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APPLIED TECHNOLOGY LABORATORY POSITION STATEMENT

This report documents an engineering analysis and resulting computer programs for the
evaluation of rotary-wing aircraft performance, handling qualities, rotor blade loads,
maneuvering characteristics, and rotor system aeroelastic stability through application of
the modal technique to the rotor blade equations of motion and stepwise integration
of the time domain equations for the rotor, hub, aircraft and control system. The pri-
mary computer programs associated with the current effort are the Mykestad Program,
for computing rotor blade natural frequencies and mode shapes; and the Rotorcraft
Flight Simulation, Computer Program C81, for computing the wide variety of flight
characteristics listed above.

The version of C81 developed under this contract is designated version AGAJ77. The
immediately preceding version in the public domain is designated version AGAJ76.
AGAJ77 differs from AGAJ76 in the following respects: an improved autopilot; more
comprehensive elastic rotor analysis; an improved engine/governor model; an improved
wake analysis; and enhanced output capabilities. While most of these improvements
were successfully installed in the computer software, extensive difficulties were experi-
enced in the implementation of the elastic rotor refinements. While the other
improvements may make the AGAJ77 version preferable for many types of studies,
AGAJ76 is recommended for the examination of rotor dynamics and loads. In using
either program, some evaluation of the program’s applicability to the problem under
investigation through correlation with existing data is a judicious first step.

The Project Engineer for this contract was Mr. Edward E. Austin, Aeromechanics
Technical Area, Aeronautical Technology Division.
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The findings in this report are not to be construed as an official Department of the Army position unless so
designated by other authorized documents.

When Government drawings, specifications, or other data are used for any purposs other than in connection
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20. Continued

; The new or revised mathematical models or documentation incorporated
into this report are listed below:

( 1) The maneuver autopilot was modified to accept four more time
history commands (pitch, roll, yaw, and climb rates) in
addition to the normal load factor. A digital filter is used
to process the airframe response signal in order to reduce the
b-per-rev component and to smooth the autopilot-generated
control commands.

(2) The effects of an offset pitch change axis have been .
incorporated in DNAMOS5 and C81.

(3) A first-order lag has been introduced into the engine power
available calculations.

(4) The rotor-induced velocity distribution tables have been
modified to be functions of advance ratio and wake-plane
angle of attack. An average induced velocity table has been
added to the analysis. In addition, the digital filter is
used in the calculations to reduce the oscillation of the
induced velocity experienced in previous versions of C81.

(5) A rotor contour plot option has been added.
(6) Time-history plots may now be made after time-variant trim,
(7) The rotorcraft flightpath stability analysis (STAB) has

been modified to output the numerators of more transfer
functions.

The first volume, the Engineer's Manual, presents an overview of
the computer program capabilities plus discussions for the back-
ground and development of the principal mathematical models in the
. program. The models discussed include all those currently in the
A\\ program. 4

~4. Volume II, the User's Manual, contains the detailed information
necessary for setting up an input data deck and interpreting the
computed data. Volume III, the Programmer's Manual, includes a
catalog of subroutines and a discussion of programming considera-
tions. The source tapes and related software for the computer
programs documented in this report are unpublished data on file at
the Applied Technology Laboratory, U. S. Army Research and
Technology Laboratories (AVRADCOM), Fort Eustis, Virginia.
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PREFACE

This report and its accompanying computer program were de-
veloped under Contract DAAJ02-77-C-0003 awarded in 1976 by the
Eustis Directorate of the U. S. Army Air Mobiltiy Research and
Development Laboratory (USAAMRDL )*. This report supersedes all
previous versions of the program and documentation, including
USAAMRDL-TR-76-41A, B, C.

Technical program direction was provided by Mr. E. E. Austin
of USATL. The principal Bell Helicopter personnel asso-
ciated with the current contract were Messrs. J. R. Van
Gaasbeek, T. T. McLarty, P. Y. Hsieh, and Dr. S. G. Sadler.

S Accennion Por

N

*Redesignated Applied Technology Laboratory, U. S. Army
Research and Technology Laboratories (AVRADCOM), effective
1 September 1977
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1.0 INTRODUCTION

The purposes of this volume of the report are to inform the

reader of the capab111t1es of the current version of the

Rotorcraft Flight Simulation Program C81 and to provide the .
information necessary for assembling an input data deck and

for successfully executing the program. The previous version

of the program (Reference 1) has been 1mproved through modifi-
cations to the maneuver autopilot, the pitch-change axis
geometry, the engine model and the Rotor Induced Velocity Distri-
bution Tables. In addition, the user can now time-history and
contour-plot rotor variables after time-variant trim.

This version of the program, designated AGAJ77, is capable of
modeling the following components of a rotorcraft: a fuselage;
two rotors, each with a modal pylon, aeroelastic blades, and a
nacelle; a wing; four stabilizing surfaces, none of which must
be purely vertical or horizontal; four external stores or
aerodynamic brakes; a nonlinear, coupled control system in-
cluding a collective bobweight, stability and control augmen-
tation system, and maneuver autopilot simulator; two jets; a
weapon; and an engine-governor system.

The six sections following this introduction present only the -
information required to set up and successfully execute a C81 '
simulation. The reader is referred to Volume I for documen- )
tation of the programmed mathematical models and to Volume III

for information regarding the computer program hardware require-

ments and available software.

Sectxon 2.0 of this report lists the 1nput data for the program

in a sequence that corresponds to the input and card sequence
required for the data deck. The inputs are grouped according

to either their function in the program or the rotorcraft com-

ponent they simulate. For example, three of the input groups

are the Program Loglc Group, the Main Rotor Group, and the W1ng
Group. Each group is read into an array whose name is given in

all uppercase letters at the left of the input sequence numbers '
in Section 2.0. Except for the first letter, the array names

were chosen to be abbreviated acronyms for the title of the i
group or component. As an aid to the user and the programmer,

!McLarty, T. T., et al., ROTORCRAFT FLIGHT SIMULATION WITH
1 COUPLED ROTOR AEROELASTIC STABILITY ANALYSIS, Volumes I-III,
' Bell Helicopter Textron; USAAMRDL Technical Reports 76-41A,

. 76-41B, 76-41C, Eustis Directorate, U. S. Army Air Mob111ty
4 - Research and Development Laboratory, Fort Eustis, Virginia,

May 1977, AD A042464 (TR 76-41A only).




a special convention was established for the first letter of
each array: arrays beginning with the letter I control program
logic; arrays beginning with Y contain the inputs used in the
, equations that compute the aerodynamic forces on the rotor
: blades, wing, and stabilizing surface; arrays beginning with T
| contain times that are used during maneuvers; and arrays
beginning with X contain, for the most part, inputs that are
physically measurable quantities, e.g., locations, weights,
angles, lengths, and control linkages.

Where possible, the definition of each input is a brief, one-
line description, with the required units, if any, given in
parentheses at the right end of the line. However, some
inputs cannot be defined so concisely. In some of these

cases, the FORTRAN symbol assigned to the input in the program
is listed. The symbol is generally an acronym for the input,
which will have meaning to the experienced user of the program.

In all cases where a FORTRAN array or variable name is used,
the standard FORTRAN convention for the format of the input
applies. That is, 1f the first letter of an array or symbol
is I, J, K, L, M, or N, the corresponding input must be a
fixed point number (integer), i.e., "I" format. All fixed-
point inputs must end in the rightmost column of the field for
the input and must not contain a decimal point. If the

first letter is not one of the six listed above, the input
must be a floating point (decimal) number, i.e., "F" format.
In view of the floating point formats used in C81, all such
inputs should include a decimal point. If the decimal point
is omitted, it is placed at the far right end of the field.
For example, if the number 1 is punched in the first column of
a 10-column field and the decimal point is omitted, the

number will be interpreted as 1000000000.0 rather than the 1.0
intended.

Section 2.0 is designed to be the only documentation that a
very experienced user needs to set up an input deck. The
less-experienced user should consult Section 3.0 for a more
complete explanation of the inputs, setup of the deck, and i
program options. This section is arranged in the same order

as Section 2.0 and includes many of the equations used in the

various mathematical models.

Section 4.0 provides information on the output of the program.
The first major subsection discusses the sign conventions, in-
cluding definitions of the reference systems used, and can be
useful in setting up the deck as well as in interpreting
output.. The remainder of Section 4.0 explains each group of
output which the program can generate during a successful
execution. The vast majority of the groups are output on the
printer. This printed output falls into three general cate-
gories: input, trim, and maneuver data. In addition, some of
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the maneuver data can be output on a CALCOMP plotter. Exam-
ples of all possible groups of output data were taken from
actual computer runs and are included in the section.

Section 5.0 lists and discusses the error messages that the
program can generate. Some of the errors terminate program
execution, while others are only warnings of conditions that
may affect the data being computed. In each case, the source
of the error is noted and, where necessary, a suggestion on
how to correct the error is given. Section 6.0 identifies the
variables that are saved for future analysis during the com-
putations of trims and maneuvers.

Utilization instructions for three ancillary programs, DNAMOS
AR9102 and AN9101, are presented in Section 7.0. These pro-
grams create Rotor Elastic Blade Data (DNAM0S), Rotor-Induced
Velocity Distribution Tables (AR9102), and C81 fuselage inputs
from test data (AN9101).

In this document, the rotors are referred to as Main Rotor (or
Rotor 1) and Tail Rotor (Rotor 2). In the output, additional
names, which are appropriate to the rotorcraft configuration,
are used. All rotor names fall into two groups:

(1) Rotor 1, First, Main, Right, Forward
(2) Rotor 2, Second, Tail, Left, Aft

The names within a group may be considered synonymous, with
context determlnlng the appropriate word. The groups also
indicate the input groups that should be used for a specific
rotor. For example, inputs for the forward rotor of a tandem-
rotor conflguratlon should be 1nput to the Main Rotor Group
and the aft rotor inputs to the Tail Rotor Group. However,
this input sequence 1s not mandatory. (The program does not
verify that Rotor 1 is actually forward or right of Rotor 2.)
With careful attention to the rotor control linkages, the two
rotor groups can be swapped to reverse the direction of rota-
tion of each rotor. See Section 3.36 for additional details.

1.1 PRIMARY AND SECONDARY OPERATIONS OF THE PROGRAM

The general operations of which the program is capable are:
(1) Compute a trimmed flight condition
(2) Compute a maneuver

(3) Perform a rotorcraft stability analysis




(4) Perform parameter sweeps of trim conditions, with or
without a rotorcraft stability analysis

(5) Retrieve maneuver time-history data stored on
magnetic tape

(6) Plot maneuver time-history data
(7) Perform a rotor aeroelastic stability analysis

(8) Perform an harmonic analysis of maneuver time-history
data

(9) Perform a vector analysis of maneuver time-history
data

(10) Store maneuver time-history data on magnetic tape

The first five general operations are primary operations and
are illustrated in the flow charts in Figures 1 through 8.
These operations are shown alone, if possible, and in all per-
nissible combinations with other operations. The last five
operations are secondary operations and occur within the block
labeled "Operations on Time-History Data' in Figures 1

through 5 and 7. The flow chart for the contents of this
block is shown in Figure 9. The flow charts of the five
secondary operations contained in the block are shown in
Figures 10 through 15.

Each primary operation or combination of operations is con-
trolled by input data. Thus, the flow charts for the primary
operations all begin with a "Read Data Deck" block. Since the
amount of data to be read depends on the operatlon or opera-
tions desired, a data deck in this context consists of a mes-
sage card, an "NPART" card telling the program which primary
operation or operations to perform, and the additional data
necessary to perform the indicated operation(s). In some
cases, the additional data are contained on 500 or more addi-
tional cards, e.g., trim, rotorcraft stability ana1y51s,
maneuver. In other cases, as little as one card of additional
data is required, e.g., data retrieval followed by only one
secondary operation.

As is implied by Fiqures 1 through 8, data decks of primary
operations other than parameter sweeps cannot be stacked one
after the other; each deck must be submitted as a separate
computer job. This situation does not impose any significant
hardship on the user, since

19

“‘:f i ot




READ DATA
DECK
(NPART=1)

i

CALCULATE
PROBLEM
CONSTANTS
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FIND
TRIM
POINT

: OPERATIONS ON
3 TIME-HISTORY
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Figure 1, Trim=-Only Operation.
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DECK
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CALCULATE
PROBLEM
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. ; Figure 2, Trim Followed by Maneuver,
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OPERATIONS ON
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Trim Followed by Maneuver with Rotorcraft

Stability Analysis.
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READ DATA
DECK
(NPART=4)

|

CALCULATE
PROBLEM
CONSTANTS

FIND
TRIM
POINT

DO STORE
ROTORCRAFT DO EACH TIME
STABILITY [ ™ MANEUVER POINT ON
ANALYSIS RESTART TAPE

OPERATIONS ON
TIME-HISTORY
DATA

END

Figure 4. First Maneuver in Restart Procedure,
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READ DATA
DECK
NPART=5

CALCULATE ?
PROBLEM
CONSTANTS

1]

COPY OLD
RESTART TAPE
TO RESTART
POINT
DO STORE EACH
ROTORCRAFT | _ _ | Do TIME POINT ON
STABILITY MANEUVER NEW RESTART
ANALYSIS TAPE

|

OPERATIONS ON
TIME-HISTORY
DATA

. Figure 5. Second and Later Restart Maneuvers,
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. READ DATA
DECK
(NPART=7)

CALCULATE
PROBLEM
CONSTANTS

FIND
TRIM
POINT

DO
ROTORCRAFT
STABILITY
ANALYSIS

END

Figure 6. Trim and Rotorcraft Stability Analysis.
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READ DATA

TIME
HISTORY
TAPE

PLOT
DISK

OPERATIONS ON
TIME-HISTORY '
DATA

END

Figure 7. Retrieving Maneuver Data Stored Permanently.
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READ
CARD SET
(NOP=3)

CALCULATE '
PROBLEM
CONSTANTS

READ TIME- I‘
HISTORY
DATA

PRINT
PLOTS

i

( CONTINUE )

Figure 10, Plotting Operation.
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CARD SET

NOP=6

CALCULATE
PROBLEM
CONSTANTS

READ TIME~-
HISTORY DAT

PERFORM
MOVING BLOCK
ANALYSIS

CONTINUE

Figure 1l. Moving Block Fast-Fourier-Transform Operation.
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Figure 1%,
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READ

CARD SET P
(NOP=13) A P
]
j
CALCULATE
PROBLEM
CONSTANTS
]
READ TIME- i
HISTORY
DATA
PERFORM .
PRONY B
ANALYSIS ' ’
CONTINUE

Prony Stability Analysis Operation.
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CARD SET
(NOP=9)

é READ

e+ o i

READ TIME-
HISTORY DATA

PERFORM
HARMONIC
ANALYSIS 1
]
PRINT PRINT p o
OUTPUT TABULAR
FUNCTION ‘
NO
MAKE
3 CALCOMP
; PLOTS

C CONTINUE >

Figure 13. Harmonic Analysis Operation.




Figure 14,

READ
CARD SET
(NOP=11)

READ TIME-
HISTORY
DATA

Y

DO LEAST-
SQUARES
ANALYSIS

DO
COMPARISONS

LINEARIZE

!

<: CONTINUVE 4:)

Vector Analysis and Data Reduction Operation,
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READ .
CARD SET
(NOP=8)

R A A«

PLOT b
DISK ;

TIME- b
HISTORY
TAPE

(:; CONTINUE i:)

Figure 15, Operation for Storing Maneuver Time-History Data '
on Tape.




(1) the parameter sweep operation can be used to replace
stacked trim-only (TRIM) and trim-and-stability-
analysis (TRIM-STAB) decks, and

(2) in practice, the need to run more than one maneuver
in a single job rarely, if ever, occurs.

The second step in several of the flow charts is "Calculate
Problem Constants." In each operation containing this step, a
number of quantities which remain constant throughout the
performance of the operation(s) must be defined using the input
data. For example, the body reference distances from the
center of gravity to the location of specific rotorcraft com-
ponents are computed. Performing such computations drastically
reduces the number of program inputs and also provides program
flexibility necessary for incorporating such operations as
parameter sweeping.

1.2 DISCUSSION OF THE PROGRAM OPERATIONS

1.2.1 Primary Operations

In finding the trim point, the program iterates on the control
positions, fuselage orientation, andsor rotor attitude to reach
desired values of the rotor flapping moments and forces and
moments on the fuselage center of gravity. When these desired
values are all zero, the trim point is an unaccelerated flight
condition. With controls locked and no external disturbances
such as gusts, the rotorcraft would theoretically continue
indefinitely along the straight flight path prescribed by the
progr m inputs. The program also permits the calculation of
two steady but accelerated flight conditions. In one, the
rotoicraft 1s in a pushover or pullup condition at an input g-
level. 1In the other, the rotorcraft is in a banked turn,
either level or spiral, at an input g-level. In these cases
the desired net forces and moments on the rotorcraft are not
all cero. but depend on the input trim point. Either the
unaccelerated or one of the steady accelerated flight condi-
tions may be used as the starting point of the maneuver.

The rotorcraft stability analysis operation uses a trim point
or a time point during a maneuver as its initial condition. The
stability derivatives are computed by making small independent
perturbations to each of the rotorcraft rigid-body degrees of
freedom and primary flight controls, computing the forces and
moments in the perturbed flight condition, subtracting the
values of the forces and moments in the initial condition from
those at the perturbed condition, and finally dividing the
differences by the appropriate perturbations. Using these
derivatives, the roots of the rotorcraft equations of motion,
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mode shapes associated with the roots, and transfer functions
for the rotorcraft system are computed.

The parameter sweep operation may be used to simulate the
stacking of TRIM and TRIM-STAB data decks for a given rotor-
craft. within a sweep deck, the user specifies by input data
those cases in the sweep for which a rotorcraft stability
analysis is and is not to be performed. The parameters most
frequently swept include airspeed, gross weight, center-of-
gravity station-line, incidence of an aerodynamic surface,
atmospheric conditions, and g-level. Generally, within a
single sweep deck, only one parameter is changed from case to
case. However, any number and combination of inputs except
some program logic switches and the values in some data tables
may be swept. The assumption is made that each desired trim
condition bears some relationship to the previous one, and
that the previous trim point is a good starting condition for
finding the next trim point. For example, in a speed sweep, a
change of 20 or 30 knots is the most that should normally be
used between 40 and 150 knots. Outside of this range, the
maximum change should not exceed 10 knots.

All maneuvers require a trim point prior to computing the time
history of a maneuver. The trim point is used to supply the
initial conditions to a system of differential equations that
describe the behavior of the rotorcraft in a maneuver. Various
external inputs, or forcing functions, may be applied, such as
control movements, gqusts, store drops, and wing incidence
change independent of control motion(s). At times specified
by input data, the maneuver can be suspended while a rotorcraft
or rotor aeroelastic stability analysis is performed. The
maneuver is then resumed as if no interruption has occurred
and continued until it reaches either the next time point to

do a stability analysis or the end of the maneuver.

A maneuver restart operation is begun just like an ordinary
maneuver using a trim condition as a starting point. The only
difference is that the time-history variables and many inter-
mediate variables are saved on the restart magnetic tape.
Subsequent maneuver restarts use the condition at one of the
saved time points and so do not require a trim condition or
the complete data set defining the rotorcraft.

1.2.2 Secondary Operations

During the course of running a trim or maneuver, the values of
a large number of time-history variables at each time point
are saved on the plot disk. At the conclusion of the trim or
maneuver, the secondary program operations specified in the
input data are performed on these variables. For example, the
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user may select any of the saved variables to be plotted on
the printer (or on CALCOMP if available). Plots made as part
of a maneuver restart run will show the entire maneuver start-
ing at time 2zero.

A complete harmonic analysis may also be made for any of the
saved variables. A fast-Fourier-transform technique is used
to examine a broad range of frequencies. This option is
especially useful for studying rotor bending moments and re-
lated variables.

Frequently, maneuvers are run where one of the controls or the
longitudinal mast tilt angle is varied sinusoidally. In this
case, the vector analysis operation can be very useful. This
analysis uses the least-squared-errors technique to fit the
saved data to a curve of the form

Fi(t) = Ai51n(wt + oi) + Bi
Then, any amplitude ratios, Ai/Aj, and phase angle differences,

o - ¢j' way be computed. Lastly, li.ear combinations of the

variables may be derived in the following form:

Fi(t) = Cj Fi(t) + Dy F(t) + E;
If it 1s desired to perform additional plotting or analysis of o
the saved variables, they may be transferred from the plot disk '
to a magnetic time history tape. The data on the tape mav then
be reloaded to the plot disk for further use at a later tii..

