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FOREWORD

This report was prepared by The Boeing Company, Vertol
Division of Philadelphia, Pennsylvania, for the Aerospace
Dynamics Branch, Vehicle Dynamics Division, Air Force Flight
Dynamics Laboratory, Wright-Patterson Air Force Base, Ohio, -
under Contract F33615-71-C-1310. This research is part of a

continuing effort to develop new and improved techniques for

defining dynamic and aeroelastic phenomena for rotor/propeller- .

powered V/STOL flight vehicles under the Air Force Systems
Command's exploratory development program. This contract was
initiated under Project 1370, "Dynamic Problems in Military
Flight Vehicles," Task 137005, "Prediction and Control of
Flight Vehicle Vibration." Mr. A. R. Basso of the Aerospace
Dynamics Branch was the Project Engineer.

The. final report is presented in three volumes. The first

volume contains a state-of-the-art review of stability and

blade vibratory loads in V/STOL aircraft. The second volume

contains the development of the analytical methods, the corre- t
lation of analytical results with experimental data, and the |
results of parametric investigations. The third volume con-
tains a user's guide to the digital computer programs including
input and output formats. The third volume is not being
distributed; however, it is available upon request from the

Air Force Flight Dynamics Laboratory/FYS, Wright-Patterson

Air Force Base, Ohio 45433,

g

Mr. H. R. Alexander was The Boeing Company, Vertol Division
Project Engineer.

February 1972. The manuscript was released by the authors in

F This report covers work conducted from February 1971 through
February 1972 for publication as an AFFDL Technical Report.

This Technical Report has been reviewed and is approved.

.ELAZZb;Z’ﬁéz 4&?
WALTERVJ . KYTOW

Assistant for Research and
Technology
Vehicle Dynamics Division
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ABSTRACT W
This report provides user's instructions for two computer
programs, one for aeroelastic stability analysis and one for

aeroelastic prop/rotor loads analysis. These programs are
commonly identified by Bceing=-Vertol as C-39 and C-70, respec-
tively. Each program is carefully described and explained,
symbols and sign conventions are identified, and input and
output data are presented. A sample program run for each
analysis is then given. 1In addition, sample programs for
subroutines D-01 and A-97, which are used in support of C-70,

are provided. Notes and suggestions on program usage are
presented.
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INTRODUCTION

The program is designed to generate and solve a set of equations
representing flutter and vibration states of dynamic equilibrium
of a general rotored aircraft system following an arbitrary per-
turbation from a known steady state configuration. In matrix
notation, these equations are represented by .

[-(M] + dir((c] + ry(Ag]) + A2([K] + rg(agl) ] {q} = {o}

where [M], [C], and [K] are generalized inertia, damping and
stiffness matrices arising from the
structural dynamics of the entire system
and the aerodynamics of the rotor blades;

[A ] and [A_] are coefficient matrices arising from the
I aerodynamics of the airframe lifting surfaces;
{gq} is a vector of system freedoms (generalized coordin-
ates) ;
A 1is a complex scalar parameter;
I'r and Iy are real scaling factors; and
i 1is the imaginary number /-1 .

The aircraft model on which the program is based comprises three
major subsystems identified as (i) Rotor, (ii) Airframe, and (iii)
Landing Gear Subsystems.

The rotor subsystem is made up of two rotor-nacelle units. Each
rotor has three or more non-articulated flexible blades attached
to a teetering hub. Steady state rotor configurations are pre-
sumed to involve large blade deflections in flap, lag and twist,
and any arbitrary inclination of the shaft axis with the direction
of flight. This last feature permits treatment of tilt rotor con-
figurations ranging from hover to forward flight conditions. Phy-
sically the rotors may be supported anywhere in the airframe and
coordinates are provided for apecifying the support locations for
each application. Thus both helicopter and rotored conventional
aircraft systems are represented by the general model of the pro-
gram.

