 350, 354. 356. 360. 
.205 1.09 1.39 1.56 1.63      l.«8      1.16 
•1,0 «,7 -.45 .,24 .205 

12 
0, 8, 10, 11, 11,8     13.      20. 
340, 350, 354, 356, 360. 
.22 1.15 1.36 1.45 1.5      1.43     1.07 
•1.0 «,73 •.444 -.25 .22 

12 
0, 9, U. 12, 12.5     12.7     20. 
340. 350, 354. 356, 360. 
.25 1.365 1.565 1.64 1.65     1.51     1.2 
•1,U -.71 -,45 -,25 ,25 

13 
0, 8, 10, 11, 12.      IS.      20. 
340, 350, 352. 354, 356.     360. 
.26 1,3 1,46 1,495 1.46     1.36     1.25 
•1, -,69 -.61 -.46 «.255     ,26 

15 
0, 3, 6. 7, 8,        9.        10. 
12, 20, 340. 350, 352.     354.     356. 
360. 
.285 ,7 1,1 1,19 1.24     1.17     l.SS 
1.34 1.3 -1.0 -.67 -.62     -.47     -.27 

i 
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.285 
12 

0. 3. 3.7 8. 10. 1«. 20. 
3ao, 350, 35«. 355. 360. 
.SOS .75 .8 .96 1.18 1.53 l.«8 
•I. -.67 -.53 -.«2 .305 

IS 
o. 2. *. 10. 15. 20. 340, 
350. 352. 353. 35«. 355. 356. 359, 
360. 
.36 .56 .66 1.11 1.35 1.5 •1. 
-.7 • ,67 • .67 • .61 -.«9 -.35 .23 
.36 

13 
0. 1. 2. 8. 8. 15. 20. 
340. 350, 354. 355.« 356.8 360. 
.16 .3 • « .79 .97 1.« 1.58 

4 
o. 

•,68 • ,44 -.19 -.33 .18 

20, 340. 360. 
o. 2.5 -2.5 0. 

10 
13.0 354 .0 •1.0783242 0.10546602 •0.0022458 
2,Sai8b«0t-05-t. 

7 
o9e9o72e« •075.5012552 •0.060345598 0.00018616 

r 

0,0 0.3 0.« 0.6 0.7 O.S 1.0 
15 

0.0 1. 2. 3. «. 8. ». 
10. 12. la. 35«, 356, 358. 359, 
360, 
.008 .0065 ,009 ,009 .0085 .009 .0115 
.013 .017 .03 .on .01 .0086 .0085 
.00« 

15 
0,0 1. 2. 3. «. 8. 8. 
10, 12. la. 35«. 356. 358. 559, 
360, 
,008 .0085 ,009 .009 .0085 .0088 .0106 
,013 .017 .03 .011 .006 .0086 .0085 
,008 

15 
0,0 1. 2. 3. «. 8. «. 
10, 12. 1«. 35«. 356. 358. 559, 
360, 
,0075 .0075 .0075 ,0076 .008 .009 .01145 
,0145 ,057 ,08 .016 .0062 .0075 .0075 
.0075 

15 
0.0 1. 2. 3. «. *. «. 
10, 12. 1«. 35«. 356. 358. 559, 

267 



360. 
,008 .008 .008 .0088 .0067 ,021 .08 
.08 .ia .18 .058 .0139 ,0085 .008« 
.008 

15 
0.0 i. 2, 3. «. 6. ». 
to. 12. 1«. 35a. 356. 358, 359, 
S60. 
.0105 .0155 .03 .06 .07 .1 .13 
.14 .26 .27 .08 .02 .009 .009 
.0105 

15 
0.0 1. 2. 5. «. 6. 8. 
10. 12. la. 35a. 356. 358, 359, 
S60. 
.07 ,075 .08 .09 .1 .15 .2 
.3 .3 .3 .09 .06 .05 ,05 
.07 

15 
0,0 1. 2. 3. «. 6. 8, 
10. 12. la. 3Sa. 356. 358. 359, 
360. 
.21 .21 .2a .25 .26 .3 .3a 
.35 .35 .35 .25 .2 .18 .18 
.21 

22 
13.0 352 !.0 •.osas 0,22ia0169 0,037690898 

0.00ia700305  -2. 1980119E. •050.16265396 •0.0iaS95669 1.26950ttaE«0a 
■9,«72«e5aE-07 3. 7ai3282E. '09.9.8201326 0.051520593 a.2809e28E.0a 
-2.3662606C-06a6. 119316 -0.a239S66 o.ooiioo77aa >6.75a8054E.06 
3.2327550E-08,00«5 

■7 

0,0 0.3 o.a5 0.67 0,75 1. 
1« 

o. 2, «. 6. 8. 10, U. 
12. I«. 352. 35a, 356. 358. 360. 
• ,03 -.035 • .03« -.039 •,oa9 • .5a5 •.057 
• .058 • .06 • .005 -.015 •,0215 • .026 • .03 

la 
o. 2. «. 6. », 10. U. 
12. 1«. 352. 35a. 356, 358. 360, 
• .03 •.035 • .039 -.039 -.oa9 -.osas • ,057 
• «058 • .06 • ,005 -.015 -,0215 • .026 •,03 

la 
o. 2. «. *• ». 10. U. 
12. 1«. 352. 35a. 356, 358. 360. 
-.03 ".035 • .039 -.oas • .oa9 • .069 •.OS 
• .05 -.06 • .005 -.022 •.0215 -.026 • .03 

la 
o. 2. «. 6. 8. 10. 11. 
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12. 
-.037 
•.1«5 

1« 
0, 
12. 
-.12 
-.17 

1« 
0, 
12. 
-.09 
-.5 

9 

1«. 
-.n«35 
-.15 

2. 

I«. 
-.122 
-.2 

2, 
H. 
-.169 
-.5 

352, 
-.05 
-.006 

35«. 
-.0915 
-.02« 

556. 
-.10« 
-.032 

352. 
-.12 
-.008 

6. 
35«. 
-.1« 
-.006 

8. 
356. 
-.15 
-.0«? 

352, 
-,233 

.09« 

6. 
35«. 
-.29 
.03 

8. 
356. 
-.« 
C 

358. 
-.09 
-.032 

10. 
358. 
•.16 
• .063 

10. 
358. 
•a? 
•.037 

360. 
-,m 
-.037 

U. 
360. 
-.17 
-.12 

U. 
360, 
-.5 
• .09 
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Sample Results   (Flexstrap Case) 

MM MM 

11 u 
MM 
MK •-« •sl o •«• 

» V • • # * • -•• OOO • 
■*im MM 
e e OO 
■ • • f 
oo aa u K m 

52 
mmm OOO 
# « ■ # o. 
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Sample Input (Articulated Case) 
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Sample Results   (Articulated Case) 
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Sample Input (Gimballed Case) 
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Sample Results   (Gimballed Case) 
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Sample  Input   (Teetering Case) 

0002la0,0 
OOlbll.O 
0017?UO 
001916,0 
002221,0 
002924,0 
003212.0 
003711,0 
003923,0 
OOUlao,! 
00«fell.O 
004611,0 
00541255,2^01 
0059350,0 
006236,0 
00771,1 
00971-,5 
011730,0 
01213,9 
01331,6 
020111,0 
020630,25 
021210.5 
021410.5 
02153.,015 
0254U,0 
02653«,015 
027649,1 
030211.0 
03152-,015 
035111.0 
03652-.015 
040211,0 
045411.0 
04764,9 

8 
9 

2.0 

1.0 
3.0 

1.0 
0.9 

10,0 
7.0 

£•06 

2.0943951 
£♦17.9 
E*05 

0,005 

• .02 

• •02 
.1 

• •02 

• •02 

.1 

.10 

7.0 
7.0 

E*ll,10 FMl 

E*IT,9 
4,1867902 

£♦17 

10.0 

0.05 

0.05 
£♦07.« £♦07.« £♦07 

£♦12.1 £♦12.1 £♦12 
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Sample Results   (Teetering Case) 
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Sample Input (Rigid Case) 

0002140,0 
001511,0 
oomiiO 
001910,0 
^02511,0 
oo«bn.o 
004811,0 
00541255,2501 
0059350,0 10,0 T,0 
006235.0 6.0 6,0 
020111.0 
020630,25 0.005 10.0 
021210,5 
021410,5 
02153«,015        -.02 0.05 
025411.0 
026S3-.015        ..0? 0.05 
027649.1 ,1        E*07,«       E*07,4        p.*07 
030211,0 
035411.0 
03764.9 .1        £412,1       E + 12.1        m2 

6 
9 
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Sample  Results   (Rigid Case) 
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PROGRAM LISTING 

Program Components Page 

Main Program  290 
ACOEFF  327 
AERO  322 
BAERO  316 
BARRAY  333 
BEND  367 
BLARO  372 
BMASS  363 
CDOT  410 
DCMAT  391 
ELAST  369 
EPSOLN     363 
EXCHI  404 
EXPON  393 
FAERO  320 
FMASS  365 
FUARO  371 
LOADIN  302 
MLCC2  360 
MLRC2    359 
POLAR  409 

ROOOT  411 
RIGID  368 
ROWSUM     412 
SARRAY     352 
SECPAR     303 
SETUP  295 
SOLVE  388 
STIFF  366 
SUBMA  374 
SUBMB  376 
SUBMF  387 
SUBMG  383 
SWA  394 
SWAPS  390 
SWB  396 
TABLU  325 
TKNS  361 
ÜLN  403 
XNLQ  401 
ZLN  399 
ZTEGI  405 
Overlay Structure   413 
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C HAINLINE   PROGRAM   FDH   HELlCOPTfcR   AEROEUSTIC   STABILITY 
C ANALYSIS 

RfcAL^e  orAC,FACL»P*CC#OlFF#CX,PFC,PLC 
REAL-8   ARRAY(3) 
DATA   BYE8/'YE8   '/»BNO/1   NQ   '/ 
DATA   ARRAV/'lNPLANE'.'VERTICALS'TORSION   •/ 
CUHPLEX   ECN3C5),9TAHT,EC(25)»EC2(25) 
COMPLEX   QXJ,0YJ,QZJ 
CUMPLEXM6  CMS»CM1»CS1»C92 
C0MPLEX*16   EPS(65}fALM(63) 
C0MPLEX*16   DUMMC 
CüMPLEX*l6   AMA(25S0} 
COMPLEX*16  EGNN,EGNL,REML#EGNC#REHC,0ET8V,PACT 
CUMPLEXM6  EGNSL(5),ENGCH 
DIMENSION   CüMV(5)»PENüM(5) 
DIMENSION  NBIGMOCS) 
DIMENSION   Y(l00),SÜ(a000),CX(75) 
DIMENSION   DETR{25)»OETR2(25)#APA(2«0) 
C0MMÜN/RNAM/C8U»6)#8N(a,6) 
CUMMÜN/RNAMl/c8A(«,2a)»SNA(«i2a) 
COMMÜN/8TAB/CP8I(2tt,6]#SPSI(2a(ft) 
C0MMQN/R0Tf/0Ml,OM2#0MT 
COMMON/CALM/ALM 
CÜHMON/EP8A/EP8 
COMMON/AMAT/AMA 
COMMON/FU8A/AFA 
CUMMON/8UB/Y 
COMMON/8AIN/80 
COMMÜN/FREF/CMS#C*l*C8l*CS2 
CÜMMüN/INTER/NSY,N88EC#NF8EC,-Ne»N8P,MFLAP#MFEA#MCT» 

lMFLEX#MC0N,MAER,MFU8,NBC»NFL*',#NFfA,NCT,NC0N,NFrS, 
2NA8,NHC,NVl,NSP»MAXN,NE8»M8C#NEeN,lPCT#NlT»MER,NORM, 
3lREM,NEX,NP8»NSCH,IG#IF,NPRL»NPR8,NP0,N8KfNC0LS,NC8», 
üNFPl,MX8MI,MXT2Pi#MXKO»MXCPL»MXC8B»MXCPM,M¥CPK#MX8MB# 
SNEBC.NISBC,MFA8B,MXFAB,NFU8|NMB0,NRIFC»HX0#NEIFC» 
fcNEISCNEITCMxTKNrNFF^MINPN^MAXPN.lBF^OOE 

CüMM0N/PL0A0/8TOR#ÜM#80VEL#*I«0»FVEL»CHI,ZETA,THC,AFO,APO»COLL»AC» 
l6T»GP,AP0iA8K,BN,BPN,8N8,FN8»FLAPM,FEAM#CTM,CONM#AFLEX#AeRMl 

2AFFö,FLAN#FEN,CTN»C0N,8CT,FU8M,A8NfCNH,VlN,8PC»8PM,E8N»8CC.wMA, 
a8RA,8NT8»8NB8,TFX,PR8»RT,ECNM,8R(5),8l(5),PCTl,ANIT.ERM,ANORiAReM. 
5ANEX,PN8,8CHN.AIC#AIF,8TC#8TF,PMlM(6),AKC(6),ATAU(»j,TAK(<»),TAC(il 
6i8MA(6),088(6),PAK (4),PAC(«)»ECHI(«),AKE{«)>ACE(a),8je(<»),CAKE. 
7CACE,STKC(fc),BTAU(6),PHIC(6).TMEC(6)#aLl2(6),80CO#PUNI, 
8CYFA,CYLA,CELM,CELN,0ACü»CTYM,AEXT.EYEX#EZEX,COEl,Coea,COCS, 
9PHOTT(8).PHHTT(a),CLE3P(6),P(2000)»V(25#2a) 

COHM0N/DAMCO/OM0A 
C0MM0N/I8UMA/N8CMD 
COMMON/NLEA0/MLEL#NLEL,MCTY 
COMMON/QVTEM/OXJ,OYJ,QZj 
C0HM0N/CPAR8/A18TH(6) 

288 



CüMHUN/TAE»/THCK,THC1,THC2 
C0MMÜN/8PAH/*KCl(b),T*U(M,SHLA(fcJ,0M8(6),AK(tt1,ACUl,BJUi# 

ICAPK,CAPC 
CÜMM0N/CPAH/AMKC(6),CTAU(feWAL<fc.6),4Ll2(6) 
CUMMUN/SMA3H/8MGJ»SMEI»3MM(SMH 

CUMM0N/3PARl/4KT(<n#ACT(tt),AKP(<n,ACPCÖ) 
CQHMüN/CFLEX/CX 
CUMHUN/SH4FT/TUHFLX 
CUMMUN/CüUP/PFC,PLC 
CüMMON/OTERM/OFAC 
CUMM(JN/HEM4/DET3V 
COMMÜN/IPCH/IPU 
CUHMÜN/FGRAV/FGHA 
ICNTiO 
CMlaDCMPLXtO.OO.l.OO) 

1931 CUNTINUE 
CALL 8tTUP(EGN8,ICNT) 
IF(N8CH,LT,l) CO TO 50 
IbaO 
IC«0 
ID«0 
IE«0 
MUOE«0 
8TART«EGN3(n 
CN3aREAL(3TART) 
CI3BAIHAG(8TAWT) 

Du 20 lal.IF 
ClBCI8^(I-n*3TF 
DU 10 JalflG 
CRaCP8«(J-l)*3T6 
CM3«CRtCI*CHl 
DU 6 K«lfHXQ 

6 ALM(K)BüCMPLX(l,OO»0,O0) 
CALL BARRAY 
CALL SARRAY 
CALL EP80LN 
CALL 30LVE 
PRINT 9<»S# CMS,0ET8V 
RESRlaDETSV 
DUMMC»0ET8V*DCMPLX(0,00,«I.DO) 
RESIlaDUHMC 
IF(J,6T.l) CO TO 3 

2 RE3R2«RE3Rl 
RESI2«RE8I1 
60 TO 10 

3 IF((RE8I1*RE8I2).GT4.0) GÜ TO 2 
IF(RE3I2.EQ.0.0) 60 TO 2 
R1«AB8(RE8I1) 
R2aAB8(RE8l2) 
CRaCR«8TG*Rl/(RlfR2) 
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RE8R«RE3R2*(RESR1»RE8R2)*H2/(H1*R2) 
IFd.EQ.lR)   GO   TO  5 
Ib«I 
IC»XC*l 
EC(IC)«CR*CI*CHl 
OETRdOiRESR 
GO  TO  2 

5   IU«IDtl 
EC2(I0)«CR*Cl*CMl 
OETH2(I0)«RE9H 
GO TO 20 

10 CONTINUE 
20 COMTINUE 

IF(IC,LT.2) GO TO 26 
DO 23 K«2,IC 
CROSS«DETR(K-l)*OtTR(K) 
IFCCRÜSS.GT.O.) GO Tn 23 
IEBIEM 
RlaASS(OETR(K.l)) 
R2«AB8(DETR(t<)) 
E6N3(II)«EC(K«n*(EC(K)-EC(K*l))*RW(RltR2) 

23 CONTINUE 
IF(IÜ,LT.2) GO TO 27 
DO 26 ««2,10 
CRÜ3S«0ETR2(K-n*nerR2(K) 
IF(CRüSS,GT,0.) Gü TO 26 
IE«IE+1 
Rl»AB8tOETR2(K«n) 
R2>AH8(0ETR2(K)) 
EGNS(IE)«EC2(K-n*(EC2(Kl-ec2(K»l))*Rl/(Rl*R2) 

26 CONTINUE 
27 NOGN8»IE 

GO TO 29 
2S NOGN8S0 
29 CONTINUE 

IMNOGNS.EQ.O^   GO   TO  «0 
GO   TO  30 

at»    WRiTE(6r9aa) 
GO   TO   1931 

SO     NOGNSSNEGN 
30 DO  99  L«l,NüGN8 

CONV(L)«2a0 
DO   US   KBl,MXQ , 
EP8CK)«DCMPLXC0,Oü,0,U0) 

US  ALM(K)it)CMPLX(l.O0,ü,D0) 
MODE»0 
ITI«0 

7a   DO   10S  KatiHXQ 
ALN(K)«ALM(n)*EP9CH) 
CHMHaCDAHS(AlM(K)) 
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IMCMMM  ,GT,   O.ie-25)   Cü   TD   105 
AL* Ct<)»OCMPLX( 0.00 #0,00) 

105  CONTINUE 
MMITE(6»929)   MXQ 
rtWlTEC6,930)   (ALM(K),K«1,MXU) 
IFCITI.ttT.n   GO  TO   77 
IFCXTl.EO.l)   GO  TO   75 
CM8"EüNS(L) 
00 TO 80 

75  CMSB(UIPCT*,000n*E6NS(L) 
GO TO 60 

77 CMS«ECNN 
dO CONTINUE 

IFCMOÜE.EQ.Ü) 6U TO «850 
WHlTE(6,9«n 

8850 CALL BARffAY 
NBXCMO(L)iNBOMO 
CALL 3ARPAY 
IM«ODE,E0,1) GO TO 99 
CALL EPSULN 
CALL SULVE 
IF(ITI,fcU,0) PRINT 9«3f CMS»0tT3V 
IFCNIT.NE.O) GO TU 8851 
MUOE»l 
MWlTE(bf9at) 
CALL bARRAY 
NBlü"Ü(L)«N8G«0 
CALL SAHRAY 
CO TO 99 

8851 IMITI.tiT.l) GO TU 91 
IFdTI.EO.l) GO TÜ 9? 
EGNL«CM8 
HEML»DET8V 
FACL"0^AC 
GO TO 98 

92 EÜNC«CM8 
FACT«OCMPLX(l.nü»Ö,üO) 
RfcMC»DET8V 
FACCaUFAC 
IF(FACC.EQ,FACL)   GO   TO   6S 
0IFF«FACL-FACC 
IF(ÜlFF,LE,0,OD0)ÜIFF«-ülFF 
IF(ÜIFF,6T,70.Ü0)   STOP 
FACT«ÜCMPL«(lO.DO**(FACL-FACC),0.üO) 

65  EGNN«E6NC-RtMC*(E6NC«EGNL)/(PEMC-HEML*FACT) 
GO   TO 98 

93 EGNL»tCNC 
EGNC«CM8 
REWL«REMC 
FACL«FACC 
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F*CT*üCMPL*n.000,0,00) 
»tMC«Uf.T9V 
F*CCaDF*C 
IF(P*CC,EU.F*CL) GH TO 66 
ÜIFF«F*CL-FACC 
IMDIFF,LE,0,O0)niFF«-DlFF 
1F(I)IFF,GT.70.D0) 8TnP 
FACT«ÜCMPLX(lO,ÜO**(FACL-^ACC)»0,00) 

06 El,NNstCNC-»EMC«(CßNC«E6NL)/(''EMC-HEML*FACT) 
ER«Cl)AH3((EGNN-EGNC)/EGNC) 
wRlTE(6#«»3a) REML»»EHC»EB 
-HITE(6,935) EGNL,ECNC»EGNN 
IF({FB-.U*MEP),GT.O.) Gn TU <*5 
CUNV(L)«0,0 

9a MUUt»! 
E6NSL(L)«EGNC 
ENGCHBEGNC*OCMPLX(0tf)0,"l.O0) 
RENGCHBEMGCH 
PENUH(L)«HENGCH/nM 
GU Tu 80 

95 IFdTI.EQ.NIT) GO TO 9« 
9A ITI«1T1*1 

GO TO 7« 
99 CONTINUE 

wPITE(6,9«6) 
00 9S0 LM.NÜGNS 
C0N«8VE8 
IF(CONV(L),6T,l.O) CONBBNU 
MTyPE"N810M0(L) 

950 WHlTE(6#9«fi) L»EGNSL(L) iPtNOM(|.) »CON, ARRAV(MTYP£) 
929 FORMAT (3(/),ttlX,I«»• VALUES OF UPDATED LA"BOA MATRIX»/) 
910 FURMAT(10(IPE12.U)) *   . „ , ^ 
93« fO»MAT(2(/),«lX,'LA3T DETERMINANT VALUE ■•.2ElS,6/ 

I J8X, «CURRENT DETERMINANT VALUE ■• ,2ElS,6/«0X. «EUKN VALUE CONVIRC 
2ENCE ■•,E13,6) 

935 FORMAT(2(/)»«7X#'L*ST EIGEN VALUE ■•,2EJ3,6/ 
1 a«X,«CURRENT EIGEN VALUE ■•»2E13,6/ 
2 «7X,«NEXT EIGEN VALUE ■'»2EIJ.*) m k , „„,. 

9«! FÜRMAT(IHI,5SX,«*ER0ELA8TIC STABILITY«/58X, «STATE VICTORS .\ 
9«3 FORMAT(»0 INITIAL EIGENVALUE ■ '»2612.«»'  DETERMINANT • '. 

9«« FORMATt/ «0 No EIGENVALUE FOUND IN THIS AREA«) 
9U6 FORMAT(lHlt20x»«8 UMMARY OF PREOICTIO MOO 

IT8«//T7JMO5E«;T15. «DAMPING«.TJ2.«PReQ IN« ,T«9, «mo« .T**. «CONVf 
2RGENCE«,T88,«PRED0MINANT«//TS2,»RA0 PER SEC«,T«R»«PER RfV«.T**,»CR 
3ITERIA SATISFIED«»T88,,MOOE TYPE«/) 

948 FÜRMAT(T7,ia,Tl5,2(El3.*,«X),F8t«,T72,A«fT«0,A8) 
ICNTBl 
GU TO 1931 
END 
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SUBROUTINE 8CTUP(E6N8*ICNT) 
REAL OAT(2800) 
REAL*e PLCiPFC 
COMPLEX E6N«(5) 
C0MPLEX*16 AHA(2SS0) 
COHHON/AMAT/AMA 
COHMQN/ROTP/OMl,OMl,OMT 
COMMON/FMVEL/FVLT»FVLPiFVLA>8CHl,CCHl 
COMMON/SwA8H/8WGJ»8NEI«9MMf8WR 
CÜMMON/COUP/PFC»PLC 
C0MM0N/RNAH/C8U«*)»8NU.6) 
C0Mh0N/RNAMl/C8A(«#2(l)f8NA(at2a) 
C0Mf1ON/8TAB/CP8l(2«f6)fSP8I(2«#6) 
C0HM0N/8PAH/AKCI(6),TAU(6),8MLA(6),0M8(*),AK(«),*C(«J,8J(«U 
|CAPK,CAPC 
COMMON/SPAR I/AKT(<n»ACT(«),AKP(<n,ACP(«) 
C0MM0N/CPAR/AMKC(*),CTAU(6),AL(6,6),AL12(6) 
CüMMCN/INTlR/N8V,NB8EC»NP8eC»NB»NBP,MFLAP,MF|A,HCT, 
lMFLEXrMC0N(HAER|MPUS«N8C*NPLAP#NrEA(NCTfNCONfNPfB# 
2NA8,NHC,NVl#N8PtMAXN,NE8lH8C*NECN#IPCT»NXTtHER,NORM, 
3lREM,NEX#NP8»Ki8CHfIG,IP,NPRL»NPR8,NPD#NSK,NCOL8.NCSB. 
aNFPi#MX8MI,MXT2PlrMXKOiHXCPL»HXC8B»MXCPM,MXCPK»MX8MB, 
8NEBC»NE8BC*HPA8B,MXFAB*NPU8fNRBD,MRlPCfHXO,NEIPCi 
6NtI8C»NElTC,MxTKN,NFF,MINPN,NiAXPN,lBF»M00E 
CÜMMON/PLOAO/8TOR»OM,80VIL»AIRD,PVEL#CHX,ZETA,TMC,AFO,APO,COLL»A6, 
l6T,6P,APDfA8K,BN,BPN#aN8,PN8#FLAPM,FEAM,CT*,C0N*,AFLlX»AERM, 
2AFFB,FLAN,PEN,CTN,CON,BCT#FU8H,A8N,CNH,VIN,8PC#8PH,C8N#8CC;WHA, 
48RA,8Mr8*8MB8,TFX,PRa#RT»E6NM,8R(5),8I(5),PCTI,ANlT,ERM,ANOR*AREM, 
5ANEX,PN8#8CMN,AI6,Air,8TG,8TF»PH!M(6),AKC(*),ATAU(6),TAK(«i,TAC(ä) 
6>8HA(6),DB8(6),PAK(«),PAC(tt)iECHI(«),AKE(a)»ACE(«),BJE(a),CAt<E* 
7CACE»8TKC(6)fBTAUU),PHIC(6)fTHEC(6),BL12(6),8DCO,PuNI, 
8CYFA,CYLA,CELM,CELN,0AC0,CrYH,AEXT»EVEX,eZEX,cnEl.C0E2»C0El, 
9PHOTT(8),PHMTT(8),CLe8P(6jtP(2000),V(2S,24) 
COHMON/DAMCO/OHQA 
COMMON/NLEAO/MLEL»NLEL»MCTY 
CüMMON/CPAR8/AL8TH(6) 
CÜMMON/AMA81/GCTCP 
CÜMMON/8MAFT/TORFLX 
COMMON/IPCH/IPU 
COMMON/FGRAV/FGRA 
DATA ANO/iNQ  «/»AYEB/'YEB •/ 
EOUI VALENCE (8TÜR,D*T(n) 
N8Y«100 
NOAT«2800 
IF(ICNT.Gr.0)GO TÜ 10 
DU S IM1,N0AT 

5 DAT(I)lO.O ' 
10 CALL LOADIN(OAT) 

NBBECaBNB^.l 
NF8tC«FN8#.l 
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MFLAP»FL*P^*.l 
MFEAaFEAM*. I 
MCT«CTM*.l 
MFLEX«AFLtXt,l 
MCÜN«CnNM*,l 
MLEL«CELM*,1 
MAEH«AEHM+,l 
MFU8»FUSH*,l 
NbCcHCT+.l 
NFLAP«FLAN*,l 
NFEA«FEN*,l 
NCTaCTN+.l 
NCON»CüN*tI 
NLEL^CELN*,! 
NFFttBAFFBt.l 
NAS"ASN*,l 
NHCaCNHt.t 
NVI«VIN*,1 
NSP«3PO.l 
HAXNBSPHf.l 
Nfc8«E8N*,l 
M8C«8CC*.l 
^EGN«EGNM*,l 
JPCT«PCTl*.l 
NIT«ANIT*,1 
ME«»EHHf,l 
MCTY«CTYM*,l 
N0RHBANOP4,i 
IHEM»APtH*,l 
NEX»ANEX*,1 
NPS«PN8*,l 
IF{PN8,LT,i0)NP3«PN8-.l 
N8CH«8CHN*,l 
IGMZG^.l 
IFBA1F*,! 
NPR3«PRS*,l 
NPOBAPO*,! 
N3K«A8K*,l 
IPUBPUNI^.I 
PFCaAFO 
PlCaAPO 

DO 20   IBI#NEGN 

AB8RCn 
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ßsSKI) 
20  EGN8(I)»CMPLX(A,R) 

SMGjaSMTS 
3w6I«8wHS 
S^MaMA 
SMRBSRA 

TURFLX«TFX 
lab 
DU   30   MS^ltNB 
DO  25  1*1,1 
AHG«t*PHlM{M8) 
CS(HS,L)»COS(ARG) 

25   SN(HS»L)aSlN(ARGJ 
AKCI(MS)»AKC(M8) 
TAU(MS)aATAU(HS) 
CTAÜ(MS)«BTAU(MS) 
SMLA(M8)BSHA(HS) 

AMKC{M8)«8TKC(H8) 
AL12CM8)«HL12(M3) 
ALSTH(M8)«CLE8PCM8) 

PHl«PMICCM8) 
THE«TMEC(MS) 
CPHI«CflS(PHI) 
SPHIBSINCPHI) 
CTHEaC08(THE) 
8THE"8IN{THE) 
ALCl»«S)"CPMl*CTHfe 
AL(«#MS)»-8PHI 
AL.(3»M8)«-STHe 
AL(2»M8)«8PHI*CTHE 
AL(5»M8)«CPHI 
AL(<»»M8)«CTHE 

30 DM8(M8)BOBS(H8) 
IF(NSP.EQ,0)6CI rn as 
1»I4 
DO a0 M8«1,N£S 
DU 35 lm\,l 
AHG«l*ECHI(MS) 
CSA(M8,L)«CU8(ARG) 

35 8NA(M8,L)»8IN(AH6) 
AK(M8)»AKE(M8) 
AC(H8)«ACE(*8) 
AKT(H3)aTAK(M8) 
ACT(M8)aTAC(M8) 
AKP(HS)aPAK(M8) 
ACP(M8)aPAC(M8) 

40 BJ(M8}aBJE(HS) 
CAPKBCAKE 
CAPCPCACC 
IF(MAXN,GT,1) GU TO as 
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IFCSWEI.NE.O.O)   6Ü  TO  «5 
SwCXal.O 
8*6JB8MEI 
IF(SWH.EQ.O.O)   SWHal.O 

MS  NCÜL8M6 
NFPl«NHCM 
MX8MZ»2«NHC*1 
MXT2Pl«(2*MAXN*l)*N8P 
MXKÜ«l2*Mx8Hl 
MC88«! 
MXCPL«MXSMI*MX8MI 
MXCS8«12*NC8B 
MXCPM«12*NC0L8 
MXCPK«MXCPL*MXCPM 
MX8Ma»MxCSB*MxCPL 
NE,BC>MXCPM*MXSMI 
NE8ÖC»MxC8fl*Mx3Ml 
MFASB«NCSB*MXCPL 
MXFAB«NCOL8*MxCPL 
NFU8B6*MFU8 
NRBO«NCüL8«MCT*MFEA*MFLAP*Ml,EL 
IFCMFLEX.EO.O) CO TO a9 
NHBÜ«NCÜL8*J*MCUN 
IF(MCTY,EO,l) NR80»NCOLS*6*MCUN 

a9 NHlFC«NFU8iMXT2PltN8*NPBO 
MXUaNRIFC*HXSMl 
NEIFC«NPlFC*MxT2Pl 
NEISC«NRIFC*NFUS 
NEITCBNRIFC*NRBO 
MXTKN«NRIFC*NRIFC 
AM8CMY68 
ANVIBAVES 
AMFL«AYE8 
ACTT«AVES 
AFEAaAVES 
BFLEXaANQ 
ACONBAVES 
AFUSBAVES 
ASCHaAYES 
ANPDaAYES 
ANSKaAYES 
ANSPaAYES 
AAEHaAYES 
APRL"AYE8 
APRSaAYES 
ANBPaAYE3 
AIPUaAYE8 
AMLEaAYES 
IF(rtLEL,Eü,0) AMLEaANÜ 
IFCiFtAP.EU.OjAMFLaANO 
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IF(MCT,EQ,0)ACTT«ANü 
IF(MFEA(EQt0)AFEAaANO 
IF(MFLEX.EO.0)BFLEX«AYe8 
IF(HCON(EQ.0)ACüNaANO 
IF(MFUS(EQ,0)AFUS«ANQ 
IF(NSCHcEQ(0)ASCHaANO 
IFCNPD.EQ.OANPOBANü 
IF(N8K.EQ.0)ANSKBANO 
IF(NSP.E0.0)AN8PBAN0 

IF(MAER,EU.O)AAERaANn 
IF(NBC.EQ.O)ApRLaANO 
IFCNPRS^Q.OAPRSaANO 
IF{N8P,|0,0)ANBP«AN0 
IF(NVI,tQ.O)ANVI«ANO 
IF(M8C.E0.0}AMSCBANO 
IF(IPü(EO.0)AlPU«ANO 
IF(NPR8,Eü.0)GO TD 70 
WRITE(6,900) 
NRlTE(6,902)NB,NBP,Nn8EC*NFSEC,NBC*NHCrNFFB,N«8, 
1NFLAP,NFEA,NCT»NC0N,NE8,HAXN,N8Y,N8K 
MRITE(6|903)NE6N,IPCT,NIT,MER»NORM,IREMyNEXrNP8, 
lIG»IF,NLEL»MCTY 
KRITE{6I905)AMFL,ACTT,AFEA,BFLEX,ACON,AFU8»ANBP, 

lAAER,APRl.tAPR8»ANPD,ANSK,AN8P#AH8C»ANVX 
HRlTE(6f906)A8CH#AlPUfAMLE 
WRITE(6,90T)OM,80VEL,AIRO,FVEL,CHI#ZETA,OT»GP, 
lTHC,AFO,APO#COLL 
WRITE(6,908)8TG,8TF,AG»TORFLX»SOCO,CYFA,CYLA,OACO#AEXT#IYEX,E2EX, 
lCUEl,CnE2,CüE3 
DU 55 lal.NH 
IF(MFLEX,NE,0) 60 TO 5* 
WRITE (6,909) l,PHlMCIj,I,AKCni),I,TAU(I),I,8MLA(I),I,DM8(I) 
GU TO SS 

56 WRITE(6,920)I,PHlM(I),I#AMKC(I),I,CTAu(n,I,PHlCCl),!, 
lTHEC(I),I,ALl2(I),IfAL8TH(I) 

55 CONTINUE 
IF(MFLEX,EO,0) GO TO 57 
WRlTE(6,9lS)PHOTT(l),PMüTT(2)»PHnTT(J),PHOTT(«),PhOTT(5),PHOTT(6), 
IPH0TT(7),PHLITT(8) 
IFtMCTY.EQ.O) GO TO S7 
WRlTE(6,9l6)PHWTT(l)iPHwTT(2)#PHWTT(J),PHwTT(a),PHWT7(5),PHWTT(6J, 
IPHWTT(7),PHWTT(8) 

57 CONTINUE 
IF(NSP,EO.0)Gü TO 65 
WRITE(6,9l0)SMGJ,8WEl,SMMf8NR 
DU 60 IilfNES 

60 WRlTE(6,9n)I,CCHl(I)#I#AK(I),I,AC(I)»I»BJ(I) 
*RlTE(6f9i2)CAPK#CAPC 

65 wRlTe(6l9t3) 
WRITE(6,91«)(I,EGN8(I),I«1,NEGN) 
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70 OMlBOM 
OM2aOM*OH 
FCRAMAG 
6CTCP»CU8(GT)«008(0?)»AG 
UMTa2.0*OM 
IF(0ACO,GT,0,0) OMT^O.O 
ÜM0A«UH«8DCü 
NFF«2*MX9M1 

IF(MAER.EQ.O)60 TO 60 
CALL TABLU 
DU 75 K«1,NAS 
DU 75 L«lfNFF 
ARC«L*((K-1)*J,1«15926*2,0/NA8) 
CP8I(K,L)"CU8(ARG) 

75 3PS1(K,L)II91N(AR6) 
3CH1«8IN(CHI) 
82ET«8IN(ZETA) 
CZETiCOSCZETA) 
CCHIBCü8(CH1) 
FVLT«FVEL*8CHI*CZfcT 
FvLP«FVEL*CCHI*CZtT 
FVLA»FVEL*dZET 

00 CALL SECPAR 
IF(MFU8,EfJ,0) GO TO 85 
IF(MAER.EO.O) GO TO 85 
IFCNSK.EQ.O) GO TO 85 
CALL FAERO 

85 CONTINUE 
900 FURHATdHljTSTf'HELlCOPTER AEH0ELA8TIC STABILITY ANALYSIS INPUT PA 

IRAMETERS'//} 
902 FURMAT(9X,'NB     ■ »»IS,« NBP ■ MS»' NBSEC ■ MS» sx» 

1'KFSEC  ■ MS»'   NBC    • < MJ»' NHC ■ Ms»' NFFB ■ ', 
211,»   NA8    • M3,/#9X#» NFLAP  ■ MS,' NFEA  ■ MS.3X » 
S'NCT    • MS»'   NCON   i • M3»' NES • MS»' MAXN ■ ', 

«Hi»   N8V    ■ »»11,•   FUA   ■ • ,13) 
903 FURMAT(9X.»NEGN   ■ »,IJ,« IPCT ■ MS»« NIT ■ MS, sx. 

l»MH   ■ MJ»'   NORM  ■ MJ,» IREM ■ MS»' NEX ■ ', 
21.1»*   NPS    ■ ,»I3»/»9X»i IC    ■ MS,' IF    ■ MS. 
3'   NLEL   ■ •»13»'  HCTV • MS) 

905 FüRMAT(/»llX»«FLAP HINGE '»Ait» 1   CONT TORQUE EG Mtt. 
I»   PITCH BEARING   «»A«»,« ARTICULATED SY8 •»A«» 
2'   CONSTRAINT APP  »»A«,/, 11X»,FU8ELA6E •»A«. 
3'   BLADE PHASING   '»A«,« AERODYNAMICS M«» 
tt'   GIHBALLED SYS*. »»A«,« VARIABLE OUTPUT ',A«»/»8) (» 
5'   DISK PLANE CALC '»A«,» FUSELAGE AERO. •,A«» 
6'   SNA8HPLATE IN   '»A«»* COLL SPRING IN •»A«» 
7*   VI DIST USED    •»A«) 

90b FORHATCUXj'SEARCH OPTION Ma,' SHAPE PUNCHED ,A«, 
t'   LEAD-LAG HINGE  ',*«) 
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907 FüRMAT(/,9X,'ROTOR 

908 F0HMAT(9X,'CR »*TE STEP ■ '»FU,*,»   FREQ. STEP 

AIR DENSITY 
ANGLE CMI 
THETA 6HAV, 
COEF, C(K) 
AtPHAj 

SPEED  ■ 
'.E12,5,« 
•,F12.6,« 
'.FlZ.b,' 
••F12.6,« 
',F12,6,« 

»F12,6,'   VEL OF SOUND ■ '»Ft^.ö. 
CRAFT VEL. ■ ',Pl2 
ANGLE ZETA ■ «^12 
PSI GRAVITY ■ «^12 
DELTA! ■ SP12 
COLL. ANGLE ■ '^12 

ft. 
fc,/.6X. 
ft. 
ft) 

t 

6RAV. ACC. 
STR( DAMPING ■ 

uÜNG CYCLIC 
SPUR LENGTH ■ 

SPUR EI:; 
CQt?        s 

'»F^.o,»   SHAFT FLEX. 
•#Fl2.fc.'   F/A CYCLIC   • • 
■ ' »FU.ft,1   DAMPING OUT 
•#F12,6,«   SPUR EIV    « 
■ ',£12.5,'   COE1 

»F12,ft, 

•»E12,5,' 

*  ,.ei2.f./#9x; 
*F12.6* 
■ '»Fia.fc./^x, 

'.E12.5. 