1.3 PROGRAMMING AND DOCUMENTATION CONSIDERATIONS

A great deal of effort has been expended to make the program

as user-oriented as possible. Most of the switches control-

ling the different program options have been included in the

Program Logic Group. The user can, therefore, determine the

nature of the model, and the analysis to be used, by checking
the inputs on the seven cards of this group.

Also, the documentation of the input format (Section 2.0) and
the user's guide to the input format (Section 3.0) have been
rewritten and expanded to make the definition of the inputs as
clear and specific as possible. The definitions are not all
easy to understand because of the nature of some of the vari-
ables, but it is thought that the definitions presented leave
room for only one interpretation. A sample set of input data
for a typical attack helicopter is included in Section 4.0
along with a detailed discussion of the program output so that
. the user can get an idea of the magnitude of most program

. inputs and outputs.
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2.0 INPUT FORMAT

This section of the report presents the basic input format for
an AGAJ76 card deck. The first subsection contains general
information regarding the structure of and program features
related to the card deck. The remaining subsections define the
inputs to each of the basic input groups to the program. The
groups are described in the same sequence in which they occur
in the data deck.

For the very experienced user of C81, Section 2.0 is frequently
the only documentation that is needed to set up, execute, and
make changes to a data deck. When more explanation is required,
the user should consult Section 3.0, which is arranged in the
same order as Section 2.0 and includes detailed discussions of
input definitions, program options, and many of the equations
used in the program.

2.1 GENERAL

2.1.1 Composition of a Data Deck and Card Format

A complete input data deck for AGAJ77 can be divided into the
47 groups or sets of cards listed in Table 1. The first 39
groups form the basic card deck, which is used for trim-only
and trim-and-rotorcraft-stability-analysis-~only program opera-
tions. The remaining eight groups are only included in the
deck when the maneuver program operation is to be performed.

The Program Logic Group is one of the most important groups 1in
the deck. It controls which groups must be included in the

deck and the program options that will be used in the computa-
tions. The input format for this group is 14 i1nteger inputs

per card with five column fields for each input (1415 format).

A primary reason for the integer format is to set the group
apart from the remainder of the deck, in which the vast majority
of the inputs are floating point numbers.

Except for the Program Logic Group, a standard format of seven
floating point numbers in 10 column fields per card (7Fl10.0
format) is used wherever practical in the deck. Only the ex-
ceptions to this standard format are noted in the following
sections. Where the format cannot be conveniently expressed by
a FORTRAN statement like 7F10.0, the location of the input on
the card is specified by the column or field of columns for the
input. Unless otherwise noted, all formats start in Column 1,
with Columns 71 through 80 reserved for the card sequence
number.
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TABLE 1.

Group Title

SEQUENTIAL SUMMARY OF INPUT GROUPS

Element Number
in MODEL Data
Set Array **

Sequence
Number of
ID Card *

Section

Deck Identification &
Program Flow Control Cards

Program Logic Group
Airfoil Data Table Group
Airfoil Data Table No.
Airfoil Data Table No.
Airfoil Data Table No.
Airfoil Data Table No.
Airfoil Data Table No.
Main Rotor Group

M/R Elastic Blade Data
Group

Tail Rotor Group

T/R Elastic Blade Data
Group

Rotor Aerodynamic Group

M/R Rotor - Induced Velocity
Distribution (RIVD) Table

T/R RIVD Table

Rotor Wake Table Group
RWAS Table No. 1
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.
RWAS Table No.

U -J - - TS B - UL "A - T S I (V)

e
N o~ O

None N/A
10 1

21
22
23
24
25
30

40
50

60
70

80
90
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TABLE 1. (Concluded)

Sequence Element Number
Number of in MODEL Data
—eo. Group Title 1D Card * _ Set Array ** Section
Fuselage Group 100 26 2.12
Landing Gear Group 110 27 2.13
Wing Group 120 28 2.14 i
Stabilizing Surface Groups None N/A 2.15 !
Stabilizing Surface No. 1 130 29 2.15.1
Stabilizing Surface No. 2 140 30 2.15.2 §
Stabilizing Surface No. 3 150 31 2.15.3 1
Stabilizing Surface No. 4 160 32 2.15.4
Jet Group 170 33 2.16
External Store/Aerodynamic
Brake Group 180 34 2.17
Rotor Controls Group 190 35 2.18
Engine-Governor Group 200 36 2.19
Iteration Logic Group 210 37 2.20
Flight Constants Group 220 38 2.21
Bobweight Group 230 39 2.22
Weapons Group 240 40 2.23
SCAS Group 250 41 2.24
Stability Analysis Times
Group 260 42 2.25
Blade Element Data Printout
Times Group 270 43 2.26
Maneuver Time Card None N/A 2.27
Maneuver Specification Cards None N/A 2.28 .
Maneuver Analysis Cards None N/A 2.;9'
2.35

“"None" indicates that the group does not have an identification (1D) card.
**"N/A" indicates that the group is not included in the MODEL data set array.

W*No specific sequence number on RWAS Table 1D Cards.
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2.1.2 Group Identification Cards and Data Library

The input groups which include a Group Identification (1D) Card
are noted in Table 1 by the inclusion of a sequence number for
the ID card.

The format for each of these ID cards 1s as follows:

Field Description of the Input
Col 1> 8 IDEN, data library name for the group
Col 11+70 Alphanumeric identifying comments

(optional)
Col 71+80 Card sequence numbers (optional)

I1f the user's version of AGAJ76 does not include the Data
Library Option, Columns 1 through 8 (IDEN) must be blank. If
this option 1is included, I1DEN may be used to call the required
inputs for the corresponding group from the data library. 1f
MODEL Opticn data sets are stored in the library, IDEN on CARD
10 (Program Logic Group 1D Card) may be used to call a complete
set of groups from the library.

Input data which are called fiom the library and whose arrvay
name is included in Table 2 can be updated with the SCHANGE
program feature. Wwhen the MODEL Option is used, the &GROUPS
program feature can be used to replace entire groups in the
MODEL Option data set by reference to the element number given
in Table 1. Figure 16 shows an example MODEL Option data deck
with the &CHANGE and &GROUPS features employed. See Section
3.1.2 for a complete discussion of the Data Labrary and MODEL
Options. See Section 3.1.3 tor explanation ot the &CHANGE and
&GROUPS program features.
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TABLE 2.

Array Name and

Range of Subscripts

IPL(1+98)
XMR(1+49)
XMBS(1+20)
XMDP(1+9)
XMP(1+14)

XMACF(1+20)

XMC(1+20)
XMT(1+20)

XMDI(1-+28)

1DTARM(1+20)
XMW(1+105)
XGMS(1+18, 1:12)
XTR(1+49)

XTBS (1+20)
XTDP(1+9)
XTP(1*14)

XTACF(1+20)

XTC(1+20)

XTT(1+20)

XTDI(1+28)

INPUT DATA ARRAYS INCLUDED IN NAMELIST

SPECIFICATION STATEMENT

Program Logic Group

Main Rotor Group

____Description of Array

Main Rotor Blade Station Distribution

Main Rotor Elastomeric Damper

Main Rotor Dynamic Pylon

Main Rotor Airfoil Aerodynamic Reference Center

Distribution

Main Rotor Chord Distribution

Main Rotor Twist Distribution

Main Rotor Harmonic
Control Motion

Blade Shaker and Harmonic

Main Rotor Aivfoil Distribution

Main Rotor Weight & Inertial Distribution

Blade General Mode Shape Data

Tail Rotor Group

Tail Rotor Blade Station Distribution

Tail Rotor Elastomeric Damper

Tail Rotor Dynamic Pylon

Tail Rotor Aivfoil Aerodynamic¢ Reference Center

Distribution

Tail Rotor Chord Distribution

Tail Rotor Twist Uistvibution

Tail Rotor Harmonic
Control Motion
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TABLE 2. (Continued)

Array Name and

Ranges of Subscripts Description of Array
b IDTABT(1+20) Tail Rotor Airfoil Distribution
? . XTW(1-+105) Tail Rotor Weight & Inertial Distribution
YRR(1+35,1) RAA Subgroup No. 1
YRR(1+35,2) RAA Subgroup No. 2
YRR(1+35,3) RAA Subgroup No. 3
YRR(1-+35,4) RAA Subgroup No. 4
YRR(1+35,5) RAA Subgroup No. 5
XFS(1-+98) Fuselage Group
XLG1(1+14) Landing Gear Subgroup No. 1
XLG2(1+14) Landing Gear Subgroup No. 2
XLG3(1+14) Landing Gear Subgroup No. 3
XLG4(1214) Landing Gear Subgroup No. 4 .
XLG5(1+14) Landing Gear Subgroup No. 5
XWG(1+42) wing Group (Basic)
YWG(1>28) Wing Aerodynamics
XCWG(1+14) Wing Control Linkages
XSTB1(1+35) Stabilizing Surface No. 1 Group (Basic)
YSTB1(1»28) Surface No. 1 Aerodynamics
XCS1(1-+14) Surface No. 1 Control Linkages
XSTB2(1-+35) Stabilizing Surface No. 2 Group (Basic)
YSTB2(1+28) Surface No. 2 Aerodynamics
XCS2(1-+14) Surface No. 2 Control Linkages

XSTB3(1+35) Stabilizing Surface No. 3 Group (Basic) ¥
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TABLE 2. (Concluded)

Array Name and

. Range of Subscripts Description of Array
j YSTB3(1+28) Surface No. 3 Aerodynamics
’ XCS3(1+14) Surface No. 3 Control Linkages

i XSTB4(1+35) Stabilizing Surface No. 4 Group (Basic)
YSTB4(1+28) Surface No. 4 Aerodynamics
XCS4(1+14) Surface No. 4 Control Linkages
XJET(1+14) Jet Group
XST1(1+21) Store/Brake No. 1 External Store/
XST2(1-»21) Store/Brake No. 2 Aerodynamic
XST3(1+21) Store/Brake No. 3 1 Brake Group
XST4(1+21) Store/Brake No. 4
XCON(1+28) Rotor Controls Group (Basic)
XCRT(1+28) Supplementary Rotor Controls
XNG(1+28) Engine-Governor Group
XIT(1+21) Iteration Logic Group
XFC(1+28) Flight Constants Group
XBW(1+7) Bobweight Group
XGN(1+7) Weapons Group
XSCAS(1+28) SCAS Group
TSTAB(1+14) Stability Analysis Times Group
TAIR(1+14) Blade Element Data Printout Times Group

The following sets of inputs are specifically excluded from the NAMELIST
specification statement: All airfoil data tables, both mode shape arrays,
both RIVD tables, and all RWAS tables.

RPN
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2.2

CARD
CARD

CARD

CARD
CARD
2.3

CARD

CARD

IDENTIFICATION AND PROGRAM FLOW CONTROL GROUP (See

Section 3.2)

00
0l

02

03
04

Message card. Columns 1-80, alphanumeric.

Col

Col
Col

Col
Col

Col
Col

4
11

1l - 2 NPART (permissible values are 1, 2,
4, 5, 6, 7, 8, and 10)
4 - 6 NPRINT

11 - 15 NVARA

10 IPSN
70 Identifying Comments

1 - 68 Identifying Comments
1 - 68 Identifying Comments

PROGRAM LOGIC GROUP (See Section 3.3)

10

11
IPL

Program Logic Group Identification Card

Col 11 - 70 Identifying Comments

Input Group Control Logic (1415 format)

(1)
(2)

(3)
(4)
(5)
()

(8)
(9)

Switch for reading reduced data deck (0 = off)
Number of Airfoil Data Tables ( = 0, 1, 2, 3,
4, or 5)

Switch for deleting rotor groups (0 = include
both rotor groups)

Number of main rotor blade segments (>0,
uniform; 0 reset to 20)

Number of tail rotor blade segments (>0,
uniform; 0 reset to 3)

Number of main rotor mode shapes <11 } Total
Number of tail rotor mode shapes <1l <12
Currently unused

Number of main rotor pylon modes (<4; >0,
full rotor mass included; <0, no rotor mass
included)

Number of tail rotor pylon modes

Number of Rotor Airfoil Aerodynamic Subgroups
(=1, 2, 3, 4 or 5)

Switch for reading Rotor-Induced Velocity
Distribution Tables (0 = off)

Switch for reading Rotor Wake Tables (0 = off)
Switch for harmonic blade shaker and harmonic
control motion (0 = off)

il atisnniatit,




CARD 12
IPL

CARD 13

ITL

CARD 14

IPL

Input Group

(15) Switch
(16) Switch
(17) Switch
(18) Switch
(19) Switch
(20) Switch
(21) Number

subgroup (0

Control Logic (1415 format)

for
for
for
for
for
for

reading wWing Group (0 = off)
reading Stabilizing Surface #1 Group
reading Stabilizing Surface #2 Group
reading Stabilizing Surface #3 Group
reading Stabilizing Surface #4 Group
reading Jet Group (0 = off)

of Store/Brake subgroups (= 0, 1, 2,
3, or 4)
(22) switch for reading Supplemental Rotor Controls

= off)

(23) Switch for reading maneuver input groups
(0 = off)
(24) Number of Landing Gear Subgroups (= 0, 1, 2,
3, 4 or 5)

(25)
(26)

—

Currently unused

(27) Rotor fold indicator (0 = unfolded)
(28) switch for shifting cg with rotor folding
(0 = no shift)

Currently unused

Analysis Logic (1415 format)

(43) Flight condition indicator (0 = turn or
unaccelerated flight)

(44) Euler angle iteration selector for TRIM (0 =
holds yaw angle constant)

(45) Switch for computing partial derivative matrix
(0 = every fifth iteration)

(46) Control variable for main rotor steady state
aerodynamics

(47) Control variable for tail rotor steady state
aerodynamics

(48) sSwitch for activating unsteady rotor aero-
dynamic options (0 = off)

(49) sSwitch for specifying which rotor can use the
time-~-variant (TV) analysis (0 = none; both
rotors use quasi-static (QS) analysis)

(50) Switch for activating TV analysis in TRIM and

MANU when IPL(49) # 0 (0 = QS trim followed
by TV trim and maneuver)
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CARD 15
IPL

CARD 16

IPL

(51)

(52)

(53)

(54)
(55)
(56)

Control variable for rebalancing main rotor
in TRIM (0 = off; >0 locks flapping; <0 locks
cyclic)

Control variable for rebalancing tail rotor
in TRIM (0 = off; >0 locks flapping; <0 locks
cyclic)

Switch for calculation of blade element
accelerations

Currently unused

Switch for wWagner function (0 = off)

Switch for locking fuselage degrees of freedom
in maneuver (0 = unlocked)

Currently unused

(57)
v
(70)

} Currently unused

Output Control Logic (1415 format)

(71)
(72)
(73)

(74)
(75)

(76)
(77)
(78)

(79)
(80)
(81)
(82)
(83)
(84)

Print control for input data (0 = print all
input data)

Print control for trim iteration data

(0 = minimum output)

Print control for optional trim page

(0 = page omitted)

Currently unused

Print control for main rotor blade element
aerodynamic data

Print control for tail rotor blade element
aerodynamic data

Station number for main rotor bending moment
data

Station number for tail rotor bending moment
data

Switch for storing contour plot data (0 = off)

1
$

Print control for Time-Variant Trim data
(# 0 suppresses printout)

Currently unused

Rotorcraft Stability Analysis and Miscellaneous Logic
(1415 format)

(84)
(86)

Switch for fuselage coupling in STAB

(0 = uncoupled) ‘
Switch for pylon degrees of freedom in STAB
(0 = off)
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(87)
(88)
(89)

(90)
(91)
(92)

(93)
(94)

(95)
(96)
(97)
(98)

SVitchffor rotor degrees of freedom in STAB
(0 = off)

Switch for rebalancing rotors in STAB when
IPL(87) = 0 (O = rebalance)

Output control for STAB matrices (0 = print
only)

Output selector for STAB diagnostics (0 = off)
Currently unused

Switch for Thrust-Induced Velocity History
in STAB

STAB numerators logic switch

Switch to suppress force and moment summary
output from perturbations (# 0 suppresses)

Currently unused
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2.4 AIRFOIL

DATA TABLE GROUP (See Section 3.4)

This group does not have an all-inclusive group identification
card (which would logically be CARD 20); each set of tables has

its own.

2.4.1 Airfoil Data Table Set No. 1 (include only if IPL(2)>1)

CARD 21 Table Identification Card

CARD 21/A Title and Control Card (7A4, A2, 612 format)

Col 1-30
31-32
33-34
35-36
37-38
39-40
41-42

Alphanumeric Title for the sets of tables

NXL, number of Mach number entries in CL table
NZL, number of angle of attack entries in CL table
NXD, number of Mach number entries in Cp table
N2D, number of angle of attack entries in CD table
NXM, number of Mach number entries in Cu table

NZM, number of angle of attack entries in CM table

2.4.1.1 Lift Coefficient Table

CARD 21/Bl Mach number entries for CL table (7X, 9F7.0 format)

Col 8-14
15-21
22-28
29-35
36-42
43-49
50-~56
57-63
64-70

CARDS 21/B2 Additional Mach Numbers (include only if NXL >10)

Same format as CARD 21/Bl; include additional cards as .
required with the same format to input NXL values of
Mach numbers

2

O O 9 00 U W

lowest Mach number

next highest Mach number

next highest Mach number

next highest Mach number

next highest Mach number

next highest Mach number

next highest Mach number

next highest Mach number

next highest Mach number )

TR R I




Card Sets for Angle of Attack/Lift Coefficient Data

N2L card sets follow the Mach number entries. Each set
has the following format:

First Card:

Col 1-7 Angle of attack, degrees
8-14 Coefficient at =M
15-21 Coefficient at
22-28 Coefficient at
29-35 Coefficient at
36-42 Coefficient at
43-49 Coefficient at
50-56 Coefficient at
57-63 Coefficient at
64-70 Coefficient at

1

T X
" n non
O:Z mz \lz 0‘3 m:z p:z w:: Nz

Second Card: (include only if NZL >10)
Col 1-7 (Not used)

8-14 Coefficient at

15-21 cCoefficient at

22-28 Coefficient at

29-35 Coefficient at

36-42 Coefficient at

43-49 Coefficient at

50-56 Coefficient at

o 57-63 Coefficient at
64-70 Coefficient at

=M,

11
12
13
14
15
16
17
18

=M
=M

f< e S S Jic S i S
n
2

Third Card: (include only if N2ZL >19)

Same format as Second Card; include additional cards as
required to input NXL values of CL‘

2.4.1.2 Drag Coefficient Table

CARDS 21/Cl, 21/C2, etc. Mach number entries

Same format as CARDS 21/Bl, 21/B2, etc; NXD entries required.

[P T
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Card Sets for Angle of Attack/Drag Coefficient Data

NZD card sets required; same format as for lift coeffi-
cient card sets; NXD values of Cp required for each card

set.

2.4.1.3 Pitching Moment Coefficient Table

CARDS 21,Dl, 21/D2, etc.

Same format as lift and drag coefficient tables; NXM Mach
number entries required; NZM card sets required with NXM
values of CM for each card set.