The airframe subsystem has the folicwing components: - right wing,
left wing, fuselage, right tail, left tail, and fin. Except for
the fuselage, all the components are treated as lifting surfaces.
The steady state airframe configuration is specified by sets of
coordinates capable of representing a wide variéty of practical
aircraft systems. For example wing "tilt" and “"sweepback" angles

3




of aircraft systems having these features will be reflected in the
coordinates for the wing componenta. Wing or tail dihedral angle
has, however, not been provided for.

The landing gear subsystem consists of four linearized oleo-strut-
tire units. Their points of attachment in the airframe are
identified by sets of coordinates to be specified for the particu-
lar systems being analyzed.

The analytical basis of the program lies in

(i) Modal representation of system deviations from steady
state equilibrium configurations;

(ii) A basically conservative system under such deviations;

(iii) Two-dimensional quasi-static aerodynamic theory for the
rotor blades;

(iv) Two-dimensional oscillatory aerodynamic theory for the
airframe lifting bodies; and

(v) Linearly visco-elastic oleo struts and tires.

il




PROGRAM FEATURES

SYSTEM DEFINITION

The aircraft model previously described has been devised to furnish
a general framework representative of a large class of practical
systems. To this end the system components and their steady state
configurations have been characterized by general coordinates with
wide ranges of specification. In addition, a number of bi-valued
parareters (option indices) have been provided for eliminating from
or retaining in the model entire components or subsystems in adapt-
ing it to specific cases.

Each of the two rotors can be retained or deleted to provide repre-
sentation of systems with fewer than two rotors. For programming
purposes the rotors have been numbered 1 and 2 respectively with
the first having a higher priority of retention over the second.
Thus for a single rotored system ROTOR #1 (rather than #2) MUST be
specified as RETAINED (see "Input Data" Section).

The airframe components can each be specified as present or not
present depending on the particular system being analyzed. A half
aircraft analysis, for example, is achieved hy specifying one wing
and one tail (both being either right or left) as absent, and by
supplying fuselage and fin characteristics representative of half
the items.

The actual number (not exceeding four) of landing gears in the
particular system being analyzed is specified as input to the pro-
gram which .then limits the analysis to just that many gears.

MODES AND SYSTEM FREEDOMS

Perturbations of the system about its steady state equilibrium
configuration are represented by a number of modes falling into
three basic categories. The first is made up of BLADE VIBRATORY
MODES. They are characterized by flap, lag and twist components

at all points of the blades; frequencies of natural vibration at
specified rotational speeds; and optionally, some measure of modal
damping. Each mode is associated with a COLLECTIVE and 1P CYCLIC
ROTOR FREEDOMS. There are thus three rotor freedoms per blade mode.

AIRFRAME MODES constitute the second category. They are defined for
each point of the system including the rotor blades (after blade
modes have been accounted for). Each is associated with a single
airframe modal freedom. The third category of modes arises from the
landing gears with each mode defined to produce no displacements
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anywhere except at one of the gear sprung masses where it gives rise
to a vertical displacement of unit magnitude. Each of the gears is
thus affected by only one mode and hence one degree of freedom.

LOOPING

The program features automatic cycling (looping) through the analy-
sis for several problem cases representing parametric variations in
some of the system characterizations. 1In usage, a full set of in-

put data is supplied for the first case and only updates of a group
of pre-established data items for all subsequent cases. Five such

groups of data as described below are available for optional selec-
tion.

OPTION 1l: Aircraft velocity components as well as air density and
the speed of sound vary from case to case.

OPTION 2: Rotor RPM and steady state blade deflections for all
rotors present are updated for each case.

OPTION 3: The items in options 1 and 2 together are updated for
each case,

OPTION 4: Updated items consist of the modal frequencies and damp-
ing factors for the elastic¢ modes of the system.

OPTION 5: The landing gear properties are updated for each case,

- — i




INPUT DATA

The program accepts data on cards only. All data items must be
based on a slug-foot-second set of units. However, rotational
velocities and frequency items are input as either RPM or radiaas
per second as indicated later in this section.

The input data has been arranged in groups as described below:

Data Group A:

Data Group BI:

Data Group BII:

Data Group BIII:

Data Group BIV:

Program Definition: Specifies the problem title,
the six components of rigid displacement, and a
series of logical data to define the general
features of the current program application.