909 FORHATdOX.'PHlMtMl,«) ■ 
TAU(M1,') ■ 
OMS(Ml,«) 

•»Fll.7,« 
'»FU.T) 

CÜE3        ■ •,Et2.5»/) 
'.Fll.7,'  AKCKMl,«) ■ »»Fll.'Ti 
8MLA(Ml,«) ■ •,Fll.7, 

920 F0RMAT(8X,»PHIM(t#I1,i) «1^10,7,•  AMKCCIl,«) ■«.Ell.S, 
CTAUCII,«) f',FlO,7,«  PHICCMl,») ■•,F)0.7» 
THlCCIt,»)  ■•»Fl0,T,/,ftX,'  ALl2(Ml,M ■•#Fl0.7, 
ALSTM(i,Il,«) ■•,F10.7,/) 

910 FORMATS,SX.'SWASHPLATE , 
•  BENDING STIFF« ■ •tEl2.S,i, 

TORSIONAL STIFF. ■ '»E12.5, 
MASS • «.FIO.S, 

RADIUS • SFft.Si/) 
•iFia.i,«  AK(ifIl,*) 

•,F12.6,'  BJ(Ml,i)   ■ •fF12.7) 
• ',F12,I#«  CAPC   ■ «»F^.ft) 

■ '.E12.5, 

Ml.« ■ »#211«,T) 
•»C12.5,'   EIVY 

911 FüRMAT(l9x,'ECHI(Ml,«) 
I'  ACC.IU«)  ■ 

912 FURMATU5x,«CAPK 
911 FüRMATt//) 
91« FORMAT(«0X,»STARTING EIGENVALUE 
915 F0RMAT(/,9X,'EL  ■•,Fl2.ft,»  EAC ■ 

l*  EIZZ ■ SEU.S,'   ALP ■•,Fl2.ft,/#9X,«BET 
2'  6AM ■ SFU.ft*1   6JTT ■ SEU.S,/) 

9lft F0RMAT(/,9X,»PLEN ••,Fl2.ft,«  EACP ■ ',ei2.5#'   HYP ■ ».'Etl.S. 
1'   EIZP • SE^.S»1   ALPP ■•,F12.6#/#9X,'BETP ••#F12.fti 
2'   GAMP ■ »,Fl2.6»i   GJTP ■ ',El2.5,/) 
RETURN 
END 

■ ,.E12.S. 
••«F12.ft# 
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DIMEN8IUN T(5), X(t) 

IPPP * 0 
1 REAO(5,10) K, J# (T(L).L«li5) 

10 FÜRMATCia, 11, SEI«,7) 
IF(J,EQ,6) GO TO 6 
IF(J,Ea,8) GU TO 6 
IFU.EO,^ GO TO 9 
IFdPPP.NE.O) GO TO 11 
HHlTE(6,a51 
FüRMAT(lHl) 
MRITE(6#25) 
IPPP ■ l 
DU 12 L«l,J 
N ■ K ♦ L • 1 
X(N) ■ TtL) 
wRITE(6,55) K, J 
FORMATdlX, IM, 
Cü TU 1 
WHITE(6PS5) 
FORMAT(5X,«EHROR 
60 TU 9 
FORMAT(T<»l»«PRlNT OUT OF INPUT 

l  9X, »VALl'» l«X, «VALa«» l«X# 
8 RETURN 
9 CALL EXIT 

END 

a? 

11 

12 

55 

6 
ii 

IS 

, (X{M),MBK,N) 
8X, M, 5X, 5CCla,5,«X)) 

INVALID CARD1) 

DATA     '/IIX, •LOCI, 8X, 
'VAL5S UX, •VAL«'f 1«X( 

•NUM«, 
•VAL«'/) 
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SUBROUTINE   SECPAft 
REAL  80(0000) 
REAL   VdOO) 
REAL  8AO,i),8AT(J,J),BC(i),3bT(3,J) 
REALMS  CX(75) 
C0MM0N/8AIN/80 
C0MM0N/8U9/Y 
CÜMHON/CFLEX/CX 
C0MMüN/R0TF/ÜMl,0M2»0MT 
C0MM0N/INTER/N8V,NB8EC»Nf3EC»NB»NBP,MFLAP,MfEA,MCT. 

lMFLEX,MC0N,MAER,MFU8,NBC,NFLAP,NFEA,NCT,NC0N,NFrB, 
2NA8»NMC,NVI,N8P,M*XN,NE3.HSC»NESN,IPCT,MIT.IER,NORM, 

3I»EM»NEX|NP8»N8CM#1G,IF,NPRL»NP«8,NPO,N8K,NCOLS,NC8B. 
aNFPl#MX8HI,MXT2Pl»MXKU»MXCPL.MXC8B#MXCPM,MXCPK.MX8WH. 
5NtBCiNE38C.MF*3B,MXF*B,NFUS,NHBÜ,N»IlrC#MX0,NElFC> 
6NEI8C#NEITC,MxTKN,NFF,MINPN,MAXPN,lBF,MüOE 

C0MM0N/PL0AD/STf]R#OM#sDvEL»AlH0»FvEL»CHI,ZETA,THC,AFn,A»»O,COLL.AG, 
lCT»6P#APD,A8K,BN,ÖPN,BM8,FN8>FLAPH#FEAM,CTM»CONM#AFLFX»AERM, 
2AFFB,FLAN,FEN,CTN,C0N,BCT,FU81,A8KtiCMH,VlN,SPC#8PH,ESN,8CC.*<MAi 
a8RA,8wT8»S»lB8,TFX,PR8.RT,EGNM,SR(5),SI(b),PCTl,ANiT,EnM,ANnR,AREMf 

5ANEX,PN8»8CHN,AIG»AIF,8TG#8TF,PMlM(6)»AKC(6),ATAU(6),TAKUi,TACm 
6#8HA(6),0B3(6)>PAK(a),PAC{U)»tCHl(U),A»<t(a),*CE(U),HjEC«),CAKg, 
7CACE»8TKC(6),BTAU(6),PHIC(6),THEC(fc)»ÖLl2(6)»SßC0,PliN!» 
8CVFA»CYLA,CELM,CELN#0ACCJ,CTYM,AEXT»EVEX,E2EX,cnEl.CoF2»C0fcS, 
9PHUTT(8),PHwTT(BJ»CLE8P(6),P(2000)iV(25,2u) 

COMMUN/NLEAü/MLEL»*LEL»MCTV 

COMMUN/FWVEL/FVLT»FVLPiFVLA,SCHl,CCHl 
CÜMM0N/AHA81/GCTCP 
CUMM0N/FAIR3/ARVZ»AHVV»ARHQ 
C0MMÜN/IARST/ILL»J8ECK 
IU»0 
TEMPNiO.O 
TEHVY«0,0 
TEMVZ«0,0 
TEMPT»0,0 
TEMMZao.O 
TEMMY»0,0 
WRITI(6,«8«J 

95a   FURMAT(//,J<tX, «STEAüY  FUPCE3   ANU  MOMENTB'./»«X» • 8ECTI0N',5x, «N', 
lUXi'VYMIXf'VZSiaX»'T'» ISX» »HZ», 12X» •«¥»#//) 

DO   30   Jtl.NSY 
30   Y(J)«O,0 

IF(CÜE2,NE,o,0)   GU   TO  98 
COEJilOOO. 
MRITE(6,917) 

917   F0RMAT(//,lüX,'cnfc2   WAS  0,   RESET  TO  1000,   IF   USEOi,//) 
98   CONTINUE 

MC«0 
NT0T«N88EC*NFSEC 
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I)Ü 60 J«l,NTOT 

IF(J,NE,(N88EC*n) SO TU 32 
TEMPN«0,0 
TEMVV«0,0 
TEMVZ«0,0 
TtMP7«0,0 
TtMMZ«OfO 
TEMMY^O.O 

32 I8«CJ-n*50 
Ml«PCIB+l)*,l 
M2»P(IB*2)*,l 
M3«PCI8*l)*.l 
Ma«P(iB*a)#,i 
M5»P(IB*5)*,1 
M6«P(IB«6)*,l 
M7«P(IB*7)*,l 

Y(2)«M2 
V(J)«M3 
Y(a}aMa 
Y(5)»M5 
Y(6)«M6 
Y(7)«rt7 
Pl5«P(IöM5) 
Plb«P(!B*l6) 
Pl7«PCIBtl7) 
IF(J,CT,NB3EC)   GO   TO  33 
IFCMFLEX.EO.nPl^Pn + CULL 
IF   CMFLtX.Eü.0.AMU.J.LE.NFFA)P17«Pl7*C0LL 

33 Y(ll)«SIN(Pl5) 
Y(l2)»CU3(Plb) 
Y(l3)a5I^(Pl7) 
Y(ia)«CU8(Pl7j 
Y(15)«SIN(P16) 
Yll6)«Cn3(Pl6) 
Y(18)«V(U)*Y(15) 
Y(l9)«Y(l21*Y(lfe) 
Y(IO)iV(t6)*V(13) 
Y(2l)«YCU)*V(ta) 
Y(22)«Y(in*Y(lS) 
Y(23)«Y(in«Y(lb) 
Yt2a)».YCn)*Y(l«)*Y(lfl)*Y(l3) 
Y(2S)»Y(12>*Y(U)*Y(22)*Y(13) 
Y(2b)«v(in*yttj)*y(i6)*Y(ia) 
YC27)«»Y(l2)*Y(l3)*Y(22)*Y(ia) 
Gü   TU   15 

3«   IF(Ml,EU.O)   GO  TO  35 
Y(8)a-P(I6*8) 
Y(9)«P(I8*9) 
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P10«P(IBM0) 
Pll«P(IHMn 
P12»-P(I8*12) 
Y(10)«-P(I9*13) 
Pia»-P(I8*lü) 
IF   (Ml   ,EQ.   2)   GH   TO   I 
YU7)«()M2*Y(16)*Y(16) 
Y(28)"OM2«>Y(l5)*VC2n 
V(29)«ÜM2»Y(15)*V(20) 
V(30)»OM2»Y(20)*VC2h 
C2T82P»Y(20)*Y(20) 
C2TC2P"V(2n*Y(2l) 
82T«Y(15)*Y(15) 
yC3n»OM2*(C2T82P*S2T) 
YC32)«OM2*(C2TC2P*82T) 
Y(33)«Y(8)*Y(9) 
CP2M«y(33)*Y(9) 
CZMX«PU«P12 
Y(3a)«Pl2*EP2M 
Y(35)»P1«*EP2M 
CXMYPE»y(3«)«Y(lO) 
CZMYPE«y(35)-Y(lO) 
02ME«Y(33)*rjM2 
T0TVY«O2ME*(Pi0*Y(2a)fPll«Y(25)) 
TUTVZ»02ME*(PlO*YC26)*PU*V(27)) 
TDTN"Ü2ME*(P10*Y(19)+P11«Y(23)j 
Y(36)»OMT*Y{20)*fY(3a)*Y(35)«Y(l0))/2,0 
Y(37)"OMT*Y(2l)«(CZiX«Y(lO))/2,0 
Y(38)«OMT*Y(15)*(CZMX+Y(10))/2,0 
Y(59)«CXMYPE*Y(28) 
Y(«0)«CXMYPE*üM2*(S2T»C2T82P)*T0TVY 
Y(«l)»CXMYPE*Y(30)-TDTVZ 
Y(«2)«CZMYPE*Y(26) 
Y(«3)»CZMYPE*0M2*(C2TC2P«C2Ta2P)*T0TVY 
Y<aa)»CZMVPE*Y(29)*T0TN 
Y(a5)«*CZMX*Y(29) 
Y(4*)s«CZMX*Y(30J 
Y(«7)»-CZHX*0M2*(C2TC2P«32T) 
TEMX»V(8)*0M2«P10 
TEHy«y(8)*OM2*Pll 
TEMPN«TeMPN»Y(33)*Y(29)-TEHX*Y(l9)«TEMY*y(aS)«V(8)*0CTCP*V(Hj 
TEMVr»TEMVY«Y(JSJ*YC52)»TEHX*Y(2«)-TEHY«YC25J*y(8)«CCTCP«Y(20) 
TeHV2«TEMVZ»y{33J*Y(30)*TEHX«ye26).TEHY*y(a7J*V(8)*cCTCP*yr21) 
TEMPT»TEMPT*CZMYPE*Y(30)-TOTVZ*y(3J)«CCTCP*Y(2t) 
TEMMZ»TEMMZ*CxHYPE*YC29)*TOTN*V(53)«0CTCP*yCH) 
TeMMY»TEHMy*CZMX«Y(88) 
00  TO  35 
Y(8)»«Y(8) 
Pli9mPii 
Y(10)»»Y(10) 
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Y(3a)aPl2*Y(33)*Y(9) 
y(3!>)«Pia*Y(53)*y(9) 

iS   IF(M4t«,tO#0)   GO   TÜ   ^6 
IMH3,Ne,n   GO   Tf)   3ö 

CALL   riAttViJ 
TfcHPT»TEMpT*AHMfj 
TtMVZaTfc^VZ+ARVZ 
Tt^VYsTF.MVYf AHVY 

Gl)   TU   3fe 
?   IF (H2   ttQ,    0)   GO   Til   (S 

IF    (J.^U,1)   GO   TO   5 
IF    (J,   £3.    (NHSEC*!))   GO   TO   5 

3   SA(l,l)«Y(19) 
SA(l»2)aY(23) 
SA(l,5)a-Y(l5) 
3A(2»n»Y(2a) 
SA(<»#2)«Y(25) 
SA(2,3)aY(20) 
SA(3>l)aY(26) 
SA(3,2)aY(27) 
SA(3,i)8y(2n 
ri(J-2)*N3Y 
SAT(l,n»80(I*l9) 
SAT(l,2)Bsn(If2a) 
SArn,3)sSD(I*2t>) 
3AT(2,l)«80(I*2}) 
3AT(2,2)«30(I*2S) 
8AT(2»S)»SO(U27) 
8AT(3#t)«.8D(I*15) 
8AT(3,2)a8O(U20) 
8AT(l|})«80(I*2n 
ou  a   Ial,3 
Ou a N»I,3 

IND«59*3*(I"1)*M 
Y(lN[))aO,0 
ou a K«I,3 

H Y(lNP)aY(IN0)*8A(I»K)*8AT{K,N) 
ASYENaTEHPN 
A8TVY«TEMVV 
ASTVZiTEHVZ 
ASTET^TE^PT 
A8TMZaTEMMZ 
ASTMYaTEMMV 
TEMPN« V(60)*ASTEN*V(6n*A8TVY*Y(62)*A8TV2 
TEHVY« YC63)*A8TEN*Y(6tt)*ASTVY*Y(65)*A8TVZ 
TEMVZ« YC66)*A8TEN*Y(67)*A8TVY*Y(*8)«A8TVZ 
TEMPT»  Y(60)*A8TeT*Y(62)*A8THZ«Y(6i)*A8TMY 

304 



TEMMZ» YC66)*A8TET*Y(6fl)*A8TMZ*Y(67)*A8TMY 
TEMMY» YC63)*A8TET*Y(65)*A8TMZ*Y(6«)«ASTMY 
Gü TÜ 6 
M2»0 
Y(2)«M2 
WRITE (6*902) 
IF(M4tEQ.O) CU TO 16 
8TGJaP(I8^27) 
8TtIY»P(lBt28) 
8TEIZ»P(I8*29) 
Y(5«)»TEMPN 
V(55)«TE«VY 
Y(56)»TEMVZ 
Y(57)»TEMPT 
Y(5e)«TEMMZ 
Y(59)«TEMMY 
IF (Ma, EQ, 2) GO TO IS 
8LtN ■ • P(I8f2t>) 
8LEN2«8LEN*8LEN 
CFORC»TEMPN 
IF (J .EG, 1) GU TO la 

P(ia*30)»CF(jRC 
T0TT«0, 
IF(P(IR*25).LT.0.Ü011   GÜ   TO   J9 
IF(CFüWC.EO.0.)GO   TO   J9 
TUTT«(8T£IY*8TEIZ)*CFORC/(2.0*P(IB*25)) 

39   CONTINUE 
GAMZi.8LEN*8QRT(CF(iRC/8TEIZ) 
GAMY««8LEN*80RT(CFtlHC/8TFIY) 
NT»0 
GAMaGAMZ 
8TEI«STEIZ 

9 GAM2BCAM*6AH 
lNOa70«NT*6 
IF (GAM .LT,,02) GO TO 10 
8GAH«SINH(6AM) 
CGAH«CQ8H(GAM) 
Y(INO)«3LEN*SGAM/GAM 

Y(lND*l)«SLfeN2*(CGAM.l,0)/(GAM2«8TEn 
Y(lN0«2)B8lEN*8LEN2*{8GAM«6AM)/(GAM*GAM2*8Tiin 
YCIN0*^)»CGAH 
60 TO 1} 

10 GAM4aGAM2*GAM2 
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V(IN0)»8LEN*(l, ♦ CAM2/6,*GAMa/l20.) 
Y(lNü*l)«8LEN2*(.5*CAM2/2a,*GAMa/720.)/8TCl 
YClND*2)«8LEN*8LEN2*(i,/6,*CAM2/l20.*GAMa/50«0.)/8TEl 
Y(lNOM)«l,0*GAM2/2,*6AMa/2a, 

11 IFtNT, EQ, 1) GÜ TO 12 
NT»l 
GAMsGAHY 
8TEI-8TEIY 
GU TO 9 

12 Y(69)«8LEN/(STGJ*TÜTT) 
Y(7a)»Y(70)/STEIZ 
Y(75)«8LEN 
Y(80)»Y(76)/8TEIY 
Y(8l)«8LEN 
TtMH2««8LEN*TEMVY*TEMMZ 
TErtMY«8LEN*TEMVZ*TEMMY 
CO TO I« 

13 8LEN   ■   P(IB*26) 
SLEN2*8LEN*SLEN 

U   Y(69)«8LEN/8TGJ 
Y(70)«8LEN 
Y(7l)«8LEN2*,!»/8TtIZ 
Y(72)«8LEN2*8LEN/(6,«ST£IZ) 
Y{73)«1,0 
Y(7a)«8LEN/STtIZ 
Y(75)«8LEN 
Y(76)»8LEN 
Y(77)«8LFN2*,5/8TEIY 
Y(78)«8LEN2*SLEN/C6.*8TETY) 
Y(79)«l,0 
Y(8ü)«8LEN/8TElY 
Y(8U«8LEN 
TtMKZ«-8LEN*TEHVY*TtMMZ 
TfcMMY«*8LEN*TEMvZ*TEMMY 
GO   TO   18 

15   IFCHb.EQ.O)   Go   TO  2 
Yt82)««P(IB«J8) 
Y(8i)«-P(I8*J9) 
Y(8a)»-p(i8*ao) 

C 
C 
c 

IP   (M5   .EQ,   li   GO   TU   16 
Y(82)«-Y(82) 
Y(83)««Y(85) 
Y(8tt)B»Y(8«) 

»)*TEMVZ*Y(83)*TE^VY 
121*TEMVZ 

16   Y(85)«Y(8a)*TEMVZ*Y(fi 
Y(86)»»Y(82)#TEMVZ 
Y(87)«-Y(82)*TEMVY 
Y(H8)   ■   .Y(«a)*TFNPN 
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Y(89) ■ Y(83)*TEMVV*V(82)*TEMPN 
Y(90)»«Y(8a)*TEMVy 
Y(9n»-Y(83)*TEHPN 
VC92)«-Y(83)*TEMVZ 
Y(93)»Y(82)*TEMPN*Y(8a)*TEHVZ 
TEMPT«*TEMVY*V(8«)»TEMVZ«Y(83)*TEMPT 
TEMMZ»-TEMVY*Y(B2)*TEMPN*Y(83)*T£MMZ 
TEMMY«*TEMVZ*Y(82)-TEHPN*Y(8<»J*TEMMY 
CO TO 2 

17 IFCMö.EO.O) CO TO 3a 
Y(9a)a»p(lB*a«) 
Y(95)«»P(lB*a5) 
Y(96)«-P{IBfa6) 
Y(97)»P(Ifl*«7) 
Y(98)«P(IB*«8) 
YC99)«P(IB*49) 
Y(100)».P(IB*50) 
IF(M6,E0,l) CO TO 3« 
Y(9«}a.Y(9a) 
Y(95)«-Y(95) 
Y(96)««Y(96) 
YC100)«.Y(100) 
CO TO 34 

18 IP(M7,E0.0) CO TO 17 
Y(4)al. 

HCaHCtl 
IF(MC ,E0, 1) CO TO 19 
WRITE (6*903) 
8TOP 

19 ELaPHOTT(l) 
EACaPHüTT(2) 
EIYYaPH0TT(3) 
ElZZ«PHOTT(a) 
ALP"PMOTT(5) 
BETaPH0TT(6) 
CAMaPH0TT(7) 
CJTT«PH0TT(8) 
El8Q«EL*Et 
ELCUaELSO*Et 
XF(MCTY#CT.O) 00 TO 70 
CKla3,0*ElYY/ELCU 
CK2a3t0*EXZZ/ELCU 
CK3aEAC/EL 
CK«a«CKl*EL 
CKSaCK2*Cl 
CK8aCKl*EL8Q 
CK7aCK2*EL80 
60 TO 71 

70 ALPP8PMWTT(5) 
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71 

8E.TP«PHWTT(6) 
GAMPsPH^TT(7) 
SALaSlN(Ai,PP) 
CAL«CÜS(ALPP) 
SBE«SIN(ÖETP) 
CPt«CUS(«ETP) 
S&A«3lN(r,AMP) 
CGAaCUS(GAMP) 
3AT(l,2)»-SAL*CGA*CAL*SHE*S6A 
SAT(l,3)a + SAL*SGA*CAL*SHl!*CGA 
SAT(2#2)«4CAL*CGA4.SAL*SBP*SGA 
3AT(2,3)»-CAL*3GA+SAL*SöE*CGA 

SAT(3,2)«CBE*SGA 
sAT(3,3)«cfle*cc;A 
SATn«3AT(3,2)*SAT(lf3)-8AT(3,3)*SAT(l»2) 
3AT22a8AT(3,2)*8AT(2,i)-3AT(3»3)*3AT(2,2) 
8AT33«SAT(2,2)*3AT(l,3)-SATC2»3)*SAT(li2) 
AXTN«AEXT/EL 
AXPEL»AEXT*EL 
PHLtNBPM*TT(n 
TU8l«l,5*(l,*2,*AXTNJ/tL 
AXTt2«AeXT*PHLEN*SAT22 
Tu82«EL/3,-,5*PHLEN*8AT22 
TUS3«,25*AXTE2 
TU8a«-,5*EL*PHLEW*SAT22 
TUPl»TUSUPHLEN 
TUP2»TU8t*AxTE2 
TUP3«,5*l,5*AxTN 
TUPa"7UP3*AXTE2 
TUP!>»EL»PHLEN*8AT22 
AXTE1«AXTN*AXTN*AXTN 
AXTZZ«AXTEl*(ElZ2/fc2CX) 
AXTYV«AXTEl*(EiyV/EYEX) 
AXTEl«l,*3,*AxTN*Ct,*AXTN) 
AXTE2«AXTZZ*AxTEl 
AXTei«AXTYY*AxTEl 
CKl«3,*EIYY/(AXTEl*ELCU) 
CK2«J,«EIZZ/(AXTE2*ELCU) 
CK3a0a0 
CK«««CKl*AXPEL 
CK5aCK2*AxPEL 
CK6B«CKa*AXPEL 
CK7«*CK5*AXPEL 
8ALB9IN(ALP) 

CALBCOS(ALP) 

SBEaSlN(BET) 
CBEBCüSCBET) 
8GAaSIN(GAM) 
CGAlCQ8(6AH) 
CA8BBCAL*8BE 
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SASBBSAL*8BE 
3A(l#l)«CAL*CBE 
8A(U2)B«SAL*C6A«CA8B«8CA 
SACl,J)«8AL*8GA*CASB*CCA 
8A(2»na8AL*CBE 
8A(2»2)aCAL*CGAtSA8B*8GA 
SA(2»3)«-CAL*SGA«8ASB*CGA 
8A(3,l)«-SBE 
8A(}f2)aCBE*8GA 
8A(3»1)«CBE*CGA 
DÜ 20 K«l,75 

20 CX(K)«0,00 
DO 2« I>1,3 
BC(l)«-8A(I,i)*CK5 
BC(2}a»8A(Ir2)*CK2 
BC(J)a*8A(I,})*CKl 
IXXBO 

IF (I ,EQ. 2) IXX'S 
IF (I ,EQ. J) IXX«9 
00 21 N«1,3 
iXAalXXtN 
DO 21 KBI,J 

21 CX(IXA)BCX(IXA)fBC(K)*8A(N*K) 
8C(2)«-SA(I,3)*CKa 
BC(3)>*8A(I,2)*CKS 
IXXaIXX^3 
DO 22 NB1,3 
XXAvlXX^N 
DO 22 K«2,3 

22 CX(IXA)aCX(IXA)tBC(K)ft8A(N»K) 
BC(2)«-8A(I,2)*CK6 
BC(3)«-8A(I,3)*CK7 
IXX«IXX*3*(5-I) 
00 23 N«I,3 
IXABIXX^N 

00 23 K«2,3 
23 CX(IXA)«CX(IXA)«BC(KJ*8A(N,K) 
2a CONTINUE 

IMMCTV.EQ.O) GO TO 17 
CKlaal.0 
CK3«*TUPl»8ATll/AXTE2 
CKa««(AXTZZ*7uP2)/*XTt2 
CK5BTÜP1*8AT33/AXTE1 

CK6«-(AXTYV*TUP2)/AXTEl 
00 72 I«lf3 
lXX«2l*(l-n«3 
BC(n«-8ACl,l)*CKl 
8C(2)a»8A(Itl)*CK3«SA(If2)*CKM 
8C(3)a«8A(I#n*CK5-8A(l,3)*CKt» 
00 72 N«if3 
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IXABIXX^N 

DO 72 KB1,3 
72 CX(IXA)BCXnXAUBC(K)*8A(N,K) 

CK1»«PHLEN*8AT33 
CK2««PHI.CN*SATII 
CK3«(AXTVY-TUP3)*PHUEN*8AT33/AXTEI 
CKa»(AXTYY*TUP5*TUPa)/AXTEi 
CK5«(AXTZZ»TUP3)*PHLEN*SATn/AXTE2 
CK6«-(AXTZZ*TuP5*TUPa)/AXTe2 
DO  73   lm\tl 
IXXaiO*(I-l)*3 
BC(l)«-3A(i,2)*CKl-3A(I,3)*CK2 
PCC2)»-SA(I,l)*Ct<i-SA(I,3)*CKa 
BC(J)«-SA(I,n*CK5-SA(I,?)*CKb 
DU 73 N«l,3 
IXA«IXX*N 
DO 73 KBlf3 

73 CX(IXA)«CXtIXA)*8C(K)*SA(N,K) 
ICCP«0 
CKl«FHLEN«SATll 
CK2«PHLEN*SAT22 
CK3»PHLEN*8AT33 
CK««TU8l/AXTEl 
CK5«-TU81/AXTE2 
DO 7a I«l,3 
DO 7a N»l,3 

7a SAT(I,N)«o,0 
8AT(l,l)«l,0 
8AT(2,n««CKUCK5 
8AT(3(t)a«CK3*CKa 
8ATC2,2)«-CK2*CK5*(AXT2Z*AEXT*TU8l)/AXTE2 
3AT(3»3)«C»<2*CK«*(AXTYYfAEXT«TU8l)/AXTei 

b5 IXXa39^ICCP*9 
OD 75 I«l,3 
DO 75 N«l,3 
3BT(N,I)«0,0 
DO 75 KBl,3 

75 SBT(N,I)«SBT{N#m8ATCK,I)#8A(N#K) 
DU 76 Nalf3 
lXATaIXXf(N«l)*3 
OU 76 I«l#3 
IXA«IXAT*I 
00 70 K«l,3 

76 CX(IXA)BCX(IXA)tSA(IfK)*SBT(NfK) 

ICCP«ICCP*1 
IMICCP,GT.3) GO TO QO 
DU 78 1.1,3 
00 78 N«l,3 

78 8ATCI,M)«0,0 
IFdCCP.GT.l) 60 TO 79 
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CK««(AXTZZ-TUP3)/*XTE2 
CK5»(AXTYY»TUPS)/AXTEl 
SAT(2#l)a«CKl*CK5 
SAT(3,l)BaCKl*CK4 
SAT(U2)MCK3 
SAT(S,2)R.CK2*CM+EL>*(*XTZZ*AXTN*TUPS)/Am2 
8AT(l,3)«CKl 
8AT{2,J)«CK2*CK5-EL*CAXTYY*AXTN»fuPl)/AXTei 
CU  TO S5 

79 IF(ICCP,6T,2)   60   TU  80 
CKaa«TUSl/AXTEl 
CK5«TUSl/AXTE2 
SAT(2fl)«-CKl*CK5 
8AT(3,l)a«CK3*CK4 
8AT(2»2)a-CK2*CKS*(l.*l.$*AXTN)/AXTE2 
8AT(3,3)«Ct<2*CKa*(l.*l.S*AXTN)/AXTEl 
GO  TO 85 

80 CKa«eL*((AXTYY*TU8<HTU33)/AXTei)/ElYV 
CK5«-EL*((AXTZZ*TU8ttfTUS3)/AXTE2)/eZZZ 
CK6«-EL*((,25«AxrZZ)*CKl/AXTE2)/EIZZ 
CK7«-EL<»((.25*AXTYY)#CK3/AXTEn/ElVY 
SATn,l)a.CK3*CK7«CKl*CK6*EL/EAC 
8AT(2>l}a.CKl*CKS 
8AT(lfU«*CKS*CK« 
8AT{l,2)a-CK2*CK6*EL80*(CKt*(AXTN/«,.AXTZZ/2.)/AXTE2)/EIZZ 
8AT(2f2)«CK3*CK3*EL/0JTT-CK2*CK5*EL8Q«((AxTZZ*TU82*AXTN*TUS3)/*XTE 

i2)/eizz 
8AT(3,2)«CK3*C)<1*EL/6JTT 
8AT(l,3)«CK2*CK7«EL8Q*(CK3*(AXTN/4.aAXTYY/2.)/AXTEli/ElYY 
8AT(2»3)aCKl*CK3*EL/6JTT 
8AT(3,3)"CK1*CK1«EL/6JTT*CK2*CK«*E180*((AXTYY*TU82*AXTN*TU83J/AXTE 
Il)/IIYY 
60 TO 85 

90 CONTINUE 
CX(64)a>CX(6«) 
CX(*S)a«CX(65) 
CX(«6)«*CX(«6) 
60 TO IT 

3« IF(J.6T,NBSEC) 60 TO 93 
IFCMFtEX.6T,0J 60 TO «3 
IF(HFl.AP,EO,0) 60 TO 37 
IFU.EO.NFLAP) TEHMYBO.O 

37 IFtMUEL.EQ.O) 60 TO 38 
IF(J.EO,NLEL) TEHMZiO.O 

36 IF(MFEA,EO,0) 60 TO 411 
IF(J.EO,NFEA) TEMPTtO.0 

«1 IF(MCT,EO,0) 60 TO 91 
IF(J,NE,NCT) 60 TO 93 
IF(MFEAtee.O) 00 TO 91 
TEMPT9TtMPT*C0ei 
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GO  TO  93 
91   TEMVZm^VZ-CCOEl-TEMPT)/COE2 

TEMPTtCOEl 
6U   TO  93 

«3   IMMCOM.EQ.O)   60   TO  93 
IF(J,NEtMCON)   GO   TO  93 
TEMV2«TEMvZ«(cnEl-TEMPT)/C0I2 
TEMPTBCOEI 

93  CONTINUE 
r(tt8)»TeMPN 
Y(«9)«TEMvy 
V(50)«TEHVZ 
Y(5n"TEMPT 
V(52)«TEMMZ 
Y(53)vTEMMV 
WRITE(fc,953)   J,TEMPNfTEMVY,TEMV2,TEMPT»TEMMZ,TEMHY 

9S3  FüRMAT(5X,I5»fe(2X,El2.5)) 
25  DO  SO   LBlfNSY 

M«(J»n*N8Y*L 
50   8D(M)By(|.) 