2.4.2 Airfoil Data Table Set No. 2 (include only if IPL(2) >2)

CARD 22
CARD 22/A
CARDS 22/Bl
CARDS 22/Cl1
CARDS 22/D1

2.4.3 Airfoil

Table Identification Card

Title and Control Card

Lift Coefficient Table

Drag Coefficient Table

Pitching Moment Coefficient Table

Data Table Set No. 3 (include only if IFL(2) >3)

CARD 23
CARD 23/A
CARDS 23/Bl
CARDS 23/Cl
CARDS 23/D1

2.4.4 Airfoil

Table Identification Card

Title and Control Card

Lift Coefficient Table

Drag Coefficient Table

Pitching Moment Coefficient Table

Data Table Set No. 4 (include only if IPL(2) >4)

CARD 24
CARD 24/A
CARDS 24/Bl
CARDS 24/Cl
CARDS 24/D1

Table Identification Card
Title and Control Card
Lift Coefficient Table
Drag Coefficient Table

Pitching Moment Coefficient Table

cabind i othatcaivil




2.4.5 Airfoil Data Table Set No. 5 (include only if IPL(2) = 5)

CARD 25 Table Identification Card
T CARD 25/A Title and Control Card
CARDS 25/Bl Lift Coefficient Table

CARDS 25/C1 Drag Coefficient Table

CARDS 25/D1 Pitching Moment Coefficient Table

NOTE: A set of tables for an NACA 0012 airfoil is compiled
within the program and stored in the region allo-
cated for Data Table Set No. 5. 1If IPL(2) = 5, the
fifth set of tables input overlays this set of in-
ternal 0012 tables. For the 380K version of C81, ’
the 0012 tables are internally stored in the region .
allocated for Data Table Set No. 2, and if IPL(2) =
2, the second table input overlays the 0012 tables.
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2.5 MAIN ROTOR GROUP (See Section 3.5) i

(omit if IPL(3) = 1 or 3)
CARD 30 Main Rotor Group Identification Card

Col 11 - 70 ldentitying Comments

F CARD 31
XMR (1) Number of blades :
(2) Undersling (in.) b
(3) Aercodynamic reference center offset, + fwd ’
(ONLY if constant) (in.) :
(4) Radius (ft) !
(5) Chord (ONLY if constant) (in.) 3
(6) Total twist (ONLY if linear) (deg)
(7) Flapping stop location (deq)
CARD 32
XMR (8) sStationiine | {Location of mast pivot (in.)
(9) Buttline ‘ lpoint for mast tilt and (in.)
(10) Wwaterline conversion maneuvers (in.)
(11) Blade weight (ignored if 1PL(6) # 0) (1b)
(12) Blade inertia (ignored if IPL(6) # 0)(slug/ft?)
(13) Rotor to engine gear ratio
| {Rotor RPM/Engine RPM)
% (14) Pitch-lag coupling (deg/deg)
é; CARD 33
3
g XMR (15) Rotor-to-swashplate angle ratio (deg/deq)
) (16) Hub-type indicator (0.0 = gimballed)
i (17) Flapping stop spring rate (ft-1b/deg)
% (18) Flapping spring rate (ft-1b/deq)
1 (19) Reduced rotor frequency for UNSAN
: option (cycles/rev)
‘ (20) Lead-lag damper (ft-1b/deg/sec)
(21) Hub extent (ft)
CARD 34
XMR (22) Precone (deg)
(23) Pitch-change axis location (0.0 = ,
25% chord) (chords)
: {24) Pitch-flap coupling angle, 63 (deq)
& (25) Drag coetficient for hub




(26) Lead~lag spring rate (ft-1b/deq)
(27) Coefficient for tip-vortex effect
(0.0 = off)
(28) Currently inactive
CARD 35
XMR (29) Tip sweep angle (+ aft) (deg)
(30) Tip loss factor (= 0, uses equation)
(31) Moment arm of pitch-link attach point
(+ fwd) (in.)
(32) Distance from hub to pitch-horn attach
point (in.)
(33) Coefficient of rotor downwash at fuselage
center of pressure
(34) Currently unused
(35) Pitch-cone coupling ratio (if IPL(6)
= 0) (deg,’deq)
CARD 36
XMR (36) Rotor nacelle weight (1b)
(37) Stationlincl Location of rotor nacclle (in.)
(38) Buttline center of gravity (in.)
(39) waterline | 1 (in.)
(40) Rotor nacelle differential flat plate
drag area (ft?)
(41) Distance from mast pivot point to rotor
nacelle aerodynamic center (ft)
(42) 1st mass moment of inertia for blade
(ignored if IPL(6) # 0) (slug-ft)
CARI' 37
XMR (43) Control phasing {deq)
(44) Longitudinal mast tilt (+ fwd) (deg)
(45) Lateral mast tilt (+ right) (degq)
(46) Mast length (ft)
(47) Flapping angle at which nonlinear flapping
spring is engaged (deq)
(48) Nonlinear flapping spring rate (ft~lb/degl)
(49) 1r - order of the nonlinearity
(50) Main rotor tilter frequency (default is
main rotor 1.7rev) (Hz)
(51) Prelag angle (deg)
(52) Radius at which prelag starts (ft) \
(53) Radius at which precone starts (ftr) )

(53]
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3 {54) Inplane PCA offset at XMR(52) (ft)
(55) Feathering bearing torsional spring
rate (in.~1b/deg)
(56) Neutral angle for feathering bear-
ing spring (deg)

CARD 39 Blade Radial Station Data (Include only if IPL(4)<0)

XMBS (1) Radius to outboard end of Segment No. 1 (in.)
(2) Radius to outboard end of Segment No. 2 (in.)
(3) Radius to outboard end of Segment No. 3 (in.)
(4) Radius to outboard end of Segment No. 4 (in.)
(5) Radius to outboard end of Segment No. 5 (in.)
(6) Radius to outboard end of Segment No. 6 (in.)
(7) Radius to outboard end of Segment No. 7 (in.)
CARD 3A
XMBS (8) Radius to outboard end of Segment No. 8 (in.)
(9) Radius to outboard end of Segment No. 9 (in.)
(10) Radius to outboard end of Segment No. 10 (in.)
(11) Radius to outboard end of Segment No. 11 (in.)
(12) Radius to outboard end of Segment No. 12 (in.)
(13) Radius to outboard end of Segment No. 13 {in.)
(14) Radius to outboard end of Segment No. 14 (in.)
CARD 3B

XMBS (15) Radius to outboard end of Segment No. 15 (in.
(l6) Radius to outboard end of Segment No. 16 (in.
(17) Radius to outboard end of Segment No. 17 (in.
(18) Radius to outboard end of Segment No. 18 (in.
(19) Radius to outboard end of Segment No. 19 (in,
(20) Radius to outboard end of Segment No. 20 (in.
(21) cCurrently inactive

N s S Nt

CARD 3C First Pylon Mode Shape. Card 1 (include only if

IPL (9) >1)
XMP (1) Generalized inertia (in.-lb-sec?)
(2) Natural frequency (Hz)
(3) Damping ratio
(4) Collective coupling (rad) .
(5) Longitudinal cyclic coupling (rad)
(6) Lateral cyclic coupling (rad)

(7) Currently unused




CARD 3D
XMP

CARD 3E

CARD 3F

CARD 3G

CARD 3H

First Pylon Mode Shape, Card 2 (include with CARD 3C)

(8) X displacement at top of mast
(9) Y displacement at top of mast
(10) 2 displacement at top of mast
(11) ex (roll) angle at top of mast

(12) ey (pitch) angle at top of mast
(13) 8, (windup) angle at top of mast
(14) Currently unused

Second Pylon Mode Shape, Card 1 (include only if

(in.)
(in.)
(in.)
(rad)
(rad)

(rad)

PL (9)] >2)
(15) Generalized inertia (in.-1lb-sec?)
(16) Natural frequency (Hz)
(17) Damping ratio
(18) Collective coupling (rad)
(19) Longitudinal cyclic coupling (rad)
(20) Lateral cyclic coupling (rad)

(21) Curvently unused

Second Pylon Mode Shape, Card 2 (include with CARD 3E)

(22) X displacement at top of mast (in.)
(23) Y displacement at top of mast (in.)
(24) 2 displacement at top of mast (in.)
(25) ex (roll) angle at top of mast (rad)
(26) Oy (pitch) angle at top of mast (rad)
(27) 6, (windup) angle at top of mast (rad)
(28) Currently unused

Third Pylon Mode Shape, Card 1 (include only if

IPL (9)] >3)
(29) Generalized inertia (in.-1lb-sec?)
(30) Natural frequency (Hz)
(31) Damping ratio
(32) Collective coupling (rad)
(33) Longitudinal cyclic coupling (rad)
(34) Lateral cyclic coupling (rad)

(35) Currently unused

Third Pylon Mode Shape, Card 2 (include with CARD 3G)

(36) X displacement at top of mast
(37) Y displacement at top of mast
(38) 2 displacement at top of mast
(39) Ox (roll) angle at top of mast
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(40) ey (pitch) angle at top of mast (rad)
(41) ez (windup) angle at top of mast (rad)
(42) Currently unused

CARD 31 Fourth Pylon Mode Shape, Card 1 (include only if

|IPL (9)]=4)
XMP (43) Generalized inertia (in.-1lb-sec?)
(44) Natural frequency (Hz)
(45) Damping ratio
(46) Collective coupling (rad)
(47) Longitudinal cyclic coupling (rad)
(48) Lateral cyclic coupling (rad)

(49) Currently unused

CARD 3J Fourth Pylon Mode Shape, Card 2 (include with CARD 31I)

XMP (50) X displacement at top of mast (in.)
(51) Y displacement at top of mast (in.)
(52) 2 displacement at top of mast (in.)
(53) ex (roll) angle at top of mast (rad
(54) ey (pitch) angle at top of mast (rad)
(55) ez (windup) angle at top of mast (rad)

(56) Currently unused
CARDS 3K, 3L, 3M - (include only if XMR(3)>100.)
‘ Airfoil aerodynamié reference center
XMACF(1)>XMACF(20) offset distribution; positive forward;
Blade Stations 1 to 20 (root to
tip) {(in.)
CARDS 3N, 30, 3P - (Include only if XNR(5) = 0.0)

Blade chord distribution; Blade Stations
XMC(1)+XMC(20) { No. 1 to 20 (root to tip) (in.)

CARDS 3Q, 3R, 3S - (Include only if XMR($)>100.0)

Blade twist distribution; Blade Stations
XMT(1)>XMT(20) { No. 1 to 20 (root to tip) (deg)

CARD 3T Harmonic Blade Shaker (Include only if IPL(14) =1

or 3)
XMDI (1) Amplitude of shaker force (1b)
(2) Shaker frequency (/xrev)
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CARD 3U

CARD 3V

XMDI

CARD 3W

XMDI

' CARD 3X

IDTABM(1)-+IDTABM(20) {

(3) Phase angle of shaker force, Blade 1

(4) Blade station number at which force is
applied

(5) Angle of force relative to beamwise upward
(90° is chordwise aft)

(6) Indicator for type of mode forced

(7) Number of blades shaken (default = all)

First Harmonic Control Shaker (Include only if
IPL(14) = 1 or 3)

(8) Amplitude of harmonic control motion

(9) Frequency of harmonic control motion

(10) Phase of control motion

(11) swashplate rocking axis orientation

(12) Indicator for type of control motion

(13) Number of blades with harmonic control
motion

(14) Currently unused

Second Harmonic Control Shaker (Include only if
IPL(14) = 1 or 3)

(15) Amplitude of harmonic control motion

(16) Frequency of harmonic control motion

(17) Phase of control motion

(18) swashplate rocking axis orientation

(19) Indicator for type of control motion

(20) Number of blades with harmonic control
motion

(21) Currently unused

Third Harmonic Control Shaker (Include only if
IPL(14) = 1 or 3)

(22) Amplitude of harmonic control motion

(23) Frequency of harmonic control motion

(24) Phase of control motion

(25) sSwashplate rocking axis orientation

(26) Indicator for type of control motion

(27) Number of blades with harmonic control
motion

(28) Currently unused

- (Include only if IPL(46)<0) (2011 format)
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(deg)

(deg)

(deg)
(/rev)
{deq)
(deg)

(deq)
(/rev)
(deq)
(deq)

(deg)
(/rev)
(degq)
(deg)

Blade airfoil distribution; Blade
Stations No. 1 to 20 (root to tip)




2.6 MAIN ROTOR ELASTIC BLADE DATA GROUP (See Section 3.6)

(Omit if IPL(6) = 0)

CARD 40 Main Rotor Elastic Blade Data Group Identification
Card

Col 11 -~ 70 Ildentifying Comments

2.6.1 Average Running Weight of Blade Segment

CARD 41/Al1
XMW (1) Blade Segment No. 1 (root) (lb/in.)
(2) Blade Segment No. 2 (lb/in.)
(3) Blade Segment No. 3 {lb/in.) :
(4) Blade Segment No. 4 (lb/in. ) :
(5) Blade Segment No. 5 (1b/in.) :
(6) Blade Segment No. 6 (1lb/in.) !
(7) Blade Segment No. 7 (1lb/in.)
CARD 41/A2
XMW (8) Blade Segment No. 8 (1b/in.)
(9) Blade Segment No. 9 (1b/in.)
(10) Blade Segment No. 10 (l1b/in.)
(11) Blade Segment No. 11 (1b/in.)
{(12) Blade Segment No. 12 (lb/in.)
(13) Blade Segment No. 13 (lb/in.)
(14) Blade Segment No. 14 (1b/in.)
CARD 41/A3
XMW {15) Blade Segment No. 15 (l1b/in.)
(16) Blade Segment No. 16 (1b/in.)
(17) Blade Segment No. 17 (lb/in.)
(18) Blade Segment No. 18 (l1b/in.)
(19) Blade Segment No. 19 (lb/in.)
(20) Blade Segment No. 20 (lb/in.)
(21) Tip weight (1b)

2.6.2 Average Running Beamwise Mass Moment of Inertia of
Blade Segment

CARD 41/Bl1 .

(root) (in.-lb-sec?/in.
(in.~-1b=-sec?/in.

XMW (22) Blade Segment No.
(23) Blade Segment No.

(in.-lb-sec*/in.
(in.-1lb-sec?/in.

{(25) Blade Segment No.
(26) Blade Segment No.

1
2
(24) Blade Segment No. 3 (in.~-1lb-sec?/in.
4
5

N N gl




(27) Blade
(28) Blade

CARD 41/B2

XMW (29) Blade
(30) Blade
(31) Blade
(32) Blade
{33) Blade
(34) Blade
(35) Blade

CARD 41/B3

XMW (36) Blade
(37) Blade
(38) Blade
(39) Blade
(40) Blade
(41) Blade

Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment

No.
No.

No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.
(42) Currently unused

6 (in.
7 (in.

8 {(in.
9 (in.
10 {in.
11 (in.
12 (in.
13 (in.
14 (in.

15 (in.
16 (in
17 (in.
18 (in.
19 (in.
20 (in.

-lb-sec?/in.
-1lb-sec?/in.

-lb~-sec?/in.
-lb-sec?/in.
-lb-sec?/in.
-lb-sec?/in.
-lb-sec?/1in.
-lb~-sec?/in.
-1lb-sec?/in.

-1lb-sec?,in.
.=-lb-sec?/in.
-1b-sec?/in.
-lb-sec?/in.
-lb-sec*/in.
-lb-sec?/in.

2.6.3 Average Running Chordwise Mass Moment of Inertia of

Blade Segment

CARD 41/C1

XMW {(43) Blade
(44) Blade
(45) Blade
(46) Blade
(47) Blade
(48) Blade
(49) Blade

CARD 41/C2

XMW (50) Blade

{51) Blade

' (52) Blade

{53) Blade

(54) Blade

(55) Blade

R (56) Blade

CARD 41/C3

XMW (57) Blade
(58) Blade

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
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No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.
No.

No.
No.

1l (root) (in.
2 (in.
3 (in.
4 (in.
5 (in.
6 (in.
7 (in.
8 (in.
9 (in.
10 (in.
11 (in.
12 (in.
13 (in.
14 {in.
15 (in.
16 (in.

-1b-sec? ‘in.
~-l1b=-sec?/in.
-lb-sec?/in.
~lb=-sec?/in.
-lb-sec?/in.
-lb-sec?/in.
-lb-sec?/in.

~1b-sec? /in.
~-lb-sec?,1in.
-lb-sec?®/in.
-lb-gsec?/in.
-lb-sec? /in.
~-lb-sec?/in.
-lb-sec /in.

-lb-sec?/in.
-lb-sec?/in.

N sVt
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(59) Blade
(60) Blade

(62) Blade

Segment
Segment

Segment

No.
No.
(61) Blade Segment No.
No.

(63) Currently unused

17
18
19
20

(in.
(in.
{(in.
(in.

-lb-sec?/in.
=lb-gec?/in.
-lb-sec?/in.
-lb-sec?/in.

2.6.4 Average Beamwise Center of Gravity Offset of Blade

Segment
CARD 41,/D1

XMw (64) Blade
(65) Blade
(66) Blade
(67) Blade
(68) Blade
(69) Blade
(70) Blade

CARD 41/D2

XMw (71) Blade
(72) Blade
(73) Blade
(74) Blade
(75) Blade
(76) Blade
(77) Blade

CARD 41,/D3

XMw (78) Blade
(79) Blade
(80) Blade
(81) Blade
(82) Blade
(83) Blade

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment

No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.

10
11
12

14

15
16
17
18
19
20

(84) cg offset of tipweight

(in.
(in.
(in.
(in.
(in.
{in.
{(in.

(in.
(in.
(in.
(in.
(in.
(in.
(in.

(in.
(in.
(in.
(in.
(in.
{(in.
{(in.

2.6.5 Average Chordwise Center of Gravity Offset of Blade

Segment
CARD 41/E1l

XMW (85) Blade
(86) Blade
(87) Blade
(88) Blade
(89) Blade
{(90) Blade
(91) Blade

Segment
Segment
Segment
Segment
Segment
Segment
Segment

No.
No.
No.
No.
No.
No.
No.

(in.
(in.
(in.
{in.
(in.
{in.
(in.

-
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CARD 41/E2

XMw (92) Blade Segment No. 8 (in.)
(93) Blade Segment No. 9 (in.)

(94) Blade Segment No. 10 (in.)

(95) Blade Segment No. 11 (in.)

(96) Blade Segment No. 12 (in.)

(97) Blade Segment No. 13 (in.)

(98) Blade Segment No. 14 (in.)

CARD 41/E3

XMW (99) Blade Segment No. 15 (in.)
(100) Blade Segment No. 16 (in.)

(101) Blade Segment No. 17 (in.)

(102) Blade Segment No. 18 (in.)

(103) Blade Segment No. 19 (in.)

(104) Blade Segment No. 20 (in.)

(105) cg offset of tipweight (in.)

2.6.6 Blade Mode Shape Data

The IPL(6) main rotor mode shapes are input here. Each mode
shape is input on (|IPL(4)|+5) cards. The format for all the
cards in a mode shape is 6F10.0. In the following discussion,
MN is the mode shape number (<IPL(6)).

2.6.6.1 First Mode (MN = 1)

CARD 42/Al Blade General Mode Shape Data
XGMS (1,MN) Mode type indicator
(2,MN) Natural frequency (/rev)
(3,MN) Generalized inertia (slug-ft?)
(4,MN) Modal damping ratio
{5,MN) Inplane hub shear coefficient (1b)
(6, MN) Out-of-plane hub shear coefficient (1b)
CARD 42/A2
XGMs (7,MN) Pitch-link load coefficient (1b)
(8, MN) Lag angle (deg)
(9,MN) Reference RPM (rpm)
(10,MN) Reference collective (deg)
(11, MN) Pitch bearing out-of-plane slope (deg)
(12,MN) Pitch bearing inplane slope (deg)
CARD 42/A3
XGMS (13,MN) 1Integral of (OP component) x

(r)dm (slug-ft?)




(14,MN) Integral of (OP component)dm (slug-ft)
(15,MN) 1Integral of (IP component) x

(r)dm (slug-ft?)
(16, MN) Integral of (IP component)dm {slug-ft)
(17, MN) Pitch bearing out-of-plane

displacement (ft)
(18, MN) Pitch bearing inplane displacement (ft)

CARD 42/Bl Blade Mode Shape
Mode Shape Data at Station No. O (Center of
Rotation)
(1) Out-of-plane displacement (ft)
(2) Inplane displacement (ft)
(3) Torsional displacement (deg)
(4) Out-of-plane bending moment
coefficient (ft-1b)
(5) Inplane bending moment coefficient (ft-1b)
(6) Torsional moment ccefficient (ft-1b)
CARD 42/B2 Blade Mode Shape Data at Station No. 1 (XMBS(1l))
(7) oOut-of-plane displacement (ft)
(8) Inplane displacement (ft)
(9) Torsional displacement (deg)
(10) oOut-of-plane bending moment
coefficient (ft-1b)
(11) Inplane bending moment coefficient (ft-1b)
(12) Torsional moment coefficient (ft-1b)
CARD 42/B3 Format repeated until there are (|IPL(4)|+1)
CARD 42/B4 cards, one for each station ?
etc.
CARD 42/C1 Cyclic Detuning Data
(1) Natural freguency at low rpm and low {
pitch angle (cpm)
(2) Natural freguency at low rpm and high
pitch angle (cpm)
(3) Natural frequency at high rpm and low '
pitch angle (cpm)
(4) Natural frequency at high rpm and
high pitch angle (cpm)
(5) Difference between reference pitch
angle and high or low value (deg)
(6) Difference between reference ivpm
and either high ot low value (1pm)
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2.6.6.2 Second and Subsequent Blade Modes

CARDS 43/Al1 through 43/Cl (Include only if IPL(6)>2) (MN = 2)

Input sequence and format similar to that of
blade mode 1.

CARDS 44/Al through 44/Cl (Include only if IPL(6)>3) (MN = 3)

Input sequence and format similar to that of
blade mode 1.

CARDS 4C/Al through 4C/Cl (Include only if IPL(6)=11) (MN = 11)

Input sequence and format similar to that of
blade mode 1.