This group is required for all runs.

Rotor Configuration Definition: Includes param-
eters for defining the rotor subsystem as to the
number of rotors involved, their mode of opera-
tion, and the blade rode freedoms to be considered
in the analysis. Each of the three modal freedoms
{collective, cyclic yaw, cyclic pitch) for any of
the blade modes provided can be arbitrarily elim-
inated from the analysis where this is desirable
in obtaining a realistic representation of the
rotor system,

The group must be specified for all runs.

Rotor Data Set Nco. 1: This group is not required
if no rotors are involved in the analysis. It
contains numerical data for all the characteris-
tics of the first (and for identical rotors, the
second) rotor in the system.

Rotor Data Set No. 2: This group of data is
required only when two dissimilar rotors are
involved in the analysis. It is not required
for a single rotor or a pair of geometrically
identical and operationally similar rotors. 1In
the later case the first set applies to both
rotors.

Nacelle No. 1 Parameters: Geometrical and basic
dynamic properties of the first nacelle in the
system are here defined. It is presumed that

this nacelle and Rotor No. 1 are parts of the

same physical unit and a nacelle-rotor coupling
between them is automatically generated using data
specified separately for each.




Data Group BV:

Data Group CI:

Data Group CII:

Data Groups CIII
Through
CVII:

Data Group CVIII:

Data Group D:

Data Group E:

Data Groups FI,
FII...FV:

Nacelle No. 2 Parameters: Repatition of the
previous group for the second nacelle if present.
Otherwise this group must be eliminated.

Airframe Configuration Definition: Required for
all runs, it specifies the airframe components
present in the analysis.

Right Wing Parameters:  Required if this compo-
nent has been specified present in CI. Other-
wise omit entire group.

Parameters for Other Airframe Components: Same
items (with some modifications) as defined for
Group CII but applicable to the other airframe
components in order. However, they are included
in the data package only if the components they
apply to have been specified in CI as present.

Airframe Modal Frequencies and Damping Factors:
The modal frequencies of the airframe elastic
modes and the corresponding damping factors due
to the airframe structure are specified here.
Entire group must be eliminated if no elastic
modes are present.

Landing Gear Properties: Not required if no
landing gears are involved in the analysis.

Airframe Aerodynamics Supplemental Data: <Com-
prises sweepback angles for the airframe lifting
bodies and a reduced frequency for the first
solution case.

when airframe aerodynamics are being ignored in
the analysis, this group of data must be elim-
inated.

Data Updates for Looping Options 1 Through 5:
The group of data appropriate to the looping
option previously selected is repeated for each
solution case following the first.

Following is a tabulation and description of the input data items
and their governing input formats.

Taan = =
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BII-3
GRP, ITEM
NO. DESCRIPTION ) o
4 |Mass per unit length slugs/ft
5 |C.G. location aft of elastic axis ‘ft.z
6 |Mass moment of inertia per unit length about local slug-ft'/ft

chord axis (assumed to pass through elastic center)
7 |Mass moment of inertia per unit length about normal to slug-R%/ft

chord axis passing through elastic center

8 |Average chord length over segment length ft.
9 |Aerodynamic center location ahead of quarter-chord at a N.D.
representative section as ratio of average chord length
10 |Quarter-chord location ahead of elastic axis at a N.D.
representative section as ratio of average chord length
11 [Lift curve slope N.D.
12 |Drag coefficient dj
13 |Drag coefficient dl:} See Note #2, p. 40 N.D.
14 |Drag coefficient dj
T5a [N\ Lag components of four blade modes successively.
15b Note: If less ‘han 4 blade modes are involved, ft.
15¢ the items here must be accordingly
154 limited. .
l6a Flap components of four blade modes 1in succession
l6b fe.
lé6c Note: As above. -
164
1l7a Rate of increase with blade length of lag components
17b of blade modes. N.D.
17¢
17d Note: As for 15
18a Rate of increase with blade length of flap
18b components of blade modes. N.D.
18c :
18d)/ Note: As for 15.
19a Twist componeats of four blade modes in Radians
19b succession.
19c

19d _Note: As for 15. ’
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