DO 55 1«1,N8V 
55 Y(I)»0.0 
60 CONTINUE 

DO 200 KK«lta 
KaO 
DO 201 IS«l*NTOr 
188*11 
IF (I8.GT.NB8EC) I88aI8«NB8EC 
GO TO (301,302,303*305),KK 

301 IF (18 ,EQ. 1) WRITE (6,501) 
WRITE (6,502) I8S»(P(L*K),L«1»1J) 
60 TO 202 

302 IF (18, EQ. 1) WRITE (6,503) 
WRITE (6,S0a)l88,(P(L«K),LBl«,l7),(P(L*K),L«19,22) 
60 TO 202 

303 IF (18. EQ. 1) WRITE (6,505) 
WRITE(6,506) l88,(P(l>K),La2S,30) 
60 TO 202 

C 
C 
C 

305 IF (IS. EQ. 1) WRITE (6,508) 
WRITE (6,509) 188» (P(L*K), 1638,80) 

202 KaK^SO 
201 CONTINUE 
200 CONTINUE 
501  FORMAT(lHl,//(T58f,8eCT]:ON  INPUT DATA! ,//,T18, •OftOfR OF  8ECTION8I 

IBLADE   TIP(8ECTI0N   1)   TO  HUB,   THIN  FROM  FRfE  END OF  FU8IU6E   (8ICTI 
20N   1)   TO  HUB'r/Z/^U^BICTION       Hl Mt MS M«        . M5 M6 
3      M7«,7X,iM»,e)(,,ERV«,7X,»HRX',6X,»MRV«,7X#'I)l'#8X.»lY«) 
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502 jORM*T(lTx,I2,5x,7(FS,MX),Fj0,5#2x,F*.J#2<»x,F?,S),lX,Fe:i,JX, 

503 FORMAT(1M1,8(/),T16,»SECTION»»fcX,»II«,9X,«PHI•,SX,»TMETA',7X,«P|X« 
l,7X,,L(AERO),,6X,»POLL,#«X,«VAlf<Mlx#»0lL») 

50(1 FORMAT(l7X,I2,6X.Fl0.a,3X,JCFfl.5,lX),«(Ell,«#2X)) 
505 FORMAT(lMi,8(/),Tl0,»SECTlONMXliCHOR0',9X,»lNO. VfL • »*X, • XXXXt, l 

l0X,«LCEL*),»8X#«(6J)TS9X,«(EJ)y«l«x#«(IJ)Z
,,«X,'(F)T«) 

506 FORMAT(lOX,12,«X,8(Ell,a,3X)) 
C 
C 

508 FORMAT(IHI,8(/),T«#'8ECTION«,2X,IOEL X  DEL Y  Oil  Z  N.RIß 
IVY-RIG  VZ-RIG   l/KX       l/KY       l/KZ      TAU X   TAU Y 
2  TAU Z    Ki) 

509 FURMAT(6X,I2,«X,6(F7.a,lX)#J(Ell,«flX),iCF7,a,lX),llt.«) 
902 FORMAT(20X,»BEND NOT ALLOWED AT BLADE TIR OR FUSELAGE FREE END«) 
903 FORMAT(m,'ONLY I CONSTRAINT SECTION ALLOWED, JOB ABORTE«! 

RETURN 
END 
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SUBROUTINE BAERO 
REAL 8D(4000) 
REAL Y (100) 
REAL*a TC(3tt) 
REAL SRSI(2tt,6),CP8I(2<l,6) 
COMPLEX EXPF 
CüMPLEX*lb AMA(2550) 
C0HM0N/8AIN/S0 
CÜHMON/8UB/V 
COHMON/AMAT/AMA 
C0MM0N/8TAB/CP8I»SPSI 
C0HMÜN/TAER/THCK,THC1,THC2 

C0*MON/AER2/RCD2,RC202*PRC204*PRC3D6,CO4HD»AZeR 
COMMON/AER3/OFYDP»OFZOP«DMDP»0FVDVY,0PZDVY*UMDVYfOFrOVZ» 

1   DFZOV2,r)MOvZ,CAPFy,CAPF2,CAPH,VLLY,VLLZ»CAPP,ATAB 
C0HMON/ROTF/OMl,OM2,nMT 
CüMMON/Fwv£L/FVLT»FVLP»FVLA,8CHI,CCHl 
COMMON/INTER/N8Y»NBSEC»NF8eCiNB,NBPtMFLAPfMFEA«MCTf 
IMPLEX»MCON^MAERfMFUB»NBC«NFLAP«NFSA,NCT,NCON#NFFBf 
2NA8,NMC,NVl,N8P,MAXN,NE8,MSC»NEeN,lPCT#NIT»MER.NORM, 
JIREM,NEX,NPS»N8CH,IC,IF,NPRL»NPR8,NPI)rN8K,NCOLS,NC88. 
4NFPl»MX8MI,MXT2PlrHXKQ>MXCPL«MXC8B»MXCPH#MXCPK*HX8MB« 
5NE8C»NE38C»MFA8B,MXFA8»NPU8»NRB0,NRIPC#MXQ,NEIFC» 

6NEI8C»NEITC,MXTKN|NFF,MINPN,MAXPN,IBF#MODE 
COMMQN/NLEAO/HLEL»NLEL#NCTY 
COMMON/PLOAO/8TOR#ON,SOVEL»AlHO#PvEL»CHI,2eTA,THC,AFO,APO,COLL.AG, 
l6T»GP»APD,ASK,BN,BPN,BN8«FN9«FLAPN,FEAM,CrM,CONMfAFLEXfAERM, 
2AFFa,FLAN,PEN,CTN, CON, BCT,FU8M,A8N,CNH,VIN,SPC.8PH,E9N»8CC,»(MA, 
48RA,8WT8«8WB8,TFX»PR8»RT»E6NM,SR(S).8I(S)«PCTl»ANIT.ERH#ANnR,AREMf 
5ANEX,PN3,3CHN,AIG»AIP,STG#STF»PHlH(6)»AKC(6)»ATAU(fc),TAK(ai,TAC(«) 
6*8MA(6)lDB8(6)#PAK(4),PAC(tt)»ECHI(«),AKE(a)»AcE(4)fBJE(4),CAKE* 
7CACE,8TKC(fe),BTAU(6),PHIC(6).THEC(6),BL12(6),80CO,PUNI, 
8CVFA,CYLA,CEUM>CELN,DACQ»CTYN,AEXT*EYEX»eZEX,cnEl.COE2*COE3» 
9PMOTT(e),pMwTT(8)#CLE8P(6)»P(2000),V(25,24) 
CÜMM0N/IAR8T/ILL»J8ECK 
CÜMHON/FAIRS/ARVZ«ARVY»ARHO 
NRlTE(6,10n 

101 FORMATdHl^/.TSe^'AERO  COEFFICIENTS»»//, 
lT8,'ALPHZi#9X,»AMACZ*,9Xl

,CSUBL,*9X,iCSU80l 

2»9X,«CSU8M',9x,,CLALP,»9X#»C0ALP',9X.
,CMALP') 

IF(ILL.GT.l) 60 TO 5 
DO 12 III.2550 

12 AMA(I)a0CHPLX(0.D0#0.O0) 
5 PINUiS.141592654 

NAMAa34*MxSHl 
THCKBTHC 
IIJSECK 

ARVZ«0.0 
ARVYiO.O 
A«MO«0,0 
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c 
c 

c 
c 
c 
c 
c 
c 

c 
c 

MAMA«(Il.L«l)*NAMA 

IB»CI-1)*50 

P19«PCIBM9) 
P22«P(IB*22) 
P23«PCIB*25) 
CDa«P25/a,0 
RC02»AI«D*P2i/2,0 
RC2Ü2»RCÜ2*P23 
PPC20««PINO*RC2D2/2,0 
Cl)öM0»CPa.P22 
PKC306«P»C20ü*C0<» 
TMCI«1,0*THCK 
THC2«Cl,0-THCK)/«,0 
ATAB»P(IB+ie) 
TFAC«1,0 

ÜMl5«UMl»Y(l5) 

0MD1S«P22*0H15 
0HHY«0MJ*P(|8*in 
OMHX»ÜMl*p(lBflO) 
CAPP««ÜM15 
VELIK«P(IB*2a) 
APSI«P(IB«17) 
IF(MFLEX,EO.l) AP8I«AP9I*C0LL 
IF(MFLEX.eO,0.ANO.I,LEtNFEA) AP8I«AP8I*C0LL 
DÜ 24 K«l,NA8 
IF(NVI,6T,0) VELlK«VnH.,K) 
88ZK«8P8I(Kfl) 
C8lKiCP8I(K,l) 
TP8laCVLA*C8XK«CYFA*88lK 
8TP8Ca8XN(TP8l) 
CTP8C«Ca8(TP8l) 
TP8I«TPSUAP8I 
8TP8a8lN(TP8l) 
CTP8«C08(TP8I) 
FCYI»»V(U)*CTP8*Y(18)*8TP8 
FCY2»  V(12)*CTP8*Y(22)*8TP8 
FCYli  V(ll)*8TP8*Y(l8)*CTP8 
FCYa»-Y(t2)*8TP8*Y(22)*CTP8 
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OM20«ÜMI*V(16)*STP8 
0M2l«UMl*Y(l6)*CTP8 
i3MOiO«P22»f)M2o 
nMD2l«P22*0M2i 
BVLlaFVLT*S8lK-OMHY*FVLA*C8IK 
8VLJ«FVLT*C3lK*(JMHX-»fVLA*S8IK 
«VLK«FVLP*VELIK 
VLLY*ÖVLl«FCVl*BVLJ*FCy2*öVLK*Y(lb)*8TP8 
VLZfl»t3VLl*FCY3*BVLJ*FCYa*HVLK*V(16)*CTP8 
VLLZ«VLZMfOMDi5 
VLXH«ÖVLl«Y(lq)*BVLJ*V(25)«8VLK*Y(15) 
VLI.J'«VLX'i*0Mt)2l 
AZEW»30VEL 
CALL   AERn(l,TFAC) 
OYPT«üFY()p 
OZPT«ÜFZOP 
OYYT"ÜFYDVY 
DZYT»OFZOVY 
OVZT»OFYOVZ 
DZZT-DFZOYZ 
CFYT«CAPFY 
CFZT-CAPFZ 
DFY0P«0YPT*CTP8C»ÜZPT*8TP3C 
0FZOP»OZPT*CTP8C*ÜYPT*8TP8C 

nFYÜVY«DYYT*CTP8O0ZYT*8TP8C 
l)FZI)VY«OZYT*CTP8CtOYYT*8TP8C 
0FYüVZ«OYZT*CTPSC-OZZT*8TP8C 
ÜFZUVZ«0ZZT*CTP8C*DYZT*3TP8C 
CAPFY«CFYT*CTP8C-CrZT*8TP8C 
CAPFZ«CFZT*CTP80CFYT*8TP8C 
TC(l)«0M0VZ*P22-0MDP 
TC(2)»«üMOVY 
TC(J)«OMOVZ 
TC(«)«»0FYDV2*P22t0FY0P 
TC(5)»0FYDVY 
TCCb)«»OFYOVZ 
TCC7)«*0FZ0VZ*P22-DFZÜP 
TC(«)«-OFZOVY 
TC(9)«0FZ0VZ 
TC(lO)«CAPFY 
TC(U)«-CAPFZ 
TC(l2)»DMDV2*OM20-0MDVY»0M2l 
TC(l3)»OMüVZ*VLLY*DMDVY*VLZM 
TC(ia)«DM0VZ*0M15 
TC(l5)«0MDVZ*OMO20*OMOVY*VLXM»0M0P*OM20 
TCC16)»OMDVY«OM15 
TC(i7)«-DMDVZ*VLLX*0M0P*OM2l 
TC(l0)tCAPH 
TC(l9)««0FVOVZ*OM20*OFY0VY«OM2l 
TC(20)».OFYOVZ*VLLY*OFVOVY«VL2M«CAPFZ 
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TC(2n»«0FY0VZ*UMl5 
TCC22)«»0FYüVZ*ÜM020«üFYnVY*VLXM*DFY0P*ÜM20 
TC(23)«.DFYDVY*UM15 
TC(24)»OFyOVZ*VLLX-DFYl)P*ÜM2l 
TC(25)B«CAPM 
TC(26)»OFZOVZ*OM20-ÜFZOVY*OM2i 
TCC27)«0FZ0VZ*VLLY«DFZDvy*VLZM-CApFY 
TC(28)BDFZ0VZ*nMl5 
TC(29)BDFZDVZ*OMn20*OFZDVY*VLXM«nFZDP*OM2o 
TC(10)«DFZDVY*fJMl5 
TCCJl)«-OFZDVZ*VLL*tOFZüP*nM2l 
TC(32)«-CAPM 
TC(33)«CAPFY 
TCC3a)a«CAPFZ 
ANVZBARVZtCAPFZ*Pl9 
ARVYMRmCAPFY*Pl9 
APHU«ARM0tCAPM*Pl9 
OU 20 NN«l,MXSMI 
Nt«NN«NFFl 
NsIABSCNl) 
A«CP81(K,fO 
BaSPSICKiN) 
IF (Nl.GT.O) GO TU 21 
IF (M.LT.O) GO TU 22 
EXPF«CMPLX(1.0»0.0) 
CU TO 23 

21 EXPPitMPLx(A,.8) 
GU TO 23 

22 EXPF«CMPLX(A,e) 
23 lAMBMAMAt(NM-l)*3a 

DO 20 j*\,m 
20 AMA(IAM*J)«AMA(IAM*J).Pl«»*TC(J)*EXPF 
2a CONTINUE 
26 CONTINUE 

MAHP«MAHAfl 
JaMAMA^NAMA 
DO 28 I»MAMP,J 

26 AMA(I}BAMA(I)/NAS 
C     WWITE(6,703)CAMA(IN),INB1,2ü«) 
C 703 FURMAT(8F10,6) 

ARVZBAPVZ/NAS 
APVYiARVY/NAS 
ARHÜBARHU/NAS 
RETURN 
END 
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SUBROUTINE FAE»U 
DIMENSION SD{aOOO).YClOO)f*FAC2aO) 
COMMUN/FUSA/AFA 
CUHMON/SAIN/80 
COMMON/SUH/Y 
CUMMi)N/AE»2/HC0^,WC2D2,PRC2Da,PRC306»CD«MD,AZE» 
CUMMUN/AEm/0FYDP#nFZOP,OMDP#l)FYDVY,0FZ0VY»0MDVY#0FYOv2# 

l        üFZOvZ,nMl)vZ,CAPFY,CAPFZ»CAPMfVLLV»VLLZ»CAPP,*TAB 
CüMMON/INTER/^8Y.NH8EC»NFSeC#N8fNBP,MFLAP,MFEAlMCT» 

lMFLEX»MCON,MAEP»MFU8,NBC»NFLAP,NFEA,NCT»NCnN,NFFB, 
2NAS,NHC,NVI#NSP,MAXN,NES»MSC»NEGN,IPCT»NIT»MER#NOHM, 

JlHE'i,NEX,Nl»S,NSCH,I0,lF,NP»L»NPR3,NP0,N3K,NCaL8,NC8B, 
tiNtPl,MXSMI,MXT2Pl»M)(KO*MKCPl.»HXC8B*MXCPM,MXCPK*MX8MB, 
5NtBC»NE8HC»MpAS8,MXFA8,NFU8»NHBÜ,N»lFC»MX0»NElFC» 
6NElSCtNElTC,MxTKN#NFr,MlNPN,MA)(PN,lBF,Ma0t 

CUMMÜN/NLEAO/MLEL»NLEL»MCTY 
CUHMON/PLnA0/8Tr)»,OH#80VEL»AlR0»FVlL»CHI,ZCTA,TMCfAFn#APO»COLL»A6, 

lGT»t»P,AP0lASK,BN,bPN,B^8,FNS»FLAPM,FEAM#CTM,C0NM,AFLCX»AKRM, 
2AFFö,FLAN,FEN#CTN,CüN,BCT,FU8M,A8N»CNH,V!N,3PC.8PH,|SN»8CC.WHA, 
«8HA,3i«TS,SWB8,TFX,PR8»PT»tGNM,8R(5),SI(5),PCTl,ANlT,ERH#AN9R,A»EM, 
5ANfcX,PNS»8CHN,AI6»AIF,STG,STF,PHlM(fc)»AKC(6),ATAU(6),TAK(a>#TAC(«) 
<,»8MA(6)#l588(6),PAK(a),PAC(a),fcCMI(a)#AKEta)>ACe(«)#«JE(«)»CAKe, 
7CACE»8TKC(6),BTAIJ(6),PHIC(6)#TMEC(6)#BLU(fc)f80CÜ,PUNI. 
8CYFA,CYLA,CELM,CELN,DACÜ#CTYH,AeXT,EYEX,ezEX,COEl,COE2#CO£l, 
9PHOTT(B).PHWTT(8)»CLESP(6)*P(2000)»V(28f2a) 

AZER«80VEL 
IL«0 
DU 12 1*1,2(10 

12  AFA(I)«0, 
PINUa3.14lS926S« 
ÜÜ  26   lal.NFSEC 
L«(X«l)*N8Y*NB»IC*N»V 
Y(J)B80(L*5) 
M3«y(l)*.l 
IF(H3(NE.2)   GO  TO 26 
Il'ILM 
IBa(X*l)*50tNB8EC*50 
DO 16 J»l,N8Y 

16   Y(J)»80(L*J) 
ATAB«P(IB«18) 
MTAHIATAB^.I 
TFACS1.0 
IF(MTAB(EQ.7)TFAC«0.0 
Pl«»PCIB*19) 
P20aP(IB420) 
P21«P(IB«21) 
P22tP(IB«22) 
P2)lP(IB«2S) 
CD««P2}/«(0 
RCD2«AIRO*P23/2,0 
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20 

i\ 
26 

RC2U2aHC02*P23 
PHC20a«PlNri*HC2O2/2(0 
C0aMDsC0a*TFAOP22 
PHC30baPPC20a*C04 
Y79B-FVEL*CU8(P20)*Cns(P2n 
Y80«  FVEL*8IN(P20) 
Y8l««PVEL#COS(P20)*SIN(P2n 
CAPPiO, 
VLLX«V80*Y(23)-Yfll*Ytl5)tY79«V(l9) 
VLLY«Yeü*YC25)*YSl*Y(20)*Y79*Y(2a) 
VLLZ»Y80»Y(27)*Y79*Y(26)*Y«l*Y(2l) 
CALL   AER0C2»TFAC) 
IB8»(IL-l)*l*» 
AFACIBB*n«CAPFY 
AFA(IbB^2)«CAPFZ 
AFA(IÖB*3)»UMUP»P22*DHDVZ 
AFACIBB*U)»VLLZ*O^DVY«VLLY*üMl)VZ 
AFA(IB8*5)«l)M0VY 
AFA(ia8*b)«VLLX 
AFA(IB8*7)«DMDVZ 
AM(lB8*8)«UFYDP.P22*üFYnvZ 
AFA(iaB*9)iVLLZ*0FY0VY-VLLY*DFYÜVZ-CAPFZ 
AFA(l8B*lü)«0FYüVY 
AFA(I8B*in«0FYDVZ 
AFA(I8a*12)»0FZüP-P2?*0FZ0VZ 
AFA(IÖBM3)«VUZ*üFZnvY-VLLY*UFZ0VZfCAPFY 
AFA(IbB*\ü)»nFZOVY 
AFA(IB8*l5)"t)FZ0VZ 
AFA(lBB4lh)BCAPM 
00 20 K«l,5 
AFA(lBR*K)»AFA(IBb*K)*Pl9 
DU 21 K«7,tb 
AFA(IbB*K)«AFA(IBÖ4K)*Pl9 
CONTINUE 
RETURN 
END 
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SUBROUTINE AEfcO(Ibw,TFAC) 
CüMMUN/T4E(?/THCK,THC1,THC2 

COMHi)N/AFR3/OFYOP,OFZÜP,r)MDP,OFYOVV,OFZOVV#OHDVY,OFVOvZ, 
1D^Z0VZ,,)MDVZ.CAPFY,CAPFZ,CAPM,VLLY,VLIZ,CAPP,ATAB 
CnMMüN/A&RP/PcU2,WC2n2,PRC?D«,PRC306»CDaMD,80vCL 
MT*H«ATAH*,1 

Pl^'iaj, l'ii59265a 
VZEwijaSfjRT(VlLY*VLLY*VULZ*VLLZ) 
IF    (VLLZ.LT.O.O)   un   TO  iO 
I«-    (VLLZ.GT.0.0)   OQ   TO   30 
if-   (VLLY.LT.O.O) en TO 11 
ALPHZ-O.O 

GO ra üo 
11 ALPHZMPI^O 

Gu  10  ao 
^0   IF    (VLLY.L.T.0.0)   SO   TO   21 

IF   (VLLY.GT.O.O)   GO   TO   22 
ALPHZl»i5*PlNn 
Gu   TO  ao 

21 AI.PHZ»PIMI)-ATAN(AB8(VLUZ/VLLV)) 
GL)   TO   UO 

22 ALPHZ«ATAMA83(VLLZ/VLLY)) 
GU   Tü  ao 

iO   IMVLLY.LT.O.O)   GU   TO   3l 
IF    (VLLY.GT.O.O)   GO   TO   32 
ALPHZ»l,5*PIN0 
GU   Tl)   ao 

31 ALPHZ«PIN()*ATAN(AB8(VLLZ/VLLY)) 
GU   TO  ao 

32 ALPHZ»2.0*PiNo-ATAN(AB8(VLLZ/VUy)) 
ao CONTINUE 

AMACZavZEwn/SDVfcL 
AhACl»lt0/(1.0-AMACZ*AMACZ) 
AMAC2B(2.O-AMACZ*AMACZ)*AMACI 
IF(IHw,EQ.t.AND,VZCHO,EQ.O.O)**XTE(6,lOn 

101   FU«HAT(10X,«IMPENDING   DIVI8I0N   BY   VZERO EQUAL   ZERO1) 
IF(Iäw.E0,2)   THC1«2,0 
IF(IBw,EQ,2)   THC2«0,0 
TC2Cl»PRC2Da*THCl 
TC3Cl»P»C3D6*THCl 
TC3C2«PRC3De>*THC2*«,0 
IFdBw.EQ.DCn  TO  2 
IF(VZERO,NE,0.0)GO   TO   2 
RC02V»OfO 
TC3CM«0,0 
00   TO   3 

2 RCD2VHRC02/VZERO 
TC3CM«TC3C2/VZER0 

3 RCY02V»RCD2V*VLLY 
RCZ02V»RC02V*VLLZ 
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RCVÜ2«RCI)2*VZE»Ü 
IFCIBw.Fd.l)   r,(l   TU  5 
IF(MTAB,r,T.S)Gn   TU   60 

5   ALPHZ»180,*ALPMZ/PlNn 
IF{ALPHZ,GT,360,)ALPHZ«360, 
CALL   ACOeFFtALPHZ^AMACZ^CSUBLfCSUeO.CSUÖM.rLAi P#CD4LP, 

IC^ALP,MTAH) 
SU   TO   7() 

60   IF(MTA8,EQtb)   SU   TU   6b 
CLALP»0,0 
CSUBL»0,0 
CSUBO«l,l 
CDALP»0,0 
SU   TU   66 

65 CLALP«S,7i 
IF(ALPHZ,r,T,PlNfnALPHZ«ALPHZ-2,*PINn 
C8U8L"CLALf,*ALPHZ 
csuaoa,0064.1313t*ALPHZ*ALPHZ 
C0ALP«,26262*ALPHZ 
IF(ALPHZ,LT.O.)ALPHZ«ALPHZ*2.*P1NO 

66 CMALP-0, 
CSUHMaO, 
ALPHZ«löO,*ALPHZ/PlNO 

70   C0TtR»RCVü2*CSU8D 
100   FUWMAT(5X,fl(El2,a,2Xi) 

WRITE(6,100)AUPHZ#AMACZ,CSUÖL»CSUHD,CSUHM, 
lCLALP#COAl.P,CMALP 
CLTfcR«RCV02*CSUBl 
CMTeR»RC202*AMAC2»C3UBM 
CMATEBRC2D2*CMALP 
VZCL"VLLZ*C8UBL 
VZCOaVLLZ*CSURD 
VYCL«VLLV*C8UPL 
VYC0«VLLY*C8UR0 
FC8TL»VVCL*AMAC1*VLLZ*CLALP 
FCWKL«VZCL*AMAC1-VLLV*CLALP 
FC8T0«VVCD«AMAC1*VLLZ*CDALP 
FCNKDavZCO*AMACl-VLLV*COALP 
0FV0P»«TC2Ci*VLLZ 
OF20P»TC2CUVLLY 
0MOP«CO<«MD#0Fz0P-rC3C2*VZERÜ-TCJCl*VLLY*rMc 
OFVOVr>«RCZD2v*FCSTL-RCVO2V*FCdTD«C0TtR 
DFZ0VVaRCv02V«FC8TL-RCZ02V*FC8TD*CLTER*TC2Cl*cAPP 
DMOVY»CMTER«VLLy*CHATE«VLLZ*CDaMO*DFZDVY 

l •TC3CM*VLLY*CAPP-TC3CUCAPP 
DFY0VZa«RCZ02v*FCMKL»RCY02V*FCWK0-CLTER 

I .TC2CUCAPP 
0FZDVZaRCYD2V*FCMKL«RCZD2V*FCMK0*CDTER 
OMDVZaCHTER*VLLZ«CHATE*VLLYtCD«MO*DFZOVZ 

l .TC3CM*VLLZ*CAPP 
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CAPFY»-RCVD2*(VZCL*VYC0)*0FYDP«CAPP 
CAPFZ«HCVO2*(vYCL-VZCD)+OFZ0P*CAPP 
CAPM«RC2D2*VZE«n*VZEPO*C8UflM*C0aMu#CAPFZ 

1        .CAPp*(TC3C?*VZEHn*TC3CUVLLY) 
WtTURN 
END 
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SUBROUTINE TABIU 
CÜHMON/COEFFS/NTABfNMACH(l,3)»AMACH(n,lf3)»NCL8(ll«}#S)f 

lALPH8(U»S0,l,3),CLDH(ll,50,l,S},NCC(l»3)»CCS(25*lf3) 
1 FORMAT(iai5) 
2 FOHMAT(7FiO,0) 
3 FORMAT(5Cia,7) 

H   FORMAT(7)(,9F7,«) 
12  FüRHAT(lF7.3»9F7.a) 
la  FORMAT(lX,Fb,l,9F7,a) 

REA0(S,1)NTAB 
HHlTE(fe,<»on 

901   FüRMATdHipSeXjiAERO   TAÖLES'»//) 
DO   10   MM«l,NTAB 
RfeA0(5,ni8ER 
1F{I8ER.GT,0)WRITE(6,900) 

900   FüRMAT(10X,»FOR   I8ER   EQUAL   I   UNLV   CC8   ARRAYS   ARE   INPUTTED«) 
READ(S«UH 
DU  20   Ial(3 
READ(5f UNCCl 
NCC(M#I)«NCCl 
RtAD{5,3)(CC8(K,M,I)fK»l,NCCl) 
IF(I3fcR,EQ,81)   GH   TU  b 
IF(I8ER4EQ.0)GO  TU  5 
IF(CC8(l#M,n.G£,0,)8TOP 
GO  TO  20 

5 REAO(5,nNMACH8 
REAÜ(5,2)(AMACH(K,M#1),K«1,NMACH8) 
NMACM(M#I)«NHACH8 
DO   30   J«l,NMACH8 
REAUCb« DNCL 
NCL8(J,MfI)«NCL 
RfcAD(5,2)(ALPH8(J,K,M,I),K«l,NCL) 

30  RtAD(5,2)(CLDM(j,K,M,i)»K«l,NCL) 
GO  TO   20 

6 REAU(5(nNHACH8,NALF 
i»RITE(6,l)NMACHS,NALF 
NMACH(M,I)1NMACH8 
NXLBNHACHS 
IFCNMACHS.GE.lO) NXL«9 
RtAU(5,U)(AMACH(K,MfI),K«l,NXL) 
WHlTE(b#in(AMACHCK,M,n»K«l,NXL) 
IF(NMACHS,GE.lO) REAO(5,!n(AMACH(K#M,I),K«lO#NMACHS) 
IF(NMACMS,GE.lO)WRlTF(b,in{AMACH(K,M,I),K»lOfNMACH8) 
DO 7 jBlfNALF 
RtAÜCb,l2)ALP,(CL0M(K,J»M,I)#K«l,NXL) 
WRITE(6,la) ALP,(CL0M(K,J,M,I),K«1,NXL) 
IF(NMACMS,GE.l0)REA0(b»n)(CLUM(K,J,M,I),K»l0#NMACH8) 
IF(NMACHS,GE.10)wRlTE(6,in(CL0M(K,J,M#I),K«t0fNMACH8) 
Dl) 6 KBlfNHACHS 

« ALPHS(K,J,M,I)«ALP 
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7   CONTINUE 
Dfj   9   K«1,WHACHS 

9   MCLö(K,M,I)«NAl.F 
20   CUNTIfJUk 
10   CUNTINIJE 

RETUHN 
END 

324 



8UB«UUTINE   ACUEFF(ALP0D,AMACZ»C8U»L,C8U80,C3UBM,CLALP,C0ALP, 
ICMALP#MTA8) 
CUMMON/COEFF8/NTAB,(s(MACH(l,i),AMACH(U,l»3>»NCl.S(llf 1,3), 

lALPH8(n,5O,l,3),CLDH(U,b0,l,J),NCC(W3),CC8(25»U3) 
ALPHZ«ALPnO 
PINUt3,iai592b5<!* 
IF(CC8(l,MTAfl,l),LT,0,0) Gü TÜ «10 
ou aoo L«l»3 
MM} 
IiMTAB 
IF(CCS(2,I,L).6T.ieo.)CO TO 52 
IF(ALPHZ,üT,löO,)ALPHZ«ALPH2»360, 

52 CUNTlNUfc 
IF(C4LPHZ.LE,CCS(i»I,L)).U9,(ALPHZ.6E.CC8(2,I,L))) 60 TO 50 
CO TO 260 

50 KSKIP»! 
IFUMACZ.LT.AMACHU,!,!.)) 6U TO 70 
GO TO 80 

60 wHlTE(fe,90l) ALPHZ,L 
MM«2 
GO TO 370 

70 WRITE(6,902) AMACZ»l 

GO TO 370 
do NMACBNHACH(I«L) 

1F(AMACZ.GT,AMACH(NMAC#I,L)) SO TU 260 
90 IF(ALPHZ,LT,ALPH8(l»l»I#L)) GO TO 60 

NCL»*CL8(NMAC,I,L) 
IF(ALPHZ,6T.ALPH8CNMAC»NCL,I,L)) CO TU 60 
IF(K8KIP,E0,2) GO TO 160 
00 ISO K«1,MHAC 
IF(AMACZ.LT,AMACH(K,I,t)) 60 TO HO 
IF(K,NE,NMAC) CO TO 150 

iao 12 ■ K 
11 « 12.1 
SGY ■ AMACH(Ii,l,L) 
HM»(AMACZ-8GY)/(AMACH(I2,I,L)»8GY) 
GO TO 160 

150 CONTINUE 
160 NCLX«NCL8(I2#I#L) 

AcFaALPHZ 
NT«l 

193 DO  190 LLstfNcLX 
IF(ALF,LT.ALPH8(X2iLL*I*U)  60  TO  180 
IFCLL.NE.NCLX)   GO  TO  190 

180  J2»U 
JKLL-1 
8CY»AUPH8(I2,J1#I,L) 
«2»(ALF-8GY)/(ALPH8(I2»J2#I#L)»S6Y) 
8GY«CL0H(l2>Ji#ifL) 
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B h 
»   0  5 » -rOPY 

IF (NT,50,21   Gn   Tfl   192 
CL2«SGy*«2*(CLDM(l2,J2,I,L)-SGY) 
PLP«CLDM(I2,1,1,L) 
GU   TO   191 

190   CUNTlNUt 
I9t   NT«2 

ALF«ALF*1 
IF(ALF,üT,JhO.O)   ALF«Al.f-36Ü,0 
IF(tCS(2,I.L).Lf:.lH0..ANnfALP.r,T.l«0.)ALF»AUF-i60, 
G(i   TO   1<»3 

SLF«CL0M(I2,t,I,U 
IF (KSiMP,tQ,2)   Sfl   TU   27i) 
NCLYsNr.LS(U»I»L) 
ALFaALPHZ 
NT«l 

2a3  DU   2ao   LLal.^CLY 
1F(ALF,LT,ALPM3CII#LL»IIL))   öü   TH  230 
IKL'-.^fc.NCLY)   (iO   TU   ,»U0 

230   J2>LL 
J1»LL-1 
8Gy=ALPM9{Il,Jl,T»L) 
RIJ(ALF-SGY)/(ALPHS(T1»J2»I#U-SRY) 
SGY«CLr>M(ll ,Jl,I,L) 
IF (NT.tfJ.^I   Gn   Tr) 2a2 
CLlaSGY*ttl*(Ct OMf n,J2»I,L)-SGV) 
«hG«CLU^CIl#l,1,1) 
GU   TU   2al 

2«0   CUNTI-MUE 

2«1   NT«2 
ALFsALF*! 
IF(ALF,GT,360,0)   ALF«ALF-360,0 
IF(CCS(2,I,LJ.LF.lHü..ArjnfALF,r,T.l«0.)ALF»ALF-560, 
Gli   Tit   24 3 

2«2   SLl».SGYtWl*(CL|)^(n»vt2»I»L)-«t'Y) 
S^G»CLI)H(I1,1,1,1.) 

2b0   CLC)(«CU*HM*(t:L2-CLn 

3LCX»SLl*WM*(SL2-SLn 
8MDY»SHU4.HM*(sL ►-»«(,) 
GO   TO   30 0 

260   T2«^AC 
K3KIP82 
Gü TH 90 

2^0 CLCX«CL2 
UMÜY«PLF 
SLCXaSl2 
SHC)Y«SLF 

390 IF(L-2) 391,302,393 
391 CSUbL«CLCX 
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CLALP«1rtO,/PlMI*CSUC^-CLrx) 
r,ii in «on 

1*2  CSUHOaCLCx 
CuALP»t«0./Pl»in*rsLCX«CLCX) 
Gn  Tfi  aoo 

395  CSUMMaCl.Cx 
CMALPat«0,/Plnl*(SLCX-CLrX) 

UuO CDNTlNUfc 
90f ------- 
uO CDNTlNUfc 
01    FfjWKAH lHo,SX, «CfiPUTtl»   ALPHA   s    '»Gja,«, 

I'UUTSIDF   WArjGf    Itf   CUFFf-S   »    »,12) 
0?   FuWMATClMo.bXf'CMfiPUTtD   MATH   \n,   a   »,«12,«» 

I'UUTSm   «A-JGF   HF   riJEF^s   «   M2) 
7 0   »tTukN 
MO   Al FaAl PM/ 

370   *»tTukN 
?Hn   ALFaALPHZ 

IF (L-^ih'lu.T'io^nO 
bOO   DtLaALF 

hin 

«^0 

biO 

btttl 

mi    JII   nn'.' 