2.7 TAIL ROTOR GROUP (See Section 3.7) é

(Omit if IPL(3) = 2 or 3)
CARD 50 Tail Rotor Group Identification Card

Col 11 - 70 1dentifying Comments

CARD 51
XTR (1) Number of blades 1
(2) Undersling (in.)
(3) Aerodynamic reference center offset, + fwd
(ONLY if constant) {in.)
(4) Radius (ft)
(5) Chord (ONLY if constant) (in.) i
(6) Total twist (ONLY if linear) (deg)
(7) Flapping stop location (deg)
CARD 52
XTR (8) Stationline Location of mast pivot (in.)
(9) Buttline point for mast tilt and (in.)
(10) waterline lconversion maneuvers (in.)
(11) Blade weight (ignored if IPL(7) # 0) (1b)
(12) Blade inertia (ignored if IPL(7) # 0) (slug-ft2?)
(13) Rotor-to-engine gear ratio(Rotor RPM/Engine RPM)
(14) Pitch-lag coupling (deg/deqg)
CARD 53
XTR (15) Rotor-to-swashplate angle ratio (deg/degqg)
(16) Hub-type indicator (0.0 = gimballed)
(17) Flapping stop spring rate (ft-1b/deg)
(18) Flapping spring rate (ft-1b/deq)
(19) Reduced rotor frequency for UNSAN 1
b option (cycles/rev)
k: (20) Lead-lag damper (ft-1b/deg/sec) ]
(21) Hub extent {(ft)
CARD 54
XTR (22) Precone (deg)
N (23) Pitch-change axis location (0.0 =
I 25% chord) {chords)
: (24) Pitch-flap coupling angle, 63 (degqg) )
if (25) Drag coefficient for hub
%
.
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CARD 55
XTR

CARD 56

CARD 57
XTR

CARD 58
XTR

(50)

(51)
(52)
(53)

Lead-lag spring rate (ft-1b/deq)
Coefficient for tip vortex effect

(0.0 = off)

Sidewash coefficient

Tip sweep angle (+ aft) (deg)
Tip loss factor (= 0, uses equations)

Moment arm of pitch-link attach point

(+ fwd) {(in.)
Distance from hub to pitch-horn attach point
Coefficient of rotor downwash at fuselage
center of pressure

Currently unused

Pitch-cone coupling ratio (if

IPL(7) = 0) - (deg/deq)
Rotor nacelle weight (1b)
Stationline {Location of rotor nacelle (in.)
Buttline } center of gravity (in.)
Waterline (in.)
Rotor nacelle differential flat plate

drag area (ft2)
Distance from mast pivot point to rotor

nacelle aerodynamic center (ft)
lst mass moment of inertia for blade

(ignored if IPL(7) # 0) (slug-ft)
Control phasing (deg)
Longitudinal mast tilt (+ fwd) (deg)
Lateral mast tilt (= %90 for tail rotor) (deg)
Mast length (ft)
Flapping angle at which nonlinear flapping
spring is engaged (deg)
Nonlinear flapping spring rate (ft-lbf/degr)

r - order of the nonlinearity

Tail rotor filter frequency (default is

tail rotor 1l/rev) (Hz)
Prelag angle (deqg)
Radius at which prelag starts (ft)
Radius at which precone starts (ft)




(54) Inplane PCA offset at XTR(52) (ft) ;
(55) Feathering bearing torsional ;
spring rate (in.~1b/deq) )
(56) Neutral angle for feathering bear- !
ing spring (deg) ’

CARD 59 Blade Radial Station Data (Include only if IPL(5)<0)
k.
XTBS (1) Radius to outboard end of Segment No. 1 (in.) 3
(2) Radius to outboard end of Segment No. 2 (in.) i

(3) Radius to outboard end of Segment No. 3 (in.)

(4) Radius to outboard end of Segment No. 4 (in.)

(5) Radius to outboard end of Segment No. 5 (in.)

(6) Radius to outboard end of Segment No. 6 (in.)

(7) Radius to outboard end of Segment No. 7 (in.)

CARD 5A

XTBS (8) Radius to outboard end of Segment No. 8 (in.
(9) Radius to outboard end of Segment No. 9 (in.
(10) Radius to outboard end of Segment No. 10 (in.
(11) Radius to outboard end of Segment No. 11 (in.
(12) Radius to outboard end of Segment No. 12 (in.
(13) Radius to outboard end of Segment No. 13 (in.
(14) Radius to outboard end of Segment No. 14 (in.

CARD 5B

XTBS (15) Radius to outobard end of Segment No. 15 (in.
(16) Radius to outboard end of Segment No. 16 (in.
(17) Radius to outboard end of Segment No. 17 (in.
(18) Radius to outboard end of Segment No. 18 (in.
(19) Rad’us to outboard end of Segment No. 19 (in.
(20) Radius to outboard end of Segment No. 20 (in.
(21) Radius to outboard end of Segment No. 21 (in.

5? i CARD 5C First Pylon Mode Shape, Card 1 (include only if

fIPL(10) >1)
f XTP1 (1) Generalized inertia (in.-1b-sec?)
it (2) Natural frequency (Hz)
'Y (3) Damping ratio
(4) Longitudinal cyclic coupling (rad)
!' {(5) Lateral cyclic coupling (rad) *
i (6) Collective coupling (rad)
! (7) Currently unused
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CARD 5D First Pylon Mode Shape, Card 2 (include with CARD 5C)

XTP1 (8) X displacement at top of mast (in.)
(9) Y displacement at top of mast (in.)

(10) 2Z displacement at top of mast (in.)

(11) ex (roll) angle at top of mast (rad)

(12) ey (pitch) angle at top of mast (rad)

(13) ez (windup) angle at top of mast (rad)

(14) Currently unused

CARD SE Second Pylon Mode Shape, Card 1 (include only if
|IPL(10)]>2)

XTP2 (1) Generalized inertia (in.-1b-sec?)
(2) Natural frequency (Hz)
(3) Damping ratio
(4) Longitudinal cyclic coupling (rad)
(5) Lateral cyclic coupling (rad)
(6) Collective coupling (rad)
(7) Currently unused

CARD 5F Second Pylon Mode Shape, Card 2 (include with CARD 4%E)

iiiade, prive - n

XTP2 (8) X displacement at top of mast (in.)
(9) Y displacement at top of mast (in.)
(10) 2 displacement at top of mast (in.) ’
(11) Bx (roll) angle at top of mast (rad)
(12) Oy (pitch) angle at top of mast (rad)
§ (13) 0, (windup) angle at top of mast (rad)

(14) Currently unused

CARD 5G Third Pylon Mode sShape, Card 1 (include only if
|1PL(10)|~3)

.. XTP3

‘ (1) Ceneralized inertia (in.-1lb-sec?)
ﬁ (2) Natural frequency (H)
k: (3) Damping ratio

% (4) Longitudinal cyclic coupling (rad)
L (5) Lateral cyclic coupling (rad)
; (6) Collective coupling (rad)
A (7) Currently unused

iy CARD SH Third Pylon Mode Shape, Card 2 (include with CARD 5G)

| XTP3 (8) X displacement at top of mast (in.)
| (9) Y displacement at top of mast (in.)
| (10) 2 displacement at top of wmast (in.)
9" . (11) 0. (roll) angle at top of mast (rad)
X (12) ﬂy (pitch) angle at top ot mast (rad)

69




(13) ez (windup) angle at top of mast (rad)
(14) Currently unused

CARD 51 Fourth Pylon Mode Shape, Card 1 (include only if

IPL(10) =4)

XTP4 (1) Generalized inertia (in.-~-1b-sec?)
(2) Natural frequency (Hz)
(3) Damping ratio
(4) Longitudinal cyclic coupling (rad)
(5) Lateral cyclic coupling (rad)
(6) Collective coupling (rad)
(7) Currently unused

CARD 5J Fourth Pylon Mode Shape, Card 2 (include with CARD 5I)

XTP4 (8) X displacement at top of mast (in.)
(9) Y displacement at top of mast (in.) !
(10) 2 displacement at top of mast (in.)
(11) ex (roll) angle at top of mast (rad
(12) ey (pitch) angle at top of mast (rad) }
(13) ez (windup) angle at top of mast (rad)

(14) Currently unused
CARDS 5K, 5L, 5M - (Include only if XTR(3)>100.)
‘Airfoil aerodynamic reference
XTACF(1)»>XTACF(20) center offset distribution, + fwd
l(root to tip) (in.)
CARDS 5N, 50, 5P - (Include only if XTR(5) = 0.0)
XTC(1)>XTC(20) Blade chord distribution (root to tip)(in.)
CARDS 5Q, SR, 5S - (Include only if XTR(6)>100.0)
XTT(1)>XTT(20) Blade twist distribution (root to tip)(degq)

CARD ST Harmonic Blade Shaker (Include only if IPL(14) = 2

or 3)
XTDI (1) Amplitude of shaker force (1b) .
(2) Shaker frequency (/rev)
(3) Phase angle of shaker force, blade 1 (deqg)
(4) Blade station number at which force is
applied
(5) Angle of force relative to beamwise upward '
(90° is chordwise aft) (deg)
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(6) Indicator for type of mode forced
(7) Number of blades shaken (default = all)

CARD 5U First Harmonic Control Shaker (Include only if
IPL(14) = 2 or 3)

XTDI (8) Amplitude of harmonic control motion (deg)

(9) Frequency of harmonic control motion (/rev)

- (10) Phase of control motion (deg)
(11) swashplate rocking axis orientation (deg)

(12) Indicator for type of control motion

(13) Number of blades with harmonic control
motion

(14) Currently unused

CARD 5V Second Harmonic Control Shaker (Include only if
IPL(14) = 2 or 3)

(15) Amplitude of harmonic control motion (deqg)
(16) Frequency of harmonic control motion (/rev)
(17) Phase of control motion (deq)
(18) swashplate rocking axis orientation (deg)

(19) Indicator for type of control motion

(20) Number of blades with harmonic control
motion

(21) Currently unused

CARD 5W Third Harmonic Control Shaker (Include only if
IPL(14) = 2 or 3)

XTDI (22) Amplitude of harmonic control motion (deg)
(23) Frequency of harmonic control motion (/rev)
(24) Phase of control motion (deg)
(25) Swashplate rocking axis orientation (deg)

(26) Indicator for type of control motion

(27) Number of blades with harmonic control
motion

(28) Currently unused

' CARD 5X - (Include only if IPL(47)<0 (20I1 format)

Blade airfoil distribution; blade
IDTABT(1)~IDTABT(20) {Stations 1l to 20 (root to tip)
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2.8 TAIL ROTOR ELASTIC BLADE DATA GROUP (See Section 3.8)

(Omit if IPL(7) = 0)

CARD 60 Tail Rotor Elastic Blade Data Group Identification

Card
4 Col 11 - 70 Identifying Comments
2.8.1 Average Running Weight of Blade Segment
CARD 61/A1l
XTW (1) Blade Segment No. 1 (root) (lb/in.)
(2) Blade Segment No. 2 (lb/in.)
(3) Blade Segment No. 3 (lb/in.)
(4) Blade Segment No. 4 (lb/in.)
(5) Blade Segment No. 5 (1lb/in.)
(6) Blade Segment No. 6 (lb/in.)
(7) Blade Segment No. 7 (lb/in.)
CARD 61/A2
XTW (8) Blade Segment No. 8 (lb/in.)
(9) Blade Segment No. 9 (1b/in.)
(10) Blade Segment No. 10 (lb/in.)
(11) Blade Segment No. 11 (lb/in.)
(12) Blade Segment No. 12 (lb/in.)
(13) Blade Segment No. 13 (1b/in.)
(14) Blade Segment No. 14 (lb/in.)
CARD 61/A3
XTW(1l5) Blade Segment No. 15 (1b/in.)
(l6) Blade Segment No. 16 (1lb/in.)
3 (17) Blade Segment No. 17 (lb/in.)
Y (18) Blade Segment No. 18 (lb/in.)
(19) Blade Segment No. 19 (1lb/in.)
(20) Blade Segment No. 20 (1b/in.)
(21) Tip Weight (1b)

2.8.2 Average Running Beamwise Mass Moment of Inertia of
Blade Segment

CARD 61/Bl1

(root) (in.-1b-sec?/in.
(in.-lb-sec?/in.
(in.-1b~sec?/in.
(in.-1b-sec?/in.

XTW(22) Blade Segment No.
< (23) Blade Segment No.
.. {24) Blade Segment No.
(25) Blade Segment No.

o W N
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i
i

(26)
(27)
(28)

CARD 61/B2

XTW(29)
(30)
(31)
(32)
(33)
(34)
(35)

CARD 61/B3

XTwW(36)
(37)
(38)
(39)
(40)
(41)
(42)

Blade
Blade
Blade

Blade
Blade
Blade
Blade
Blade
Blade
Blade

Blade
Blade
Blade
Blade
Blade
Blade

Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment

No.
No.
No.

No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.

Currently unused

2.8.3 Average Running Chordwise

SO0

10
11
12

14

15
16
17
18
19
20

(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1b-sec?/in.
(in.-lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec2/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.

Mass Moment of Inertia of

Blade Segment

CARD 61/Cl

XTW(43)
(44)
(45)
(46)
(47)
(48)
(49)

CARD 61/C2

XTW(50)
(51)
(52)
(53)
(54)
(55)
(56)

Blade
Blade
Blade
Blade
Blade
Blade
Blade

Blade
Blade
Blade
Blade
Blade
Blade
Blade

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Segment
Segment
Segment
Segment
Segment

No.
No.
No.
No.
No.
No.
No.

No.
No.
No.
No.
No.
No.
No.
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10
11
12
13
14

(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1b-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1b-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.-1b-sec?/in.
(in.-1lb-sec?/in.
(in.-1lb-sec?/in.
(in.~1lb-sec?/1in.
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CARD 61/C3

XTW(57) Blade Segment No. 15 (in.-1b-sec?/in.)
(58) Blade Segment No. 16 (in.-1b-sec?/in.)
(59) Blade Segment No. 17 ({in.-1lb-sec?/in.)
(60) Blade Segment No. 18 (in.-1lb-sec?/in.)
(61) Blade Segment No. 19 (in.-1lb-sec?/in.)
(62) Blade Segment No. 20 (in.-1b-sec?/in.)

(63) Currently unused

2.8.4 Average Beamwise Center of Gravity Offset of Blade

Segment
CARD 61/Dl
XTW(64) Blade Segment No. 1 (root) (in.)
(65) Blade Segment No. 2 (in.)
(66) Blade Segment No. 3 (in.)
(67) Blade Segment No. 4 (in.)
(68) Blade Segment No. 5 (in.)
(69) Blade Segment No. 6 (in.)
(70) Blade Segment No. 7 (in.)
CARD 61,/D2
XTW(71) Blade Segment No. 8 (in.)
(72) Blade Segment No. 9 (in.)
(73) Blade Segment No. 10 (in.)
(74) Blade Segment No. 11 (in.)
(75) Blade Segment No. 12 (in.)
(76) Blade Segment No. 13 (in.)
(77) Blade Segment No. 14 (in.)
CARD 61/D3
XTW(78) Blade Segment No. 15 (in.
(79) Blade Segment No. 16 (in.

(80) Blade Segment Nc. 17 (
(81) Blade Segment No. 18 (
(82) Blade Segment No. 19 (in.
(83) Blade segment No. 20 (
(84) cg offset of tipweight (

2.8.5 Average Chordwise Center of Gravity Offset of Blade
Segment

CARD 61/E1

XTW(85) Blade Segment No. 1 (root)
(86) Blade Segment No. 2
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CARD 61/E2

XTW(92)
(93)
(94)
(95)
(96)
(97)
(98)

CARD 61/E3

XTW(99)
(100)
(101)
(102)
(103)
(104)
(10S)

Blade Segment No. 3 (in.)
Blade Segment No. 4 (in.)
Blade Segment No. 5 (in.)
Blade Segment No. 6 (in.)
Blade Segment No. 7 (in.)
Blade Segment No. 8 (in.)
Blade Segment No. 9 (in.)
Blade Segment No. 10 (in.)
Blade Segment No. 11 (in.)
Blade Segment No. 12 (in.)
Blade Segment No. 13 (in.)
Blade Segment No. 14 (in.)
Blade Segment No. 15 (in.)
Blade Segment No. 16 (in.)
Blade Segment No. 17 (in.)
Blade Segment No. 18 {in.)
Blade Segment No. 19 (in.)
Blade Segment No. 20 {(in.)
cg offset of tipweight (in.)

2.8.6 Blade Mode Shape Data

The IPL(7) tail rotor mode shapes are input here. Each mode
shape is input on ( {IPL(5)| +5) cards. The format for all the
cards in a mode shape is 6F10.0. 1In the following discussion,
MN is the mode shape number (<IPL(7)).

2.8.6.1 First Mode (MN = 1)

CARD 62/Al
XGMS

Blade General

(1,MN+IPL(6))*
(2,MN+IPL(6))
(3,MN+IPL(6))
(4,MN+IPL(6))
(5,MN+IPL(6))

(6, MN+IPL(6))

Mode Shape Data

Mode type indicator

Natural frequency (/xrev)
Generalized inertia (slug=-£ft?)
Modal damping ratio

Inplane hub shear (1b)
coefficient

Out-of-plane hub shear
coefficient (1b)

*The second subscript is MN+IPL(6) .because the tail rotor
general mode shape data is stored in the XGMS array after
the main rotor general mode shape data.
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XGMsS (7,MN+IPL(6)) Pitch-Link Load Coefficient (1lb)
(8, MN+IPL(6)) Lag Angle (deg)
(9,MN+IPL(6)) Reference RPM (rpm)

(10, MN+IPL(6)) Reference Collective (deg)
(11, MN+IPL(6)) Pitch bearing out-of-plane
slope (deg)

(12, MN+IPL(6)) Pitch bearing inplane slope (deg)

CARD 62/A3

XGMS (13,MN+IPL(6)) Integral of (OP com- ,
ponent) x (r)dm (slug-£ft2) :
(14,MN+IPL(6)) Integral of (OP com-
ponent )dm (slug-ft) ;
(15,MN+IPL(6)) Integral of (IP com- '
ponent) x (r)dm (slug-ft2?) ;
(16, MN+IPL(6)) Integral of (IP com-
ponent )dm (slug-ft)
(17, MN+IPL(6)) Pitch bearing out-of-plane
displacement (£t) P
(18, MN+IPL(6)) Pitch bearing inplane dis- [

placement (ft)

Blade Mode Shape

Mode Shape Data at Station No. 0 (Center of
Rotation)

(1) Out-of-plane displacement (ft)

(2) Inplane displacement (ft)
(3) Torsional displacement (deg)
(4) Out-of-plane bending moment
coefficient (ft-1b)
(5) Inplane bending moment coefficient (ft-1lb)
! (6) Torsional moment coefficient (ft-1b)

CARD 62/B2 Blade Mode Shape Data at Station No. 1 (XTBS(1l))

(7) Out-of-plane displacement (ft)
(8) Inplane displacement (ft) ;
(9) Torsional displacement (deg)
(10) Out-of-plane bending moment .
coefficient (ft-1b)
(11) Inplane bending moment coefficient (ft-lb)
(12) Torsional moment coefficient (£t-1b)

- CARD 62/B3 Format repeated until there are ( [IPL(5)|+1)
, CARD 62/B4 cards, one for each station




CARD 62/Cl Cyclic Detuning Data

(1) Natural frequency at low rpm and low

pitch angle (cpm)
(2) Natural frequency at low rpm and high

pitch angle (cpm)
(3) Natural frequency at high rpm and low

pitch angle (cpm)
(4) Natural frequency at high rpm and

high pitch angle (cpm)
(5) Difference between reference pitch

angle and high or low value (deg)
(6) Difference between reference rpm

and either high or low value (rpm)

2.8.6.2 sSecond and Subsequent Blade Modes

CARDS 63/A1 through 63/Cl (Include only if IPL(7)>2) (MN = 2)

Input sequence and format similar to that of
blade Mode 1.

CARDS 64/A1 through 64/Cl (Include only if IPL(7)>3) (MN = 3)

Input sequence and format similar to that of
blade Mode 1.