IF (Al.F,f,T,l6(),n)f;ij   1 
CLCXTsf;C3(1^,I,n*Tt 
Ufi   Tu   but) 
IF    (4LF,(ir,lHo,o)   (i't   T"   hiO 
Cl.C«T»CCS(|«»,I,l1*TfeUM2*Cr:8(lJ,I,n*(üEL«l<i»0,0)/2o,0 
Ud    fti   hftO 
IF {4LF",liTt200,0)RCJ   TH   bun 

ClCxTs,cCS(l«,I,l)*TF;«M2*l.CS(n,T,l)*(nEl,.-l6O.n)/20.( 
GO   TU   bh0 
IF (4l.F,{,T,2;0.0)r,.J    TO   hbO 
ClCxTa-cr,sn<M»1)*1 

bb» 
bb 

Glj   T'l   bbO 

Tn bbn 
rTFWM J 

lilj   T'l   bbO 

0   CLC«Ta.cC.S(l5,I,l)*TFk^l 
0    IF CNT.FU.DCK XaCLTxT 

SI CXSLI f XT SLCXSCLCXT 
IFCNT.Fq.gJGu 
NT«2 
ALFaALF*1 

T(|   i^U 

AL»-aAL^*1 

IF (HF.UT, $bO,0)   ALPsAL^- 
fiii   Tu  »on 

7on  DtLsALF 
Til   701 

3b 0,0 

•' u i. ■ •« i, r 

IKALF ,1,1,90,0)    GU    Til   701 
XMJ«DfcU(lS,0.CC8(l r!,2))*((90,ü«DF:L)/C90,0«CC«(l.If2))) 
GH   TU   711 

701    IF {A|,F t(,T, 1 bb.O)   C.Ü    Td   703 
X'.i)al«(itO«Al,F 
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7uS 

705 

70 7 

709 

711 

1 

711 
7')0 

eoo 

i 

eui 
802 

1 

8U3 
HOU 

»OS 
80fe 

807 

809 

811 

813 

815 
899 

1 

Gü   TU 
IM4LF 
GH   TO 
IMAI.F 
ÜfcL«i6 
(jii   Tn 
IKALf- 
XM)aAL 
(it    Til 
XSUa36 

(C 
CLCXTB 

ClJ   TO 
CI.CXTS 
1F(NT, 
SLC<«C 
IMNT, 

ALF»AL 
IF(ALF 
fill   TU 
l)t.L«AL 
IKALF 
CLCXT« 

i 

üü   TU 
IKALF 
CLCXT« 

GO   TD 
IF(ALF 
CLCXT« 

GO   TO 
IF(ALF 
CLCXT« 

GO   TO 
Otfib 
IF(ALF 
GO   TO 
IF(ALF 
GO   TU 
IF(ALF 
GO   TU 
CLCXT« 

IF((AL 
1F(NT, 

711 
«t.T.tHO.O 
713 
,UF.19y.O 

AlF 

)    bH   Tn   7'T5 

)   bd   T("   707 
0,0- 
714 
,GF.270,0)   C,«'   Tn   709 
F-lHO#P 
711 
O,O-ALF-( 
C S (2»I, I? ) 
rcfl(3,i,? 
CC9(^»I,? 
799 
rC9(8,I,2 
tu.ncLcx 
LCXT 
fcU,2)   G(j   TU   390 

3«,>,0.CC5(2iI»2))*C(ALF»270,ü)/ 
•270,0)) 
)*CCSf«#I,2)*XNU>CCS(S,I,2)*XNii**2* 
)*XK.0**34CC9l7,J,2)*xNU**'i 

)*CCSf,^I^)*rjeL*CC9(lO.I,2)»nK**<» 
«CLCXT 

1 

1 

F*l 
,GT,JfeO.O 
700 
F 
,(iT,30,i.) 
CCStS,I,3 
CC8(5,I,3 
»IS 
.(iT,150.0 
CC.S(»,I,1 
CC9(ll,l, 
«IS 
,GT,168,0 
CCS(tJ,I, 
CCSClfetI# 
81S 
,GT,lMO,0 
CC8(i7»I. 
CCS(2ü,I, 
«15 
O.O.ALF 

,r,E,192,0 
806 
.GE,210,0 

,GE,330.0 
«02 
CCS(22,I» 
CC.S(5,I#3 
F.GT.18Ö, 
Eö.nCLCX 

)   ALFaALF-360.O 

Gü   Tn Hoi 
)*(3ü,«ütL)/ia,0fCCS(u,I,l)4 
)*üFL*CCsr6,I»i)*()tL**2*CC3(7,l#3)*nFI **3 

)   Ul'   TU  803 
)*CCS(9,I,3)*DEL*CCS(10,I,3)*OEl.**2* 
3)*Otl.**3*CCS(l?,If3)*L)fL**<i 

)    GO   TU   H05 
3)*CC9(U,I,3)*0tl*CCS(15.I,3)*[)EL**2* 
3)*»)EL**3 

)   GO   TU  »07 
3)*CC«(l8#I,3)*DEl ♦CC9(l9,I.5)*nEL**?* 
3)*nfc|.«*3*f;CSC2l,T#3)*üEL**ö 

)   GÜ   TU  809 

)   GD   TU  »11 

)   GO   TO  813 

3)*(ALf-3$0,0)/(CCS(2fI#3)-330,0)-CCS(a»Ii3) 
)*üF-L-CC8(6.I,3)*0EL**2-CC8f7,I,3)*0H**3 
0),ANO.(ALF,LT,330,0))CLCXT«-ClCXT 
■CLCXT 
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TilCxsCI CXT 
iK^T.eu,^) i.ii rn  s^o 

!► (ALF.I.r.JhO.O)    Al KsAU-5M),0 
Mi   rn   Hon 

«in   laM Ab 
CSUrVISf), I) 

CMAi.P3ntn 

MkGsl 
ALFSALOH/ 

SuTaSU^rCI,-AMAC/*AMALZ) 

Llsl,«AMACZ 

c^scc s(^, i,i)»ci* ci, ♦ccs t i,i,n) 
If- ULF.LF , 180.)   RU   TO   üj2 

Al FB.Al. H..if,(), 
ai?   ALFsALF *PlNii/lH0, 

IF (AUF,(,T,C«?)    GU    TU   «la 
rLALPaCCS(7,l,l)/{jiJT 
CSliMLsCLALP*4L^ 
CSUha«CC9(l,I,2)*CCS(2»I,ai*ALf*ALF 
C0ALP«?,0*CCS(?,I,2J*AI.F 
(ill     Til    /i1}!1 

alü   IFCALF.ttT.CCSta,!,!))   Gü   Tn   U18 
c:<!«(cc8(u,i,iucc8(u,i#n*AMAcz)*soT 
CLALP«CCC3(«»f I#n*AMACZ*CC8(1 0,1,1) )/C2 
CSUttLaCLALP*Ai F*CI♦CCS(b,I,I)/C2 
NT« I 
(ill   Ti)   «IM 

«lh  IF(ALF,I;T,CCS(S,I,1 ))  nil Tn «2n 
M T« o 

ül«   91«S1N(A|.F> 
S2Svl>lN(2.0*ALF) 
S3«SIN(J,0**LF) 
8a»STN(a,o*ALF) 
Cl«CUS(ALF) 
C2«C|tS(2,0*ALF) 
C3«Cit3(it0*ALF) 
Ctt«Ca8(«,0*ALF) 
CSUiin«(CCS(5»I#2)*CCS(«,r,?)*Cl*CCS(5,I,2)*C2 

l*CCS(b,l,i)*C3*CCS(7,I»2)*Ca)/SUT 
CUALP»(-CCS(ö,I,?)*8l-2,*CC3(i,l,2U82-i,*CC9(fe,I,2)*S5 

l*at*CCS(7,I,2)*sa)/Sf3T 
IF(NT,GT,01   Gn  TU   aso 
CSUtiL.»(CCS(l3,I,l)*Sl*CC8(lu,I,n*S2*CC3(t5#I,!)*Sl 

t*CCS(i«»,T,i)*sa)/syT 
CLALP«(CCS(l3,I,1)*Cl*2,*CC3(ia,I,l)*C2*3,*CCS(lb,I#n*C5 

l*«,*CC8(t6,I#l)*ra)/S{jT 
C8UHM«(cCsn»I.3)*8UCC8(2,I,i)*82KCS(3,I.3)»93 
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l*CCS(a,I,3)*8«)/saT-.2S«(C8UBL.*Cl*C8Ua0*91) 
CMA|.P«(CCSn0,I,S)*Cl*CC8(lliIf3)*C2+CC8(l2fI,3j*C3*CC8(13.I.3)*C« 

1«81*(CC3(1«,I,3)*32*CC8(15,I#J)*8J*CCS(16,I,5)*8«))/8QT 
60  TO «SO 

«20   IF(*LF(6T.CC8(b,I,U)   6U  TO  «22 
CLALP«CC8(16iI*n/8QT 
C8übL»CC8(17»l,n/8ÜT*CLALP*ALF 
CtÜB«iCC8(5fI»3)/80T 
NT«l 
60  TO  «18 

«22   CULP»CC8(20»I»n/80T 
C8UBLBCCS(19#I»n/SQT«CLALP*ALP 
C8UBM«CC8(6,l»3)*(CC8(7,l#3)-((*LF*CCS(e,l,3))/CC8(<).l»3) 

1))/S0T 
CMALP»-CC8(6.I»3)/(CCS(9,1,J)*S0T) 
NT»l 
60  TO  «|8 

«50   IFCNCC.GT.O)   GO  TO  370 
C8UBlR>C8UBL 
CBUBHi.CSuBh 
CDALPa-CDALP 
60  TO 370 
END 
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SUBROUTINE  BARRAY 
INTEGER  EM(6) 
REAL*B  RRE*U(1««)*CX,PLC*PFC 
COMPLEX UBX(l,3S#3)fUeT(l»55,3),U8Z(l#55,J),PHlX(l,35,3), , 

JPHIYC 1,55,3)»PHir(l,5S»3)#4N(1,35,3),VY(1,35,3J#V2Cl,35#3). 
2TEA(l,35,3),AMYCl,35,3),AMZ(l,35,3),OXJ,OVJ,QZJ 

CüMPLEX*l6 CM3,CM1#CSI,C82 
COHPLEXftU R(l««),T(72),B(6«6},SHLB(108},SHLC(10B),SHLl>(10A) 
COMPLEX*!6 B8AVE(6ö8),SMLBSV(l0B),8MLC8V(l08Jf8MLO8v(l08) 
COMPLEXftU SHAPE(12)#BLL,8MLBL,8HLCL,8MLDL»WSw 
COMPLEX*!«, EP8(63),ALM(63) 
COMPLEX*!6 CTB(5«),FAB(5a),FLB(5«) 
C0MPLEX*!6 CTB!(9),CTB2(9),CTöS(9),FABl(9),FAB3C9)fFLBl(«).FLB2(«) 
COMPLEX*!6  0(14«),C(14«) 
COMPLEX*!^ 8MLE(108),8MLE8V(!08),F8B(5«),SMLEL 
COMPLEX*!6 F8Bl(9),P8B2(9),F8B3{«),FAB«(9),FLBÖ(9),CTB«(9) 
COMPLEX*!6  8MLF(108)f8ML6(!0e),SMLF8VC!08),8ML6SV(l08),SMLFL,8MLGL 
DIMENSION  Y(!00),8O(a000),CX(7S) 
CQMMON/HARM/NHARM 
COMMÜN/CALM/A|.M 
COMMON/EPSA/EPS 
COMMON/ARR/RREAL 
COMHON/ARI/R 
COMMON/8UB/V 
COMNON/8AIN/SO 
CüMMON/ROTF/OMllOM2,OMT 
C0MM0N/FREF/CMS,CM!#CS1,CS2 
COMMON/CFLEX/CX 
COMMÜN/COUP/PFC,PLC 
CüMMON/öTS/B,8MLB,8MLC,3MLO,CTB,FAB,FLB,CT81,CTB2,CTB3,FA6t,FAB5, 
lFLB!,FL82,8MLE,F9ö,F88l,F882,FSö3,FAB«,FLB«,CTBa,8MLF,SMLC 
CüMMÜN/QVTEM/OXJ,QYJ,QZJ 
COMMON/ISüMA/NBQMO 
COMMON/NLEAD/MLEL#NLEL»MCTY 
COMMON/INTER/N8Y,N88FC,NFSECfNB,N8P,MFLAP,MFEA,MCT* 
!MFLEX,HCON,MAER,MFUS,NBC,NFLAP,NFEAtNCT,NCON,NFFBt 
2NAS,NHC,NVI,NSP,MAXN,NES,M8C#NEGN,IPCT,NIT,MER,N0RM, 
3IREM,NEX,NP8,N8CH,I6,IF,NPRL,NPRS,NPO,NSK#NCOL8,NC8B, 
4NFPl,MX8MI,HXT2P!,MXKQ,MXCPLfMXC88,MXCPM,MXCPKfMXSMB, 
5NE8C,NES8C,MFA8B,MXFA8,NFU8,NHBÜ,NRIFC»MX0,NEIFC» 
6NEISC#NEITC,MXTKN,NFF,MINPN,MAXPN,IBF,M0DE 
COMMON/lPCH/lPU 
DATA EM/!,15,29,(12,57,70/ 
DATA   BLANKS/' •/»BTIPS/1TIP   «/»BHUB/'HUB   •/ 
IL"0 
SPACEsBLANKS 
JNRITEBO 
IF(MOOE.EO.I) iMRlTEal 
NCCT«! 
NCFEAi! 
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15 

it 

il 

dh 

a 

da 

NCFLP»l 

NCAC^al 

ICTSWCT 

I^-FAaNFt* 
IFLABNFLAP 
lLEL«NLf.L 
IKMCT.EU.O) ^T»NBSFC*2 
IF(hFE*tgf3tu)   NF|A«NH8EC*2 
IF(MFLAP,tQ,0)   NFLAP»NrtSfeC*2 
1F(MUL,6«,0)   NLFL»^«SfeC*2 

IC«U 

it;«o 
IFFaO 
U,G»U 
MCACfso 
►ICACGan 
ün   IS L«1»MXSHH 

SMLt(L)»OC^PLx(0.un,0,001 
SMI> (u) aoc^PL *(o.üo,n,o(n 
SML6CL)»'>CMPL x(o,i'ü,n,Doi 
SMLrt (L )»i)CMPlx( i), ÜO, 0,1)0 1 
SMLC(L)a()C^PI-X(0,tjO,0,r)0) 
SMLU(Uar>cMPL*(0.i;0,0,O0) 
Dfl   dtt   Kal#MxCPK 
H(K)sDCMPLX(0.no»0,iJO) 
00   iO   !al,MxShI 
La(I-l)*HxSMUI 
LMla(L-l)*MXCPM 

K«LMl*kM(M) 
B(K)aurMPLX(1.0()0,0,D0) 
IF (MPLFX,NE,0)GO   TO   ?b 
IF(MltL,FQ,0)   Gil   Tn   2b 

3HLE(K)«ÜC^PLX(1,U0,0,D0) 
IK^FLA.fcg.O)   Go   TM  ?i 
K»L*MXCS^-9 
KA«K*3 
SMLCIKA)BUC"PLX(PLC»O,DO) 
8^Lt(K)aÜC^PLx( 1,1)0,0, 001 
IMiFLAP,E(J,0)r,i}   TO   ?« 
KiU*MXf:S^"2 
KABK-7 
SHUO(KA)«i)CMPLX(PFC,0,U01 
3MLi)(MancMPLx( 1,000,0, DO) 
IM^CT.FQ,0)Gft   TO   30 
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K»L*MXCSH-^ 

«JS 

Sn 

SMLb 
Gn T 
IF(^ 
KsL* 
SMLH 

S^LC 

SMLP 

SMLü 

KsK* 

SMC 
SHLI; 

SHLt 
SMLF 

KsKf 

SHLB 

S^LC 

SMt 

SMtb 
KsKf 

SMLC 

SMLU 

SMte 
SMLf- 

KsKf 

SMLb 
SMLC 
SMLU 
S^Lh 

S^Lli 

SMLb 
SMUL 
SMi' 
SMt 

SMLI, 

CUNT 

IF (HI 

on   at 
FSb( 

50 

CJi'l-lO 
3ncMPL 

sOC^PL 
sOr.^PL 
aOr.Mpl. 

ai)CMPL 

aOCMPl 
aOC'HL 

«DCbPL 
alJC^PL 

snc^PL 

ai)CMPL 
ai)C^PL 
aOC'F'l. 
aur.MpL 

aJC^PL 
aor.^PL 
alic^Pl. 
«OCMPt 
auf^PL 
sOC'H'L 

anc^PL 
aOc^Pl 
anr^PL 
ar-c^PL 
sDC'iPI. 
aOf^PL 

aOC'^PL 
»UC'PL 
anc^Pl 
snr^Pl. 
«OCMPL 
ai>CMPL 

»fc. 
, I. T, o ) 
= 1 ,M»F 

JanrnPLX 

1 ,uii,0,n()l 

Tu  in 

c x (n, o 
C * (/?) , 0 
• CX(J^ 

•rxr?s) 
-rxf^e«) 

r x u), u 
c x (<)) , o 
-cxcnj 
-c<(in 
-rxf iu) 
-rx(i7) 

L X (h ) , 0 
CXf 111, 
-rxfis) 
-rx(i^) 
-rxCifr) 
-r»( j«}) 

-cxf2i, 
-rxm, 
r; x («) f o 
rxi^i)» 
CXC^M , 

CX(S)fU 
CXC10)# 
• rx(la) 
-rx(i?) 
-rx(is) 
-fAf J«) 

cx(1),i) 
r; x i H ), (i 
-rx(i?) 

-rx(^7) 
-cxf4") 

00) 
UO) 
.no) 
o.üft) 
O.Dfl) 
o, u n) 

D o) 
DO) 
0,00) 
o, u n) 
O.no) 
Ü.OO) 

1)1) 
, P 0 ) 
Ü.ÜO) 
Ü.Ürt) 

Ü.ÜO) 

ü. 11 n) 

,110) 
,oo) 
00) 
,0U) 
,00) 
, n ü 1 

1)0) 
,00 1 
0,00) 
0 , U 0 ) 
0 , I' rt ) 
0 ,00) 

L'O) 
i.>0 ) 

0,00) 

0, 00) 

0, Of1) 
0,00) 

K..        a 

Rli    fi   'i«» 

(O,nu,o,i'0) 
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a? 

bo 

bO 

FLBdjsDrMPLXfn.hu.u.ixi) 
uo   CT»( I )«UCMPLX(0,r>OiU,nO) 

Üi.1   al    Isl.KFAsf» 
F88l (Dane «PUxfo.uO, 0,00) 
FSht'tDaOC^Pl. X(n,u0,ft,00) 
FSrtiU 1aOCf1PLX(i.uit,f>,0(n 
F AHü( nat">cMpLx(o,ua,o,r»ij> 
F L da (n»ucMPLx( 0,00,0,00) 
CTHaCnsocMPLxco,on,0,001 
FAHi(nsi)r,4HLv(o,iJf »o.ooi 
F A rt i ( 11 a0C ^PL » ('I , ^ 0 , 0 , I.) 0 1 
CTHi(Uaot:MpLx( o.oo,o, no) 
C T Hi ( n sdCMPLxt i», u o,o,inn 
FL^lCnancMPLx(u,O0,0,0()l 
FLhuDaOCMPUxt0,00, 0,001 
Dd   bOl   ISsl,NH8fC 

Dt)   bO   l tl.NSY 

Y(L) = !)0(M) 
IFtY(b),F.r4,0,)6ll   Td   «0 
CALL   HltflD 
LUÜsl 
UU   7 9   I»1#MXSM1 

DU   79   Jst,MxRMl 
L»(j-n*''xsMi + i 
LMla(L-n*HxCpM 
LHMia(L.n*MXcSrt 
00    66    MXI.MXCPM 
K»LMl*H 

CALL   MLkC2(«wtAL,T,NCül.S) 
DU   70   Mal.MxCPM 
K«LHWM 

70    d(K)«T(Ml 
IF(NCACF.EU,!)   GO   TD   Hi 
OU   «1   Mil.MxCSB 
K»LHMUM 

HI    T(M)«bMLF(K) 
CALL   MLHC2{WWfeALfT,NCSH) 
DO   82   MII.MXCS« 
K»LBMl*M 

6?   SHLF(K)aT(M) 
03   IF(NCACri,EQ,n   fin   TU   88 

00   80   M^j.MxCSB 
K»LB»n*M 

6a   T(M)«aMLG(K) 
CALL   HLWC2(««EAL,T^CS«) 
OU  85  Mti^MxCS« 
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ob 

e^ 

«7 

If-f ixCL^LtfcU.l)   Mi   Tu   >W 

CALL   ^1 f'C^f^Wf. Al, T .NCS^) 

^ s L fi r i ♦ -t 
SMLk (KlsTC) 
IFCCFFA.RM.n    Uli   Tu   7« 

^ 

7h 
7H 

T(M)5S^Lr(K) 
CALL   MLHCatKHf A| .T.'TSH) 
DU   70   ^s1 ,'^xCsH 

S'iLL(K)aT(M) 
IF ( -/('K P.t'J.nr.ii    T"    7i 

?^? 

7o? 
7? 

1dl 

7^ 
79 

«0 

100 

uo 

DU   72^   ^-aif^XcS^ 

T(M)«3MU1(«) 
CALL   MLWCi?(^WFAL,Tt-<CSÖ) 
DU   7<J^   f«1#

MxcSH 
KsLrfMl*^ 
SMLi>(K>«T(M) 
If (NCCT.EQ.UliO   TU   7<> 

DU   /«?3   M«I#MXCSH 
KaLrt^lfM 
T(M)as>MLH(K) 
CALL   MLMC?(HWfcAL»T#NCäH) 
DU   7bi   M«I,MXCSH 
K«LHMI*M 

SMLH(K)aT(M) 
CONTINUF. 
If (Ltfü.tu.g)  (,n   TU   100 
IFCLüil.tU.S)   (,I1   Tu   l?i) 
IF(Y(2),feM.0,)Gn   TU   100 
CALL   Öf'-iO 
LGfia2 
GO   TU   8 0 
IF (Y(«),F.Q,0,)S'i 
CALL   ELAST 
LNÜai 
Rd   T'l   60 
DU   200   I«l»MXs^I 
KS^L'I-NPPI 

TO   120 
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c '•; ■! j t ß r> i r- 

vui MtMUiüit COPY 

U7 

1 So 

li7 

IbJ 

lb 3 

lb'4 

Ibb 
Ibb 

lit 

14S 

139 

1 an 

MST»KSM 
CSlsCMS 
CsaaCM 
tF (Y(h) 
CALL ST 
LGUal 
I.) U 4 0a 

L»fJ-l) 
LMls(L- 
LHMla(l. 
Ul]   lib 

T(M)3B( 
CALL ^L 
on ii7 
KSL^U^ 

b(KjsT( 
If- (NCAC 
nd m 
KsLo'ii* 

CALL   ML 
ÜÜ   Ibi 
Ka|. rtil* 
3MLF (K) 
If- CJCAT 

DU   lb« 
KaLrtHl* 
T(M)=SM 
CALL   Ml. 
ÜU   Ibb 
KsLMl* 
S ILL (K) 

n (NCLfe 
DU lil 
KsLt^l* 
T(M)3SM 

CALL Mt 
DO \ld 
»vaL^Ml* 
S^LtCK) 
IF(NCFfc 

• CwU^STtflMl 

*CSl 
,i-Q,0,)Gn   Tu   iu5 
IFF 

J«l,MXSMI 
*^X3MI+I 
1)*MxCP^ 
-1 )*M)(CSS 

CC2(W#T»MCUL81 
Mai»MXCPM 

M) 

F.KQ.n   SD   TU   Ibi 
MSI»HXCSH 
M 

LF(K) 
CC^(W,T»NC8H) 

MB! ,MXC9M 
M 
a T ( M ) 

(i.hO.l)   «n   TU   i^b 
MaipHXCSH 
M 

LU(K) 

CCi?(w»T»NCiH) 
MBl»MXC8H 

ST(M) 

L.F^.t)   GH   TO   13b 
^ai»MXCSH 

M 

LF(*<) 
CC^(w,T,NCäH) 
H«! ,MXC8M 

M 

aT(M) 

A.FQ.l)   GH   TO   1<^ 

UU   li1»   Maj,MXCSH 
KaLhMJ+M 

TCM)«SMLC(K) 
CALL   in.CC^(K»T»NCSrt) 
l)(j   lao   Mai,KXC8H 
Kal H-il+M 
SMLC(MaT(M) 
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lUi   IF(NCH.P,FU,1)   öfl   TU   aOS 

au2 

aüS 
aus 

DU   «02   Mai,MXCSH 

T(M)aSMLn(K) 
CALL   MLCC«?(W,T,fJrbH) 
DU aoi MSI.MXCSH 
K«Lrt^lfM 
3KLi)(K)aT(M) 

IFtNCCr.Eü.UG'i  TU  aoa 

DU a07 MSI.^XCSM 
K«LbMl+M 
T(M)s.SMl,Mf -" 

CALL 

a OH 
au a 
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0 rv" 

Min Arne wmt m 
i\i*l   IMNCCT,t(j,l)(,il   Tu   i\<xi 

ULI  216   K«I,MX8MH 

21b  SMLn(K)«i)CHPLK(o,ijn#ft#oo) 

«SA Vl (*) JH(K) 
21S   H(K)=uCMPUX(0,Du.U.un) 

NTIMSBMXSMI*! 

Uli   iuO   rjiJrUMFPl 

NTHSaNTlMS«! 
NSHh ISMJ.MPPUl 
NHAC«3l 

?17   CALL   Hi.AHii(Ci(),IL3 
DU   2S0   J'JaUNTlMS 
NSMF-TxNSHFT*! 
N8T»NSHFT 
lM«J'JtMJ-M«ACK 
IaJUfNHACK.1 
CSl=CM8«CMl*OMl*NanFT 
DU «!20 Maj,iü4 

?20 R(M)«CSl*C(H)*D(H) 
UU 250 J»1,MXSH1 
L«(J«1)*I

,
^SMUI 

LüMi«{L())-n*HxCPH 
LMla(L-l )*MXCPM 
Lbrj«(La-l)*MXcSH 
Lb « (L-1)*MXC8H 
DU 2ao MSUMXCPM 
KSLIJM1*M 

2ao T(^)«ttSA\/E(K) 
CALL MLCr2(W,T#^ruLSl 
Du 2ab M«t,MXcPM 
KaLMlfH 

245 B(K)«T(M)fH(K) 
IF(NCACF,EfJ,n (in   Tu 163 
Oü 161 M«J,MXCSH 
KBLBü^M 

161 T(M)«8MLFSV{K) 
CALL MLCC2(R»T.NC3e) 
DU 162 M«1,MXC8H 
KBLH*M 

162 SMLF(K)«T(M)*SMLF(K) 
163 U(NCACG,E.Q,l) Sn TU 166 

DU 164 MaifMXCSH 
KaLMQfM 

164 T{M)a8MLGSV(K) 
CALL MLCC2(R#T,NCSH) 
DU 16b Mai,MXC3B 
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c 
c 

KsL^ + ri 

\tih   IF(NCLfeL,feO,l)   rin   Tu  ^aa 

?U1    TtM)aä^LF:SV(K) 
CALL   Ml.CC^(«»Tf^;CSt*) 
01)   i<*i   "■t.MXCSH 
KsLn^M 

2a,?   SHLfe(K)aT{M)*sHLF(K) 
?<4a  IMxCfEÄ.EQ.ll   un  Tu ^«9 

<?a7 

2a« 

?t>t 

c 
c 

nu 2«7  M«i,MXC3h 
KeLHufM 
T(M)a3MLC3V(K) 
CALL MLCC2fK,T,NC8P) 
DM   mH   M«lfMXC8H 
KaLö+M 
8^LC(K)aT(M)*SMLC(x) 
IKNCFLP.EQ.DKll   Til   251 

Dli   262   M«l,MXCS>i 
KSLMIJ^M 

T(M)aSML0SV(^) 
CALL   MLCC2(«#T»NiCSH) 
DU   26i   M«l»MXCSH 
K8Lb*M 
8NLl.,(K)aT(M)*sML(UK) 
IMMCCT.EQ.Dr.n   TÜ   2S0 

27? 

27S 
250 

00  272   MBI,MXC3H 

KaLBU*M 
T(M)a8HL^SV(K) 
CALL   'iLCC2(H,T#NCöH) 
DO 273 Maj.MXCSB 
KaLB^M 
SMLb(K)aT(M)*sMLB(K) 
CUNTlNUfe 
IFCNU.LF.l) GÜ TO 500 
TF(NbACK,EQ,2) GO TU 300 
NHAHHS«MHARM 
NBACKa? 
N8MFTa«NFPl 
GÜ   TO   217 

3U0   CUNTINUF 
305   CUNTlNUt 

IFCMOOfe.EO.OGO   TU   350 
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170 

I 
I 
T 
N 
M 

N 
I 
n 
K 

* 
K 
K 

K 

K 
C 

I* 
F 

I* 
F 

I* 
C 
G 
N 
K 

N 

0 
K 
K 

K 
K 

K 

K 

c 

I* 
F 

I* 
F 

!♦ 
17?  C 

6 
I 
N 
D 
K 

F 

I 
(; 
K 

aril 

3ia 

P(MFLEX 
F(MCUN, 

FCIS.NP 
ICFtAs^ 
CFLP«? 

KMCTY, 
ii ae«? i 
l«(I-l) 

«5»KS*t 

TH(I)«C 
CX(<i)*H 
AtilI)«C 
CX(9)*H 
LH(I)aC 
CX(li)* 
ONTlNlJfe 
U   FU   So 
CLtLsg 
CAC^s? 

L)    1 fi    I 
laa-n 
3«K1*? 

0«K9*l 
TRCDaC 
tX(u4)* 
AH(I)«C 
CX(SO)* 
LHdJaC 
CX(13)* 
.SH(I)«C 
CKCsD* 
INTlNUt 

(i TO So 
FdS.MF 
CLtL«? 
U   31 a   1 
«u-n* 

F(I3,Lt 
u  31«»   I 
«d-n* 

• t 0,0) GO   TU   aM 
EO,0)GO   TU   bOl 
.MCn^jGfi   T'i   SOO 

GT.O)   Gn  TO 
«I »MXMH 

*l24l 

170 

X(n*H(Kl)tCx(2)«ti(Kb)-CX(3)*ri(KQ) 
( K 3) to X ( S) *b (* C ) K x ( *» ) »H ( K6) 
X(?)*H(Kl)tCX(T)*H(K5)-CX{a)*M(KQ) 
(K3)*CX(1Ü)«R(K0)*CX(ll)*H(K6) 
X(S)i»fi(Kl)*CJf(8j*hfK5)«CX(l2)*H(K9) 
4(K3)*CxCl«)*HfKn)*Lx(15)«B(Kb} 

1 

«1 , »"XFAfl 

X(ao)*Ö(Kl)*CxC«l)*b(K5)»CX{äd)*B(K91 
rt(K3)+CX(b2)*h(K0)*CX(Sb)*R(K6) 
X(Ul)*rt(KnfCXfaa)*H(Ab)-CX(<i7)*H(K'?) 
►i(Ki)*CX(5S)*fcJ(K0)+CXC5b1*B(Kö) 
X(3)*H(Kl)*CX(«)*rtrKb)-CX(li»)*H(K9) 
rt(Ki)*CXf I «)*b(K0)*CX( 15) *»(•»«»1 
XCäi)*«(Kn*CX(«,ii)*H(K5)«CX(tt8)*«(K91 
H(*4)*CXfbU)*K(KO)*CX(S7)*R(Kb) 

I 
.NUfeL)   lif   Tu  aH3 

■ l,HXF AH 
12*7 
(K) 
.NFtA)    (Jfl    TU   316 
«1 ,^FASH 
12*7 

340 



3i5 

317 
31« 

319 

a«^ 

3^0 

3ü? 

303 

hin 

IFdS.LE.NCT) GH TO 3»« 
OU 317 I«1»MFA3M 
K«{i-n*i2*7 
FSBKDsSMLMtK) 
IPUS.LE.NFLAP) r,u in a«^ 
OU 319 I«1,MFASH 
Ks(I-n*l^♦7 
F{>e5tl)«3HLü(K) 

lF(IS,\E,NPtA) Mi TU i?.b 
NCFtAag 
ÜÜ 3^ü I«l»MXfAH 

KA«A*J 
FAH(I)«H(K)fH(KAl»PLC 
IFUS.U.NLEL) G'1 T''J 303 
DU 30i» I«l,rtFASH 
K«(i-i)*ip*a 
KA«K*3 
FAria(I)«3HLt(K)fSHLtf»s*)*HLC 

IF CIS.LT.MCT)   r,n   TU   512 
uii  32a   I»I,MFASH 

K»ci*n*i2*« 
KA«K*3 

FARi(naShLH(K)*SMLH(K4)*HLC 

C 
C 

312   IFdS.I.F.MFLAP)   Gli   M   32ft 
DU   32 7   I«l,MFAS(l 
Ks(I-t)*t2*ü 
KASKfi 

327   FAMi(na3MLI)(t»USMI.U(rtA)*HI.C 

IFdS.UE.NFt*)   GO 
00   543   I»i,r'FASrt 
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c 
c 

333 

331 

337 

330 

336 

3U7 

308 

344 

345 

3*47 

K«(l-mi2*3 
CTH2(I)«.SMLC(K) 

IF(I3,LT,NFtAP) GU Tn 330 
DO 337 I«l#hFA8H 
K«(I-l)*l2*3 
CTH3(n«8Ml.L)(K) 

IMIS.NE.NFLAP) r,u Tn soo 
NCFLPB? 
0U 336 I»l,MXFAH 
K«(I-l)*12*tl 

FLBCn«H(K)*B(KA)*PPC 
IF(I8,LE,NLEl) GD Tu 30ö 
DO 307 I«l,hFA3M 
K«(I-l)*l2*ll 
KAaKA«7 
FLBU(I}«8MLE(K)*9Ml.fc(KA)»PFC 

IFUS.LE.NFfcA) Gn Tu 3«*» 
uu 3«a I«I,MFA8M 
K»On*l2*U 
KABK«7 
FLB2(I)«SMLC(K)*SMLCft<*)*HFC 

IFCIS.LT.NCT) GO TU 500 
UU 3«7 I«1,MFASB 
K«(i«n*i2^ii 
KAaK«7 
FLBl(I)«SML8(K)4.SMLb(KA)«pPC 
Gü TO 501 

C 
C 
c 

350 • EO.O) GO TU UA(1 
EQ,0) Gü TO UB7 
,NCON) GO TU a87 

IF(MH.EX 
IF(MCUW, 
IF(I3.NE 
NCFEA.2 
NCFLP»2 
NCCT«2 
MCT«l 
MFEA-l 
HFLAP»! 
MLEL«0 
Ib>l 
ICil 
ID>1 
IF(MCTVtEfJ,0) GU TO «87 
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MCAC-Itsl 

It»! 

IGGal 

NCl.FLa2 
NtALFs? 

GU   TU   Urt7 
art«   IF (IS.Mt.NCT)   GU   t'l   <1HS 

NCCT«^ 
In«l 

a^S   IKIS.NE.NFEä)   GH   Til  u«b 
NCFtA»2 
IC«l 

aö6  IKIS^ifc.MFLAP)   RU   Tn tt«« 

Iu«l 
aH8   IMI3,*ifc,.>iLEL)   Gf3   TO   afl7 

It«l 

U«7   CUMIMJL 

J5»MXCPM 
1)1)   bO^   M8«l|NH 
Jl«NFuS*(MS»l)*MRbDfMxT?Pl 
ÜU   bQi   I«1.HXSMI 
Üü   ibl    IRBUI? 

3b 1    SHAPE. (I W)«DCMPLX( 0,00,0, DÜ) 

JMI«J-1 
IMHI-I 
IJl«JMl*NfcHC*Jl*I^l 
IJ2ajMl«MESMC*JÄ«lMl 
IKI«JMUMHIFC*J| 

00   356   IH»t,l2 
KaUl^lR 
L«IJ2*IH 
HLL«ÜCMPLX(0,OO,0,O0) 
DU  371   IT«l#6 
lNHtK*l2«(IT-l) 
INL«IKUIT 
BLL»8LL*HCINB)*ALM(IN(.) 

371   (lLL«ÖLL*H(lNB)*fcPS(I^L) 
INSOL 
IFCIGG.tQ.O)   CO   Tu   17« 
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INHIKUNRBO 
8ML6La8HL6(INsC)*ALM(lNL) 
SMLGL»8MLGL*SMLCflNSC)*EP8(INL) 

17a   IFCIFF.EO.O)   GO  TO   176 
INHIKI+NRBO'MCACG 
8MLFL«8HUF(IN8C)*ALM(INL) 
8MLFL«8MLFL*8MLF(IN8C)*EP8(INL) 

176   ZF(IE.EQ.O)   GO  TO 180 
INL«IKUNRBD*HCACG«MCACF 
8MLeL»8MLE(IN8C)*ALM(INL) 
SMLEL«SMLEL»8MLE(lN8C)*eP8(INL) 

380   IFUB.EO.O)   GO  TO  181 
lNL«IKl*NRBO»MFEA-MFLAR-MLEL-MCACG-MCACF 
8Hl.BLMMtB(IN8C)*ALH(INL) 
8MLBL«8MLBL*8MLB(IN8C)*EP8{1NL) 

181 IF(IC.EQ.0)GO  TO  182 
XNLilKUNRBO-MFLAP-MLEU-MCACG.MCACF 
8MLCL»8MLC(IN8C)*ALM(INL) 
8MLCL»SMLCL*8MLCtIN8C)*EP8(INL) 

182 IF(I0,E0,0)GO   TO  181 
INI.«1KI*NRB0-MLEL-MCAC6-MCACF 
8MLDU«8MLD(IN8C)*ALM(INt) 
8ML0L»8MLDL*8MLD(IN8C)*EP8(INL) 

181 8MAPE(IR)»8HAPE(IR)*BLL-IB»8MLBL-IC*8MLCL-ID*8ML0L-1E*8MLEL 

1>IFF*8MLFL»IGG*8HLGL 
356 CONTINUE 

üBX(M8fI8«I)«8HAPE(l) 
UBV(H8fI8fn«8HAPE(5) 
UBZ(H8fI8ft)B«8HAPE(9) 
PHlX(M8,I8»l)»8HAPe(l) 
PHIYCM8|I8II)«8HAPE(10) 
PHlZ(M8,l8»na8HAPE(6) 
AN(M8»ISfX)a8HAPE(2) 
VVCM8»I8»I)«-8HAPE(8) 
VZ(M8»I8«X)«8HAPE(12i 
TEA(M8,I8,n«8HAPE(<n 
AMY(H8»I8fnB8HAPE(ll) 
ANZ(M8»I8#n«8HAPE(7) 

502 CONTINUE 
500 CONTINUE 
501 CONTINUE 

IF(IWRITE.EO.O) GO TO «71 
IF(N8P.EQ.O) GO TO 1051 
MRlTE(6rlOS2) 
00 1051 IXX»1,M)(8HI 
IXM2alXX«NHC«l 
IXH2«>IXH2 
NRITE(6I1055)IXM2 
00 1051 IVV»1»MXT2P1 

1 
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c 
c 
c 

lNL«(m«l)*NRlFC*IVY 
lEPtlYV.MAXNM 
MSM«EP8(INL)«ALH(IN|.) 

10SS CONTINUE 
1051 CONTINUE 
1052 FO«MAT(/55X#,8WA8HPLATE DEFLECTIONS«/J 
105a F0RMAT(/55X,«*(M2#t)«if2El2.5) 
1055 F0RMAT(//55X»I2,» PER REV,') 

00 7000 IXI1,HX8MI 
DO 7000 MsiifNB 
IXM2«IX.NHC-1 
IXM2«*IXM2 
WRITE(6fl001) H8»IXM2 
NHlTE(6f466) 
IJai 

968 00 601 JllfNBSEC 
IFCJ.EQ.l) SPACE-BTIP8 
IF(J,EQ(NB8EC) 8PACEBBHUB 
WRITE(6,901) 8PACE,J,UBX(M8,J,IX)#UBV(M8,J,IX),UBZ(M8,J»IX) 
IF(IJ,NE,2) CO TO S90 
IF(IPU,E0,l)*RlTEC7,llinJ»üBX(M8iJ,IX),UBV(M8#J,IX).uBZCM8,J,lx) 

3»0 CÜNTINUC 
8PACE«BL*NK8 
IF(IJ(E0.3) 60 TO 601 
0XjaUBX(M8»JfIX) 
0VJ«UBY(HS,J,IX) 
eZJaUB{(H8>J«|X) 
IF(IJ,E0.2) GO TO 601 
I8Mla(J.l)*N8Y 
DO 602 KBl5,J0 

602 V(K)a8D(l8Ml«K) 

UÖX(M3,J,IX)«0XJ*Y(19)*QVJ»V(2«)«0ZJ«V(26) 
UBY(MS,J,IX)»OXJ*Y(2J)*üYJ*Y(25)*üZJ*Y(27) 
UHZ(M8,J,IX)»QXJ*(.Y(l5))»QYJ*Y(20)*QZJoY(21) 
60 TU 601 

603 CALL POLAR 
UBX(HS,J,IX)BQXJ 
UBY(M8,J,IX)BQYJ 
UBZCHBfJ.IXjSQZj 

601 CONTINUE 
IF(IJ.6T,1) 60 TO 600 
MRITE(6,9S0) 
60 TO 961 

600 MRITE(6f963) 
961 DO 951 J«l»N8sEC 

IF(J,Eü,l)8PAcEaBTIP8 
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IF(J.tQ(NBSEC)8PACE«BHUB 
WHITE(6,901)8PACE#J#PMIX(MS»J»IX),PHIY(M8,J»IX)#PHIZ(M8,J,TX) 
IF(IJ,NE,2) GO TO 191 
IF(IPU,EO,nKRlTC(7,lUnJ»PHlX(W8#J»IX),PHIY(M8#J»IX)»PHlZ(MS,J#I 

IX) 
391 CONTINUE 

SPACEBBLANKS 

IF(IJ,EQ.3) CO TO 951 
QXJ«PMlXtM8»J»lX) 
QYJ«PH1Y(M8,J,IX) 
QZJaPHlZ(M8«J*IX) 
IF(IJ,E0.2) GO TO SIO 
I8Ml«(J.n*N8Y 
DU BOO K«l5,30 

800 Y(K)«80(I3MI*K) 
C 
C 

PHlX(M8,J,lX)BQXJ*Y(l9:*QYJ*Y(2tt)fQZJ*Y(2fc) 
PHlY(M3,J,IX)»QXJ*Y(23)*nYJ*Y(25)*QZJ«Y(27) 
PHlZ(M8,J#IX)BQXJ*(-Y(lSn*QYJ*Y(20)*UZJ*Y(2l) 
GÜ TU 951 

810 CALL POLAR 
PHIX(M8,J#IX)BQXJ 

PHlH*S,J,lX)*QtJ 
PHU(M8,J,IX)«0ZJ 

951 CONTINUE 
IFdJ.GT.l) 60 TO 958 
I«RITE(6,955) 
GU TO 956 

958 MKlTE(6#9b4) 
956 0{j  957 J«1,NHSEC 

IF(JIE0.1)8PACE»BTIPS 
IFCJ,E0tN98ICJ8PACE»BHUB 
WNlTt(6,90l)3PACE»J»AN(MS,J#IX),VY(M8,J|IX),VZ(M8,J,lX) 
IF(IJ.NE,2J GO TO 392 
IF(IPU,EtJ,l)*RmC7,llinj,AN(M3,J,IX:»VY(H8,J,IX),vZ(M8»J.IX5 

392 CONTINUE 
SPACEBBLANKS 

IFdJ.EU.i) GO TO 957 
QXjaAN(M8fJflX) 
ÖYJ«VY(M8IJ,IXJ 
»ZJ>VZ(MStJ|IX) 
IF(lJtEi3.2) Go TO 820 
ISHl«CJ.l)*N8Y 
00 801 K«15,30 

BUI YCK)«S0(I3M1*K) 

c 
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S20 

957 

970 
969 

39J 

802 

640 

960 

9001 

SSO 
810 

AN(MS,J,Ix)  ■QXJ*Y(19)*0YJ*Y(2«)*QZJ*V(26) 
VY(M3,J,IX)  ■QXJ*Y(?J)*QYJ*Y(25)*QZJ»Y(27) 
VZ(MS,J,m  ■QXJ*(-Y(15)}4QYJ*Y(20)«QZJ*Y(21) 
GU TO 957 
CALL PüL*R 
AN(MS,J,IX)BQXJ 

VY(MS,J,IX)BQYJ 

VZ(M8,J,IX)«WZJ 
CUNTINUE 
IFdJ.GT.l) GU TO 970 
WHITE(6,959) 
GU TU 969 
Wf<ITE(6#96S) 
DU 960 J«1,NBSEC 
IF(J,EQ.l)SPAcEaRTIPS 
IF(J(EQ(NBSEC)SPACEBBHUB 

WRITE(6,901)8PACE,J,TEA(M8,J,IX)IAMY(MS,J,IX)#AMZ(M8,J,1X) 
IF(IJ.NE.2) GO TO 395 
IF(lPUiEQ,l)WRlTE(7#lHnJ,TEA(M8lJ,IX),AMY(H8»J»lXl,AMZ(M8#J,IX) 
CONTINUE 
8PACEBBL»NKS 
IFCIJ.IQ.JIJ GO TO 960 
QXJ«TEA(^J»IX) 
i3ZJ"AMZ(M8,J,lX) 
aYjBAMY{M8,J»IX) 
IF(IJ,Ea,2) Gü TD 8«0 
I«Ml«(J.l)*N8Y 
DU 802 KalS,30 
Y(K)i80(l8Ml«tO 
TEA(M8,J,IX) ■0XJ*Y(19)*nYJ«Y(2«)*0ZJ*V(26) 
AMY(MS,J,IX) liQXj*Y(2J)tOYJ»Y(25)*QZJ«Y(27) 
AMZ(M8,J,IX) ■QXJ«(-Y(15))*ÜYJ*Y(20)*ÖZJ#Y(21J 
CO TO 960 
CALL POLAR 
TEA(M8,J,IX)BQXJ 
AMY(M8,J,IX)«öYJ 
AMZ(M8,J,IX)*QZJ 
CONTINUE 
IJ1IJ*! 
IF(NPO,EQ,0)Gü TO 7000 
IF(IJ,OT,3) 60 TO 7000 
IF(IJ,EQ,3) 60 TO 850 
MRITE(6,1002) 
60 TO 630 
WRlTe(6,983) 
WRITE(6,962) 
60 TO 966 

C 
C 
C 
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7000 CÜNTlNUt 

IF(NPO,CT.O) 60 Tu S16 
UBYMsCABSCUBVdil*!)) 
UBZHaCABS(UBZ(lfWt)) 
PHlXMaCABSCPHIXdil»!)) 
00 511 I8al*NBSEC 
UBYT»C*BI(UtV(l,I»fIj) 
UBIT«CABS{UBZ(lfl8fl)) 
f>HlXTMCABS(PHXX(l#I8fI)) 
UBYM»AMAXi(UBVM#UBVT) 
UBZMlAMAXKUBZMfUBZT) 

511 PHIXM«AMAXI(PMIXM,PMIXT) 
60  TO 520 

51* UBYMaUBVClilfl) 
UBZM«UBZ(1»1»I) 
PHiXHtPHiXd»!*!) 
DO 512 IS«2»NB8EC 
UBYT«UBY(lfI8,I} 
UBZT«UBZ(l*I8.n 
PHlXTPPHlX(lfl8,I) 
UBYH«ANAX1(UBYM,UBYT) 
UBZH«AMAXl(UBZMfUBZT) 

512 PHlXMBAMAxKPHlXHfPHIXT) 
520  PHIXM«PHIXM*5.75 

IF(UBYM,QT.UBZM) 60 TU 52« 
NB6M0«2 
IF(PHIXM.6T.UBZH) NBOMOsS 
60 TO «71 

52a NB6MDP1 
XP(PMXXM,OT,ÜBYMJ NBöMOBS 

«71 NCTBlCT 
NFCAPIPCA 
NFLAPBIFLA 
NLELPILCI 
WTüHN 

iP|'»TflJ,«PHl  Z»  CH0R0WX8I  8L0PIS/,T28, • (♦»   N08I  U^) • .T*0, • {♦. FLA 
|P 0O*N)«,m»«(*#   BtAOE LEAO)»,//) 
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9S5 FOHMAT(     //#T8»'SECTION«,T27»«N, AXIAL FORCE'.T8*.•V V, CHORD«! 
18E 8HEARST91«iV I,   FLARMISE SHEAR • ,/,T2«, • (♦, RAOlAL OUTSnARD)'tT 
259,»(«, TOWARD L.E.)•,T95,•(t, UPWARD)'»//) 

959 FüRMAT(//,T8i«8ECTION«,T30,'T# TORQUE'»T87»'H Y, FLARWI8E MOMENT«. 
IT90,«M Z« CHOROrtlSE HÜMENTS/iTgB.'t*» N08E UP) • ,T55. • (♦» TENSION 
2UPPER FIBER8)»»T90,»(♦»TENSION T,E.)'#//) 

1002 F0RMAT(lHll//>Ta9»*DI8K PLANE AXIS SVSTEMi,//) 
962 FURMATCTH,'SECTION!,T25,'UBX, RADIAL OEFL.'» 

I T58,'UBY, INPLANE DEFL,',T92,'UBZ, VEPT, oEPLt'»/ 
2»T28,'(*, OUTBOARD)!,T5S,'(*, ROTATION DIM.)',T9S,•(♦, UPMARO)',// 
3) 

964 FüRMAT( //,T8,'SECTION!,T26,•NB, RADIAL FORCf'#T58f•VBY# INPLA 
1NE SHEAR!,T92,iVBZ, VERT. SMEAR!,/, T28,' (♦, OUTBOARD)' »TS9.'! (*, ox 
2R. UF ROT,)!.T9a,«(t, UPWARD)  !,//) 

965 F0RMAT(//,T8,i8ECTI0Ni,T29,!T8, TOROUE'»T5T,!MBY» VERTICAL MOMENT« 
l»T9l,iMBZ, INPLANE MOMENT»,/.T28,!(♦, NUSE UP)!,T55,i(♦, TENSION U 
2PPER FIBERS)»,T92,!(«, TENSION T.E.)'.//) 

966 FORMAT(T8,«SECTION',T2S,«UX» RADIAL OEFL.!,T58,«UY» INPLANE OEFL.» 
l»T92#'UZ. VERT, DEFL.'»/,T28.'(♦, OUTBOARD)•.T58» 
2,(*» ROTATION DIR.)!,T95.'(*» UPWARD)'.//) 

963 F0RMAT(//,T8.'8CCTIUN».T28,»PHIBX, TWIST»,T5a,»PHIBY. VERT. BENOlN 
IS SLOPE»,T87*»PHIBZ, INPLANE BEND. SLOPE»,/.T26,»(♦, L.E, UPWARD)» 
2»T59,»(*, TIP DOWNWARD)»,T90.»(t, TIP DIR. OF ROT,)».//) 

983 F0RMAT(1H1,//,T39,»UI8)< PLANE AXIS SYSTEM > POLAR COORDINATES»./. 
iTttT,»AMPLITUDE AND PHASE ANGLE».//) 

1001 FORMATC    //,TttS»'BLADE».12.14.» PER REV SHARE VECTORCLOCAL AXIS 
18Y8,)»,//) 

Uli FURMAT(I5,3(1X,2(IPE12.4))) 
END 
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SUBROUTINE SARRAY 
INTEGER EM(6),EE(6) 
REAL*6 RREAL(ltttt) 
COMPLEX  UBX(Z5»3)#Ui)Y(2$,3)«UBZ(29,}),PHlX(29,S)*PHIY(Z9f)i, 

ll>Hl2(25,3),AN(25,3),VY(25,5)»VZ(25»l)»TEA(25,S),AMY(I5»J)»AMZ(Jf,l 
2)*OXJ»QYJ,QZJ 

COHPLEXMb  CMSfCMl,CSlfC82 
CüMPLEX*l6 EP8{65)»ALM(65),S(2l*),R(l««),T(72),0BAR(12),SLL 
DIMENSION Y(100),3D(«000) 
COMMON/CALM/ALM 
COMMON/EPSA/EPS 
COMMON/SSt/S 
COMMON/ARR/RREAL 
CUMMON/ARI/R 
COMMON/ROTF/OMl#OM2»OMT 
CÜMMON/FREP/CMS,CHl»CSl»CS2 
C0MM0N/8U8/Y 
COMMON/SAXW/SO 
COMNÜN/lNTEH/NSY»NBSeC*NFSeC»NB»NBP,MFLAP#MFEAfMCT» 
1MFLEXIHC0N(HAER,MFUS,NBC*NFLAP»NFEA#NCT|NCQN.NFFBI 
2NA8,NHC,NVI,NSP#HAXN,NES,M8C»NE6N,IPCT#NIT#MER,N0RM, 
JIHEM,NEX»NPS#NSCH,IG,IF#NPRL»NPR8,NP0,NSK,NC0L8,NCSB# 
aNFPl#MXSMI,MXT2Pl»MXKQ,MXCPL#MXC8B»MXCPM,MXCPK#MX8M8» 
5NEBC#NESHC#MFA8B,HXFAB»NFU8#NHB0#NRIFC»MX0,NElFC» 
6NEISC»NEITC,MXTKN,NFF»HINPN,MAXPN,IBF,M0DE 
COMMON/NLEAO/MLEL»NLeL»MCTY 
COMMON/lJVTEM/QXJ,QYJfQZj 
COMHON/IPCH/IPU 
DATA EM/2ti6»31»«4»S9,72/ 
DATA EE/1,15,29,«2,5T,70/ 
DATA BLANKS/»    «/»BTlPS/• TIP «/»BMUB/^UB »/ 
IF(MFU8,EQ.O) GU TÜ 971 
MSCPK«MXCPM#MxSMI 
iMRlTEaO 
IF(MODE.EQ.l) IWRITE«! 
IL«0 
SPACEaBLANKS 
DO  22  L«1,MSCPK 

22  SCD'OCMPLXCO.DOfO.DO) 
DO 30 LH1»MXSMI 
LMl«(L»l)*MXCPH 
DO   30   Mat,6 
KaLMUEM(M) 
IFtNFFB.EQ.l)   KiLMUEE(M) 

30   S(K)aUCMPLX(l.D0.0,DO) 
DO 900 ISaltNFSEC 
ISMla(NBSECtIS-n*N8Y 
DO 90 Lal#NSY 
MalSMl^L 

90 Y(L)aSD(M) 
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60 

b5 

691 
75 

bo 

lüO 

uo 

lio 

136 

iao 

las 

175 

If(V(5),EU,0,) GO TÜ 80 
C*LL HIGIÜ 
LbüBl 
DU 75 I»1,MXSMI 
LMI«(1-1)*MXCPM 

DU 65 M«t,MxCP* 
K«LMi*M 
T(M)aS(K) 
CALL ML«C?(HHtAL.T,NCüLS) 
DU 691 M«1#MXCPM 

K»LMl*M 
S(K)»T(M) 
CUNTINUE 
IF(LüU,EQ,?) GO TU lOü 
IMLGU.EQ.l) Gd TU 120 
IP(Y(2),tQ,ot) r,n TO loo 
CALL 8FMI) 
LU0«2 
GU TU 60 
IF(V(«),rQ,0,) GH TU 120 
CALL LLAST 
LGU a J 
GU TU bo 
OU 200   I«lfMXS

Kii 
iMi«(i-n*i2 
LMl»lMl*NtflL8 
RSML»I-NFPl 
NSTBKSML 

C81"CH8«CMUN8T*M«1 

CS2aCSl*CSl 
IF(Y(6)iEf3,0,)   GO   TiJ   l^B 
CALL   STIFF 
LGUal 
CUNTIMJE 
Ot)    lio   Mai,MXCPM 
KaLHl*M 
T(M)B8(K) 
CALL   MLCC2(H#T»MCUI,S) 
DU l«0 Mai#MXCPH 
K«LM1*M 
8CH)aT(M) 
IML6ü,tQ,2) r,() TU 175 
IFCLGU.tQ.l) G'l TU 200 
IF(V(n,feiy,0,) Gn TU 175 
CALL FMA88 
LGUa2 
GU TD liO 
IFCy(3),e(j,ü.) GO TIJ 200 
IL«ILM 
CALL FijAWü(IL) 
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LGÜ«3 
CO   TO   UO 

2Ü0   CÜNTlMifc 
IF(MOOE,F.rg,0)   Gu  TU  500 
LlBMXCPM 

Jl«HXT2Pt 
ÜÜ   «99    I«lfMXSMI 
DCJ   i5ü   L«1.12 
IHI«1-1 

8LL*ÜCMPLX(0,nO,0,l)0) 
00   ibi   IT«1,6 
INH«K*;2*(!T-1) 
tNL«Jl*I?*I«UlT 

^b?   SLL»SLL*S(lNrt)*tPSf IM) 
250   10HAW(U«SLL 

UbX(l8#n»«HAR(11 
UH¥(X8»n«nB*RtV) 
UhZ(I8»n«-uHA«(9) 
PHix(is,nt(gdA»n) 
PMlY(IS,IJ«Wöi«tlO) 
PHl2(l3,n«0BAR(«») 
AN(IS,I)«(jHAM(2) 
VYClSrI)»-fJhA(*(«1 
VZ(I8.n«Q«A«(Ul 
TfcA(I8,n»rJHAw(a) 
AMV(I8,n«0H*H(ll) 
AMZ(lS,n«QHAw(7J 

a99 
SOO 

CüNIlNUfe 
CU^TINUF. 

IKIwKlTK.ElJ.O)   RiJ   TO   971 
DU   7000   IXil»hXSMl 
IXM2«"IX*NHCM 
HMlTECh,9lfe)Ix^2 
rtHl 16(6,917) 
IJsl 

<)ö«   ü(.)   S03   J«l .NFsfC 
IMJ.tQ.l) SPACt«BTlP3 
IKJ.EU.NFSfrC) 8PACE«HMUB 
^«ITE (6,901) SPACfe»J,UBX(J,U),ÜBY{J»IX),UBZ(J,lX) 
lMIPU,tQ,niNRlTEl7»llinJtUHX(J,IX),UBY(J»IX)»UBZ(J,lX) 

SPACEaBLAfiKS 
IKU»E9,3)   UlJ   TO  Sü3 
'JXjaiJBX(J(IX) 
(JYJ«0HY(.J,IX) 
QZJ«UhZ(J#TX) 
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so« 

IF(IJ,EQ.2) CO TO 702 
I8Ml»(NBSCC*J.l)*N8V 
DO SO« K«l5,30 
Y(K)«80(I8M1*K) 

C 
C 
C 

702 

503 

703 
961 

800 
C 
C 
C 

«0XJ*Y(i9)+QYJ*Y(2«)+0ZJ*Y(26) 
• Q)(J*Y(23}*QYJ*Y(25}*UZJ*Y(27) 
■QXj*(.Y(15)UQYJ*Y(20)fQZJ*Y(2n 

UBX(JiIX) 
UBY(JfXX) 
UBZ(JflX) 
GO TO 503 
CALL POLAR 
UBX(JfIX)«QXj 
ÜBV(J#IX)1QYJ 
UBZ(J»IX)aUZJ 
CONTINUE 
IFdJ.CT.l) GD TO 703 
»<RITE(6,950) 
GO TO 961 
MRITE(6f9ftS) 
DO 951 jaifNFsEC 
IF(J(EO.n8PAcE«RTIPS 
IF(J.EQtNFSEC)8PACEBRHUB 
|«(RITE(6,901)8PACE#J,PHIX(J,XX),PHIYCJ,IX),PHIZ(J|IX) 
IF(IPU,EQ.nWRlTEC7,llll)J,PHlX(J,IX),PMIY(J»IX),PHIZ(J»IX^ 
8PACEaBLANKS 
IFdJ.EQ.S) GO TO 951 
OXj«PHlX(JfIX) 
QYJ«PHIY(J,IX) 
QZJ«PHIZ(J,IX) 
IF(IJtEU.2) GO TO 70« 
I8H1«(NBSEC4J«1)*N8Y 
DO 800 K«15,30 
VCK)t80(!8«l*K) 

PHlX(J#IX)«(3XJ*Y(l9)fQVJ*Y(2«)*UZJ*Y(26) 
PHXY(J,IX)«QXJ*Y(23)*GlYJ*Y(25}*BZJ*Y(27) 
PHI2(J,IX)aQXJ*(.Y(15))^QYJ*Y(20)«QZJ*Y(2l) 
GO TÜ 951 

70« CALL POLAR 
PHlX(JfIX)aaXj 
PHlY(J#IX)aQYj 
PHZZ(J*IX}aQZj 

951 CONTINUE 
IFdJ.GT.l) GO TO 958 
MRlTE(6f955) 
60 TO 956 

958 MRITE(6#96«) 
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9Sh 

801 
C 
C 
C 

705 

957 

970 
9b9 

S02 

706 

DU   V57   J«l»f>iFsEC 
IKJ.fctJ.nSPACtsHTIPS 
IF(J,EfJ,MFStC)3PACt««HüB 
»»HlTE(b,90l)SPACE,J,ANf J,IX).VY(J#IX)»VZ(J,IX) 
IF(IPU,EQ,l)«PlTF(7,UtnJ»AN(J,!X),VY(J,I)'),v;(J,IX) 

SPACE"HLANKS 
IF(1J,FQ.3)   GU   TO   957 
QXjaAN(J,lX) 
UYJ«VY(J,IX) 
QZJ«V2(J,IXJ 
IP(IJ,FQ,2)   GH   Tfl   705 
lSMla(NliStC*J-n*^8y 
DU   «01   Kil5,30 
Y(K)«br)(ISMl*K) 

AN(J,IX)  ■«Xj*Y(l9)*QYJ*Y(2tt)*QZJ*Y(26) 
VY(J#IX)  »aXj*y(25)*gYJ*Y(25)*UZJ*Y(27) 
VZ(J,IX)  ■«XJ*(-Y(l5))+f3yJ*Y(20)*Q2J*Y(2l) 
GU TU 957 
CALL POLAR 
AN(J»IX)sUXJ 
VY(J,IX)«gYJ 
vz(Jtlx)«nZJ 
CU^TlNUt 
IFCIJ.CT.n GU Tn 970 
WRITE(6#959) 
GÜ TO 969 
WKlTtC6,9ej5) 
OU   960   jBliNfSEC 
IF{J,E0,1)SPACE«BTIP8 
IF(J,EQ,NF8EC)8PACE«RMlJB 
WkITE(6,90n8PACE,J,TEA(J,IX),AHY{J,IX),AMZ(J,lX) 
IF(IPU,EQ.l)«WlTE(7,lUnJ,TEA(J,IX),AMY(J,lX),AMZ(j.lX) 
SPACElBLANKS 
IFUJ.EU.J) GU TU 960 
QXjaTEACJ,IX) 
QYJ«AMY(J,IX) 
QZJaAMZ(JflX) 
IF(IJ,EQ.2) GU TO 706 
ISHl«(N8SEC*J-l)*NSy 
00   602 K«15»J0 
Y(K)»SO(ISMl*K) 
TEA(J#IX) ■U)(J*Y{l9)*üYJ*Y(2«)*'JZJ*V(26) 
AMY(J,IX) ■QXJ*Y(21)*0YJ*Y(25)*0ZJ«Y(27) 
AMZ(J»1X) ■QXJ«(«Y(15))*QYJ*Y(20)*OZJ*V(21) 
6Ü TO 960 
CALL POLAR 
TEA(JfIX)BQXJ 
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*MY(J,lX)aOVJ 
*HZ(J»IX)aQZJ 

9bO CONTINUE 
IJBIJ*1 

«001 IP(NPO.EQ.0)6Q TO 7000 
IF(IJ,GT,3) 60 TO 7000 
IFdJ.Eö.J) Cn TO 707 
WRITE(6,919) 
CÜ TD 7ü8 

707 WRITE(6,920) 
708 WHITE(6f962) 

60 TO 968 
C 
C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
7000 CONTINUE 
97l RETURN 
901 FüRrtAT(3X,Att,3X,l2f3(9X,2(lPEl2.a)n 
9S0 FURHAT(//,T8»'8ecTI0N»,T28,»PHI X, TWIST«,T57,«PHI v, INPL4NI  8LO 

1PE,»T«9,«PHI z, VERTICAL  SLOPE«,/»T28#'(♦,TOP L^FT)«,T60,•(♦, VfC 
2T, UP) •,T93»'(*, VECT. LEFT)«,//) 

9«»5 FURMATC     //,T8#«8ECTIGN«,TÜ7,«N, AXIAL FORCE« »T56i «V Y, VERTJCA 
1L  SHEAR«,T91,«V I,   INPL*NE  SHEAR«,/,T2U#«(♦, RAOlAL TO TAIL J'tT 
2S9>«(4f UPNAROS)    «»T9S#'(*i L.H,8.)'»//) 

959 FURMATtZ/jTSf «SECTION«,T30i «T» TORQUE «»T«J7i «H Y, INPLANE  MQMENT'f 
IT90,«M I,   VERTICAL  MOMENT«,/#T28,•(♦,TOP LEFT)«»T55.«(♦. TENSION 
2LH8   FI8EP8)«»T9ü,«(*,TENSION LOwER FIBS,)«»//) 

962 FURMAT(//,T8#«8ECTION«»T25.«UBX, AXIAL  OEFL.«» 
1TS8,«U9Y. VERTICAL OEF ,« ^92» «U«» INPL, DEFL. «,/,T2e, 
2«(*» TO TAIL )«,Tb8,«(«, UPWARD   OlR,)«,T9S,•(♦. L.M.S.)«,//) 

C 
96a FORMAT(     //,T8.«SECTION«,T26»«NB, AXIAL  FQRCE•,T58» • VBY, vERTI 

IC, SHEAR«,T92,«VBZ# INPL, SHEAR«,/,T28i«(♦, TO TAIL )«»T59.«(*, UP 
2k«ARÜ)      «»T9«,«(*, TU LEFT )«,//) 

965 FURMAT(//,T8#«SECTI0N<,T29,«Ta, TO«UUE',T57,«MBY» INPLANE  MOMENT« 
1»T91,«MB2, VERTIC. MOMENT«»/»T28, «(♦,TOP LEFT)«,T55,«(♦» TENSION L 
2.H,S.FIHER8)«,T92I«(*I TENSION LOwER FIBS,)•*//) 

963 FURMAT(//,T8>«SECTI0N«,T2Ö»
,PMIBX, TWIST« ,T5«, «PHlBYi INPL.' 8EN0IN 

16 SLOPE«,Ta7.«PHIB2, VERTIC. BEND, SLUPE«,/»T26,«(♦, NOSE UPWARD)« 
2»T59,«(*, VECT, UPWARD)«,T90»'(♦, VECTOR LEFT SIDE)«,//) 
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9U FORMAT   (   IHlfSSX,!««*   PER REV  SHAPE  VECTORS ON  THE FUSELA.  STRUCTU 
iREdOCAL  AX)»/) 

»17  F0RMAT(/,T8#»8ECTI0N»,T25,'UX,   AXIAL     OEFL.S 
I T58»«UY* VERTIC. OEFU. • »T«a, »UZ» INPL. OEF^..«,/ 
2,T28,«(*, TO TAIL ),,T58l«(i'» UPWARD   OIR, ) • ,T9S, • (♦, L.H.S.)'.// 
3) 

919 F0RMAT(lHl,//,T«5#,FU8EL*GE REFERENCE AXIS SYSTEM*,/) 
920 F0RMAT(lMi,//,T55»,FU8ELA6E REFERENCE AXIS SVSTEH • POLAR COORDINA 

ITES'»/) 
900 FORMAT (10(lPEl2.«n 
1111 F0RMAT(ISi3(lX»2(lPEl2.4))) 

END 
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ion 

2ü0 

SUBHÜUTINt   MLWC2(W»T,NC0LS5 
rttAL*8   «(lütl) 
C(jMPLE.X*lfe   T(6a),THl.O(aai 
COMPLtXttb HCOMT 
NCH«12*MCÜLS 
DU   100   N«l#r>iCüL8 
tJM«(N«n*i2 
IM)   100   H«i,i2 

KSNNI*H 

TMLlHK)«Rcr)üT(12,KCLM),T(Lf')) 
DU  200   l«lfNCW 
T(n«THLü(n 
HtTU«N 
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SUÖHUUTINE MLCC2 (H#T,NCnL8) 
CÜMPLEX*16 «(l«tt)#T(fl«),THL0(6a) 
CÜHPUX*16   CÜÜT 
NCR«12*NCULS 
DU 100 N«1,NCüLS 
NNla(N«l)*12 
Üü 100 M»t#l2 
MMl»(H-l)*12 
KBNNlfM 

lÜO THLÜ(K)«COnT(l2,«CLM),T(LN)) 
DU 200 I«l,NCk 

200 TtI)»THuO(n 

tNÜ 
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SudHUUTIME   T*'JS(I#J) 
CUMPLtX*l6   TKNCttölJ 

CUMMUN/iNTER/NSr»N«5)FC»NFSF.C»Nfl#MbP.HFLAP,MFEA,MCT» 
lMFLf.X#MCnN#MAF.»»M^,Jö#NHC»NFL*''»','FtA,MCT»MCONlKFF«, 
2NAS,NHC|WVl»NSP»MAXN#NiE8,M9C#MEli^,lPCT»NlT#MER#NOpMi 

3lwEH,NFX,NPS,^SCH,I(i,lF,NPPL»NPHS,HPO,NSK,KJCnLS»NC8B, 
aNFPl,MX3^I»HXT?Pl»MXKQ»MXCPL»^XC8B,M)(CPM.^XCPK,M)(8MH, 
5NE8C»NESBCiHFA8a,MXF4B.NFUS,w«H0,NPlFC»My0fMElFC» 
<!)NfclSC,NEITC»MxTKN(,MFF,MINPN,MAXPN,IdF,MüDE 

CüMMÜN/MLEAD/MLEI. r^LEL'MCTV 

5 TKN(L)»DCMPLX(0,no,0,üO) 
IF(HFU3,EU,0) GO TO h 
CALL 8UttHA(I,j) 

6 CALL SUöMB(I,j) 
CALL SUHMG(I»J) 
IF(NH,E«,1) Gil TD lü 
CALL SUBMF(I»J) 

10 IF(wHC,6T.0)CALL ZTtGl(I.J) 
IF (NSP.FQ.O) GO TU ?ü 
CALL S*A (I,J) 
CALL   b*H(I»J) 

<J0   CMMIMIF. 
HtTUWN 
END 
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SUBwnuTIME   tPSDLN 
CUMpLtx*i6 T^NCaan 
CUMPLEX*16   FTtMPfZU 
CUHPLEXtlb  EPS(h5) 
CUMPLfcX*l6   ALM(63) 
CüMMUN/TKNl/TKN 
CÜMM0N/EPSA/EP8 
CüMMÜN/CALM/ALM 

CllMMl)N/lNTtP/N3Y»f-'HSeC»NF8EC»NH,NBPfMFLAPrM^EA,MCT, 
lMFL£X,MCnN,HAEP#MHJS,NBC,NFLAP»NFEAfNCT,MCnN#NFFb, 
2NA8»NHC,NVlf^SP»MAXN,NES,M8C»MEGN,lPCT#NIT#MEH,NORM, 
3l«EM,NEx»NPS,KiSCH,lS,IF,wP»L»NPR8,MP0,NS»<,NCOLS,Nc8p, 
aNFPl»MX8^I»MXT2Pl»MXKU,MXCPL»MXCS8#MXCPH,MXCPK,MX8MB, 
5NE8C»NE8HC»MFA88,MXFAH,NFU8»NH8D,NPIFC#MXü,NEIFC» 