CARDS 6C/Al through 6C/Cl (Include only if IPL(7)=11]) (MN = 11)

Input sequence and format similar to that of
Mode 1.
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2.9 ROTOR AERODYNAMIC GROUP (omit only if IPL(3) = 3 and

IPL(11) =

CARD 70

Rotor Aerodynamic Group Identification cCard

2.9.1 Rotor Airfoil Aerodynamic (RAA) Subgroup No. 1

CARD 71A

YRR

CARD 71B

YRR

CARD 71C

YRR

CARD 71D

YRR

(8,1)
(9.,1)
(10,1)
(11,1)
(12,1)

(13,1)
(14,1)

(15,1)
(16,1)
(17,1)
(18,1)

(1s,1)
(20,1)

(21,1)

(22,1)
(23,1)
(24,1)
(25,1)
(26,1)

Drag divergence Mach number for a = 0

Mach number for lower boundary of

supersonic region

Maximum CL' normal flow, M = 0
Coefficients of Mach number in

} maximum C, equation, normal

L

flow
Maximum CL' reversed flow, M = 0
Slope of l1lift curve for M = 0 (/deg)

Coefficients of M for (/deg)
} lift-curve slope in sub- (/deqg)

sonic region (/deqg)
CD for a = 0, M =0

Coefficients of a in non- (/degqg)
} divergent drag equation (/deg?)

Coefficient in supersonic drag equation
Maximum nondivergent CD

Thickness/chord ratio
Control variable for using data table

(=0.0, uses equations: >0, uses YRR(18,1l)th
table - internal 0012 table is Table 5)

Drag rise coefficient (/deg)
Coefficient of yaw angle in Mach

number equation

Exponent in Mach number equation

for yawed flow

Coefficients of o for Mach (/deg?)
} critical in steady Cy (/deg)
equation
CM for a = 0, M= 0
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CARD 71E

(27,1)
(28,1)

(29,1)

(30,1)
(31,1)

{32,1)
(33,1)

(34,1)
(35,1)

Switch for UNSAN yawed flow effects
(0 = off)
Maximum value of yawed flow angle (deg)

Zero lift line orientation at M = 0,

normal flow {deg)
Coefficients for zero lift line {deqg)
orientation as a function of Mach (degq)
number

Increment to steady state lift

coefficient

Increment to steady state drag

coefficient

Increment to steady state pitching
moment coefficient

2.9.2 RAA subgroup No. 2 (Include only if IPL(11)>2)

CARD 72A
CARD 72B
CARD 72C
CARD 72D
CARD 72E

YRR(1,2)+YRR(35,2)

2.9.3 RAA Subgroup No. 3 (Include only if IPL(11)>3)

CARD 73A
CARD 73B
CARD 73C
CARD 73D
CARD 73E

1
$

YRR(1,3)>YRR(35,3)

2.9.4 RAA subgroup No. 4 (Include only if IPL(11)>4)

CARD 74A
CARD 74B
CARD 74C
CARD 74D
CARD 74E

l
S

YRR(1,4)>YRR(35,4)

2.9.5 RAA subqroup No. 5 (Include only if IPL(l1l) = §)

CARD 75A
CARD 75B
CARD 75C
CARD 75D
CARD 75E

}

YRR(1,5)+>YRR(35,5)
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2.10 ROTOR INDUCED VELOCITY DISTRIBUTION TABLES GROUP (omit
1f IPL(12) = 0)

A rotor induced velocity distribution (RIVD) table may be input
for each rotor. If a table is not input for a particular rotor,
the distribution is computed from the equation in Section
3.10.3.

2.10.1 Main Rotor Table (include only if IPL(12) = 1 or 3)

CARD 80 Main Rotor RIVD Table Identification Card : 3

CARD 80/A Title and Control Card (8A4, 8X, 413, 8X, Fl0.0
format)

Col 1-32 Alphanumeric title for table -
36-38 NMU, Number of advance ratios (1 < NMU < 10)
39-41 NAA, Number of angle-of-attacks (1 < NAA < 5)
42-44 NHH, Order of highest harmonic (0 < NHH < 9)
45-47 NRS, Number of radial stations (if input as

0, defaults to radial stations given in main
rotor group)
51-60 Reference resultant force magnitude {1bf)

2.10.1.1 Advance Ratio Inputs

CARD 80/Bl1 (include only if NMU > 2; 7Fl10.0 format)

WKMU (1) Smallest advance ratio

Next larger advance ratio
Next larger advance ratio
Next larger advance ratio
Next larger advance ratio
Next larger advance ratio
Next larger advance ratio

S S, P P P
SOk WwhN
N N i N S

CARD 80/B2 (include only if NMU > 8; 3F10.0 format)
WKMU (8) Next larger advance ratio

(9) Next larger advance ratio

(10) Next larger advance ratio

2.10.1.2 wake Plane Angle-of-Attack Inputs

CARD 80/C (include only if NAA > 2; 5F10.0 format)
WKAA (1) Smallest wake plane angle-of-attack (positive

nose up) (deg)
(2) Next larger angle-of-attack (deqg)
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(3) Next larger angle~of-attack (deg)
(4) Next larger angle-of-attack (deg)
(5) Next larger angle-of-attack (deg)

NOTE: WKAA(l) < WKAA(2) < WKAA(3) < WKAA(4) < WKAA(5)

2.10.1.3 Radial Station Inputs

CARD 80/D (Include only if NRS # 0, 7F10.0 format)

WKRS (1) Radius to RIVD Table Station 1 (Fraction of rotor

radius)
) Radius to RIVD Table Station
) Radius to RIVD Table Station
) Radius to RIVD Table Station
) Radius to RIVD Table Station
) Radius to RIVD Table Station
) Radius to RIVD Table Station

NOOVh W

CARD 80/E (Include only if NRS # 0, 7F10.0 format)
WKRS ) Radius to RIVD Table Station 8

) Radius to RIVD Table Station 9

) Radius to RIVD Table Station 10
) Radius to RIVD Table Station 11
) Radius to RIVD Table Station 12
) Radius to RIVD Table Station 13
) Radius to RIVD Table Station 14

CARD 80/F (Include only if NRS # 0, 7F10.0 format)

WKRS{1l5) Radius to RIVD Table Station 15
(16) Radius to RIVD Table Station 16
(17) Radius to RIVD Table Station 17
(18) Radius to RIVD Table Station 18
(19) Radius to RIVD Table Station 19
(20) Radius to RIVD Table Station 20
(21) Currently unused

NOTE : All three cards (CARD 80/D, CARD 80/E and CARD 80/F)
must be included if NRS # 0.0. Station 1 must not be
at the center of rotation, but should be the inner-

most RIVD station. These cards must not be included
if NRS = O.

2.10.1.4 sSets of Coefficients (NMU*NAA*NRS sets required)

Each set of coefficients corresponds to a specific combination
of advance ratio, angle-of-attack, and radial station (WKMU(I),
WKAA(J), and WKRS(K) respectively). See Figure 17 for input
sequence of the sets. Each set of coefficients starts on a new
card and consists of one to six cards in the following format:

81

e P RS s

e



Array name for corresponding

value of y, aup? and x /—\/\___—-\\7

{(WKMU (1), WKLM(J), and
WKRS (K), respectively)

WKMU ;NMU /

NKHU(J) thru / )
WKMU (NHU-1) 7 ;,Zi
/7
/ /7
:7¢fi. / (NMU-3)
Z?w(m Z//r 7 NAA*NRS
e .
WKAA (NAA) IAINRS
/)’ ’ NRS
WKAA (3) Lhru .
WKAA(NAA 1) )
WKMU (1) l{"‘hkgg(NRs) /(NAA 3) *NRS
NKM(Z)/ 7

WKRS (1)
//7 VKRS (NRS) Sequence Number of a
z{*hKRS(NRH 1) Card Set in the Deck =
, \1-1) *NAANRS + (1) *NRS + K
WKAA(I)’ e.g., the card set for y =
WKMU(Z), A = WKAA(3) and

x = WKRS (18) where NMU =
lifi WKRS (2) '(NRQ 1Y) 6, NAA = 3 and NRS = 10 is
WKRS (1" (2~1)*3*10 + (3-1)*10 + 18

or the 68 th set of coeffi-

One(l) cients in the 180 sets

y— included in the table
éi;—-—Numbcr of Sets of Coetfficients Included

leth of Card Sets Not to Scale

~.

b ate

- Schematic Diagram of Card Deck for RIVD Table.
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1 First Card (7F10.0 format)

Col 1-10 Constant (zeroth harmonic)
11-20 Sine component of first harmonic
21-30 Cosine component of first harmonic
31-40 Sine component of second harmonic ©
41-50 Cosine component of second harmonic
51-60 Sine component of third harmonic j
) 61-70 Cosine component of third harmonic ;

Second Card (include only if NHH > 4; 10X, 6F10.0 format)

Col 1-10 (Not used) ;

11-20 Sine component of fourth harmonic !
21-30 Cosine component of fourth harmonic

31-40 Sine component of fifth harmonic

41-50 Cosine component of fifth harmonic

51-60 Sine component of sixth harmonic

61-70 Cosine component of sixth harmonic

Third Card (include only if NHH > 7) {

Sine and cosine components for seventh, eighth and
ninth harmonics; same format as second card.

2.10.1.5 Average Induced Velocity Table (NMU cards)

The average induced velocities computed by the wake program 4
for each combination of advance ratio and angle-~of-attack are

input in this table.

First Card (5F10.0 format)

Col 1-10 Value for first advance ratio, first angle-

of attack (ft/sec)
11-20 value for first advance ratio, second angle-

of-attack (ft/sec)
21-30 Value for first advance ratio, third angle-

of-attack (ft/sec)

* 31-40 Value for first advance ratio, fourth angle-~

of-attack (ft/sec)
41-50 Value for first advance ratio, fifth angle-

of-attack (ft/sec)
Zi:gg } Currently unused




Second Card (Include only if NMU > 2; S5F10.0 format)

This card contains the values of the average induced velocity
for the second advance ratio for each of the angles-of-attack.

Tenth Card (Include only if NMU = 10; 5Fl10.0 format)

This card contains the values of the average induced velocity
for each of the angles-of-attack for the tenth advance ratio.

2.10.

Format for this table is the same as for the Main Rotor Table.

CARD
CARD

CARD
CARD

CARD
Sets

Tail

those for the main rotor (Section 2.10.1). There will be
NMU*NAA*NRS sets of up to six cards each, plus NMU cards
containing the average induced velocities.

.

-

2 Tail Rotor Table (include only if IPL(12) = 2 or 3)

920 Tail Rotor RIVD Table Identification Card
90/Aa Title and Control Card

90/B1 Advance ratio inputs

90/B2

90/C Wake-plane angle-of-attack inputs

of Coefficients

rotor RIVD coefficients are input in the same format as

"’ "!




2.11 ROTOR WAKE AT AERODYNAMIC SURFACES TABLES GROUP
(Omit if IPL(13) = 0)

If IPL(13) # 0, exactly 1PL(13) tables must be input. The for-
mat for each table is identical to each other and similar to the
RIVD tables discussed in Section 2.10. The format for an ex-
ample table follows:

First Card: Table Identification Card

Second Card: Title and Control Card (8A4, 8X, 313 format)

Col 1-32 Alphanumeric title for table
41-43 NMU, Number of advance ratios
(1 < NMU < 3)
44-46 NLM, Number of inflow ratios
(1 < NLM < 2)
47-49 NHH, Order of highest harmonic

(0 < NHH < 7)

Next Card: Advance ratio inputs; 3F10.0 format; in-
clude if and only if NMU > 2

Next Card: Inflow ratio inputs; 2F10.0 format; in-
clude if and only if NLM = 2

Next Cards: Set of coefficients; NMU*NLM sets required; '
one to three cards for each set; same for-
mat as for sets of coefficients in RIVD
Tables (see Section 2.10.1.3); see Figure
18 for input sequence of the sets.




Array name for corresponding

value of u and A (WKMU(I) and 4
WKLM(J) respectively) I
Third
RWAS Table
Second
RWAS Table
—5

WIKMU (NMU )

Py
7/
First WKMU(3) / /
RWAS thru 7/ /
WIMU(NLM-1) / / /

WKLM(1) g (NLM-1)

One(l)

Number of sets of coefficients
included

Length of Card Sets Not to Scale

Figure 18. Schematic Diagram of Card Deck for a Set of RWAS
Tables.
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2.12 FUSELAGE GROUP (include only if IPL(1l) = 0)

| CARD 100 Fuselage Group Identification Card
2.12.1 Basic Inputs .
] CARD 101
1
‘ ’ XFS (1) Gross weight (1b)
(2) stationline (in.)
(3) Buttline {Location of fuselage (in.)
(4) waterline data reference point (in.)
. (5) stationline (in.)
(6) Buttline {Location of center (in.)
(7) Wwaterline of gravity (in.)
CARD 102
XFS (8) Aircraft rolling inertia, L (slug-£ft2)
(9) Aircraft pitching inertia, Iyy (slug-£ft?)

(10) Aircraft yawing inertia, I, (slug-ft?)
(11) Aircraft product of inertia, Ixz(slug-ftz)

(12) Force and moment equation use C

indicator, LGF C )
(13) Phasing Angle (Nominal/Phasing) (deq)
(14) Phasing Angle (High/Phasing) (deg)

2.12.2 Aerodynamic Inputs (Wind Axis)

Cards 103 through 10E contain the coefficients for the High An-
gle and Nominal Angle Equations. The asterisk (*) indicates that
the input is considered necessary; see Section 3.12.

2.12.2.1 cCoefficients for Lift Equations

CARD 103

XFS (15) L/q at Yy ew = 0° (Fwd Flt) (£t2)
(16) L/q at y, = 180°, 6, = 0° (Rwd Flt) (ft2)
(17) Approx. peak L/q for 0°§ew§90°,

¥, = 0° (£ft2)
(18) vValue of ew for XFS(17) (degqg)
(19) L/q at y, = 0°, 8 = 90° (Vert Flt.)(ft?)
(20) L/q at g, = 90°, 8 = 0° .
(Sideward Flt) (£t2) .
(21) 3(L/q)/3y, (ft2/deq) %
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CARD 104
XFS

2.12.2.2
CARD 105
XFS

CARD 106
XFS

(22)
*(23)

(24)
(25)
(26)
(27)
(28)

3(L/q)/3 (¥2) (£t?/deg?)
a(L/q)/aew; lift-curve slope at

¥, = 0° (£t2/deq)
3(3(L/q)/av,) /28, (ft?/deg?)
3(3(L/q)/3(v2)) /a8, (£t2/deg3)
3(L/q)/3(82) (ft?/deg?)
3(3(L/q)/3%,)/8(62) (£t2/deg®)
3(L/q)/2(83) (£t2/deg?)

Coefficients for Drag Equations

*(29)
(30)
(31)
(32)

(33)

(34)
(35)

*(36)
*(37)
(38)

(39)
*(40)

(41)
(42)

D/q at ¢w = ew = 0° (Fwd Flt) (£ft2)
D/q at ¢w = 180°, Gw = 0° {Rwd Flt) (£t2)
D/q at ¢, = 90°, 6 = 0°(Sideward Flt) (£t2)
D/q at 6 = -90° (Ascending Vertical)

Flt.) (£t2)
D/q at ew = +90° (Descending Vertical

Flt.) (ft2)
Currently unused

3(D/q) /3%, (ft?/deg)

a(D/q)/a(¢3); variation of drag with

yZ at 6, = 0° (ft?/deg?)
3(D/q)/38,,i variation of drag with

8, at ¥ = 0° (ft2/deq)
3(3(D/q)/3y,)/36 (£t2/deg?)
3(3(D/Q)/3(¢3))/39w (£t?/deg?)
a(n/q)/a(eg); variation of drag with

63 at g = 0° (£t2/deg?)
3(3(D/q)/3y,,)/3(8%) (£t?/deg®)
3(D/q)/3(8y) (ft?/deg?®)
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M

2.12.2.3 Coefficients for Pitching Moment Equations

CARD 107
XFS

CARD 108
XFs

2.12.2.4
CARD 109
XFS

*(43)
(44)
(45)
(46)
(47)
(48)
(49)

(50)
*(51)

(52)
(53)
(54)
(55)
(56)

M/q at ¥, = 6, = 0° (Fwd Flt) (£t3)
M/q at ¢, = 180°, 8, = 0° (Rwd F1t) (£t3)
Approx. peak M/q for 0°¢ <90°, ¢ = 0° (£t%)
Value of 8., for XFS(45) (deg)

M/q at ¢ = 0°, 6, = 90° (Vertical Flt) (ft3)

M/q at ¥ = 90°, 6 = 0° (Sideward Flt) (ft3)
3(M/q)/3y,, (ft3/deq)
3(M/q)/3(¥2) (£t3/deg?)
a(M/q)/38,; static longitudinal (£t3/deq)
stability

3(3(M/q)/av¥,,)/a8 (ft3/deg?)
d(3(M/q)/3(¥2)) /20, (££3/deg?)
3(M/q)/3(62) (ft3/deg?)
3(3(M/q)/3y,,)/3(82) (£t3/degs)
3(M/q)/3(63) (ft3/deg3)

Coefficients for Side Force Equations

(57)
(58)
(59)
(60)
(61)
(62)
(63)

Y/q at ¢, = 90°, 6, = 0° (Sideward Flt) (ft?)

Approx. peak Y/q fgr 0§¢w§90°, 0y = 0° (ft2)
Value of ey for XFS(58) (deq)
Y/q at ¥, = 6, = 0° (Fwd F1lt) (£t2)
9(Y/q)/38,, (£t2/deq)
3(Y/q)/3(62) (ft?/deg?)

3(Y/q)/3(83) (ft?/deg?)




j CARD 10A

XFs

2.12.2.5

CARD 10B

CARD 10C
XFS

*(64)

(65)
(66)
(67)
(68)
(69)
(70)

a(Y/q)/aww; slope of Y versus
¢w at ew = 0°
a(3(Y/<I)/30w)/3¢w
3(3(‘1/(1)/3(0‘2,))/8\#w

8(¥/q)/3 (¥2)
3(3(Y/Q)/30w)/8(¢3)
3(Y/Q)/3(¢3)
a(3(Y/<I)/39w)/3(¢3)

Coefficients for Rolling Moment Equations

(71)
(72)
(73)
(74)
(75)
(76)
(77)

*(78)

(79)
(80)
(81)
(82)
(83)
(84)

1/q at by,

(£t2/deg)

(£t2/deg?)
(£t2/deg®)
(ft?2/deg?)
(ft2/deg®)
(ft2/deg®)
(ft2/deg*)

90°, 8, = 0° (sideward F1t) (ft3)

Approx. peak l/q for 0<yp < 90°, 8, = 0° (ft})

Value of ww for XFS(72)
1/q at ww =9

3(1/q)/96

3(1/q)/2(62)
3(1/q)/3(63)

a(1/q)/a¢w; slope of RM curve for
¢w at aw = 0°

3(8(1/Q)/39w)/3\vw
3(3(1/q)/2(62) /0y,

3(1/9)/8(y2)

3(3(1/q)/28,,)/3 (42)

3(1/9) /3 (¥3)

8(8(1/Q)/80w)/3(¢3)

0° (Fwd. Flt.)

(deg)
(££3)
(ft3/degq)
(£t3/deg?)
(ft3/deg?)

(ft3/deg)
(£t3/deg?)
(ft3/deg?)
(ft3/deq?)
(ft3/deg?)
(£t3/deg?)
(£t3/deg*)




2.12.2.6 Coefficients for Yawing Moment Equations

CARD 10D

XFs (85)
(86)

(87)
(88)
(89)
(90)
(91)

CARD 10E
XFS *(92)

(93)
(94)
(95)
(96)
(97)
(98)

N/q at y, = 90°, 6, = 0° (Sideward Flt) (ft3)
Approx. peak N/q for 05¢wg90°,
= Q°

8, (£t3)
Value of ¢w for XFS(86) (deg)
N/q at ¢, = 8 _ = 0° (Fwd. Flt.) (£t3)
3(N/q)/38, (ft3/deg)
3(N/q)/3(62) (£t3/deg?)
3(N/q)/3(63) (ft3/deg?)
B(N/q)/aww; slope of YM curve for

¥, at 6 = 0° (ft3/deq)
2 (3(N/q)/208,,) /3, (ft®/deg?)
2(3(N/q)/3(82)) /3%, (ft3/deg®)
3 (N/q)/3 (¥3) (£t®/deg?)
3(3(N/q)/38 ) /3 (¥2) (£t3/deg?)
3 (N/q)/3(¥3) (£t3/deg?)
3(3(N/q)/36,,)/3(¥3) (£t3/deg*)

CARDS 10F through 10J must be input if IPL(9) # 0. These
cards contain the data for calculation of linear accelera-
tions at a specified point in the fixed system. All 5 cards

must be input.
CARD 10 F
XFSMs (1,1)

Stationline Location of specified (in.)