6NEISC,NEITC,MXTKWI^FF^IMPN,MAXPN,IBF,MüOE 
CüMMüN/NUEAO/MLEI »NLFL»MCTY 
IREMI«IREM 

REWIND   l 
WHITE    CD    MXSMI,NRIFC,NHC,NURM,IPEMI,NEX 
DU  2   I«1»MXSMI 
DU 3 KaitNRlFc 

5 FTEMP(K)aDCMPLX(0,1)0,0,DO) 
DO 4 J«1,MX8MI 
CALL TKN8(I,J) 
WRITCtl)(TKN(lHITE)#IHlTE«l»MXTKN) 
DU 5 IQ«lfNRlFC 
DU 5 IP«1,NRIFC 
KP»(IP-1)*NRIFC*IÜ 
IJ«{J-U*NRIFC*IP 

5 FTEHP(lO)«FTEMP(IU)-ALM(!J)*TKN(KP) 
a CONTINUE 

DO 2 LaltNRlFc 
2 EP8(NRIFC*(I-l)*L)«FTfcMP(L) 

REWIND 1 
RETURN 
END 
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SUbKilUTIME   HMASS 
«t*L   V(100) 
CriMPLfcXtlt.   C^S#CMl,CSl#CS2,Tf)M.s 
CUMPi.tx*l6   CSTE 
CÜMPLEX*16   k(iÜU) 
COMHÜN/ARI/A 
CUMMUN/SUB/Y 
CUMNüN/HOTF/OMl#nM2#nMT 
CüHMON/nAMnu/öHnii 
ciiMHf)N/Fi?EF/CMS,rMi#csi,csa 
CDWMÜ^/AMASl/nCTCP 
CNl«Y(i3)*r,CTCP 
CSTt»C32 
CS2«C8?*nM0A*cSl 
TüMSsi)MT*CSl 
DU   b   Iai,i«a 

S   A(I)»üCHPLX(0,Do,0,DO) 
Du   11   T«l,m«,l3 

II    A(I)"ÜCMPLX(l,DO,U,UO) 
Mli)«Y(«)*(Cs2-Y(in) 
A(lb)«Y(53)*(TnM3*Y(20l-V(?a)) 
ACl7)«.Y(H)*(TOMS*YC?n*Y(P9)) 
A(18)»-Y(9UA(13) 
A(2n»-Y(«)*(TnMS*Y(go)-Y(28)) 
A(37)».Y(35)*(TUMS*Y(20)*Yf2en 
A(39)«Y(ia)*Cs2<fY(«i).Y(?Ü)*CNl 
A(ai)«.Y(35)*(TnMS*Yfl5)«Y(3n)) 
A(«2)«Y(3b)*CSl*Y(39) 
A(ab)i.Y(}3)*(CS2-V(ll)) 
A(«b)»Y(37)*C8UYCa5) 
A(7i)«A(l«) 
A(75)«»Y(36)*CSl+Y(«2) 
A(77)«»Y(9)*A(17J 
A(78)«Y(35)*C92*Y(<»0)-Y(20)»CNl 
ACeU-AdS) 
AC82)«»Y(S«)*C31*Y(a<!.) 
A(8b)««Y(8)*(70M8*Y(2l).Y(29)) 
A(87)»«Y(33)*(T(IMS*Y(15)*Y(J0)) 
A(89)«.Y(8)*(C82-Y(J2)) 
A(90)«.Y(9)*A(85) 
A{93)aY(8)f*(Tf)MS*Y(l5)*Y(30)) 
A(l23)«-Y(37)*C81«Y(««),Y(lb)»CNt 
AC126)«Y(J8)*C8l*Y(an*Y(21)*CNl 
A(130)»Y(10)*CS2-V(«7) 
A(133)»«Y(8)»(TUM8*Y(20)*Y(2«)) 
A(lJ5)i«A(«5) 
A(1J7)««Y(8)*CTOM8»Y(15)-V(JO)) 
A(138)«-A(J7) 
A(iai)«,Y(8)*(CS2-Y(3n) 
CS2aC8TE 
RETURN 
END 
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SUBROUTINE FMA8S 
HLAL Y(100) 
CUMPLEX*l6 *(iua) 
COMPLEX*16 CHS»CHl*CSl«CS2,wI,wII 
CüMMÜN/FREF/CM3#CMl,C8l#CS2 
CUHMUN/AMI/^ 
CQMHUN/SDB/Y 
COMMÜN/FGHAV/FGRA 
wI"C82*V(8) 

CM«FURA*Y(33) 
DU lü I«l,lUü 

10 wCI)«ÜCMPLX(O.DO,0,ÜO) 
w(13)swl 

w(39)»CS2*V(Ja)-CNl*Y(2b) 
w(a«))«--Ii 

K(78)»CS2*Y(35)-CNUY(2!>) 
M(P9)B«Wl 

W(UJ)i CN1*Y(23) 
*«((126)« CNt*Y(27) 
K(130)«CS2«Y(10) 
wil35)«*wil 

DU 20 I»l,U«fU 
20 wCI)iüCMP|.X(l.OüO,0,Dü) 

MtTUHN 
END 
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10 

iO 

CSi 

SUBKÜÜTlNt   STIFF 
CÜMPUXM6   SK(iaa) 
»E*L   YCiOo) 
CÜ«PtfcX*l6  CMS,CM1,CS1 
C(JMMUN/4»I/SK 
CUMMüN/SUH/V 

ClJMMUN/FPEF/CM8,CMl,C8l,CS2 
ÜU  5   I«1,1«« 
SK(i)iocMPLx(o.üo,o,no) 
I^(V(ioo),Eu,ot())(,n TU in 

GO   TO   ?0 
3KC^8).Y(9«)/(t,*Y(97)*CSn 
8K(67)«Y(90)/(l,*Y(9Q)*CSl) 
8^n9)«V(9'5)/(l.tY(Q6)*Cön 
uo 3o r«i,u«,i3 

io 3K(i)3i)CMpi.)ai,nn,n,f)o) 
»tTUWN 
END 
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SUÖHUUTINt BENO 
RtAL Y(IOO) 
RtAL*» rt(l«a) 
CUMMUN/SU8/Y 
CüMMUN/A»H/8 
Du b i«i,iaa 
d(I)»Ü,()0 
B(l)«Y(60) 
B(5)»YChl) 
B(9)««V(62) 
8(U)«Y(60) 
B(201«»Y(6n 
B(2a)aY(62) 
B(27)«Y(6ü) 
B(J0)»Y(62) 
B(5«)»Y(6n 
B(40)aV(60) 
B(ai)aY(<i2) 
ö(«7)»Y(6n 
B(a9)aY(63) 
B(S3)aY(6(0 
B(57)a-Y(65) 
H(63)aY(66) 
H(66)aY(66) 
BCT0)aY(b7) 
B(76)aY(b6l 
8(79)aY(661 
B(BJ)8Y(67) 
B(66)a*Y(63) 
B(92)aY(6a) 
B(96)a.Y(65) 
B(97)a«Y(66) 
B(l0l)a.Y(67) 
BCl05)aY(68) 
8(lU)aY(6J) 
B(U«)aY(65) 
B(U8)8Y(b«) 
B(12«)BY(6S) 
B(127)aY(6§) 
B(lJl)aY(6a) 
B(m)«Y(66) 
B(l«0)B.Y(67) 
B(14«)«Y(6S) 
RtTURN 
END 
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SUBKUUTI^E   »IGID 
«EAL rdooi 
RfcAL*» R(l««) 
CüHMÜN/SÜM/Y 
CUMIUN/AQH/R 
DU 5 L«l»H« 

5 R(L)»O.IJO 
DO 10 L«l,taa,i3 

10 R(L)»l,()0 

»(10)»V(8<4) 
H(aa)««Y(«a) 

H{5n»«Y(H«) 
H(5a)»V(H2) 
R(7a)»V(83) 
R(80)»Y(82) 
«(99)»»Y(«3) 
«(1Ü6)«Y(R2) 
R(U2)».Y(fta) 
«(132)"Y(«2) 
R(39)iY(fl5) 
R(«2)«Y(H6) 
RC«6)«Y(flT) 
R(75)»Y(8«) 
R(7b)«V(«Q) 
R(82)«Y(90) 
R(U3)«V(9t) 
R(126)BY(92) 
R(130)«Y(93) 
RtTURN 
END 
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SüBHOUTINt ELAST 
»iAL Y(IOO) 
»tAL*ö CX(7S) 
»EAL*8 fe(iäa) 
CÜMHÜN/SDH/y 
CUMMIJN/CFLEX/Cx 
CüMMUN/AWR/E 

ou 5 I«i,taa 
j E(I)»ü,DO 

ou   8   Kil,ia«,i3 
>   E(K)»l,DO 

lFCyC7),ÖT.,9)GU   TU   tO 
E(2ö)«Y(69) 

E(3a)«.Y(69)*Y(5«) 

E(«2)»-V(56)*y(7n)*,5*V(55)*Y(77)*V(57)*(l,0*V(7S)) 
E(«i)«-Y(S6)*y(7n*,5*Y(5S)»Y(77)*V(57)*VC7a) 
E(a«)««y(56)*Y(72)*,5*y(55)«V(77)»V(57)*V(71) 
t(«6)«.Y(76)*Y(55) 
E(a7)«»Y(77)*Y(55) 
E(aö)«-yt7«)*Y(SS) 
E(5ö)«VC7o) 
E(5bJ»Y(7t) 
E(5b)«Y(72) 
E(66)»Y{71) 
E(ö7)»V(7«) 
E(6ö)«Y(7t) 
E(78)«4Y(70)*Y(SÖ) 
E(79)a*Y(7l)*Yf5a)M,o 
E(8ü)«*Y(72)*Y(5ü)*Y(75) 
EClü2)«-i5*Y(77)*Y(b7)*(l,n*Y(7i)) 
E(l03)«.,b*Y(77)*Y(57)*Y(7ü) 
E(l0a)«.,5*Y(77)*Y(57)*Yf7l) 
E(106)«Y(76) 
E(l07)«YC77) 
E(108)«Y(78) 
E(Ua)«-<5*Y(80)*Y(57)*(l,0*Y(73)) 
ECll5)«-i5*Y(80)#Y(!>7)*Y(7a) 
E(n6)«.,5*Y(80)*Y(57)*Y(7l) 
E(118)«Y(79) 
ECn9)«Y(flO) 
E(120)«Y(77) 
E(l26)«.,5*V(54)*Y(77)*y(57)*(l,0*V(7J)) 
E(U7)».i5*Y(5a)*Y(77)*Y(57)*Vt7<n 
E(l«J8)«.,5*y(5«)tv(77)*Y(57)*v(7n 

E(l30)«*Y(76)*Y(«ja) 
E(t3t)«*y(77)*Y(5«)*l,0 
E(l32)«*Y(78)*Y(5a)*y(8l) 
CU   Tu   15 
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10 

c 
c 
c 
c 
c 
c 
c 
c 
c 

CUNTlNUfc 
fc(ii)«c*m 
Enb)«cxm 
EC17i"CX(?) 
C(lH)aCx(6) 
EC21)"-CX(3) 
E(22)«CX(S) 
E(37)»CX(«) 
E(39)«CX(16) 
E(«n»CX(9) 
EC<*2)»CXfl«) 
E(ab)»«CX(lJ) 
E(«bJ«CX(l7) 
E(7i)«CXf6) 
EC7S)«Cx(lfl) 
E(77)«CX(ll) 
E(78)iCXC2t) 
E(ftn»-CX(15) 
E(ai)«CX(?0) 
E(8b)«»CX(2) 
E(fl7)a-CXm 
E(6<>)a.CX(7) 
E(90)»-CX(in 
El93)iCX(8) 
E(<»ü)»-CX(tO) 
t(Un«CX(5) 
E(U3)"CX(17) 
fc(U«j)«cx(lo) 
E(Uh)»CX(2ü) 
E(U9)».CX(l«) 
E(1J0)»CX(19) 
E(lii)«CX(5) 
E(lJ5)aCX(lJ) 
E(li7)«CX(8) 
E(13H)»CX(15) 
E(lan«-Cx(i2) 
Etia2)«CX(ltt) 

I 5 «ETUMN 
END 
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SüöKÜUTm   FUARüflU 
HtAL   Y(100),AFA(2U0) 
CUMPLE)(*t6  CMS»CMl.CSl#CSi 
CUMPLtX*l6   C(lltt) 
COHMÜN/SÜB/Y 
CfJMMON/FUSA/AFA 
CUMfllJN/API/C 
CUMMÜN/F«EF/CM8,CM1»C81,CS2 

lP0al6*(lL«l) 
DU   •»   I«l,l«U 
CCI)«ÜCMPtX(O.ÜOfO,ÜO) 
C(1«)«AFACIP0*1) 
C(22)«-AFA(IPof2) 
C(J9)«-(AFA(lP0*1)*C8l*AFA(IPQ»an 
C(ana«AFA(IPu*5)*CSl 
C(Ö2)»AFA(IP0*5)*AFAfiPQ*b) 
C(aö)BAFA(lPUf7)*CSl 
C(ab)«-AFA(IPQ*7)*AFA(IPQ+6) 
C(B2)aAFA(lP(^l6) 
C(e7}aAFA(IPQ^)*CSUAFAriPQ49) 
C(89)«AFA(lPU*l())*Cai 
C(90)««AFA(IPrg*lO)*AFA(IPÜ*6) 
C(9»)«-AFA(IP0*ll)*CSl 
C(9a)a*AFA(IPfJ*ll)*AFA(IPQ + 6) 
C(U6)»-AM(IPQM6) 
C(lS5)B-AFA(lpQfl2)*C81«AFA(IP0413) 
C(l37)«.AFA(lPQ4ia)*CSl 
C(l38)«AFA(IPQ+ia)*AFA(IPQ*6) 
C(iai)«AFA(IPQ*l5)*CSl 
C(l«2)«.AFA(lPQ4t5)*AFA(IPQ+6) 
DU  6   l*l,lUÜ,ll 
C(n«OCMPLX(l.OO,0,ÜO) 
RETURN 
END 
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CüMPLEX*U AC 
CUMHLtX*l6 AM 
CüMHUN/AMAT/A 
CUMMON/HAWM/N 
COMMQN/lNTEH/ 

lMFtfcXfMC()N#MA 
2NAS#NHC,^VI,N 
3lRtM#NEX,NPS, 
aNFPl#MxsMi#Mx 
5NEHC»Nf-SBC»HF 
feNtI3C»NtITC,M 
COMMUN/NLEAD/ 
Ob 10 J«ifiaa 
AC(J)»DCHPLX( 

10 At>(J)«ÜCMPLX( 
IPO > 34 * (I 

21 FUPMAT (IH0,1 
AC(39) ■ AMA( 
ACU1) a AMA( 
AC(a5) a AMA( 
AC(87) a AMA( 
AC(e9) ■ AMA( 
AC(9J) • AMA( 
AC(l3b)   a   AMA 
AC(137) a AMA 
AC(l«n a AMA 
IFCNHARM.NE.O 
SET   DIAGONALS 

lül 
9 

DU   101 
A0(I)BD 
AU(16) 
AO(22) 
AD(37) 
AD(i9) 
A0(«1) 
A0(42) 
Aotas) 
ADU6) 
AD(82) 
AÜ(b5) 
AD(B7) 
AÜ(89) 
AD(90) 
AD(93) 
AD(9«) 
AU(126) 
A0(l3i) 
ADCISS) 
A0(137) 

I   a   1 
MPLX( 

AMA( 
AMA( 
AMA( 
AMA( 
AMA( 
AMA( 
AMA{ 
AHA( 
AMA( 
AMA( 
AMA( 
AMA( 
AMA( 
AMA( 
AMA( 

a   AHA 
a   AHA 
a   AHA 
a   AHA 

APU(AC»AD 
(1««)#AD( 
A(2550J 
MA 
HARM 
NiSYfNHSFC 
E»,MFl)S,N 
SP,MAXN,Si 
HSCH,IG,I 
T2P1»MXKU 
AS8,MXFAH 
XTKN,NFF, 
MLF.L»NLEL 

O.DOfO.no 
o,DO,o,no 
L-n»MX9M 
0tl2.6) 
PfJ*l) 
PfJ*2) 
PQ*i) 
P«*U) 
PQfb) 
PQ*6) 
IPO+7) 
lPfJ*e) 
IPQ*9) 

GO   TU  9 
a   1.»   C« 
latt,13 
,üO»Otno 
PO*10) 
pH*in 
PQ*12) 
PO+13) 
PQ*l«) 
P0*15) 
PQ*16) 
PO*17) 
PQ418) 
PQ*19) 
PQ*20) 
PQ*2n 
PQ*22) 
P0t23) 
PO*2a) 
IPQ»25i 
IPQ*261 
IPO+27) 
lPQt28) 

»ID 
144) 

»NFSF.C»NB»NbP,MFLAP,MFEA,MCT# 
BC»NFLAP,NFEA,NCT,MCnN,sFFB, 
E8,M9C»NEGN,lPCT»N!T»HFR»NO»Mf 

FjNPHL^PRSjNPO.NSK.MCdLS^cSB, 
,MXCPL»MXCSB»MXCPM,MXCPK,MX8HP, 
#NFUS»NHBD»NRIFC»MX«#NEIFC» 
MINPM,MAXpN,lBF,MOf)E 
»MCTY 

) 
) 
I* (NHONHARH   )    *   34 

EATE MATRIX D, 

) 
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AÜ(li8) 
Aüdan 
AD(1«2) 
RtTURN 
ENU 

AMA(lP0*2<n 
AMAdPQfSOl 
AMA(IPQ*3n 
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3UB«0UTI*E   SUHMA(1,J) 
INTEGER   lH0wl(6) 
COMPLEX   EX,EXPCW 
CUMPI,EX*16  CMl 
CÜMPLEX«l<>   3(216) 
C0MPLEXM6   TKN(«ai) 
CUMM0N/SS1/S 
CUMMUN/TKNI/TKN 

CUMMüN/lNlTER/N3Y,NHSEC»NPS(rC»NB,NbPfMFLAP#MFF4 
lMFUX,MCON,MAFP,MFUS,N8C,NFLAP,NFEA,NCT,igcON.M 

.^CT, 
rF8, 

6NtISC,NElTC,MxTKN,NFF,MINPM,MAXPN,lBF,MünE 
CUMMUN/NILEAD/ML£L#NLEL»MCTY 
DATA   lRfJWi/2,a,7,b,ll,12/ 
CMlaOCMPLx(0,l)Of 1,00) 
NMK«J»I 
MNBC«(1-NbC)*(2-^bC)ti 
MNl*C«(l«NHC)*(l-MiC) 
IF(NMK,NE,0)Cn   TU  ^25 
iHNc«(i.n*i2*NcnL3 
HO  210   IQ«1#NCULS 
OfJ  210   IP«l,6 
KT«NtIFC*(IU-l)*NWIFC*MXT2Pi*IP 
Kb»IMNC*(IQ.l)*12fI»nwl(IP) 

210    TKN(KT)«S(KH) 
OU  220   M3aifNM 
^0   220   IfJ«l#Ncf)LS 
Khl»IMNc*(Ifg-t)*l2*i 
KTl»NEIFC*(IU-l)*NRIFC*HXT2PUNMJS*NR«D*(MS«n*a 
KH2=KHt-2 
KT2SKTU1 

220   TKNCKT2)«3(KB2) 
Gü TU 2a0 

lih   IF(NMK,NE,lJOtj   TO 22<» 
iratEQ,HX8Mi)Gu rn 2«o 
INT«-1 
GH   TD   230 

226  IF(NMK,NE,-l)i;n   TU 2«O 

IFd.EQ.DRtl   TO  2a0 
INT«1 

2i0  jMNC«CJ-l)*l2*NcnLS 
DU  23S   MSS1,NH 

EX«EXP0N(.INT,MS) 
D(l  23b   IU«1,NCüL8 
KH«JMNC*(I0.l)*l2 
KHlaKB*10 
KM2aKb*<l 
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Kb3aKbf6 
KBttBKß*S 

KT«MEIFC*(lO-n*N«IFC*NFU8*MXT2PUNRBÜ*(rtS-n 
KTl«KT*l 
KT2»KT*2 
KT3«KU3 
KTaaKTfb 
TKM(»<Tl)«.,5*(8(KÖ2)*INT*CMl*8(KBa))*EX 
TKN(KT2)«-,5*CS(KHJ)*lNT«CMl*S(KBl))*EX*NNöC 
TKN(KT3)»..5*(8(K8«).IfJT*CMl*8(KB2))*EX 

235  TKN(KU)«-.5*(8(Köl)*INT*CMl«8(KB3))*tX«MN8C 
240   CONTINUE 

RETURN 
END 
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SUBROUTINE SUBMB(I»J) 
INTEGER IROM3(2),IALP(6)»IRÜMC(2) 
INTEGER P,0 
REAL*a CX 
COMPLEX EXPÜN 
C0MPLEX*16 CMl 
COMPLEX«16 Bt6«8)i3ML8(l08)#8MLC(l08)»SMLD(l08) 
CUMPLEX*16 CTB(S4)fPAB(5«).FLB(Stt) 
CÜMPLEX»16  CTBl(«)fCT82(9),CT8l(9),FA8l(0),PABS(9).FL8l(«).FL8i(9J 
CüMPLEX*16   TKN{««n 
C0MPLEXM6  8MLE(108),FS8(5«) 
CüMPLEX*l6  F8Bl(9),F8B2(9),F8BS(9),PAB«(9)»FL8«(9)iCT8«C9) 
CUMPLEX»16  SMLP(10B}(SMLG(108} 

DIMENSION  CX(7S) 
CüMM0N/BTS/8#3HL8#SMLC»8HL0,CTB»FA8,FLB,CTBl,CT82,CTB5»FAB\, 

lFABJ,FL81,PL82,8MLE#F88,F88l#FS82lF8B3iFA8a,FL8a#CTB<«»8MLF,SMLG 
COMMON/CFLEX/CX 
COMM0N/8HAFT/TORFLX 
COMMON/TKN1/TKN 
CüMMÜN/INT€R/N8Y»NBSEC»NF8EC»NBiNBP,MFLAP»MFEA.MCT» 

1HFLEX,MC0N#HAER#MFU8,NBC#NFLAP»NFEA#NCT|NC0N,NFFB, 
2NA8fNHC,NVl,NSP,MAXN,NE8,MSCfNEGN,lPCT»NlT,M£R,NORM, 
3IHEM,NEX,NP8»NSCM»IG,IF,NPRL»NPR8,NPO,N8K,NCOL8,NC88# 
«NFPl,MX8MI,M)fT2Pl»MXKQ,MXCPL#MXC8B,MXCPM#MXCPKfMX8M8, 
5NEBC»t.E8BC»MFA8B#MXFA8,NFU8»NRB0»NRIFC»«XO,NElFC» 
fcNEI3C,NE ITC, M)(TKN,NFF,MINPN,MAXPN,IBF, MODE 

CÜMMÜN/NLE*Ü/MLEL»NLEL»HCTY 
DAT*  IRÜWC/1»0/ 
DATA IROWJ/12,7/ 
DATA IALP/l»S,5,t»9,10/ 
MCACFiO 
MCACGiO 
IF(MFU8,E0,0) 60 TO 6$ 
CMlsDCMPLX(O.DOii.OO) 
NMKB«|«I 
NUNOBO 
IF(NHKtEO.0)NONO«t 
MNBCt(l-NBC)»(2.NBC)/2 
NNBC«(l«NBC)*(laNBC) 
DO 10 Q«l,NCÜL8 
DO 10 Ptlf2 
L»(J«l)*NEBC*(I-l)*MXCPM»(0-n*12»lROWl(P) 
KT»NEIFC*MXT2Pl*NEI8C*(0»n«»NRlFC*P 
LC«(J»l)*NCOL8*HXSMI*(I.l)»NCOLl«0 

10 TKN(KT)i-B(L)*FLB(LCWMFLEX*MCON*IROWC(P) 
IF(MFLEX,EO,0) GO TO 11 
IFCMCON.EO.O) 60 TO |9 
NCTRl 
MFEAll 
MFLAPPI 
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IF(MCTY,EO,ü)   GO   Tn   U 
MCACf«! 
MCACG«! 

11   DO   15  Pu\,i 
L«(J»n*'JE3BC+(I-l)*MxCSH*T«nif*^(P) 
KTaNEIFC*M)(T2PWNtI8C*^CnL8*NKlFC*P 
IF(>iCT,E9,0)   GÜ   TU   12 
TKN(KT)«3HLB(L)-CX(3)*MFl.EX*IKntNC(P)*NONn 
KT»KT*NttlFC 
IMMFEA.EO.O)   GU   TO   15 
TKN(KT)«3MLC(L)"CX(b)*MfLEX*IttnwC(P)*NONn 
KT«KTtNRIFC 
IKMFLAP.EO.O)   r,n   TO   l« 
TKN{KT)«8ML0(l)*CXfl?)*HFLEX*I»UWC(P)*NüNa 
KT»KT*NFrlFC 
IF(MLEL,EQ,0)   Gd   TO   16 
TKN(KT)«SMLE(U*rxf2a)*MFLEX*IRÜWC(P)*NüNn 
KT»KT*NHIFC 
IMMCACF.EO.O)   GO   TO   17 
TKN(KT)«SMLF(L)*CX(27)*MFLFX*IHÜWC(P)*N0N0 
KT«KT*NHIFC 
1F(MCACC,EQ,05   GO   TO   15 
TKN(KT)«SHL6(L)*CX(30)*MFLEX*IrtOwC(P)*NOMO 
CUNTINUE 
CONTINUE 
IFU.EO.l)   GO   TU   bn 
OU  il   Q«1,NCÜLS 
LM«(J.l)*NEHC + (I-2)*MXCPM*(Q.n*l2 
KT»NEIFC*MXr2PUNElSC*(ü«l)«NRiFC*3 

LM2«LM*n 
TKN(KT)«TKN(KT)*,5*(R(LMn.CMltMN8C*B(LM2))*NNHC 
KT»KT*l 

LMa«LMt2 
TKN{KT)«TKN(KT)-,5*(«(LMj)-CMl«B(LMa)) 
KT«KT*l 
TKN(KT)«TKN(KT)»,5*(MNBC*B(LM2)*CMUB(LMl))*NigHC 
KT»KT*l 

Jl   TKN(KT)«TKN(KT)*,5*CB(LM«)*CMl#B(LM3)) 
IF(MFLEX,6Q,l.ANO,MCnN.En,0)   CO  TO  35 
l.M«(J.l)*NESBO(I-2)*HXCSB 
KT«NEIFC*MXT2PUNeiSC*NCOLS»N«IFC*3 

LM2»LM*ll 
LM3»LM«e 
LM4«LM42 
IF(MCT,EO.O)   CO  TO   32 

12 

13 

la 

\h 

17 

15 
it 

30 
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TKN(KT)«TK^(KT 
KT«KT*1 
TKN(KT)«TKN(KT 
KT«»vT*l 
TKN(KT)tTKN(KT 
KT«KT*l 
TKNCKT)«TKN(KT 
KT«KT-1*NRIFC 

32   IFCMFEA.EQ.O) 
TKN(KT)iTKN(KT 
KT«KT*l 
TKNCKT)iTKN{KT 
KT»KT*1 

TKN(KT)«TKN{KT 
KmTM 
TKN(KT)«TKN(KT 
KT«K7-3*NBIFC 

J3   IF   (MFLAP.EQ.O 
TKN(KT)«TKN(KT 
KT»KT«l 
TKN(KT)«TKN(KT 
KT»KT*1 
TKNCKT}«TKN(KT 
KT«KT*l 
TKN(KT)iTKN(KT 
KT»KT«3*WHIFC 

3U   IFtMUL.EO.O) 
TKN(KT)«TKN(KT 
KT«KT*l 
TKN(KT)lTKN(KT 
KT»KT*1 
TKN(KT)»TKN(KT 
KT«KT*l 
TKN(KT)«TKN(KT 
KT«KT-3*NHIFC 

36 IF(HCACF,EQ,0) 
TKNCKT)«TKN(KT 
KT«KT*1 
TKN(Kn»TKN(KT 
KT»KT*l 
TKN(KT)«TKN(KT 
KT«KTfl 
T:<NCKT)»TKN(KT 
KT»KT»3*NHIFC 

37 IF(HCAC6.EQ.O) 
TKNCKTJBTKNCKT 
KT»KT*l 
TKNCKT)«TKN(KT 
KT•^T♦l 
Tt<M{KT)»TKN(KT 

,5*(8MLB{LMl)«»CMl*MN8C*8MLB 

,5*(8^LB(LM3)-CMl*8MLH(LMa) 

,5«(MKHC*8MLB(LM2)*CMl*SMLB 

,b*(8MLB(LMa)*CMl*8ML8(LM3) 

TO  53 
,5*C8MLC(LMn»CMl*MNBC«8MLC 

,5*(8MLC(LM3)*CMU8MLC(l,Ma) 

,5*(MN8C*8MLC(LM2)*CHl«8MLC 

,5*(SiiLC(LM«)*CMl*8HLC(LMJ) 

GÜ   Tn  34 
.5*(3MLÜ(LMn»CMl*MNBC*8ML0 

i5*(8ML0(LM3)-C*l*8MLU(LMa) 

,5*(MNBC*8ML0(LH2)*CMl«SMLO 

,5*(9MLü(LH«)*CMl*8MLD(|.Mj) 

CÜ   TO   56 
.b*C8MLE(LMn«CHUMNBC*8MLE 

,!>*(8MLE(LM3)-CMl*8MLE(LMa) 

,S*(MNBC*SMLE(LM2)*CMi*8MLE 

,5*(8MLE(LMa)*CMl*8MLE(tMJ) 

0   Tu  37 
,S«(8Ml.F(LMi)»CMl«MMBC*8MLF 

.•>*(8MLF(LM5)*CMl*8MLF(LHa) 

,5*(MNBC*SMLF(LM2)*CHl*8HLF 

,5*(8MLF(LMa)*CMU8MLF(LM3) 

GO   TO  35 
,5*(8MLG(LMn«CMl*MNBC*8MLR 

,b*(8HUG(LM3)-CMl*8MLG(LMa) 

,b«(MN8C*SMLC(LM2)*CMi*8MLG 

LM2))*NNBC 

LMt))*NNBC 

LM2))*NNBC 

LMn)*NNBC 

LM2))*NNBC 

LMl))*NNRC 

LM2))*NNRC 

LHt))*^NRC 

LH2))*NKinc 

LMl))*NNPC 

LH2))*NNBC 

LMl))*NMHC 
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KT»KT*1 
TKN(KT)«TKN(KT)«..5*(SMtG(LM«)*CMl*8MLG(LM})) 

35  CONTINUE 
50   IFU.GE.MXSMI)   GO   TO  a5 
HO   00  ai   QalfNCÜL8 

LP«(J-l)*NEHC + I*MXCPM4'(0-n*12 
KT«NEIFC*MXT2PUNeiSC*(0-n*NHlFC*5 
LPULPfU 
LP2«LP*ll 
LPS«l.P*B 
LPaaLPiS 
TKN(KT)»TKN(M)*.b*(8(LPU*CMl*MNBC*B(LP2))*NNBC 
KTlKTM 
TKN(KT)«TKN(KT)-,5*(B(LP3)*CMl*B(LPa)) 
KT«KT*t 
TKN(KT)«TKN(KT)-,5*(MNBC*»fLP2)-CMUB(LPl))»NigRC 
KT«KT*l 

ttl    TKN(KT)«TKN(KT)*,b*CB(LP«)»CMl*8(LPJ)) 
IF(MF|.EX,feQ,l,AND,HCnN,EO,0)   GO  TÜ  «5 
LP«(J-l)*NFSHC*I*^*CSÖ 
KT«NEIFC*MXT2PUNEI8C*NcnL3*NRIFC*J 
LPl"LPta 
LP2»LP*n 
LP}aLP+ft 
LPa»LP*2 
IFCMCT.EU.O)   GU  TÜ  a? 
TKN(KT)«TKNCKT)-.5*CSMLBrLPn*CMl*MNBC*3MLH(LP2))*N(gBC 
KT«KT*l 
TKN(KT)»TKN{KT)*,5*(8MLö(LPi)»CMl*SMLB(LP«)) 
KT«KTtl 
TKN{KT)«TKN(KT)f,5*(MNBC*8MLB(LP2)-CMl*SMLBCLPl))*NMRC 
KT«KT*l 
TKN(KT)«TKNCKT)-,5*(8MLB(LP«)-CBl*8ML8(LP5)) 
KT«KT«3*NRIFC 

42   IFtMFtA.Eü.O)   6U   TO  aJ 
TKN(KT)»TKNCKT)-.b*(9MLC(LPn*Cfil*MMBC*8MLC(LP2))*NNBC 
KmTM 
TKN(KT)«TKN(KT)*,5*(8MLC(LPJ)tCHl*8MLC(LPa)) 
KT«KT*l 
TKNCKT)«TKN(KT)t.5*(MN8C*8MLCtL',2)»CHl*8MLC(I.Pl))*NNBC 
KTi^T*! 
TKN(KT)»TKN(t<T)-,5*(8MLC(LPa)«CMl*8MLCCLPJ)) 
KTtKT-SfNBlFC 

«5 IFCMFLAP.EO.O) GO TO aa 
TKN(KT)iTKN(KT)-.5*(8ML0(LPn*CMl*MNBC*8ML0(LP2))*NNBC 
KT»KT*l 
TKN(KT)«TKNCKT)*,5*(9MLDfLPJ)*CMU8ML0(LPa)) 
KTMTM 
TKN(KT)tTKMCKT)*.!>*(MNBC*SML0(LP2)«CMl*8HL0(LPl))«NNBC 
KT«KT*l 
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TKN(KT)iTKN(KT)-.b*(SMLü(LP«)-CMU8MLD{UP5)) 
KT«KT«3*NRIFC 

aa   IF(MLEL,EQ,0)   Gü   TO   J8 
TKN(KT)»TKN(KT)«,5*(SMLE(LPn*CMl*MNBC*8MLE(LP2))*NNRC 
KT-KT+l 
TKN(KT)«TKN(KT)f,5*(8MLE(LP3)*CMl*SMLE(LP«)) 

TKN(KT)iTKN(KT)*.b*CMN8C*8MLE(LP2)-CMl*8MLC(LPl))*NNBC 
KT»KT*l 
TKN(KT)«TKN(KT)-,5*(8MLE(LP*»)»CMl*8MLE(LP3)) 
KT«KT-3*NRIFC 

38 IF(MCACF.EQ,0)   GO   Tu   39 
TKN(KT)«TKN(KT)-,b«(8MLF(LPn*CMl*MNBC*8MLF(LP2))*NNRC 
KT«KT*l 
TKN(KT)«TKN(KT)*,5*(SMLF(LP3)tCMUSMLF(LP«)) 
KT»KT*l 
TKN(KT)iTKN(KT)*,S*CMN8C*8ML»r(LP2)«CMl*8MLF(LPn)*MN8C 
KT«KTM 
TKN(KT)«TKN(KT)-.5*C8MLFrLPa)-CMl«8MLF(LP3)) 
KT1KT-3*NRIFC 