Buttline point at which (in.)

wWaterline accelerations are (in.)
desired

s Currently unused

91




CARD 10G
XFSMs

CARD 10H
XFSMsS

CARD 101
XFSMS

CARD 10J
XFSMS

(8,1)
(9,1)
(10,1)

(11,1)
(12,1)
(13,1}
(14,1)

(15,1)
(16,1)
(17,1)

(18,1)
(19,1)
(20,1)
(21,1)

(22,1)
(23,1)
(24,1)

(25,1)
(26,1)
(27,1)
(28,1)

(29,1)
(30,1)
(31,1)

(32,1)
(33,1)
(34,1)
(35.1)

Mode shape components of
'pylon mode 1 at the
specified point

Currently unused

Mode shape components of
pylon mode 2 at the
Ispecified point

Currently unused

‘Mode shape components of
pylon mode 3 at the
specified point

Currently unused

‘Mode shape components of
pylon mode 4 at the
lspecified point

Currently unused

(ft)
(ft)
(ft)

(ft)
(ft)
(ft)

(ft)
(ft)
(ft)

(ft)
(ft)
(ft)
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2.13 LANDING GEAR GROUP (Omit if IPL(24) = 0 or IPL(l) # 0)

CARD 110 Landing Gear Group Identification Card
2.13.1 Landing Gear Group No. 1 (Include only if IPL(24)>1)

CARD 111
XLGl1 (1) sStationline {Location of (in.)
(2) Buttline % Gear Point (GP) (in.)
(3) Wwaterline (in.)
(4) Spring constant (1b/(ft)*)
(S) Exponent of GP displacement
(6) Damper constant (lb/(ft/sec)**)
(7) Exponent of GP velocity
CARD 112
XLGl (8) Drag area of gear (£t2)
(9) Currently unused
(10) Coefficient of friction
(11) Pitch angle to line of action (degq)
(12) Roll angle to line of action (deg)
(13) Main rotor downwash factor 1
(14) Tail rotor downwash factor .

2.13.2 Landing Gear Group No. 2 (Include only if IPL(24)>2)

CARD 113} XLG2(1)»XLG2(14); same input sequence and format
CARD 114 as XLGl(1l)-XLGl(1l4).

2.13.3 Landing Gear Group No. 3 (Include only if IPL(24)>3)

CARD 115} XLG3(1)»XLG3(14); same input sequence and format as
CARD 116 XLG1(1)»XLG1l(14).

2.13.4 Landing Gear Group No. 4 (Include only if IPL(24)>4)

CARD 117 } XLG4(1)»XLG4(14); same input sequence and format
CARD 118 as XLG1l(1)+XLGl(1l4).

2.13.5 Landing Gear Group No. 5 (Include only if IPL(24)=5)

CARD 119} XLG5(1)~XLG5(14); same input sequence and format

CARD 11A as XLG1(1)-XLG1(1l4).
. NOTE: The landing gear model has not yet been implemented
de - in €81. The user may read in this group, but it

will not affect the analysis.

*Exponent of denominator equals XLG1(5) "
o **Exponent of denominator equals XLG1(7) '
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2.14 WING GROUP (omit if IPL(15) = 0 or IPL(1l) # 0)

CARD 120

2.14.1

wing Group Identification Card

Basic Inputs

CARD 121

XWG

CARD 122

CARD i23

(12)
(13)
(14)

(15)

(16)
(17)

(18)
(19)

(20)
(21)

wing area (including carry-through) (ft2)
Stationline Location of center of (in.)
Buttline pressure for right (in.)
Waterline wing panel (in.)
Incidence angle (+ nose up) (deg)
Effective dihedral angle (+ up) (deq)
Sweep angle of guarter chord line

(+ aft) (deg)

Geometric aspect ratio

Spanwise efficiency factor

Taper ratio of wing (tip chord/root chord)
Coefficient in equation for dynamic
pressure reduction at stabilizers due

to wing

Dynamic pressure reduction at wing due

to fuselage

Coefficient in equation for wing wake

centerline deflection (deg)
Control surface (flap) deflection (deg)
Coefficients for change in lift (deg)
} coefficient as a function of control
surface deflection (/deg?)
Coefficients for change in maximum (/deg)
} lift coefficient as a function of
control surface deflection (/deg?)
Coefficients for change in profile (/deg)
drag coefficient as a function of
control surface deflection (/deg?) '
Currently unused
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CARD 124

CARD 125

CARD 126

XWG

(22)
(23)

(24)
(25)
(26)
(27)

(28)

(29)
(30)
(31)
(32)
(33)
(34)

(35)

(36)
(37)
(38)
(39)
(40)
(41)

(42)

Coefficients for change in wing (/deg)

pitching moment as a function of

control surface deflection

Coefficients for downwash at (/deg)

the right wing panel due (deg/deqg)

to the fuselage (deg/deg?)

Coefficients for sidewash at (deg/deqg)
} the right wing panel due to

fuselage

Effect of Rotor 1 wake on R/H wing panel
Effect of Rotor 1 wake on L/H wing panel
Effect of Rotor 2 wake on L/H wing panel
Effect of Rotor 2 wake on R/H wing panel
Coefficient of sideslip in roll moment
equation

Coefficient of sideslip and CL in

roll moment equation
Coefficient of yaw rate and C
roll moment equation

Lln

Coefficient of roll rate in roll
moment equation

Coefficient of sideslip in yaw
moment equation 2
Coefficient of sideslip and CL
yaw moment equation 2
Coefficient of yaw rate and CL
yaw moment eqguation
Coefficient of yaw rate and Cp

in yaw moment equation o
Coefficient of roll rate and CL in

yaw moment equation

Coefficient of roll rate and dCD/da in
yaw moment equation

in

in

95

(/deg?)

(deg/deg3)



2.14.2 Aerodynamic Inputs

CARD 127
YWG

CARD 128

CARD 129

CARD 12A

NOTE:

(1)
(2)

(3)

(4)
(S)
(6)
(7)

(8)
(9)
(10)
(11)
(12)

(13)
(14)

(28)
The

Drag divergence Mach number for o = 0
Mach number for lower boundary of
supersonic region

Maximum CL normal flow, M (Mach number)

Coefficient of Mach number

in maximum C,, equation, normal
flow

Maximum CL' reversed flow, M = 0

Slope of lift curve for M = 0
Coefficients of M for lift
curve slope in subsonic

} region

CD for a =0, M=0

Coefficients of « in a non-
divergent drag equation

Coefficient in supersonic drag equation
Maximum nondivergent cD
Thickness/chord ratio
Control variable for use of data table
Drag rise coefficient

} Currently unused

Mach Critical in steady CM
equation
CM fora =0, M=0

} Coefficients for a for

} Currently unused

=0

(/deq)
(/deg)
(/deq)
(/degq)

(/deg)
(/deg®)

(/deq)

(/deg?)
(deg)

descriptions for the aerodynamic inputs for the
stabilizing surfaces (YSTBl, YSTB2, YSTB3, and YSTB4
arrays) are identical to that for the YWG array.
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2.14.3 Control Linkage Inputs (Include only if IPL(15)>0)

CARD 12B
XCWG (1) } Coefficients for rigging wing (deg/in.) '
angle to collective stick .
(2) position (deg/in.%)
(3) Breakpoint for collective rigging (%)
(4) } Coefficients for rigging wing to (deg/in.)
longitudinal cyclic stick .2 '
(5) position (deg/in.*) ;
(6) Breakpoint for longitudinal cyclic (%) :
rigging :
(7) Linkage switch (0.0 for incidence)
E|
CARD 1l2C

XCWG (8) } Coefficients for rigging right (deg/in.)
wing panel to lateral cyclic .
(9) stick position (deg/in.?)
{(10) Breakpoint for lateral stick rigging (%)
(11) } Coefficients for rigging right (deg/in.)
(12) wing panel to pedal position (deg/in.2)
{13) Breakpoint for pedal rigging (%) ;
(14) Coefficient for rigging wing angle (deg/deg) 0

to longitudinal mast tilt

PEEE e e

-
-
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2.15 STABILIZING SURFACE GROUPS (Omit all four groups if

IPL(16) = IPL(17) = IPL(18) = IPL(19) = 0 or IPL(1l) # 0O)

2.15.1 Stabilizing Surface Group No. 1 (Include only if

CARD 130
2.15.1.1
CARD 131

XSTB1

CARD 132

XSTB1

CARD 133

XSTB1

IPL(16) # 0)

Stabilizing Surface Group No. 1 Identification Card

Basic Inputs

(15)
(16)
(17)
(18)
(19)
(20)
(21)

Stabilizing surface area
Stationline Location of center
Buttline } of pressure for the
Waterline stabilizing surface
Incidence angle

Effective dihedral angle (+ up)
Sweep angle of quarter-chord line
(+ aft)

Geometric aspect ratio of surface
Spanwise efficiency factor

Taper ratio

Tailboom bending coefficient
Dynamic pressure reduction at
surface due to fuselage

Downwash at surface due to wing
Control surface deflection

Coefficients for change in lift
coefficient as a function of
control surface deflection
Coefficients for change in maximum
lift coefficient as a function of
control surface deflection
Coefficients for change in profile
drag as a function of control
surface deflection

urrently unused

n N, i, o e

(£t2)
(in.)
(in.)
{(in.)
(degq)
(deg)

(deg) -

{rad/1b)

(deg)
(dey)

(/deg)
(/deg?)
(/deg)
(/deg?)
(/deg)
(/deg?)




CARD

134

XSTB1

CARD

X

2.15

CARD
CARD
CARD
CARD

2.15.

CARD

135

STB1

1.2
136
137
138
139
1.3
13A

XCsl

(23) pitching moment coefficient as a

(24) } Coefficients for downwash at

(22) } Coefficients for change in surface

(25) surface due to the fuselage

(26)

(27) } Coefficients for sidewash at the
(28) surface due to the fuselage

(29) Effect of Rotor 1 wake on the surface

(30) Velocity at which surface starts to
enter Rotor 1 wake

(31) Velocity at which surface is com~-
pletely in the Rotor 1 Wake

(32) Effect of Rotor 2 wake on the surface

(33) Velocity at which surface starts to
enter Rotor 2 wake

(34) Velocity at which surface is com-
pletely in the Rotor 2 wake

(35) Currently unused

Aerodynamic Inputs

YSTB1(1)>YSTB1(28)

function of control surface deflection

(/deg)
(/deg?)

(deg)
(deg/degqg)
(deg/deg?)
(deg/deq)
(deg/deg3)

(kn)
(kn)

(kn)
(kn)

(See Section 2.14.2)

Control Linkage Inputs (Include only if IPL(16)>0)

(2) stapi}izer angle to collective
position

(3) Breakpoint for collective rigging

(4) } Coefficients for rigging

(1) } Coefficients for rigging

stabilizer angle to longitudinal
(5) 5 ; g
cyclic stick position
(6) Breakpoint for longitudinal cyclic
rigging
(7) Linkage switch (0.0 for incidence)
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(deg/in.)
(deg/in.2?)

(%)
(deg/in.)

(deg/in.?)
(%)
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CARD 13B

_,.V-_._A_*A_._A

XCsl (8) Coefficients for rigging (deg/in.)
(9) stabilizer angle to lateral (a .2
cyclic position eg/in.”)
(10) Breakpoint for lateral cyclic rigging (%)
(11) } Coefficients for rigging (deg/in.) .
stabilizer angle to pedal .
(12) position g pe (deg/in.?)
(13) Breakpoint for pedal rigging (%)
(14) Coefficient for rigging stabilizer (deg/degq)

to longitudinal mast tilt

2,15.2 sStabilizing Surface No. 2 (Include only if IPL(17) # 0)

CARD 140 Stabilizing Surface No. 2 Identification Card

2,15.2,1 Basic Inputs

CARD 141
CARD 142
CARD 143 XSTB2 (1) +XSTB2 (35)
CARD 144
CARD 145

2.15.2.2 Aerodynamic Inputs i 4

CARD 146
- CARD 147
CARD 148
CARD 149

YSTB2 (1) +~YSTB2 (28)

2.15,2.3 Control Linkage Inputs (Include only if IPL(17)>0)

CARD 14A }

CARD 14B XCS2 (1) +XCsS2(14)

2.15.3 Stabilizing Surface No. 3 (Include only if IPL(18) # 0)

CARD 150 Stabilizing Surface No. 3 Identification Card

2.15.3.1 Basic Inputs

CARD 151
CARD 152
CARD 153 XSTB3 (1) +XSTB3(35)
CARD 154
CARD 155

'i‘.
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2.15.3.2 Aerodynamic Inputs

CARD 156
CARD 157
CARD 158
CARD 159

1 YSTB3 (1) ~YSTB3(28)

2.15.3.3 Control Linkage Inputs (Include only if IPL(18)>0) *

CARD 15A }
CARD 15B XCS3(1)+XCS3(14)

2.15.4 Stabilizing Surface No. 4 (Include only if IPL(19) # 0)

CARD 160 Stabilizing Surface No. 4 Identification Card

2.15.4.1 Basic Inputs

CARD 161

CARD 162 l

CARD 163 XSTB4 (1) *XSTB4 (35)
CARD 164 ’

CARD 165

2.15.4.2 Aerodynamic Inputs

CARD 166 )
CARD 167 N

CARD 168 | YSTB4 (1) »YSTB4 (28)
CARD 169

2.15.4.3 Control Linkage Inputs (Include only if IPL(19)>0)

CARD 16A } XSC4 (1) +XSC4(14)

CARD 16B

c e M,
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2.16 JET GROUP (Omit if IPL(20) = 0 or IPL(1l) # 0)

CARD 170 Jet Group Identification Card
CARD 171 :
XJET (1) Number of controllable jets
(2) Thrust of right, or first, jet (1b)
(3) Thrust of left, or second, jet (1b)
(4) Stationlinel {Location of right (in.)
(5) Buttline (first) jet thrust (in.)
” (6) Waterline (in.)
; (7) Currently unused
f
‘ CARD 172
; XJET (8) Yaw angle, body to right (first) jet (deg)
‘ (9) Pitch angle, body to right (first) jet (deg)
(10)
(11) 1
(12) Currently unused
(13) s
(14)

PR i
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2.17 EXTERNAL STORE/AERODYNAMIC BRAKE GROUP (Omit entire group

i1f IPL(21) = 0 or IPL(1l) # O)

CARD 180

Store/Brake Group Identification Card

2.17.1 Store/Brake No. 1 (Include only if IPL(21)>1)

CARD 181A

XSTl (1)

(7)
CARD 181B

XST1 (8)
(9)
(10)
(11)
(12)

(13)
(14)
CARD 181C

XST1 (15)
(16)
(17)
{18)
(19)
(20)
(21)

Weight of store (<0 for aerodynamic
brake)

Stationlinel Location of store/
Buttline brake center of
wWaterline ’ gravity

Distance from cg to center of

pressure at e = 0 (+ aft)

Distance from cp at aee = 0 to
= °

cp at e +90° (+ aft)

Dynamic pressure loss at store

Store rolling inertia

Store pitching inertia

Store yawing inertia

Store product of inertia
Induced velocity factor from
main rotor

Induced velocity factor from
tail rotor

Aerodynamic break deployment

Ly/q
L,/q
Do/q Coefficients for store/
DSIDE/q \ brake lift, drag, and
Dpyp/d side force equations
Yy/4
Y,/q

103

(in.)

(slug-ft?)
(slug-ft?)
(slug-ft2?)
(slug-ft2)

(%)

(£t2)
(£t2)
(£t2)
(£t2)
(ft#)
(ft?)
(ft2)




CARD
CARD
CARD

CARD

CARD

CARD
CARD

.2 Store/Brake No. 2 (Include only if IPL(21)>2)

igggl XST2(1)+XST2(21); =ame input sequence and

182¢ format as XST1(1)+XST1(21)

.3 Store/Brake No. 3 (Include only if IPL(21)>3)

iggg XST3(1)»XST3(21); same input seqguence and format
AS XST1(1)+XST1(21)

183C

.4 Store/Brake No. 4 (Include only if IPL(21) = 4)

ig:gl XST4(1)+XST4(21); same input sequence and

184C’ format as XST1(1)-XST1(21)
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2.18 ROTOR CONTROLS GROUP

CARD 190

2.18.1 Basic

Controls Group ldentification Card

Controls Subgroup

CARD 191

XCON (1)
(2)

(3)

(4)

(5)

(6)

(7)
CARD 192

XCON (8)

(10)
(11)
(12)
(13)
(14)

CARD 193

XCON (15)

Range of collective stick (in.)
Collective pitch for Rotor 1 with stick (deg)
full down (BM = 0)
Range of collective pitch for Rotor 1 (deg)
(By = 0)

M

Rotor 1 collective pitch lock indicator
(# 0 for locked)

Rotor 1 root collective pitch if (deg)
XCON(4) # O
Change in jet thrust with collective (1b/in.)

stick position
Currently unused

Range of longitudinal cyclic stick (in.)
Rotor 1 cyclic swashplate angle with (degq)
stick full aft

Range of cyclic swashplate angle for (deg)

rotor 1 due to longitudinal cyclic

Rotor 1 cyclic swashplate angle lock

indicator (# 0 for locked)

Rotor 1 cyclic swashplate angle at XCON (degqg)
(14) azimuth if XCON(1ll) # O

Change in jet thrust with longitudinal (1b/in.)
cyclic stick position

Azimuth angle of maximum swashplate dis- (deg)
placement with longitudinal cyclic stick

for Rotor 1 (Default value 1is 0.0)

Range of lateral cyclic stick (in.)
Rotor 1 cyclic swashplate angle with (deg)
stick full left

Range of cyclic swashplate angle for (deg)

Rotor 1 due to lateral cyclic
Rotor 1 cyclic swashplate angle lock
indicator (# 0 for locked)

105




(19)
(20)

(21)

CARD 194

XCON (22)
(23)

(24)
(25)

(26)
(27)

(28)

Rotor 1 cyclic swashplate angle at (deg)
XCON(21) azimuth if XCON(18) # 0

Change in jet thrust with lateral (lb/in.)
cyclic stick position

Azimuth angle of maximum swashplate (deqg)

motion with lateral cyclic stick for
rotor 1 (Default value is 270.0)

Range of pedals (in.)
Rotor 2 collective pitch with pedals (deg)
full right

Range of collective pitch for Rotor 2 (deg)

Rotor 2 colliective pitch lock indicator

(# 0 for locked)

Rotor 2 collective pitch if XCON(25) # O (deqg)
Change in jet thrust with pedal (1b/in.)
position

Currently unused
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2.18.2 Supplementary Controls Subgroup (Include only if
IPL(22) # 0)

CARDS 195 through 198 give the control system coupling ratios
for both rotors. In the following discussion,

X

1 Fixed-system collective intermediate control angle

2 Fixed-system longitudinal cyclic intermediate control angle

X
x3 Fixed-system lateral cyclic intermediate control angle
X

L}

4 Fixed-system tail rotor collective intermediate control

angle
L
(eo)i = Collective intermediate control angle,
.th
1 rotor
L]
(Bl)i = Longitudinal cyclic intermediate control i=1o0r 2

angle, ith rotor

(Al)i = Lateral cyclic intermediate control angle,

ith rotor

CARD 195 Collective Control Coupling

XCRT (1) (), /53X, (default = 1.0) (deg/deg)
(2) 8(8,),/3%, (deg/deg)
(3) a(By) /23X, (deg/deg)
(4) a(By),/0%, (deg/deg)
(5) 3(A;),/3X, (deg/deg)
(6) 8(A)),/2X) (deg/deg)

(7) Currently unused

CARD 196 Longitudinal Cyclic Control Coupling

XCRT (8) a(eo)i/ax2 (deg/deg)
(9) a(e,),/3X, (deg/deqg)
(10) a(al)i/ax2 (default = 1.0) (deg/deq)

(11) a(al);/ax2 (deg/deg)




(12) 3(A,),/3X%, (deg/deq)
(13) 3(A;),/0%, (deg/deq)
(14) Currently unused

CARD 197 Lateral Cyclic Control Coupling

XCRT (15) 2(8_);/0X, (deg/deg)
(16) 3(0,),/2X, (deg/deg) ‘
(17) a(B,), /0%, (deg/deg)
(18) a(B,), /5%, (deg/deg)
(19) 2a(A,), /0%, (default = 1.0) (deg/deg)
(20) 3(A)),/0X, (deg/deg)

(21) Currently unused

CARD 198 Pedal Control Coupling

XCRT (22) 8(6_) /5%, (deg/deq)
(23) a(e_),/3%, (default = 1.0) (deg/deg)
(24) 2(B)),/5%, (deg/deg)
(25) 8(B;), /0K, (deg/deg)
(26) 2(a)), /2%, (deg/deq)
(27) 3(A)),/8%, (deg/deg)

(28) Currently unused
CARD 199 Control Linkage to Longitudinal Mast Tilt Angle

XCRT (29) sSwitch to change rotor control linkages
with longitudinal mast tilt (0.0 = no change)

itudinal mast tilt

i ; (30) Coefficients for changing (deg/degq)
; ' . } XCON(2) as a function of long-~
(31) itudinal mast tilt (deg/deg?) .
-t (32) Range of collective pitch for (deg)
» Rotor 1 at longitudinal mast tilt

-~ 7 = 90° (default = 100.0) (
. (33) Coefficient for modifying XCRT(5) (deg/deg) :
s and XCRT(6) as a function of long- i
1
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CARD 19A

KCRT

CARD 19B

XCRT

(34)
(35)

Coefficients for modifying (deg/deq)
XCRT(10) as a function of long- (deg)
itudinal mast tilt

Nonlinear Rigging

(36)

(37)
(38)
(39)
(40)
(41)
(42)

Coefficient for nonlinear rigging (deg/in.2)

of collective

} Coefficients for nonlinear (deg/in.2?)
rigging of longitudinal cyclic {(deg/in.3)
Coefficients for nonlinear (deg/in.?)

} rigging of lateral cyclic (deg/in.3)
Coefficients for nonlinear (deg/in.?)

} rigging of pedals (deg/in.3)

Cyclic Actuator Phasing

(43)

(44)

(45)
(46)
(47)
(48)
(49)

Azimuth for maximum swashplate motion (deg)
with longitudinal cyclic stick for

Rotor 2 (default = 0.0)

Azimuth for maximum swashplate motion (degqg)
with lateral cyclic stick for Rotor 2

(default = 270.0)

Currently unused
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2.19 ENGINE-GOVERNOR GROUP

CARD 200 Engine-Governor Group ldentification Card

CARD 201

XNG

CARD 202

XNG

CARD 203

XNG

Maximum Continuous Horsepower Available Card

(1) Continuous transmission horsepower limit

P

(HP)

(2) Lowest temperature for continuous horsepower

available curve
(3) Continuous horsepower available at lowest
temperature

(4) Medium temperature for continuous horsepower

available curve
(5) Continuous horsepower available at medium
temperature

(°c)
(HP)
(°C)

(HP)

(6) Highest temperature for continuous horsepower

available curve (°C)
(7) Continuous horsepower available at highest
temperature (BP)
Maximum Takeoff Horsepower Available Card
(8) Takeoff transmission horsepower limit (HP)
(9) Lowest temperature for takeoff horsepower
available curve (°c)
(10) Takeoff horsepower available at lowest
temperature (HP)
(11) Medium’ temperature for takeoff horsepower
available curve (°C)
(12) Takeoff horsepower available at medium
temperature (HP)
(13) Highest temperature for takeoff horsepower
available curve (°C)
(14) Takeoff horsepower available at highest
temperature (HP)
Engine-Governor Constants Card
(15) Drive system rotational speed (RPM)
(16) Governor power gain (default = 1.0) (HP/RPM)
(17) Time constant for engine power increase
(default = =) (sec)
(18) Time constant for engine power decrease
(default = =) (sec)
(19) Rotor 1 rotational inertia
(default = bl ) (slug-ft?)
bMR

Rotor 2 rotational inertia

(default = bl ) (slug-ft?)
TR
Drive system rotational inertia (slug-£t2?) i
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CARD 204

XNG (22) Rotor 1 transmission efficiency ratio o
(default = 1.0)
(23) Rotor 2 transmission efficiency ratio
(default = 1.0)
(24) Overall transmission efficiency ratio
(default = 1.0)

(25) Accessory horsepower (HP)
(26)

(27) Currently unused

(28)

111 ]




i 2.20 ITERATION LOGIC GROUP

CARD 210 Iteration‘Logic Group Identification Card

CARD 211
XIT (1) Iteration limit for TRIM
(2) A¥ of rotor(s) for time-variant trim (deg)
(3) Limiter for change in average rotor- (ft/sec)

induced velocity

Partial derivative increment for STAB

Nurber of rotor revolutions to be plotted

after time-variant trim (default = none)

) Number of rotor revolutions in TVT and FTVT
(0 reset to 3.0 in FTVT, to 5.0 in TVT)

(7) Damper to suppress blade torsional "bounce"

(0 reset to 1.)

—~
(o} (S0~
—

(8) Minimum value for main rotor flapping (deg)
angle correction limit

(9) Minimum value for tail rotor flapping {deg)
angle correction limit

(10) Maximum value for use of variable (ft-1b) '
damper for main rotor

(11) Maximum value for use of variable (ft-1b)
damper for tail rotor

(12) sStarting value for TRIM correction (deg)
limit

(13) Minimum value for TRIM correction (deg)
limit

(14) Maximum value for use of vari- (1b or ft-1lb)

able damper in TRIM

{15) Allowable error in longitudinal force (1b)
balance

(16) Allowable error in lateral force balance (1b)

(17) Allowable error in vertical force (1b)
balance

(18) Allowable error in pitching and (ft-1b)
yawing moment balance

(19) Allowable error in rolling moment (ft-1b)
balance

(20) Allowable error in main rotor (ft-1b)
flapping moment balance

(21) Allowable error in tail rotor (ft-1b) :

flapping moment balance

112
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1
2.21 FLIGHT CONSTANTS GROUP 15

CARD 220 Flight Constants Group ldentification Card '

DECKS MAY ONLY BE FOLLOWED BY PARAMETER-SWEEP CARDS

(NPART = 10), CONTOUR PLOT CARDS (NOP = 12) OR TIME-

HISTORY PLOT CARDS (NOP = 3 AND 14), IN APPROPRIATE
. COMBINATIONS.

1 113

CARD 221
XFC (1) Forward velocity (ground reference) (kn)
(2) Lateral velocity (ground reference) (kn)
{(3) Rate of climb (ground reference) (ft/sec)
(4) Geometric altitude (controls ground effect) (ft)
(5) Euler angle yaw (heading angle) (deg)
(6) Euler angle pitch (deg)
(7) Euler angle roll (degqg)
CARD 222
XFC (8) Collective stick position (%)
(9) Longitudinal cyclic stick position (%)
(10) Lateral cyclic stick position (%)
(11) Pedal position (%)
(12) g level
fii; } Currently unused :?
CARD 223
XFC (15) Main rotor longitudinal flapping angle (deq) '
(16) Main rotor lateral flapping angle (deq) ﬂ
(17) Tail rotor longitudinal flapping angle (deq)
(18) Tail rotor lateral flapping angle (degqg) ]
(19) Main rotor thrust (1b)
(20) Tail rotor thrust (1b)
(21) Currently unused
CARD 224
XFC (22) l
ggi; Currently unused 3
(25) ‘
(26) Atmospheric logic switch (0.0 = Std Day;
>0, XFC(28) is F°; <0, XFC(28) is C°;
>100.0, XFC(27) is the density of ratio and
1 XFC(28) is the speed of sound)
1 o (27) Pressure altitude or density ratio (ft)
£ (28) Ambient temperature or speed of
3? i sound (°C, °F, or ft/sec)
. ! NOTE: END OF TRIM OR TRIM-STAB DECK; NPART = 1 AND NPART = 7
{
]

AL il
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2.22 BOBWEIGHT GROUP (Include only if NPART = 2 or 4 and
IPL(23) # 0)

CARD 230 Bobweight Group Identification Card

CARD 231
XBW (1) Effectivity coefficient (deg/in.)
(2) Spring constant (1b/in.)
(3) Damping coefficient (lb-sec/in.)
(4) Weight of bobweight (1b)
:2; Currently unused

(7) Preload (g)
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2.23 WEAPONS GROUP (Include only if NPART = 2 or 4 and
IPL(23) # 0)

CARD 240 Weapons Group ldentification Card

CARD 241
XGN (1) sStationline (in.)
- (2) Buttline Location of weapon (in.)
{(3) Wwaterline (in.)
(4) Azimuth (+ right) (deg)
(5) Elevation (+ up) (deg)
:g; } Currently unused
Note: Use the weapons group in conjunction with a J = 16

card, Section 3.27.2.10.
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2.24 SCAS GROUP (Include only if NPART = 2 or 4 and
IPL(23) # 0)

CARD 250 SCAS Group ldentification Card

CARD 251

(in. of stick)

XSCAS (1) KH, Roll response feedback (deg/sec)

gain

(2) T (sec)
(3) T, Roll channel (sec)
(4) L time constants (sec)
(5) Te (sec)
(6) L ) (sec)

(7) K Roll pilot feed- (in. of stick)

GI
forward gain

(in. of stick/sec)

CARD 252
(in. of stick)

XSCAS (8) KH' Pitch response feedback

(deg/sec)

gain
(9) T (sec)
(10) T, Pitch channel (sec)
(11) T, time constants (sec)
(12) LI (sec)
(13) g (sec)

. . (in. of stick)
(14) KG' Pitch pilot feed- (in. of stick/sec)
forward gain
CARD 253

in. of pedal
XSCAS (15) KH’ Yaw response feedback ( (deg/sgc) )

gain
(16) Yy (sec)
(17) T, Yaw channel (sec)
(18) Ty time constants (sec)
(19) L (sec)
(20) 1, _ (sec)

. (21) K., Yaw pilot feed- (in. of pedal)

GI
' forward gain

(in. of pedal/sec)

116

P TR VU




CARD 254 .]

XSCAS (22) Maximum authority in Roll (%)
(23) Maximum authority in Pitch (%)
(24) Maximum authority in Yaw (%)
(25) Dead band for d/dt (Roll Moment) (ft-1b/sec)
(26) Dead band for d/dt (Pitch Moment) (ft-1b/sec)
(27) Dead band for d/dt (Yaw Moment) (ft-1b/sec)

(28) Currently unused

b
I
!
i
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2.25

2, 4,

CARD 260

CARD 261

TSTAB

CARD 262

TSTAB

STABILITY ANALYSIS TIMES GROUP (Include only if NPART =
or 5 and IPL(23) # 0)

Stability Analysis Times Group Identification Card

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)

(9)
(10)
(11)
(12)
(13)
(14)

Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis

Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis
Time or azimuth
analysis

angle
angle
angle
angle
angle
angle

angle

angle
angle
angle
angle
angle
angle

angle

for
for
for
for
for
for

for

for
for
for
for
for
for

for

first

(sec
second

(sec
third

(sec
fourth

(sec
fifth

(sec
sixth

(sec
seventh

(sec
eighth

(sec
ninth

(sec
tenth

(sec
eleventh

(sec
twelfth

(sec
thirteenth

(sec
fourteenth

(sec

If no rotorcraft stability analyses are to be
formed, TSTAB(l) must refer to a time or rotor azi-

muth angle after the end of the maneuver.

of 9999. (seconds) is suggested as the input for

such a case.
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deg)
deg)

deg)

deg)
deg)
deg)
deg)
deg)
deg)

deg)

per-
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2.26 BLADE ELEMENT DATA PRINTOUT GROUP (Include only if

NPART = 2,

4,

or 5 and IPL(23) # 0)

CARD 270 Blade Element Data Printout Group ldentification

CARD 271

TAIR

CARD 272

TAIR

NOTE:

Card

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)
(9)
(10)
(11)
(12)
(13)

(14)

If no printouts are to be made,

maneuver.

Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout

Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout
Time or azimuth
printout

angle
angle
angle
angle
angle
angle

angle

angle
angle
angle
angle
angle
angle

angle

A value of 9999.
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for
for
for
for
for
for

for

for
for
for
for
for
for

for

first

(sec
second

(sec
third

(sec
fourth

(sec
fifth

(sec
sixth

(sec
seventh

(sec
eighth

(sec
ninth

(sec
tenth

(sec
eleventh

(sec
twelfth

(sec
thirteenth

(sec
fourteenth

(sec

or

or

or

or

or

or

or

or

or

or

or

or

or

deg)
deg)
deg)
deg)
deg)
deq)

deg)

deg)
deg)
deg)
deq)
degqg)
deq)

deq)

TAIR(1) must refer to
a time or rotor azimuth angle after the end of the
(seconds) is suggested
as the input for such a case.




2.27 MANEUVER TIME CARD (Include only if NPART = 2, 4, or 5)

CARD 301
TCI

2.28 MANEUVER SPECIFICATION CARDS (These cards may be included

— o~~~
[9,] WK~

)
)
)
)
()

(6)
(7)

Star. time of maneuver (sec)
First time or azimuth increment (sec or deg)
Time to stop using first increment (sec)
Second time or azimuth (sec or deg)
increment

Time to stop using second increment (sec)
and return to first increment

Time to stop the maneuver (sec)

Currently unused

only 1f NPART = 2, 4, or 5)

CARD 311

CARD 312
CARD 313
CARD 314

etc.

Col
Col
Col
Col
Col
Col
Col
Col

Same

Same

1 NEXTJ ( = 0 for last card in group)
2 5 J, variation selector

11 20

21 30 ‘Inputs which define the variations

40 ]for each value of J in 6Fl10.0

w
—
| D T I T I I

41 50( format
51 60
61 70

format as CARD 311
format as CARD 311

format as CARD 311

—




2.29 PLOTTING OF

TIME-VARIANT TRIM OR MANEUVER TIME-HISTORY

DATA (This
4, 5, or 7;

CARD 101

Col 2
Col 4

CARDS 402A, 402B,

Col 3
Col 8
Col 13
Col 20
Col 25
Col 31
Col 41
Col 51

See Section 6 for
and KV3.

group may be included only if NPART = 1, 2,
otherwise it must be excluded)

NOP (Must equal 3 for plotting)
NPRINT Print Control

1
[e)]

{One for each set of plots desired -
10 maximum)

-5 KV1l, Code of variable 1

- 10 KV2, Code of variable 2

15 KV3, Code of variable 3
KEY (1 = plot on Printer only)
KEYS (0 = last 402-type card)

40 SCl, Minimum scale for KV1

50 SC2, Minimum scale for Kv2

- 60 SC3, Minimum scale for KvV3

the code numbers to be used for KvVl, KV2,
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2.30 STABILITY ANALYSIS USING MOVING BLOCK FAST FOURIER

=2, 4, 5 or 8)

CARD 501
Col. 2

CARD 502A, 502B,

TRANSFORM (These cards may be included only 1f NPART

NOP (must equal 6 for moving block FFT
method)

Col. 1 NEXT V (# 0, another CARD 502 follows;
=0 last card in group)
6 - 10 Code number of variable to be analyzed
(see Section 6; data must be available
from maneuver)
11 - 15 N, number of cycles of data, at fre-
quency f, to be analyzed
21 - 30 to’ start time (sec)
31 - 40 f, central frequency for moving (Hz)
block FFT
41 - 50 Af, half-bandwidth for analysis (Hz)
NOTE: The last CARD 502 must have a zero in Column 1, and

all other CARD 502's must have a digit other than
zero in Column 1. Also, the variable to be analyzed
has to have been computed during the maneuver; i.e.,
if the user wishes to analyze the stability of Rotor
1 bending moment data, Rotor 1 must have been elas-
tic and time-variant during the maneuver.

2.31 STORING MANEUVER TIME-HISTORY DATA ON TAPE (This card

may be included only if NPART = 2, 4, or 5)

CARD 601
Col. 2 NOP (must be equal 8 for tape
file operations)
11 - 15 NOP1 (must be blank or all zeros
to store data)
NOTE: Maneuver time-history data which has been stored on

tape can be retrieved with NPART = 8 (see CARD 01).
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2.32 HARMONIC ANALYSIS OF TIME-VARIANT TRIM OR MANEUVER

~-HIS A (These cards may be included only
if NPART = 1, 2, 4, 5, or 8)
CARD 701
Col. 2 NOP (must equal 9 for harmonic
. analysis)

11 = 15 NVARA, number of variables to be
frequency analy:zed

21 - 25 AL(l), start time for (sec)
interval to be analyzed
26 - 30 AH(l), stop time for inter- (sec)

val to be analyzed

31 - 35 NVARB, print control for ampli-
tude function (0 = print only)

41 - 45 AL(2), base frequency for (cps)
analysis (0.0 = M/R 1l/rev)

CARDS 702A, 702B, etc.

Code numbers of variables to be analyzed (see Sec-
tion 6 for code numbers). Format is up to 14 code
numbers per card in 5-column fields, right justified
{1415 format).

[
{
;
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CARD 801
Col 1
11
21
31
41
51

inputs,

Col 1

11
16
21

- CARDS 804A, 804B,
Col 1

6

11

See Section 6 for

CARD 803A, 803B, etc.

2.33 VECTOR ANALYSIS OF MANEUVER TIME-HISTORY DATA (These
cards may be included only 1

NPART = 2, 4, 5, or 8)

-2 NOP (must equal 11 for curve
fitting)

- 15 NVARA, total number of curves to
be fit in Step 1

- 25 AL(1), baseline frequency for (cps)
Step 1

- 35 NVARB, total number of reference
curves for Step 2

- 45 AL(2), total number of curve fits
in step 3

- 55 NVARC, number of time points to

be skipped before step 1 curve
fit begins

CARD 802A, 802B, etc.

Code number of curves to be fit in Step 1 (NVARA

1415 format)

(NVARB sets of these cards, 1415 for

each card)

-5 NX, quantity of variables to be
compared to reference variables

- 10 Code number of reference variable

- 15

- 20 NX code numbers of variables to be

- 25 compared to reference variable

etc. (AL(2) cards of this type)

-5 Code number for variable C
- 10 Code number for variable D
- 15 Code number for variable E

the code numbers of the variables.
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2.34 STABILITY ANALYSIS USING PRONY'S METHOD (These cards may
included only 1f NPART = 2, 4, 5, or 8)

CARD 901

Col 1 -2 NOP (must equal 13 for Prony's
method)

CARD 902A, 902B,

Col 1 NEXT V 0, last card in group,
output based on rotor 1 rpm
1, output based on rotor
1 rpm
= 2, output based on rotor
2 rpm
6 - 10 Code number of variable to be ana-
lyzed (see Section 6; data must be
available from maneuver)
14 - 15 Number of terms to be used in curve
fit (maximum of 40)
21 - 30 Start time
31 - 40 Stop time

NOTE: The last CARD 902 must have a zero in Column 1, and
all other CARD 902's must have a digit other than
zero in Column 1. Also, the variable to be analyzed '
has to have been computed during the maneuver; i.e.,
if the user wishes to examine the stability of
Rotor 1 bending moment data, Rotor 1 must have been
elastic and time-variant during the maneuver.

2.35 TABULATIONS AND CONTOUR PLOTS OF SELECTED VARIABLES
(Include only 1f IPL(79) # 0 1n one or more cases 1n

a run)
CARD 1001

? Col 1-2 NOP (must equal 12 for tabulation

and contour plot operation)
11-15 NVARA, switch for tabulations (0 =

off, 1 = on)

; 31-35 NVARB, switch for contour plots (0 =

! off, 1 = on)

‘ 51-55 NVARC, quantity of variables selec-

ted (1 < NVARC < 20)
CARDS 1002, 1002A

Code numbers of variables to be presented (see Section 3.35 for
code numbers of variables). Format is up to 14 code numbers

per card in 5-column fields (1415 format). Omit CARD 1002A if
NVARC < 14.
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3.0 USER'S GUIDE TO INPUT FORMAT

This section of the report presents a discussion of the inputs
defined in Section 2.0. it 1s primarily intended for the in-
experienced user of the progiam and for reference purposes.
To simplify cross-reference between the two sections, the num- ,
bers of the subsections of this section correspond to those in k
Section 2.0; e.g., the inputs for the Main Rotor given in : {
Section 2.5 are discussed in Section 3.5, %
1

The units for each dimensional input are given at the right
side of the page throughout Section 2.0. Whenever possible,
inputs that are normally classified as nondimensional are 1
given units to help explain them.

Most inputs are read into arrays. The first character in each
array name and in most individual variables 1s a code for the
general classification of the array or variable, as follows:
X In general, inputs which can be physically measured,
analytically determined, or defined, and which re-
late directly to the rotorcraft configuration.

Y Inputs related to aerodynamic characteristics of the
airfoil sections or surfaces.

I Integer inputs which control program logic. '
T Inputs related to time points in a maneuver.
3.1 GENERAL

3.1.1 Composition of a Data Deck and Card Format

An input data deck must be set up to perform one and only one
of the following primary program operations:

(1) Determination of trimmed flight condition only.
(2) Trim followed by maneuver without rotorcraft
stability analysis.
3 (3) Trim followed by maneuver with rotorcraft stability .
“ analysis during maneuver.
(4) Trim followed by maneuver where maneuver time point
data are stored for a subsequent restart of the
maneuver.