39 IF(MCACG,EQ,0)   GD   TQ   a5 
TKN(KT)iTKN(KT).,5*(SHLG(UPn*CMl*MNBC«8MLC(LP2))*NN8C 
KT»KT*l 
TKN(KT)»TKN(KT)*,5*(8ML6(LP3)*CMl*8MLG(LP«)) 
KT«KT*1 
TKN(KT)«TKN(KT)*,5*(MNBC«SMLG(LP?)-CMl*SML6(LPl))*NNBC 
KT«KT*l 
TKNCKniTKN(KT)-,5*(8MLG(tP«)-CHl»8MLG(LP3)) 

as  CONTINUE 
IF(N8P,EQ.O)   60   TU   100 
NPMKa«NP84NFPl«I 
INHKaIAB8(NPMK) 
BINMK«1,0*INMK 
RFAüRJNHK/NBP 
NFABINMK/NBP 
0IFaAB8(RFA»|.0*NFA) 
XFCOIF.LT.C.OSJ) GO TO 70 
ISCXPaO 
6ü TO 71 

70 ISExPaNBP 
71 iQHAXaNRBO 

DO  75 Pul,6 
DO  71 OatflQHAX 
KTaNEIFC*MXT2PUNEI8C*(0*l)*NRIFC*P 

71  TKN(KT)aTKN(KT)*I8EXP 
60 TO 65 

100 XF(NBtLT.2) 60 TO 65 
«6 NMKaJ-I 

00 «7 M8»2,NB 
00 «7 QilfNRBD 

377 



■36 

b7 

a? 
65 

HI 

UO 

112 

113 
122 

DU   HI   P«t#6 
KTaNEIPC*MXT2PWNtISC*(Q-l)*NKIFC*P 
KT2aK7*(M8-l)*NEITC 
TKN(KT2)«TKN(KT)*tXPnN(N^K,M3) 
IF(PtNE,?)    RH   TO   a? 
DU    ^7    MM«1,NJ« 
IF(M8,GT,g)   GO   TO  Sb 
IF(M«fRutn   GO   TD  S6 
KT4«KT>8*(MM«l)*NKH0 
TKN(KTa)afKN(KT)*TO«PL'< 
CUMINIJE 
KTi«t<T2*8*(MM«l)*NHön 
TKNiKT5)«TKN(KT2)*TüRHX 
CUNTlNUt 
TKN':KT2)«DCMPLX(0,nO,0,00) 
CUNTlNUt 
DO   UO   KK«l,6 
DU   11U   ij«l,NCf)LS 
L«{J«l)*NfcBC*(I-l)*^XCPM+CO«l)*12+lALP(KK) 
KT»NEIFC*MElSC*Cn»l)*N«IPC*MXT2PUNFU3*KK 
IFtKK.EU.a.ANLi.^FUS.NE.O)   6U   TO   HI 
TKN(KT)«H(L) 
ÖU   TU   UO 
KTT«KT»H 
TKN(KT)«H(L)*TKN(KTT)*TaRFLX 
TKNCKTT)»DCMPLX(0,00,0,DO) 
CUNTINUE 
IF(MFLEX,F.Q.O)   GO   TO   112 
IF(HCüN,Frj,0)   GU   TO   129 
MCT«l 
rtFEÄ«l 
MFLAP»! 
MLEL'O 
IFCMCTY,EQ,0)   GO   TU   He 
MCACFst 
MCACG»1 
MLEL'l 
DO   121   KK«l,6 
LB(J»1)*NESBC*(I«1)**XCSB*IAIP(KK) 

KT«NEIFC«NEISC*NCUL3«NRIFC*HXT2P1*NFU8*KK 
IF(MCT.EQ,0)   GO  TO  122 
TM(KT)»»8HLB(L) 
IF(KK,Nt.a)   GO   TO   US 
IFtMFUS^Q.O)   GU  TO   US 
KTTBKT-8 
TKN(KT)«-8MLB(L)*TKN(KTT)*TÜRFLX 
TKN(KTT)«OCMPLX(0,00,0,DO) 
KT«KTtNRlFC 
IF(MFtA,EQ,0)   GU   TO   123 
TKN(KT)««8"LC(L) 
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IMKK.NE.«) Gü TO lU 
IF(MFUS,eQ,0) GU TO l\4 
K7T»KT-8 
TKN(KT)»-SMLC(L}*TKN(KTT)*TURFLX 

TKN(KTT)«OCMPLX(Of DO, 0,1)0) 
Ua KTaKTfNklFC 
123 IMMFLAP.EQ.O) GO Tu iZü 

TKN(KT)»-8MLO(L) 
IMKK.NE.Ö) GU TO 115 
IFCMFUS.EQ.O) Gf) rn US 
KTT»KT»fl 
TKN(KT)li-SMLO(L)*TKN(KTT)*TüRFLX 
TKN(KTT)«t)CMPLX(OfDO,0,Dft) 

115 KT«KT*NRIFC 
Ua IF(ML£LtEQ,0) GO TO 125 

TKN(KT)«-8MLE(L) 
IF(KK,NE,a) GO TO 1U 
IFCMFUS.EQ.O) GO TO 1 J6 
KTT«KT«8 
TKN{KT)««SMLE(L)*TKN(KTT)*T()RHX 
TKN(KTT)«DCMPLX(0.U0,0.Ü0) 

116 KT»KTfNRlFC 
125 IF(MCACF.EQ.O)   GO   TU   12b 

TK^(KT)»-3Mi.F(L) 
IFCKK.NE.«)   Gl)   TO   117 
IF(HFUS.EQ.O)   GU   TO   H? 
KTT«KT-fl 
TKN(KT)»*SMLF(L)*TKN(KTT)«TÜPFLX 
TKNCKTT)«DCMPLX(O.DO,O.DO) 

|17   KT"KT*NRIFC 
126 IFCMCACG.EO.O)   GO   TU   121 

TKNtKT)«-9MLG(L) 
IF(KK.NE,«)   Go   T'l   121 
IF(MFU8.EQ.O)   GO   TU   121 
KTT«KT«Ö 
TKN(KT)««SMLG(L)*TKNrKTT)*TüRFLX 
TKN(KTT)»DCMPLX(O.DO,O.DO) 

121 CONTINUE 
129 CONTINUE 

RETURN 
END 
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SUBROUTINE SUBM6(I»J) 
INTEGER P,0 
REAL*6 CK 
COMPLEX*U B(6«0)f8HLB(iO8)fSHLC(lO8)«8HLD(lO6) 
COMPLEXftU CTB(5«)»FAB(5«),FIB(5«) 
COMPLEX*U CTBl(9),CTB2(9),CTB3(9),FABl(9),FA8S(«),FLBl(9),PUB2(9) 
COMPLEXftU   TKN(tt«n 
C0MPLEX*16   SMLen08)tF8B(5a) 
COMPLEX*!« 8MLF(10e)f8ML6(108) 
COMPLEX*!* F8B!(9),F882(9),F883(9),FA8«(9),FL8a(9),cTB«(9) 
COMPLEX*!6 YKM(3«6),C8!,C82rCM!,CM8 
DIMENSION CX(75) 
DIMENSION AL536(6)*AL036(6) 
COMMON/CPARS/AL8TH(6) 
C0MM0N/8PAR/AKCI(6),TAUC6),8MLA(*),0M8(6),AK(«j,AC(a),BJ(ai, 
1CAPK,CAPC 
CÜMM0N/CPAR/AHKC(6),CTAU(6)»AL(6*6),AL18(6) 
COMMON/lNTER/NSY,NBSEC»NFSEC»NB»NBPfMFLAP(MFEA*MCTf 
1MFLEX,MCON,HAER,MFU8,NBC.NFLAP»NFEA,NCT,NCON,NFF8, 
2NA8,NHC,NVl,N8P,MAXN#NE8.M8C»NE6N#lPCT,NIT,MERiNORM, 
3IREM,NEX#NP8»N3CH#IG,lF,NPRL#NPR8,NP0,N8K,NC0L8,NcdB, 
«NFPl»MXSNI,MXT2Pl,MXKO,MXCPL#MXCSB,MXCPM,MXCPK»MX8M8, 
5NEBC»NE8BCtMFASB»MXFAB*NFU8»NRBD«NRlFCfMXQfNElFCf 
6NElSCfNEITCfMxTKNfNFFfMINPNfMAXPN,lBF»M00E 
COMMON/ROTF/OM!,aM2,OMT 
COMMON/FREF/CM8,CM!,C8!»C82 
COMrtON/Tt<N!/TKN 
COMMON/CFLEX/CX 
CüMMON/öTS/ö,SMLB»8MLC»8MLD,CrB#FAB,FLB,CTBl,CTB2,CT83»FABl,FABS# 

lFLBl,FLö2,8MLE,FSB#F8bl,F8B2#P8Ö3,FAB«,FL8«»CTB«»8MLF.SML6 
COMHON/NLEAO/MLEL»NLEL»MCTV 
NMK«J«I 
NQNOlIt 
K8MLPI*NFP! 
C8!9CM8«CM!*K8ML*0M! 
IF(NMK,NE.O}   NONOCO 
IF(MFLEX.EQ«0)  CO  TO  100 
IF(MCON,EQ.O)   60  TO 900 
M8«l 
IFCMCTV.QT.O)   60   TO  200 
YKM(I,MS)«AMKC(MS)/C(l.*C81*CTAU(M8)*AMKC(MS)j*AL(ft,M8)*ALr6fM8)) 
DO  300   Q»l,NRB0 
KT»N£IFC*NEI8C*(Q»1)*NRIFC*MXT2PUNFUS4NC0L8 
KUZ»NEIFC*NEI8C*(Q-1)*N»IFC*MXT2P1*NFU8*«5 
KUX«KUZ*<t 
KPY«KUZ*1 
KUYtKUZ«2 
KPX«KUZ»3 
IF(Q,6T,6)   60  TO  301 
L*(J*!)*NCOL8ftMX8MI^(I*l)*NCOLS«Q 
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TKN(KT*l)«-AL(l,M8)*CTB(L)-AL(2,MS)*FABCL)-AL(S,M8)*FL8(L) 
TKNCKU2)»»AL(a,M8)«CT8(L)-ALC5#MS)*FAB(L) 
TKN(KT4'})a*YKH(IlMS)*FLB(L)«(NSP«l)*TKN(KuZ) 
l>(TKN(KUX)«ALl2(MS)*TKN(KPY))*ALf3*M8)/AL(6yMS)*AL(5»MS) 
2*(TKN(KUY)*ALl2(M8)*TKN(KPXJ)*AL(5»M8)/AL(*fMS)*AL(a.M8) 
60 TO SOO 

301 IF(O-e) 302,303,304 
302 TKN(KTM)a(AintM8)*CX(n«AL(2f1S)*CX(2)^AL(3.H8)*Cxf3))*NnNO 

TKN(KT«2)a(AL(4fM8)*CX(l)4AL(S,M8)*CX(2))*N0N0 
TKN(KT*3)»*YKM(I,fi8)*C)f(3)*NONO*(NSP«n*TKN(KuZ) 
1-(TKN(KIJX).AL12(M8)*TKN(KPY))*AL(3#M8)/AL(6#MS)*A|.(5#M8) 
2«(TKN(KUY)*ALl2(M8)*TKN(KPX))*At(3#M8)/AL(6»M8)**L(«.M8) 
3*AL(3,M8)/AL(6,M8)*AL(5,M3)*NÜNO 
GO TO 300 

303 TKN(KTtna(AL(l,MS)*CX(2)fAL(2«H8)*CX(7)«AL(3,MS)*Cx(B))*NnNO 
TKN(KT*2)B(AL(«»M3)*CX(2)*AL(5,M8)*CX(7))*NüN0 
TKN{KT*3)a*YKM(I,M3)*CX(«)*NONO*(N8P»l)*TKN(KUZ) 
1«(TKN(KUX).AL12(M8)*TKN(KPY))*AL(3#MS)/AL(*»MS)*AL(5.H8) 
2*(TKN(KUY)*ALl2{M3)*TKM(KpX))*AL(3,M8)/AL(6,Ms)*Au(«,M8) 
3-AL(3,HS)/AL(6*M8)*AL(ttfHS)*N0N0 
60 TO 300 

30« TKN(KT*na>(A|.(l,HS)*CX(3)*AL(2fM8)*CX(6)*AL(3»M8}*CX(t2n*NONO 
TKN(KT«2)a.(AL(4tH8)*CX(3)«AL(5|M8)*CX(a))*NONO 
TKNCKTt3)B(«YKM(I,M8)*CX(12)*üCMPLX(l,00,0.00)j*NONO*(N»P.l)* 
ITKN(KUI) 
1»(TKN(KUX).AL12(M3)*TKN(KPY))*AL(3»M8)/AL(6,M8)*AL(5,M8) 
2*(TKN(KUY)*ALl2(M8)*TKN(KPy))*AU(3,M8)/AL(6»M8)*AL(a,M8) 

300 CONTINUE 
60 TO «00 

200 YKH(I,H8)SAHKC(M8}/(l.*C8l*CTAU(MS)*AHKC(M8)) 
AL536(M8)aAL(5»M8)*AL(3,M3)/A|.(6,MS) 
AL«36(M8)aAL(a,M8)*AL(3,M8)/A|.(6,MS) 
DO  250   QSUNRBO 
KTaNeiFC*NtI8C*(Q-n»N«irC*HXT2PUNFU8*NCOL8 
KUZaNEIFC*NEl8C*(ü«h*NHIFCtMXT2Pl*NFU8*5 
KUXaKUZ«« 
KPYtKUItl 
KUV«KUZ>2 
KPXaKUZ»! 
TKN(KT*l)aTKN(KUX)»AL8TH(M8)*TKN(KPY) 
TKN(KT*2)aTKN(KüY)*AL8TM(M8)*TKN(KPX) 
TKN(KT*S)aTKN(KUZ} 
IFJNONO.EQ.O)   60 TO 201 
IF(Q,LT,7)   60  TO 201 
IF(ä,0Tt9)   60 TO 201 
IFCQ.EO.T)   TKN(KT«l)aTKN(KTtt)*OCMPLX(1.00#OaDO) 
IF(a,Eflt8j   TKN(KT*2)aT»<N(KT«2)-OCMPLX(ltO0#0,D0) 
IFfQ.EQ,«)   TKN(KT*3)aTKN<KT*S)«0CMPLX(l,f)0f0,00) 

201 IFC0,GT,6)   60  TO 20S 
La(J»i)*NCOL8*HX8Ml*(I«l)*NCOL8*0 
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205 

210 

220 

2!J0 

too 

20 

iO 

il 

10 

TKN 
1AL5 
2ALÖ 
GU 
LL1 
LL2 
LL3 
TRN 

lALU 
2(AL 

NOT 
IF( 
IM 
IF( 
TKN 
TKN 
TKN 
GÜ 
IM 
TKN 
TKN 
TKN 
GU 
TKN 
TKN 
CUN 
GU 
CÜN 
MS« 
VKM 
DU 
KT» 
L>( 
If 
TKN 
KT» 
IM 
TKN 
KT« 
IM 
TKN 
KT" 
IM 
TKN 
CON 
KT» 
L»{ 
IM 
TKN 
KTl 

(KT*6) 
J6(MS) 
36(^8) 
TO  250 
■ 5ö»CQ 
»LL1M 
■ LLU2 
(KT^b) 
36CMS) 
53b(MS 
E tLE« 
U.LT.l 
NUNO.E 
U.GT.l 
(Kua) 
C*T*5) 
(KT^b) 
TO  250 
U.GT.l 
(KT*a) 
(KT*S) 
(KTib) 
TO  250 
CKT*U) 
(KT*b) 
TlNIJfc 
TU   900 
TINUE 
I 
(I»MS) 
IO    fj«l 
NEIFC* 
j-n*N 
(MtT.E 
(KT)»- 
KT*1 
MFEA.F 
(KT)»F 
KT+1 
MFLAP. 
(KT)«F 
KT+l 
MLEL.E 
(KT)«F 
TINUE 
NtlFO 
j-n*« 
MCT.Eü 
CKT)«A 
■KT*N« 

aAL55b(MS)*CTH(L) 
*(TKN(KUX)»AL12(M 

*(TKN(Kl)Y)*ALl2(M 

-7)*3 

-AL«Jb(MS)*FAö(L)-FSH(L)- 
8)*7KN(KPY))+ 
3)*TKN(KPX))t(NSP»l)*TKN(KUZ) 

«•AL53b(n8)*(TKN( 
*(TKN(KUY)*ALl2fM 
)*C)»(LLt)-AL«3bCM 
ENTS  ba,b5,bb  OF 
0)   Gfi  in  250 
9,0)   Gd   Id  250 
0)   GO   TO   210 
■AL(l»Mg) 
«ALU»M9) 
•TKN(KT*b)fAL5Jb(MS)*YKM(I,M3) 

\)   GU   TO  220 
■AL(?#MS) 
■AL(5»M8) 
■ TKN(KT*b)-AL<*3b( 

KUX)-AL12(H8)*TKN(KPV)H 

9)*TKN(KPX))*CNSP-l)*TKN(KilZ)* 
S)*CX{LL2)-CX(i.L]J))«NaNü 
CX   ARHAY   CHANGED   SIGN   IN   gECPAR 

«AL(3^a) 
■TKN(KT*b).YKM(i# 

MS)*YKM(I,M8) 

MS) 

♦MXT2FlfNFU8+7 
NCOLS*0 

s8MLACMS)*(lfCSl*TAU(MSn 
,NCOL3 
NEI8C+(Q*l)*NHIFC 
CÜLS*HXSMUfI«n* 
rg.o)  GO TO jo 
SMLACMS)*CT8CL)*YKM(i,M9) 

fj,0)   GO   TO   10 
Afl(L) 

EQ.0)   GO   TU   il 
L«(t) 

«,0)   GO   TO   10 
SB CD 

NEISC*NCUL8*N»IFC*MXT2PUNFUS*7 
X8Ml*(l.l)ti 
,0) GO TO ao 
KCI(M8)*CTB1(L) 
IFC 
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IMMFfcA.EO.O)   GO   TM   12 
TKNCHTDBSMLAtMS^YKMd^SlwCTBdd.) 
KTl«KTi*NHlFC 

32   IF(MFLAP,EO,0)   GH   TQ   i« 
TKN(KT1)«SMLA(M3)*CTB3(L)*VKM(I,MS) 
KTl»KTUN»IFC 

Ja   IFCMLEL.KJ.O)   GU   TO   36 
TKN(KTn«SMLA(H3)*CTB«(L)*VKM(IfMS) 

ib   KT«KTM 
ao IF(MFEA,EQ,O) GO TO SO 

KT2«KT*NRIFC  - 
IF(MCT,EQ,0)   GO  TO  a? 
THN{KT)«-F4Bl(L) 
KT2»KT2*N«IFC 

a2   1F(MFLAP,EQ.0)   GO   TU   «a 
TKN(KT2)««FA83(L) 
Kr2«KT2+NRlFC 

«« IFC^LEL.EQ.O) GO TO ab 
TKN(KT2)«.FAB«(LJ 

Hb   KTSKT+l 
50 IF(MFLAP,EQ,0) GO TO 56 

KTl*KT 
IF(MCT,EO.0) GO TÜ 52 
TKN(KT)«»FLBl{L) 
KTI«KTI*NRIFC 

52   IF(MFEA,EO.O)   GO   TO   5« 
TKN(KT1)«.FLB2(L) 
KTI«KTI*NRIFC 

5a   KTlHKTl^NRlFC 
IF(MUEL.EQ,0)   GO  TU  55 
TKN(KTl)«-FL8a(L) 

55 KTiKUl 
56 IFCMLEL.EU.O)   GO   TO  60 

IF(MCT,EO,0)   60  TU  5T 
TKN(KT)l»F8Bl(L) 
KT«KT*NRIFC 

57 IFCMFEA.EQ.O)   GO   TO  56 
TKN(KT)«-F8ö2(L) 
KT»HT*NHIFC 

56   IF(MFLAP,EQ,0)   GO  TO  60 
TKN(KT)i«F8Bl(L) 

60 CONTINUE 
900 CONTINUE 

RETURN 
END 
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SUBWUUTINE 8UBMFtl»J) 
INTEGER PfQ 
COHHLtX EXPIJN 
CuMPLtx*i6 TKN(aan 
CÜMM0N/1NTER/N8V,NH8FC#NPSEC#NB,NBP,MFL4P,MFCA,MCT, 

jMFLEX»MC0N#MAER#MFU3,M8C.NFUAP,NFtA,NCT,NC0N#NFF8, 
2NA8,NMC,MVI,MSP,MAXNtNE8,H8C#NE6N,lPCT»NlT.MEfl,NORM, 
3lHEM,NFX,NPS,N8CH,I0,lP,NPRL#NPR8,Npn,N8K,NC0L8,NCSe» 
«NFPl,M)(SMI,MXT2Pl»MXKQ,MXCPL»MXC8B»MXCPM,liXCPK#MX8MR, 
SNEÖCNES^CiMFAjHjMXFABiNFUSfNHBO^RlFCMXO.NClFC» 
6NEI8C,NEITC,HXTKN,NFFfMINPN,MAXPN,IBF,MÜDE 

CUMHüN/TKNl/TKN 
CUMMüN/NLEAO/HLEL#NLEL»MCTV 
IF(NB,EM,l)GO   Tn  ^86 

00   bül   MS«?,NB 
00   Sa7   Q«l,NRHO 
OU   S«7   PllrNRBO 
KT«NEIFC*NEI8C*(0"1)*NRIFC*NFU8*MXT2PI*P 
KT2PKT*(MS-1)*(NEITC*NR80) 

sa? TKN(KT2)«TKNCKT)*EXPON(NMK,M8) 
586 RETURN 

ENO 

' 
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SUBROUTINE SOLVE 
REAL*d OTL610,OFAC*FAC 
COMPLEX*16 ZERO,TNO,SUM,8MAPfDTPHA8«DPIVPTfOETSV 
CUMPLEX*16 tP8C65)»FnRCE(6S)»UB(63,65) 
COMMON/EPSA/EP8 
COMMON/REHA/OETSV 
CÜMHON/C0ETRM/OPIVOT,OTPHAS»DTL610IIOET 

COMHÜN/0TERM/0FAC 
FAC*20,D0 
TWOi0CMPLX(«t00#0,O0) 
ZERO«0CMPLX(0.00,0(D0) 
REWIND I 
REAO(nHXSHI,NRIFC*NHC>NnRH,lREMl,MEX 
NOROER»MX8M1*NRIFC 
00   11   LalfMXSHl 
iROW^BLtNRlFC 
lR0w8«lR0wF»NRXFC*t 
00   11  K«1,MX8HI 
ItOLMKtNRlFC 
ICOLS«ICOLF«NRIFC*1 

11 REA0(l)((D8(I,J),I»lRU*8,IRUWF),JiIcnLS,ICOLF) 
REWIND 1 
00 12 iBlfNORDER 
XKSNOR0ER«l«I 

12 FURCE(IK)«EPS(IK) 
C    00 200 JalfttS 
C 200 WRITER,300)(DH(I,J),iai,45) 
C 300 FURMAT(SX,10012.«) 

IUET-1 
ISBLKSNHONRIFC 
IC0L«188LK*NÜRM 
IROw«ISbLK*IRtMl 
NEXCOLiISBLK^NEX 
CALL  SwAPS(DB,NüRUER,irüLfIRON) 
SwAPsFORCECIROW) 
FORCE(IROW)«FORCE(NÜRDER) 
FORCE(NüR0ER)«8wAP 
NBNOROEK«! 
CALL ERRSET(206,S00) 
CALL OCMATCOB.N,FORCE) 
CALL ERHSET(208,10) 
WRlTE(6,102)OTPHAS,OTLCl0,OPIVaT 

(        102 FüRMAT(//2X,»DTPHAS ■ •,2000.16,/2X,•OTLClO ■ •, 
loao(u,/2x«,opivnT « •»2Dao,l6) 

IFACaOTLGlO/FAC 
OFACaIFAC*FAC 
OTLttlOapTLGlO-OFAC 
OTPHA8aüTPHA8*OCMPLX(l0,D0**OTL610»0.O0) 
0tT3V»0TaHAS«0PlVÜT 
SUMBZERU 
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üü i  Ul»N 
IF(I,tQ,NEXCÜL)   GU   Tn  2 
SUHsSUMfDHCNÜHDER« DAFORCE ( I ) 
CÜNTINUK 
SUH«FfJRCE(NURDEH)"8üM 
IF(CDAHS(l)B(MlROEH»Nf XCUL)).NEiÜ,ÜO)CU   10  5 
•»|K1TF(«>,<>)NURDER»NEXC0L 
FUHMATCO D8(M5,«   »Mb,'   ) 13   ZERO«) 
STÜP 
CÜNTlNUfc 
SUrtaSUM/lJH(NOpD&R,*EXC()U 
FüRCE(NtKCÜL)«(SiJM*FnRCfc(NEXCUL))/T»»0 
FURCfe(N()»OEH) «FORCE (ICHLl 
FORCE (l(;')L)«ZtRü 
DO   i   Isi,M(lHDF.R 
EP8(I)«F()«CE(I) 
RfcTüMM 
END 
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CUHMLbX*l6  UH(63*(>3)«8WAP 
DU   1   UljNORDtR 
3wAP»üÖ(I,ICÜL) 
OH(I#ICüL)«DB(I,NURÜER) 
OH(I»NQWDe«)«S»iAP 
DU  i   I«I,MURDER 
StaAPaDM(lRQWfl) 
DB(IHüw,I)«OB(NüROFR,I) 
DHCNQROER, I)«S*«AP 
RETURN 
END 
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SüHROUTI^fc   DCMT(A,N,V) 
Rk*L*H   ADtT,AMAf,,USIGN 
CÜMPLtX*l6   A,Y,nDtT,nPlVOT,TKfX 
CüMPLE¥*lh   OAlJ,AHX,DüNt,l)Yl,TEMP,nAKJ,ÜVK»UAKK,()AlK 

l,LlNt#DPHAS 
DIMENSIDN   lCHfi(6]O.Aft»5»63)»Y(63),X(63) 
COMMUN   /C0ET«M/  üPlVnT#DPMA8»A0tT,l0ET 

Al)tT«Ü,()0 
D8lüN«i,Dü 
DPHAS«I)CMPI.XC l,0O0,0,D0) 
^Pl«N 
IF(IOtT,efJ,0)   GU   TU   650 
NPJ«N*l 
Oü b5i I»l|NPl 

651 X(I)"A(NPttn 
650 CUNTlNUt 

ÜU WH   K«l#N 
AMX ■ A(K,K) 
iMXaK 
DU lOü I«K,M 
IP(CDAHS(A(I,t<)} ,LE, CÜAÖS(AMX)) GO TU 100 
AMX • A(I,K) 
IMX«I 

lüO CONTINUE 
102 IF (IMX.EQ.K) 60 TH 106 

DU 10« J"l.NPl 
TtHP«A(K,J) 
A(K,J)«A(IMX,J) 

10« A(IMX,J)BTEMP 
ICHG(K)BIHX 
TtMP»Y(K) 
V(K)« Y(IMX) 
V(IMX)« TfcMp 
DPHA8B»»PHAS 

60 TO 108 
106 ICHU(K)aK 
1ÜB CONTINUE 

OAKKaA(KfK) 
901 FÜWMAT(lX,I5,20äO,l6/) 

C     MRlTE(6fl000) DAKK 
C1000 FüRMAT(5X,'0AKKS5X,2O?0.l0) 

AHAGaCDAB8(0AKK) 
IF(AHA6,NE.0iO0) 60 TO 6 
WRlTE(6f7) 

7   FORMATCO        MATRIX   IN   OCMAT   18   SINGULAR«) 
STOP 

6  CONTINUE 
AOETBADEUOLO610(AMA6) 

0pHA8a0PHAS*DAKK/AMA6 
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OüNEaOCMPLXd.OOtO.DO) 
OAKKUÜUNE/DAKK 
Du 110 J»l,NPl 

110 A(K#J)aA(K»J)*OAKK 
A(KfK)BDAKK 
IFCIOET.EQ.O) GU TO 652 
TKMCK) 
DU 693 jBKfNPl 

6SS X(J)«X(J)»TK*A(K,J) 
652 CONTINUE 

OYKBY(K) 
V(K)aOYK*OAKK 
DO 11« I«l#N 
IF (I.EU.K) GO TO HU 
0AIK«A(J«K) 
CALL HÜw8UM(Npl,NDlM#A(Itl)fA(K,U»0AlK) 

C    00 112 Jai»NPi 
C 112 A(IfJ)aA(ItJ).DAlK*A(K#J) 

A(I,K)aOAIK 
DYIaYd) 
OYKaY(K) 
Y(naDYl«OAIK*OVK 

lia  CONTINUE 
00   116   I«1,N 

116   A(I#K)«.A(IfK)*ÜAKK 
A(KfK)aOAKK 

116 CONTINUE 
DO 122 K«l,N 
LaNfl«K 
KlalCMr.(L) 
IF (L.EO.KI) GU TU 122 
DU 120 1*1,H 
TENP a A(I,L) 
A(I,L) a Ad,Kl) 

120 A(I,Kn a TEMP 
122 CONTINUE 

IFdOET.NE.O) 0PIV0T8X(NP1) 
124 RETUHN 

ENO 

t 

389 



CUMPLEX FUNCTION £XPnN(L»H8) 
CREATE EXP(I*L*PHI^ 

DIMENSION CS(a,6)#8N(ü,6) 
CÜMMUN/PNAM/C8#SN 
IL«UB3(L) 
IF(L) lb,15,17 

15 E)tPUN«CMPLXn.,0,) 
GO TO IB 

16 AaCS(NS,lL) 
Ö«8N(M8,IL1 
EXP(JN»CMPLX{A,-«) 
60 TO 18 

17 A«CS(MS,L) 
B«8N(MS,L) 
EXPUN«CMPI.X(A,B) 

18 CONTINUE 
RETURN 
END 
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SUÖWUUTI^E 8W*(I>J) 
INTEREH P,0,Q8 
COMPLEX EXPü»^ 
CUHPLEX*l6 CM8»CMl,CSliC32 
CUMPLEXtlb TKN(«an 
COMPLEIUU ZLN 
CUHPLtX*U XNLQ 
CUMPLtX*l6 VKM(Jfa) 
CUMMON/3PAR/AKCl(b),TAU(6}»8MLA(6)*DM8(6)(AK(tt),AC(a),BJ(a)f 
ICAPK,CAPC 
CÜHMÜN/lNTER/N8y,NB8EC#NF8EC»N8#NriPfMFLAP,MFEA,MCTf 
lMFLEX,MCnN,MAER#MFlJS,NBC.N^UAP»NFE4,NCT,NCnN#NPF8# 
2NA8,NHC,NVl,NSPtMAXN,*ES»*SC*NEGM,lPCT»NIT,HER,NURM. 
3lWEi,NEX,MPS»NSCH,IC,IF,NP«L»NPRS,NpO,N8K#NCOLS,NC8Bi 
aNFPl,MXSMI,KXT2Pl^XKU»M)(CPL,MXC9H,HXCPM,MXCPK»MXSH8, 
SNEBCfNESBCfHFA8H»MXFAd»NFU8rNHB0»MRlPC»HyQ,NElFCi 
6NEISC,NEITC,MKTKN,NFF,MINPN,MAXPN#IBF,M00E 
CüHMON/NLEAO/MLEL#NLEL»HCTV 
CüMMüN/HOTF/OMI,OM2,0MT 

CüMMUN/FREF/CMS,CHI,C81»CS2 
CüMMüN/3WA8H/3WGJ»8WEI,SWM,SWH 

CÜMMUN/TKM/TKN 
K8Ml,»I«NFPl 
IF(I,NE,J) GÜ TU 30 
0U 17 L«1,HXT2PI 
L8«L-MAXN.l 
LL«(l-n*NRlFc*L 

17 TKN(LL)»ZLN(LSfn 
Oü 20 M8ai,NB 
OU   20   L«l,MXT2Pl 
LS>L»MAXN«1 
CF0L»l,0*OM8(M8)*(l.*(L8*L8«n/(l,*L8*L8*8lNÖJ/8KEn)/8WR 
LLa(l«l)*NRlFc*HXT2Pl*(M8«l)*NRBOtNCOl8*NFU8 
IFCMFLEx.EQ.O)   GO  TO 2t 
IF(«CÜN,CO,0)   GO   TO  20 
LL"LL*J 
IF(MCTY,GT.O)   LL«LL*J 
TKN(LL)fEXPüN(L8|H8)*CFDL 
CO  TO  20 

21  LL»LLtMCT 
IFCMCT.EQ.O)   GO  TU  20 
C81«CM8«CM1*K8HL*0H1 
YKM(IfM8)«8HLA(M8)*(UC81*TAU(H8)) 
TKN(LL)»VKM(I,M8)*EXPUN(LSfM8)«CFDL 

20 CONTINUE 
GO TO 50 

30  iMjtl.J 
00 18 L»l,MXT2Pl 
DO 18 0«l,MX72Pi 
IF(UtEO,Q) 60 TO 18 
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1* 
50 

LHO>l«Q 
IFdMJ.Nt.LMO) GO TO 18 
LS«L«MikxN-l 
aS*Ü«MAXN.l 
LL»{L»1)*N«IFC*Q 
TKN(LL)«¥NLO(I»L8»«8) 
CUNTINUE 
RtTUWN 
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SUBROUTZNC 8WB(I,J) 
INTEGER P,0,Q8 
REAL*» CX(75) 
COMPLEX EXPON 
CÜMPLEX*16 ULN,S(2l6i 
CÜMPLEXM6 TKN(aai) 
CüMPLEX*l6 B(6aS)»8MLB(toe)f8HLC(106J»«MLOCI06$ 
CüMPLEX*lb CTB(5«)#FAB(5«)»PL8(5«) 
CUMPLEX*16 CTBl(«)>CTB2(9}fCTB3(9),FABl(9)»FABl(«)fFLBl(9)«PLBl(9) 
C0HPLEX*16 8MLE(l08),F8B(Sa) 
CUMPLEX*16 8HLF(108)f8MLO(108) 
CUHPLEX*16 F8B1(9}#F8B2(«)«F8B3(9)*FAB«(9)«FLB«(«)»CTB«(«) 
CUMM0N/BT8/B#8MLB»8HLC»SML0»CTB»FAR(FLBfCTBl«CTB8(CTBSfFABlt 
lFABJ,FLBl,FLB2,SMLE,F8B,F8Bt*F8B2,F8BS,FAB«*FLBa*CTBa.8MLF,8ML6 
CUMMüN/8WA8H/SWGJ#8WEI#8WM,8WR 

COMMUN/INTER/N8Y»NB8EC#NF8EC»N8,NBP,MFLAP,MFEA,MCT» 
lMFLEX,MCUN,MAER,MFU8,N8C#NFLAP»NFEA,NCT,NCnN,NFFB# 
2NA8,NHC,NVI,N8P,MAXN,NES,M8C»NECN,IPCT#NIT»MER,N0RM# 
3IREM,NEX.NP8»N8CH,IG,IF,NP*L»NPRS,NPD,N8K,NC0LS#NC8B« 
ttNFPl»MX8MI,MXT2Pl»HXKQ«MXCPL*HXC8B»HXCPMfMXCPKtMX8MBf 
SNEöC»NE88CiMFA89,MXFAB#NFU8»NHB0,NRIFC»M)tQ,NBlFC» 
6NE18C»NEITC,MXTKN,NFF,MINPN,MAXPN,18F,MÜ0E 
C0Hn0N/8PAR/AKCX(6)»TAU(6)(8MLA(8)>DMS(6),AK(a)fAC(tt^BJ(4), 
iCAPKfCAPC 
CUMMQN/CFLEX/CX 
CUMMUN/TKNl/TKN 
COMMUN/NLEAO/MLEL»NLlL»MCTY 
COMHQN/881/8 
NÜNU«1 
JMJal.J 
JMNCa(J«n*l2*NCOLS 
IPCMFLEX.EQ.O.ANO^IMJ.NE.O) CO TO 23 
IF(MFLEX.EQ.O) 60 TO 3 
IF(HCTY,EO,0) GO TO 3 
IMIHJ.NE.O) 60 TO 23 

( IFCIMJ.NE.O) NONO«0 
IF(N8P.EQ.O) 60 TO 13 
K8ML«I-NFPl 
NPHKS*NPS-K8ML 
00 IÜ   Q«lfMXT2Pl 
QBIQ«MAXN*1 
NMKUINPMKaOB 
IFCNHKQ.EQ.O) 60 TO % 
RNMKOala0«NHK0 
RFA«RNMKQ/NBP 
NFAtNMKO/NBP 
DIFaRFA.l.OtNFA 
IF(UIF.6E.0.0) 60 TO 2 
DIFB-OIF 

! IF(l>IF,GT,.05) 60 TO I« 
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5  DFÜHM,ü + DKS(n*(l. + (u8«0S-U}/(l.*Q8*Q8*SW(*J/8*El))/SW* 
IMUFLEX.EQ.O)   GO  Tu  7 
IMMCÜN.EQ.O)   Gü   TO   ia 
IFCMCTY.GT.O)   GO   TO  6 
DU  H   IQ«lfNCOLS 
LL»NElFC+NEl8C*(ia»l)*NRiFC*Q 
L»(j-n*NcoL8*Mx8Mi*n-n*NCoi8*iQ 

fl   TKN(LL)«*N8P*DF0R*FLRCL) 
lL*NEIFCtNEl8CtNCÜL8*NRlPC«y 
TKN(LL)afNBP*DFQR*CX(3)*NÜNO 
TKN(LL*NRlFC)«*NRP«OFQR*CX(tt)*NÜNO 
TKN(LL*NRIFC*2)»-NHP*DFQR*CX(12)*N0N0 
Gü   TU   U 

b  LL»NEIFC*Nei8C*NRlFC*NCüL8*5*NRIFC*0 
TKN(LL)B«N8P*0FrjR 
60 Tu ta 

7 LL>fcEIFC*NEl8OMPlFCftNC0LS*C) 
IMMCT.EQ.O) GO TO U 
TKN(LL)B«NBP*DFQR/8HLA(n 

ia CONTINUE 
GO TU ?5 

13 DU 21 Mä«i,NH 
DU 21 Pal,HXT2Pl 
ÜS«P*MAXN«1 
DKJWil,*r)M9(M3)*(l*(0S*ü8-n/{l.*03*QS*SWGJ/8wEI))/8WR 
IFCMFLEX.EQ.O) GO TO 22 
IFt^CON.EQ.O) GO TO 21 
IKMCTY.GT.O) GO TO 25 
DU 2a Ig«l,NCf)L3 
LL«NUFC*NE18C*(M8«n*NEITC*(I0»l)*NRlFC*P 
L«(J»l)*NCOL3*MX8MI*(I«l)*NCULS*IQ 

2U TKN(LL)«-EXPON(«QS,M8)*DF0R»FL«(l) 
LL«NfeiFC*NEl8c*CMS-l)«NEiTC*NC0L8*NRlFC*P 
TKN(LL)a*EXPON(»Q8fMS)*DFUP*CX(3)*NaNÜ 
LL»LL*NRIFC 
TKN(LL)B4EXP0N(.QS*M8)*DFUR*CX(«)*NüN0 
LL«LL*NRrFC 
TKN(LL)«-EXPON(-QS,M8)*OFQR*CX(12)*NONO 
GU TU 21 

25 LL«NEIFC*NEI8C*(MS»1)*NEITC*NRIFC*NC0C8*5*NRIFC*P 
THN(LU«-EXPnN(.QSfM8)*ÜFUfl 
GO TO 21 

22 LL«NfcIFc*NEl8c*(MS»n«NEITC*N»IFC«NCOL8*P 
IF{MCT,tQ,0) GO TO 21 
TKN(LL)B*EXPON(-Q8fM8)*DFQR/8ML*(h8) 

21 CONTINUE 
23 CONTINUE 

IMiFUS.EiJ.ü) Gü TO 52 
JMI».IMJ 
DU 50 IPP»1,MXT2P1 
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LS'IPP-HAXN.l 
IF(JMltNKtL8) GO TH 50 
OU 51 lUQBttNCOLS 
LLP«JMNC*(IüO-l)*l2*l 
LL«NfeIFC*(lQO«l)*NRirC*IPP 

bl TKN(LL)«liLN(L8»K8ML)«3(LLP) 
bo  CUNTINUE 
52 CONTINUE 

RtTU«N 
END 
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COMPLEX FUNCTION ZUN*I6(L9»I) 
REAL*6 C3,Cu 
COMPLEX EXCHI 
CüHPLEX*16 CLNJ,CI.C2,C5,C6#C7,C«,C9,C10 
COMPLEX* 16  CMS»CMUC81*C82*VN»VNlfVN2 
CüMMüN/SWA8H/SW6JISWFI,8WM,8WH 

COMMON/INTF«/N8V,NB8FC#NF8EC#N«,NBP,MFLAP,MFEA,MCT# 
iMPLEX,Mc0N,MAER,MFU8,NBC»NFLAP,NFEA,NCT,NC0NfNFFB, 
2NA8,NhC,NVl,NSP>MAXNfNE8»M8C,NECNflPCTfNIT*MERfN0RM( 

3I"EM,NEX,NPS»N8CHrIG,IF,NPRL»NPR8,NP0*N8K,NCOL8,NCSBf 
aNFPl,hXSMI,M)(T2Pl|MXKU,MXCPL»MXC8B,MXCPM,MXCPK,MX8M&, 
SNEBC»NESi4C#MFA88,rtXFABfNPU8»NRBU»NRIFC»MXQ*NElFC* 
bNEISC»NEITC»MxTKN,NFF,MiNPN,MAXPN,lBF,MOnE 

COMMON/SPAR/AKCI(6),TAU(<i)«8MLA(6)#DM8(6)fAK(a)fAC(tt)tBj(a)( 

iCAPKfCAPC 
COMMON/NLEAO/MLEL#NLEL»MCTV 
CÜMMÜN/FREF/CM8,CMl|C8l»CS2 
CÜMMON/ROTF/OMl#OM2#r)MT 
CÜMMON/8PARl/AKT(«)#ACT(a),AKP(a),ACP(<l) 
RBBMR 
KSMLBI«NFP1 
C8taCM8-CMl*KSML*UMl 
C82aC81*CSl 
ClaSNM*(C82«üMT*L3*CMl*C81«L8*LS*ÜM2) 
C2aOCMPLX(0tO0tO.O0) 
C9aDCMPLX(0,O0iOaOO) 
CFLal,f(L8*L8*l)/(Ul8*L8*8wGJ/8WEl) 
CFLRaCFL/8hR 
00 10 Jjal,NE8 
CLNJaAK(JJ)fCSl*AC(JJ)«CMl*L8*DMl*AC(JJ) 
C2aC2fCLNJ 

10 C9aC9fCLNJ*(UBJ(JJ)*CFLR) 
C10aC2 
C2aC9 
!F(M8C.EO.O) GO TO M 
C2aC10 
C5aCAPK*CAPC*(C81»CMi*L8*OMU 
C6aDCMPLX(0,00f0.00) 
C7aOCMPLX(0,D0#0.D0) 
00 6 JJal,NE8 
CeaAK(JJ)*C8U AC(JJ)-CM1»L8*0MI*AC(JJ) 
C6aC6fC8*EXCHI(L8»0fJJ)*(t,»BJ(JJ)«CFlR) 

8 C7aC7*C8«EXCHI(0#L8,JJ)*(l»BJ(JJ)#CFLR) 
C2BC9«C7*C6/(CS«C2) 

U IF(MAXN,EQ,i) 00 TO 12 
KXai«L0*l8 
C)a2tD0*},UlS926Sa*L8*l8*KX*KX 
C«aR*R*R«(lt/8WGJtL8*L8/8wEn 
C1«CS/C4 
ZLNaCl*C2*OCMPLX(CJf0.O0) 

396 



tu   TU   1J 
12   ZLN«CIK2 
IS   CONTINUE 

VN«ÜCMPLX(0,00#0,üO) 
VNlaOCHPLX(0.ü0f0,O0) 
VN2«üCMPLX(OtOO,0,DO) 
DU  b   JJ«UN|8 
--— — -W-.   tmm\vtv-'§>'t"Vi 

DU  *>   JJ«l,NES 
VN«VNtAKT(JJ)*CC8l«CNl*L9*OMl)*ACT(JJ) 
VNl«VNU(AK(JJ)4-rC8l.CMl*L8*nMU*AC(JJ))*BJ(Jj)*(R»flJ(JJ)*rFL) 

5   VNl2«VNPt4KP(Jj)*(CSl»CMl»L3*OMl)**CP(JJ) 
2LN»2LN*(LS*L8*VN-VNi*CFL*CFL*CFL*VN2)/(R*R) 
HtTUPN 
ENO 
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COMPLEX FUNCTION XNLQ*16(I»LS»Q8) 
INTEGER QS 
COMPLEX EXCHl 
COMPLEX*lb CSl,C82#CMl,CM3,XN,XNl,XNi#XN5 
COMPLEXtklb CS,rtN,MNl,iNN2 
CÜMMÜN/3WA8H/SWGJ»SrtEI»3WM,SWH 
CÜMM0N/INTE»/N8Y,NB8EC#NFSEC»NB#NBP,MFLAP,MFEA,MCT# 
lMFLEX,MCON»MAER#MFU8,NBC»NFLAP|NFEA»NCT,NCON,NFFb, 
2NA8»NMC,NVl,NsP,MAXN,NE3,M8C#N|GN,lPCT»NlT»MCR,NORMf 
3IKEM,NEX,NPS»N8CH,IC,IF#NP»L#NPR8#NPD»NSK,NCüL8,NC8B# 

«NFPI#MX3MI,MXT2P1»MXKO,MKCPL»MXC8B»MXCPM,MXCPK»MX8MB, 

SNEHCrNESBCfMFA8HtHXFABfNFU8fNRBD,NRlFC»MXQ,NElFC» 
6NEI8C#NElTC,MxTKNfNFF,MIWPN#MAXPN,lBF,M00E 
CüMM0N/3PAH/AKCl(6)»TAÜ(6)fSMLA(6)fDM8(6),AK(a)fAC(tt)»BJ(<Of 
1CAPK,CAPC 
COMhüN/NLt*ü/MLEL»NLEL»MCTv 
CüMhUN/FWEF/CM8,CMl,C8l,C82 
CUMhUN/RfJTF/OMl,OK2,nMT 
CüMMUN/3PARl/AKT(<*)»ACT(ä),AKP(«),ACPC«) 
K8ML«I"NFPl 
CSl«CMS-CHl«K3M|.*üHl 
IF(<J8,EQ,U8) 60 TO 15 
XNLQaOCnPLX(0.00(0,00) 
CPQ«l.*(Q3*fjS-l)/(l.*Q8*Ob*SW(iJ/8'*En 
CFL»l,*(LS*L8-l)/(l*L8*L8*8w6J/8WEI) 
CFQRBCFÜ/8MR 
CFLR«CFL/8WR 
DO 10 .U»l»NfS 

10 XNLUBXNLdf(AK(JJ)trcSl«C^l*Q8*OMl)*AC(JJ))*EXCHI(L8fOS*JJ)* 
l(l.-8J(JJ)*CF0R) 
IF(M8C,Eg,0) GO TO lb 
CSaCAPK^CAPC*(C81"CMt*Q8*OHl) 
XNlaOCMPLX(0.D0r0aO0) 
XN2BOCMPLX(0.00,0,00) 
XN}BOCHPLX(0.00,0,00) 
00   12  JjsifNEs 
XN>AK(Jj)«(CSl«CMl*ÜS*nMl)*AC(JJ) 
XNUXNUXN 
XN2a*N2*XN*EXCHirL8,0#JJ)*(l«»BJ(JJ)*CFLP) 

12   XN}aXN3tXN*EXCHI(0fü3*JJ)*(l**BJ(JJ)*CFOR) 
XNLüaXNLl9«XNS*XN2/(CSfXKl) 
GO TO lb 

IS XNLUaDCMPLX(0.00*0,00) 
lb CONTINUE 

RBSMR 

MN sDCMPLXC0,OOf0,O0) 
NNlBOCMPLX(0(OOtO,00) 
*N2BDCMPLX(0(on*0,00) 
00 b JJB1,ME8 
WNBwNf(AKT(JJ)^(C81«CMl*08*OMl)*ACT(JJ))*EXCHI(L8iQS*JJ) 
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MNlc*NU(AK{JJ)*(CSl«CMi*Q9*OHn*AC(JJ))*BJ(Jj)*(R*BJ(JJ)*CFr3)* 
I   EXCMI(1.8#Q8,JJ) 

5   MN2««tN2f (AKP(JJ)^(CSl«Chl*OS*UMn*ACP(JJ))*£XCHI(LS«(}S»JJ) 
XNLU«XNLUf(üS*t8*i«»N.wMI *Cf'LtCFfl*CFL*^N2)/(»*«) 
RfeTU«N 
END 

CüMPLtX   FUNCTION   ULN*16(l, 
CHrtPLEX*l6   ü^,llNM»l)NC»CSl 
CüMPLtX   tXCHl 
CUMMUN/SPAR/AKCI(6),TAU(<> 

lCAPKrCAPC 
COMMON/wnTF/nMi,nM2,nMT 
CUMMUN/f«tF/CMS,CMl#C8t,C 
CüMMüN/SWA3H/S>«(UJ#8WFI,SI* 

CUMMUN/INTEk/fj3vfNH8eC»MF 
lMFLtX,MC()N,MAk»,MFU8,NBC» 
2NA8»NHC,NVl,^5lP,MAXN,NE8» 
3lKEM,NEX,MPa»N8CW#lG#IF,N 
UNFPUMXSM', ,M<T2Pi#MX«Ö,MX 
SNtHC»NE8HC.MFASBtMXFAB,NF 
6NE18C»NMTC,H)(TKN,NFF,MIN 

C(JMMi)N/NLfcAü/hLEL»NLFU»MC 
UN   »OCHPLX(0.n0,0,D0J 
UNNsOCMPLXCO,Ü0,0t0»n 
CH«l,*(US*LS-n/(l*l8»LS 
CHf<«CFL/SW» 
C81»CHS-CM1*KSML«ÜM1 
ÜLt  b  JJ«l,NFS 
UN«lJN*(AK(JJ)f(C8l»CMl*L8 

l(l,-8J(JJ)*CFLR) 
i    IJN.N»IJNN*(AK(JJU(CSI.CM1* 

IF(M8CttR,0)   t,n  TU 6 
UNCaCAPK*tC8l.CMl*L3*OMn 
ULN8UN*UNC/(Uf.C*MNK) 

1   IF(M3C#fe(J,rt)lJLN«ljN 
RfTUMN 
ENÜ 

8,KSML) 
.CS2»CM8,CMl 

).SMLA(6),0M3(6),AK(a),Ac(a),BJ(ü)f 

*9i*GJ/8^EI) 

*nMl)*AC(JJ))»EXCHIfO,l.8,JJ)* 

L9«OM1)*AC(JJ)) 

*CAPC 
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COMPLEX FUNCTION E¥CHI (L#0,J) 
I^TtGEH Q 
CUMMÜN/RNAMl/C8A(«»2a),8NA(a,2a) 
LQafQ 
iLQalAHS(LQ) 
IF(LU)16.15,17 

15 EXCMlBCHPLXd.0,0,0) 
60 TO 16 

16 A«C8A(J,IL0) 
BaSNA(J,lLQ) 
EXCMl«C«PLX(A,-BJ 
GO TO 16 

17 A«CSA(J#IL0) 
Ba8NA(J,IL0) 
EXCMI«CMPLX(A,8) 

18 CONTINUE 
RETURN 
END 
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SUBROUTINE |TE6I(I»J) 
INTEGER P,0 
COMPLEX Exi»oN,exPMi,exPPi 
COHPLEXtU  CM1 
COMPLEX*lfr B(6««)»8MLB(108)»8MCC(108),8MLD(10«) 
CUMPLEXM6  CTS{5«)»rA8(5«),FL8(5«) 
C0HPLEX*16 CTBl(9)»CTB2(«).CTBS(«),FABi(«)*FABS(«)*FLBI(9).PLIl2(«) 
C0MPLEX*16 SMLE(l08)tF8B(5«) 
CONPLEX*16 8MLF(l08)fSML6(108) 
C0MPLEX*16 F8Bl(9)»F8B2(9),F8BS(9)»FAB«(9),FL8«(«)»CTB«{») 
COMPLEX*16 TKN(«Ol) 
CUMMON/BT8/B»8MLBr8HLC»8ML0,CTB,FA8,FLB,CTBl,CT82,CTB5»F*Bl»FAiS. 
1FL81,FL92,8MLE#F88,F8B1IF8B2,F8BS#FAB«,FLB«#CT»«.8HLF,8MLG 
CUHMQN/TKNl/TKN 
CUMMON/INTER/N8V,NB8EC»NF8FC»NB,NBP,*FLAP,HFEA,MCT» 
IMFUEX,MCON#HA6R,MFU8,N6C,NFLAP»NFEA,NCT,NCON,NFFB, 
2NA8,NMC,NVI,MSP,HAXN,NE8,M8C»NE6N#IPCT,NIT,HER,NORM, 
3IREM,NEX,NP8,N8CH,IG,IF,NPR|.,NPR8,NP0,N8K,NC0L8,NCSB, 
4NFPUMX8HI,MXT2P1#HXK0,MXCPL»HXC8B#MXCPM,MXCPK,MXSMB. 
5NEBC»NE8BC»MFA8B,MXFAB,NFÜ8»NHB0,NRIFC,MXQ,NEIPC» 
6NEISC»NEITC,MxTKN,NFF,MINPN,MAXPN,IBF,M00E 
CüMMÜN/NLEAO/MLEL#NtEL»MCTV 
CM1« DCMPLX(0.D0,1,D0) 
NMKs J«I 
KB« NEIFC*NEl8CtMXT2Pl*KFU8 
KBB« KBtNC0L8*NRlFC 
MMKPlaNNK«! 
NMKHlSNMKal 
NPKa«NP8«I«NFpl 
NBMia(NB»l)*NRBO 
L8MA«(J«n*NE8BC*(I-l)*MXC8B 
LLARa(J.l)ftNEBC«(I-l)*MXCPM 
IF(MFLEX,EQ.O) GO TO 10 
MRITE(6,900) 

900  FORMATC/yRX^GlMBALLEO OR TEETERING ROTOR, MFLEX MUST EOUAl. ZERO') 
GU TO 90 

10 1F(NBC.E0.2)GO TO 11 
IF(NBP.EO.0)GU TO 11 
IF(NBP,LE.2)GO TO 12 
GO TO 16 

11 IF(NB,GT.2)GO TO U 
12 WRITE(6,901) 

901 FüRMATC/»9X,'6lHBAULED ROTOR MUST HAVE MORE THAN TWO BLADES') 
GO TO 90 

13 IF(NBP.E9.0)GO TO la 
IF(NBP(NE.2)GO TO IS 
GO TO 16 

U IF(NB(E0.2)GO TO U 
19 WRlTE(6f902) 

902 F0RMAT(/,9X,«TEETERING ROTOR MUST HAVE TWO BLA0E8») 
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Gü   TU   9i) 

NAZI 

IF (NHC.fcU.DGd   TH   17 

NABU 

17 Nl»-1 
N^«b 
Du   ^2    NN»l,Nfc 
IF(NNtFQ,OC0   TU   i« 
Nl»l ( 

18 Üf)   19   Q»l,NC0t8 
Li«LLAW*(Q-n*12*3 
L10aL5*7 
KK«KH4-(Q.n^«lFC*N2 

19 TKN(KK)«NA*B(L3)*^J«CMU8CL10) 
L3«LSMA4-3 
L10«L3*7 
KK*Krt(* + N2 
IF(MCTt6f3,0)Gn  TO   20 
TKN(KKIB«NA*SMLB(L3)«N1*CH1*8MLB(L10) 
KK«M<tNRlFC 

20 IF(wFEA,6Q,0)GQ   TU  21 
TKN(KK)a-NA*8MLCrL3)-Nl*CMl*SHLC(LlO) 
KK«KK*NIRIFC 

2t IFCMFLAP.EQ.O) r,n TU 23 
TKN(KK)a-NA*SHLD(L3)»Nl*CMt*8HLD(LlO) 
KK«^K♦N»IF■C 

23 IF^LfcL.EQ.O) GO TO 22 
TKN(KK)a»NA*SMLE(L3)*Nl*CMl*SHLE(LlO) 

22 CONTINUE 
lF(Nbp,NE,0)Co TO ao 
IF(NriC,EQ.2)6u TO 28 
DU 2a 0«!,NMBD 
KT«KMf(u«l)*NRlFCt2 
KKBKTta 
K2»KT*NHMl 

TKN(K2)«"TKN(»<T) 
2a TKN(K6)««TKN(KK) 

Dü 25 MS«2»N8 
EXPMl«EXPON(NMKMl,h8) 
EXPP1«EXP0N(NMKP1,M8J 
M8HIFTa(MS«l)*NE!TC«(H8«2)*NRBD 
00 25 QatfNRBD 
KTaKB4(Q«|)«NRlFCt2 
KKaKT^a 
K2aKT*M8HlPT 
KbBKK^MSHJFT 
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K22SK24NRB0 
KbbsKb^NRHO 
TKN(K2)B»TKN(KT)*EXPPI 
TKN(Kb)B«TKN(KK)*EKPMl 
TKN(K22)a.TKN(K2) 

25 TKN(Kbb)a-TKN(Kb) 
GÜ TO 100 

2R DU 30 Q«1,NCULS 
Ln«LLA»*(0-l)*l2*U 
KKaKBt(0-l)*NpIFC*NRqo*b 

JO TKNCKK)«B(Lin 

KK«K8B*N«Hl5 + b 
IFCMCT.EO.OXJO   TO  31 
TKN(KK)««8MLB(Ln) 
KKaKKtNHlFC 

il   IFCMFfcAfEQ,0)6O   TÜ  32 
TKN(KKla.8HLC(Lll) 
KKaKKfNRlFC 

32 IKMFLAP.EO.O)   GO  TQ  Jo 
TKN(KK)a-8MLD(Lll) 
KKaKKtNRlFC 

3a IKMLEL.EO.O) fit) TO 33 
TKN(KK)a-SMLE(Ul) 

33 EXPMlaEXP0N(NMKMi,2) 
OU 35 Qal(NPBD 
KTaKBf(u«l)*NRlFC*6 
KKaKT^NElTC 

35 TKN(KK)a«TKN(KT)*EXPMl 
0() 36 Qat.NHBD 
«TaKÖ*(0-l)*NRlFCtNHBO*b 
KKaKT+NElTC 

3« TKN(KK)aTKN(KT)*EXPMl 
GO TU lüO 

ao NI»«1 
N2ab 
DO 50 NNaj,NE 
IFtNN.Eü.DGO   TO  «2 
Nlal 
N2«2 

a? NPHKaNPK^Nl 
lNMKal488(NPMK) 
RlNMK«ltO*lNMK 
R^AaRlNMK/NBP 
NFAalNMK/NBP 
DlFaAB8(RFA»1.0*NFA} 
IF(ÜIF,GT.(.05))6ü TO 50 
DU «a 0al,NCOL8 
La«LLAtt*(Q.l)*12*« 
KKaKBt(U«l)*NRlFC^N2 
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aa 

«5 

«6 

47 

bO 

VO 
100 

Lll«La*7 
TKN(KK)aNA*B(L4)4Nl*CHl*P(tlt) 
UaaLSMAfa 
KK>KHb4N2 
Ln«La*7 
If(MCT,tU,0)GO TO US 
TKMKK)«.M*SHL8(L«)-NUCH1*SHLB(LU) 

IF(MFfeA,EO.0)GO TU a6 
TK^(KK)«.NA*SMLCa«)-NUCMl»SMLC(Ln) 
KKBKKfNNlFC 
IFCMFLAP.EQ.O) Cn Tu ttT 
TKN(KK)«.NA*8HL0(L«)-Nl«CMl*8MLD(Lll) 
KKSKK^NHIFC 
IF(MLtL.EQ,0)Cn TU bO 
TKN{KK)«-NA*8MLE(L«)"M*CMl»8MLE(Lin 
CONTINUE 
GO TÜ 100 
STOP 
PtTUWN 
END 

» 
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SUb^UUTINE POL*« 
COMPLEX QXJ,OYJ,Q2J#nTX,OTY#OTZ 
CUMMUN/;JVTEM/üXJ,üYJ,QZJ 

DTX«yXJ*CMPLX(0,O#-l,0) 
i;TVsüYJ*CMPLX(O,O,-Jt0) 
DTZ«flZJ*CMPLX(0,O,-l,0) 
UXNBUIXJ 

DYHBOYJ 

DZRBQZJ 
DXjaOTX 
OYl«DTY 
011*011 
IKDXR.NE.O.O) GO TO 2 
IF(OXl,NE,ot0) CO TO 2 
DXA«O,0 
QÜ TO J 

2 ÜXA«ATAN2(0Xlf0XP) 
s IFCDYR.NE.O.O) GO TO a 

IFtüYI.NE.O.O) 60 TO tt 
DYA»0,0 
QU TO 5 

a OYABATAN2(OYI(DYR} 
5 IF([)ZH,NE.O,0) 60 TO 6 

IF(üZI,NE,0,0) 60 TÜ 6 
D2A«0,0 
6Ü  Tu  7 

6 OZAaATAN2(DZlfOZP) 
7 CONTINUE 

DXRaSURT(DXR*OXR*OXI*OXn 
0VR«3«RT(OYR*OVR*DYI*0YI) 
0ZRB9URT(DZR*DZRtOZI*DZl) 
QXJ»CMPLX(0XR,0XA) 
QYJ»CMPLX(OYR,DYA) 
QZJaCMPLX(DZRfOZA) 
RETURN 
END 
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♦FORTRAN   CALLABLE   CO^P! EX   FUMCTIPN   TO   ORTAIM   HOT   PRODUCTS. 
♦ARGUMENT   LfST   IS   (N,AtB),    WHERE   N   IS   THE   OIHENSION  HF   THE   VFCTn»S 
*A   AND   B.      A   IS   PRFSUMFO   SPARSE   FOR   «AXIMU«   PROGRAM   SPEED. 
♦ INTERMEDIATE   RESULTS   ARF   CÄPR I^D   IN   DriJBLE   PRECISION   AND  THE 
♦ FUNCTION   MAY   BF   DECLARED   DOUBLE   PRECISION  «"OMPLFX,   IF   DESIRED. 
* 

SPACE 2 
«I NCR FOU 0 
#COVPR FOU I 
«INDEX FOU ? 
«N FOU 2 
«A EOU 3 
#B EOU 4 
«MAXR FOU 

SPACE 
A 

«REAL EOU 0 
«IMAG FOU ? 
«ZERO EOU 4 
«TEMP EOU 6 

SPACE ? 
A DSECT 
AREAL DS D 
A I MAG DS D 
R DSECT 
BREAL DS D 
BIMAG DS 

EJECT 
D 

COOT CSECT 
SAVE (2*«MAXR)*,* 
USING CDOT,IS 
LM «N,«B,0(n 
USING A,«A 
USING BtfB 
L «CnMPRfO(«N) 
BCTR «COMPR.O 
SLA «C0MPR,4 
LA #INCR,16 
SR «INDEX,«INDEX 
SOR «REAL,«REAL 
SDR «IMAG,«IMAG 
SDR «ZERO.«ZERO 
SPACE ? 

LOOP CO «ZERn,Ar«INDEX) 
BNE CONTINUE 
BXLE «INDEX,«INCR,LOOP 

EXIT RETURN   (2,*MAXR» 
SPACE 

CONTINUE LD «TEMP,AREAL(«INDEX) 
MO #TEMP.BREAL(fINOEX) 
A OR «REAL,«TEMP 

(• 
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MD «TFMP,HIMAG(«INnFX) 
«;nP »RFALfÄTFwp 
1.0 «TFMP.ARFÄLCÄlNnEX) 
MO «TFMPfRfMAG(«INnFX) 
ADR #IMAGf«TFwP 
1.0 ^TFMP, AIMAGOKIMOFX) 
MO «TFMP, HRFALdUNDFXI 
ADR ^IMAGf*TFMP 

PXLF    «iNnrx,#iMCR,ipnp 
B FXTT 
SPACF   2 
L TORR 
FMP -_— (Start  Of  RCDOT) 

*FPRTRAN   CAlLAniF   COMPLEX   FUN'CTffN   TO   OBTAIN   HOT   PRODUCTS. 
*ARGUMFNT   LIST   IS   (NfA,fl)t    WHFRF   N   IS   THF   DIMENSION  OF   THE   VECTORS 
*A   AND   B.      A   IS   PRESUMED   SPARSE   FOR   MAXIMUM   PROGRAW   SPEED. 
*A    IS   A   REAl    VECTHR,   WHILE   B   IS   CO^PLEX. 

♦INTFRMFDIATF   RESULTS   ARE   CARRIED   IN   DOUBLE   PRECISION   AND   THE 
*FUNCTirN   MAY   PF   DECLAREO   DOUBLE   PRECISION   COMPLEX,    IF   OFSIRED. 
* 

SPACE ? 
«INCP    EQU 0 
#C0MPR   EOU I 
«INDFXÄ  EOU ? 
«INOEXB  FOU 3 
#N       EOU 3 
«A       FOU * 
#B       EOU 5 
«MAXR    EOU S 

SPACE 
«REAL    EOU 0 
#IMÄG   EOU 2 
«ZERO   FOU 4 
#TEMP    EOU 6 

SPACF 2 
A       DSECT 
B       OSFCT 
BREÄL    OS D 
Blf'AG   DS D 

EJECT 
RCnOT   CSFCT 

SAVE {?,iMAXR),f* 
USING RCnOT,l5 
LM «N,*B.Om 
USING A,«A 
USING Bt«Q 
L #COMPR,0{*N) 
BCTR »COMPRtO 
SLA «C0HPR»3 
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Lnn» 

FXIT 

CnNTIMi.f 

*FPRT<JAN 
•ARGUMFM 
*THF   RHW 
♦nnu^LF 
♦WHIM   IS 
♦FIFMENT 
*THPRFFn 

«I NT R 
«rPMPR 
«INDFX 
(UN 
«NOIM 
«A 
«P 
«X 
«MAXP 

*ATEMP 
«RTFMP 
«XPFAL 
iXIMAG 

A 
ARFAL 
A I VAG 

LA 
«io 
SOP 
SOP 
^O« 
SPACF 
CD 
BNF 
PVLE 
PFTIJP 
SPACF 
LA 
LO 
MD 
AOR 
Ln 

ADR 
BXLE 
P 
SPACF 
LTORR 
FNP 
CALLA 

T   LIST 
HPFRA 

PRFCIS 
THF C 

S TO p 
PF      A( 

«INCRiP 
«fNrFXA.ÄlNDFXA 
(»RFAL,«RPAL 

? 
#ZFRO,A(«IN0FXA» 
CHNTINUF 
«iNnFXA,«iNCPiLrnp 

N   (?,#MAXR) 

niiNOPXP.nKtiNnFyA.ÄiNnFXA) 
«Tr«»n,/v(«rNnFXA) 
«TFMP,RPEAL(»INOFXP) 
<'RcALf«TEMP 
»TFMP,A(«IWnFXA| 
#TFMP,PIMaG(#INnFvP) 
«I MAG,«TEMP 
#INOFXA,«INCP,LnnP 
PXIT 
? 

(Start of ROWSÜM) 

RLE SUPRHUTINF Tp PFRFHRM MATRIX ROW nPERATIONS. 
IS fN,Nni»»,A,P,X». 

TION  A=A-X*R  IS PFRFORMFn, WHFRF A, B» AND X APE 
ION CP^PLEX. 
nlUM^ OIWFN'SICN OF THE MATRlCFSt AND N 13 THF MUMRFR 
E OPFRATED ON IN THF ROWS.  THP INDEXING SCHEME IS 
n=A( n-X*R( II, I=l,lMN-l)*NniM,NDIW 

OF 

SPACE 2 
PQU   0 

I 
7 
1 
7 

4 
5 
5 

FD(J 
EOU 
FDU 
FOU 
EOU 
FOU 
EOU 
FOU 
SPACP 
EOU 
EOU 
EOU 
EOU 
SPACE 2 
DSFCT 
HS    D 
ns  o 

n 
? 
A 
6 
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RPFAL 
B I V A G 

Lorp 

nVFRLA 
IWSFRT 
INSFRT 
FN^FRT 
IMSERT 
IK'SFRT 

nVFRLA 
INSERT 
IN'SERT 

D^FfT 
nc, 

ns 

rsprr 
nsiMf, 
S4VF 
IM 
USING 
USING 
L 
SLA 
L 
RCTR 
MR 
I 1 
SR 
I 0 
I 0 
SOATF 
I0» 
«OP 
AD 
I 0 
MOP 
SOR 
STD 
LO 
Lf") 
f'DR 
SO"? 
10 
MOP 
SOP 
STO 
8XLF 
SPACF 
RETURN 

LTORG 
FNO 

V ALPHA 
API 
APR 
COEFFS 
BTS 
SSI 
TKNl 

Y BETA 
RAEPO 
FAERO 

RHWSU« 
( U,#v 

^Nf*X, 
A, «A 
R,^R 
«NOI«, 
*N0 IM t 

«GOWOR 
*rnMpR 
«CDMPP 
«INGR, 
"INHE* 
*XRFAL 
«yiuAG 
? 
r^ATFMP 
«ATFMP 
«ATFMP 
qrxT pvo 
i»3TrMC» 
«ATTM? 
»ATFMp 

«ATFMP 
«RTEMP 
«RTFMP 
«ATFMP 

«PTFMP 
«ATFMP 
«ÄTEMP 
/»INOFX 

»15 
AXR ) , ,+ 
0(1 ) 

o(«N!om 

,0(,«N) 
»0 
-I,«NOIW 

«NOI^ 
,)»INOFX 
,0(*X) 
,R(«X) 

»PIMAGI* 
,«XIMAG 
,ARFAL(* 
»qPFALI« 
.«XRFAL 
,«RTFMP 

.ARFALC 
»AIMAG (# 

,BRrAL(# 
,«XIMAG 
»«RTFMP 

»RTMÄGI« 
,*XRFAl 
,#TTFMP 

»AIMAGC 
,#IMCR,L 

INnFX» 

INDFX) 
INDFY) 

IN'PFX) 
INOFX) 
IK'OFX) 

IMOFXI 

INDFX) 
nop 

(?,*MAXR),T 

(Start of Overlay Structure) 
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NSF0T 

IVSEP. T 
\' S P P T 
K^FPT 
MC£RT 

AfnFFF 
SrTUP 
srcPAP 
» PAD IM 
TA^I U 

VF") AY RFTA 
NSFRT Fl A^T 

NfFOT 

MSFPT 
MSF^T 
MSroT 
NC,F0T 
K'SF^T 

STIFF 
HFNH 

r.nT 
t?nnT 

VFRl. AY GAMMA 
V<;CWT o ARRAY 

NSFRT P^AS^ 
VSFRT Hl ARO 
VFRLAY r,A«M<\ 
MCFPT S^fRAY 
MSFRT  rwia^s 
^'^F0T niARD 

V/FkLAY PF TA 
MfFRT   FR^ni V 
N'SF^T 
N' ^ F R T 
K' S P P T 
Ni ^ F P T 
MSFRT 
M^F^T 
N S F H T 
NSFRT 
NCFRT 
MS^ RT 
MSFI^T 
N'C;rpT 

NSFPT 
WFRL AV 
NSFOT 
NS'rRT 
NSiT^T 
NSr-"T 
NSFRT 

SUBMÄ 
StlRMR 
ci.IHMF 
«lURMG 
7TFr,T 
rxpnM 

T/MS 
SWA 

SWR 
7| M 

XN«. 0 
ULM 
FVCHI 

Al. PM& 
SPI.VF 
OfMAT 
sv/AP«; 
Rrwsti*' 
FPRSFT 

FMTDV    MAI\> 
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