T
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Manuever restart.
(6) Trim followed by rotorcraft stability analysis;

no maneuver.
(7) Retrieval of maneuver data stored on tape.
(8) Sweeps of trim conditions with or without rotorcraft
stability analysis.

These eight operations are shown in Figures 1 through 8
respectively. The implication of the statement "one and only
one" above is that data decks that perform different primary
operations must not be stacked; they must be submitted as
separate runs. For example, suppose the user wants data on a
particular configuration for: (1) a trim and a rotorcraft sta-
bility analysis at 100 knots, and (2) a maneuver which starts
from a 120-knot trim condition. The two cases must be sub-
mitted separately. However, in the first case the user may set
it up as a parameter sweep so that the 100-knot trim with
rotorcraft stability analysis is followed by a trim at 120
knots. The data from the 120-knot trim can then be used as
inputs to the second case to shorten the time required for the
120-knot trim prior to the maneuver. It is not possible to
follow a parameter sweep case with a maneuver.

The AGAJ77 input deck is subdivided into input groups where
each group contains a set of related data (e.g., rotor, fuse-
lage, and wing parameters; program logic specification; and
data tables). The complete list of all possible input groups
in the order in which they must be input is presented in
Table 1.

In most cases, the user will not need to use every group to
define the configuration that is to be simulated. Hence, as

a user convenience, the first two data cards of the first
group of input data (the Program Logic Group) contain over 20
switches that specify the groups and/or arrays that must or
must not be included in the data deck. This feature elimi-
nates the necessity of including sets of blank cards or dummy
inputs for groups which are not needed. During the reading of
the data deck and initialization of input data, many checks
are performed to assure that the specifications of the Program
Logic Group and the groups that follow are compatible and
complete. Obviously, the checking procedure cannot correct or
diagnose every possible input error, and the user must exer-
cise the normal amount of care in following the instructions
of this input guide.

In Section 2.0, each card of input data is identified by a
sequence number. Within an individual group the numbers are
consecutive. However, the capability of adding and deleting
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entire groups from the deck precludes consecutive numbering
between groups. Considering the large number of cards which
can be included in a deck, it is strongly recommended that all
cards be numbered according to the sequence numbers given in
Section 2.0 and used in this section. Doing so will greatly
simplify locating specific inputs and reconstructing a dropped
or shuffled deck.

3.1.2 Group Identification Cards and Data Library

All of the AGAJ77 input groups are headed by a Group Identifi-
cation (ID) Card. The use of this card is discussed in this
section and is not repeated for each group with an ID card.

The primary purpose of the ID cards is to provide a means for
using the Data Library Option discussed below. Hence, groups
which cannot be called from the data library (i.e., deck identi-
fication cards and the maneuver time specification and data
analysis cards) do not have ID cards. A secondary purpose of
the ID cards 1is to provide a convenient means of identifying

the start of a new group and including comments pertaining to
individual groups in the deck.

The Data Library Option (and its MODEL Option subset) is in-

cluded in the master version of AGAJ77. The local programmer .
should be consulted to see if the option is available with the

installed version of the program; if it is not (or the option

is not to be used), the first eight columns of each ID card

must be blank, and the following discussion may be bypassed.

The data stored on the data library consist of two types:

(1) The input data for a specific input group of a
particular rotorcraft (Group Data Sets)

(2) The set of input groups which constitute all the
groups needed for a particular rotorcraft (Model
Data Sets)

The number of cards in a Group Data Set is equal to the maxi-

mum number of cards which may be required for the appropriate .
input group. The number of cards in a Model Data Set is 43
where each card corresponds to a particular input group and

one element of the MODEL array in the program. Setup and main-
tenance of the data library are generally assigned to a pro-
grammer. Consequently, the technical details relating the
establishment of a data library are not presented in this
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Each Group and Model Data Set on the library is assigned a
unigque eight-character alphanumeric name. These names are
then used to identify the data sets and as the data on the
cards in a Model Data Set. The characters used in the name of
a Group Data Set are arbitrary,. but the first four characters
in the name of any Model Data Set must be MODL.

Once data are stored on the library, IDEN on the ID cards may
be used to call a data set from the library. Wwhen the first
eight columns of an ID card are blank, it is assumed that the
library is not to be used, and all cards for the appropriate
input groups must follow the ID card. If these columns are
not blank, they are assumed to contain the name of a data set
which is on the library, and the program searches the library
for the data set with the corresponding name. If the name is
not found, a message to that effect is printed and execution
of the program is terminated.

when the name is a group name (i.e., does not start with the
four characters MODL) and is found, the corresponding data set
is used as the input data for that group. In this case, all
remaining cards for that group must be omitted from the card
deck. The reading of each group ID card is complietely inde-
pendent of the reading of each other ID card. Hence, a card
deck may contain any combination of groups called from library
and groups input on cards which suits the user's purpose.

When a Model Data Set is to be used, the library name must be '
input on CARD 10 (the Program Logic Group ID Card). If the

first four columns on CARD 10 contain the characters MODL, the

program will search the data library for the Model Data Set

with the corresponding eight-character name. If the name is

not found, execution terminates. Wwhen the data set is found,

the program then uses the library groups whose names are in

the Model Data Set as the source of input data for all input

groups. In this case, the cards for all groups included in

the data set must be omitted from the card deck.

3.1.3 Procedures for Changing Input Data

Frequently, it is desirable or necessary to change the values
of a few individual inputs in groups called from the library
and/or to replace certain groups in a Model Data Set with othev
groups. Also, it is necessary to have a means of changing
inputs when performing parameter sweeps. The &CHANGE and
&GROUPS program features are provided to accomplish these
tasks.
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The cards that are used to exercise these features must con-
form to a special format:

(1) Column 1 of all cards must be blank.

(2) Columns 2 through 8 of the first card must contain
the seven characters &CHANGE or &GROUPS, as appro-
priate.

(3) Column 9 of the first card must be blank.

(4) Change items (defined below) can start in or after
Column 10 of the first card and in or after Column 2
of any subsequent card(s); items must be separated
by commas, and not extend past Column 70.

{5) After the last character of the last change item
there must be a comma or a blank column followed by
the four characters &END.

3.1.3.1 Change Items for &CHANGE Cards

The change items for &CHANGE cards must be in one of two forms:

Symbolic Name = Constant

or

Array Name = Set of Constants (separated by commas)

The set of characters to be used for Symbolic Name is the array
name and element number of the variable to be changed. Only
those arrays and elements listed in Table 2 can be changed.
Constant is the new value of the variable indicated. The set
of characters for Array Name must be one of the array names
included in Table 2. The Set of Constants is then the new
values for the array. The number of constants in the set must
be less than or equal to the dimension of the array as given

in Table 2. In the Set of Constants the successive occur-
rences of the same constant can be represented by the form

k*constant

where k is a nonzero integer specifying the number of times
the constant is to occur.
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Blank columns are permitted before and after the equal sign in
a change item and after the comma which separates change items.
However, blank columns are not permitted within a name or a
constant, and trailing blanks after an integer or exponent are
treated as zeros.

Although a set of change items can be continued onto as many
cards as needed, a single change item must not be split between
cards and only the data on the first card of a continued set
will be printed in the output data.

An example of the data for the & CHANGE operation is as follows:

Column 1
+
First Card: b&CHANGEDXFS(1)=9500.0, XMR{44)=5.0,
Second Card: bIPL(48)=0, TAIR=7*9999., &END

where b indicates a mandatory blank column; other blank columns
shown are optional. This example will change gross weight to
9500 pounds, the main rotor longitudinal mast tilt angle to S
degrees, the rotor aercodynamic option to steady state only,

and the first seven times for blade element data printout to
9999.0 seconds.

It is not necessary that change items be in any specified order.
For example, the first change item can be for XFS(10), the
second for XFS(8), and the third for XFS(1l), the fourth for
IPL(45), etc.

As noted above, only the first card of a set of &CHANGE cards
like the example is printed in the output data. To get data
from both cards included in the printout, use the following
form:

Column 1
3
First Card: b&CHANGEDXFS(1)=9500., XMR(44)=5.0, &END
+
Second Card: b&CHANGEDLIPL(48)=0, TAIR=7*9999,, &END

Like the continued card set, this form can also consist of as
many cards as needed; each will be included in the printout.
(NOTE: only one &CHANGE card can follow an NPART=10 card.)
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3.1.3.2 Change Items for &GROUPS Cards

The change items for &GROUPS cards must be in the following
form:

MODEL(xx) = 'yyyyyyyy'

The blanks on either side of the equal sign are optional.

MODEL is an array in the program (dimensioned to 43); the

data for the elements of this array are the Model Data Sets
stored on library. The symbol xx must be the one- or two-digit
element number of the group to be replaced (element numbers

are defined in Table 1). The symbol yyyyyyyy 1s the eight-
character name for the data library group which is to replace
the xx element. The apostrophes at either end of the library
name are mandatory.

An example of the data for the &GROUPS operation is as follows:
Column 1
+
b&GROUPSLMODEL (3 )='CLCD0015', &END

This example will cause the second airfoil data table (MODEL
array element number 3) to be replaced by the CLCD0015 data
table.

To replace the entire xx element of a Model Data Set with a
group which is not on library, leave the eight columns for the
MODEL element name (yyyyyyyy) completely blank. The required
location in the deck for the externally supplied group(s) is
discussed in the next subsection. The rules for the form of
the &GROUPS change items are the same as for the &CHANGE change
items.

3.1.3.3 Location of &CHANGE and &GROUPS Cards

when &CHANGE cards are used to update individual data library
groups, the set of cards is to be placed immediately atter the
Group ID card of the group being changed. When used to make
changes for parameter sweeps, the cards are placed immediately
after the sweep card (the second CARD 01, or NPART card, with
NPART=10) which follows the last card of the Flight Constants
Group (CARD 224).

The location of the &GROUPS and &CHANGE cards in a deck which
uses the MODEL Option is shown in the sample deck listed in
Figure 16. In the example, the first airfoil data table
(element 2) is to be replaced by the CLCD00Y90 table from the
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library while the Iteration Logic Group (element 37) and the
Blade Element Data Printout Times Group (element 43) are to be
replaced with data included in the deck. The &CHANGE card
shown updates the gross weight and the Stability Analysis Times
Group.

The general rules for including the cards for groups with blank
names in the &GROUPS card are:

(1) the order of input of the change items on the &GROUPS
card is optional, but the added groups must be in-
cluded in the deck in the same sequence as their
MODEL array element number, and

(2) the ID card of the included group must not be in-
cluded in the deck.

Although it is possible in some cases to change the values on
the first two cards of the Program Logic Group (IPL(1-28),
which specify the groups that must be in the deck), the pro-
cedure is complex, not recommended, and not discussed in this
report. 1f a Model Data Set needs to be changed that drasti-
cally, the user should be entering data by individual groups,
not MODEL Option.
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3.2 IDENTIFICATION AND PROCRAM FLOW CONTROL GROUP

CARD 00 Message Card

The alphanumeric inputs on this card are printed six times on
the first page of printed output. The comments are intended
to describe the disposition of the input card deck and printed
output.

CARD 01 NPART Card
This card includes the primary program control variable,

NPART, and is referred to as the NPART card. Permissible
values of NPART on this card are 1, 2, 4, 5, 7, and 8. The

value of NPART specifies the type of operation to be performed.

1 = Trim only

2 = Trim followed by maneuver (maneuver not to be
restarted)

4 = Trim followed by maneuver (maneuver to be re-
started)

5 = Maneuver restart

7 = Trim followed by rotorcraft stability analysis

8 = Retrieve maneuver data from tape for analysis

wWithin a single computer run, only one of the above operations
may be specified. That is, data decks must not be stacked
together into a single run. A more complete explanation of
each NPART value is given below.

NPART = 1 Compute a trimmed flight condition only. See Figure
1. The NPRINT and NVARA inputs are not used. Subject
to the IPL values, a data set of CARDS 02 through and
including 224 must follow. The only cards which may
follow CARD 214 are NPART = 10 cards (and their asso-
ciated &CHANGE cards), contour plot cards and time-
history plot cards.

NPART = 2 Compute a trimmed flight condition followed by a
maneuver. See Figures 2 and 3. Subject to
the IPL values, a data set of CARDS 02 through
301 (the time card) plus at least one 311l-type
card (J-card) must follow. The maneuver start
time on CARD 301 is set to zero regardless of
the input value.

Cards which follow the last J-card specify the
operation(s) to be performed on the maneuver data
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computed. The options are plotting, harmonic
analysis, vector analysis, and storing the
maneuver data on tape; they are activated by

sets of 400~, 500-, 600-, and 700- series cards
respectively. Since each operation is an option,
the appropriate card set must be input to perform
the desired operation; if a card set is omitted,
the corresponding operation is omitted. The card
sets may be input in any sequence desired. If
none of these card sets is included, the last J-
card is the final card of the deck.

Specifies the frequency of printout of maneuwer
data. The program prints data showing initigl-
conditions for the maneuver (maneuver time t'= 0)
and for every NPRINTth time point thereafter. A
blank or zero input is reset to uyity.

The NVARA input is not used.

Same as NPART = 2, except that the maneuver data
will be stored so that it can be recalled at a
later date for a maneuver restart (NPART = 5).
See Figure 4. The use of this option will
require the assistance of the local programmer to
set up the restart tape.

This i1s a maneuver restart case following the
initial NPART = 4 case. See Figure 5. The

local programmer should be consulted for at least
the first case of this type. The complete data
set for a maneuver restart is given in Table 3.

All program and iteration logic specified in the
initial NPART = 4 run remains unchanged except
that the TSTAB and TAIR g-nups or at least their
identification cards must be included, regardless
of the value of IPL(23) on the initial run. No
&CHANGE cards are permitted.

Compute a trimmed flight condition followed by a
stability analysis. See Figure 6. The cards
required are the same as for NPART = 1. An NPART
= 10 card may follow CARD 214. Note that if the
time-variant rotor analysis is activated for
either rotor, a rotorcraft stability analysis
cannot be performed. A stability analysis should
not be performed for hover. That flight condition
should be simulated with some small, nonzero,
airspeed (typically, 0.001 knot).
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TABLE 3. MANEUVER RESTART CASE

CARD 00 Message Card

CARD 01 NPART Card: enter 5 in Column
2.

CARD 02, 03, 04 IPSN and Comments

CARD 250 Stability Times Group: if the

TSTAB group is not called from i
the data library, CARDS 251 and
252 must also be included.

CARD 260 BEA Data Printout Times Group:
if the TAIR group is not called
from the data library, CARDS 261
and 262 must also be included.

CARD 301 Time Card: the start time is
the time at which the maneuver
is to be restarted; it must be
greater than zero and less than
the last time point of the ma-
neuver being restarted. The time
for restart need not be identi-
cally equal to a previous time :
point.

CARD 311, etc. At least one maneuver command
(J-card) is required. It may
be followed by plot cards, etc.,
as with any maneuver.

{
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NPART = 8 This value of NPART causes data stored on tape to
be loaded on the plot disk. See Figure 7. The
local programmer should be consulted prior to its
use. The value of NVARA on this card must not be
equal to zero. Once the data has been placed on
the plot disk, 400-, 500-, and 600-series cards
may be used for plotting, harmonic analysis, or
vector analysis of the data. CARD 701 is used to
store on tape the data which the NPART = 8 card
retrieves.

Following a data set for trim only or trim-and-rotorcraft-
stability analysis (NPART = 1 or 7), the parameter sweep op-
tion may be exercised by including an NPART = 10 card after
CARD 224.

NPART = 10 This value of NPART permits the changing of user-
selected inputs and retrimming the configuration.
See Figure 8.

NVARA If NVARA = 0, the program will attempt only to
iterate to a new trim condition (equivalent to
NPART = 1); if NVARA ¥ 0, the program will attempt
to trim and, if successful, will also perform a
rotorcraft stability analysis (eguivalent to NPART

= 7).

The data set for NPART = 10 consists of the following
cards:

First Card: CARD 01 NPART card with NPART = 10
Subsequent &CHANGE Changes to input data using
card(s): NAMELIST input as described

below.

An NPART = 10 data set may be followed only by
another NPART = 10 data set, contour plot cards
or time-history plot cards.

The &CHANGE cards can be used to change the value
of any input or inputs on CARDS 11 through 224
except for some of the program logic inputs, the
rotor mode shapes, and the inputs to the airfoil
data and rotor-induced velocity distribution tables.

Program logic inputs IPL(1-7) and 1PL(9~24) must not
be changed. These inputs control the initial reading
of data groups or blocks, and NAMELIST input is not
capable of reading additional groups or blocks.
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If the switch for reading the rotor-induced velo-
city distribution table(s), IPL(1l2), is zero, it
must not be changed. If it is not zero, it may be
changed to any permissible value, i.e., 0, 1, 2, or
3. All other IPL values may be changed as desired.

when using NPART = 10 the chanyges made should be
reasonable (e.g., less than 20 to 30 knots in 4
airspeed, 10 to 20 feet per second in rate of ' -
climb, less than 3 to 5 degrees in aerodynamic

surface incidence). The larger the number of

simultaneous changes made, the smaller the

individual changes should be. The program .
assumes the last trim point is a good starting

point for the next trim case. If the changes

are too large and XFC(5-12) and XFC(15-20) 7
are not updated by the user, the chances of

achieving a new trim are slim.

CARD 02 (Comment Card No. 1) T

IPSN is a numeric title for the data set for identification pur-
poses. It is printed in the output heading. The remainder of g
the card contains alphanumeric identifying comments which are )
printed in output headings as data set identification. Include
it only when NPART =1, 2, 4, 5, 7, or 8.

CARD 03 (Comment Card No. 2)
This card also contains alphanumeric comments which are in-

cluded in the output headings. Include it only when NPART =
ll 2' 4' 5: 7' OI‘ 8.

CARD 04 (Comment Card No. 3)

The card also contains alphanumeric comments. Include it only
when NPART =1, 2, 4, 5, 7, or 8.
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3.3 PROGRAM LOGIC GROUP

CARD 10 is the identification (ID) card for the Program Logic
Group. If the Data Library Option is available, the ID card
may call one of several standard sets of program logic from
the library, and CARDS 11-17 must then be omitted.

CARDS 11-17 contain the bulk of the program logic. All the
IPL inputs are integers (1415 format). The logic inputs
control the data groups which must be included in the input
data, the program options to be used (such as unsteady aero-
dynamics, time-variant rotor analysis, etc.), and the data to
be output. The logic has been chosen so that for the simplest
cases most inputs are zero. In general, nonzero inputs acti-
vate the options and/or necessitate inputs of additional data.

For the options related to the rotors, a 0-1-2-3 type logic
switch is used wherever possible. This type of switch oper-
ates in the following manner:

0 turns the option off for both rotors;

1 turns the option on for the main rotor only;

2 turns the option on for the tail rotor only;

3 turns the option on for both rotors.
CARD 11 Input Group Control Logic
IPL(1) can be used to reduce the number of input data groups
to only those normally required for a wind tunnel simulation.
If IPL(1) = 0, the required number of groups is not affected

by IPL(1). 1If IPL(l) # 0, the data deck may include only the
following groups:

SR

t CARDSIO? through 17 (Identification and Program
' Logic
Data tables specified by IPL(2)
Main Rotor Group
: Main Rotor Elastic Blade Data Group (if IPL(6)>0)
: Rotor Aerodynamic Group
! Main Rotor Induced Velocity Distribution Table (if
. IPL(11)>0)
. Rotor Controls Group .
: Engine Group §
e} Iteration Logic Group
i . Flight Constants Group
M i Five Maneuver-only Groups (i.e., Bobweight, Weapons,
K. : SCAS, STAB Times, and Blade Element Data Times §
g * ; Groups) k!
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If NPART = 1 or 7, the five maneuver-only groups must be
omitted; if NPART = 2 or 4, IPL(23) controls the reading of
these five groups. IPL(l) # 0 overrides the inputs for IPL(3)
and (15-21).

IPL(2) specifies the total number of airfoil data tables in-
cluded in the input deck. Permissible inputs are 0, 1, 2, 3,
4, or 5. Note that if a rotor aerodynamic subgroup specifies
that it uses an airfoil data table, the corresponding table
must be input and that reading a table does not necessarily
mean that it will be used (see the Airfoil Data Table Group,
Section 3.4, and the Rotor Aerodynamic Group, Section 3.9).

IPL(3) deletes the reading of specified rotor groups. It is
a 0-1-2-3 type switch, e.g., 0 requires input of both rotor
groups (none deleted) and 3 requires deletion of both groups.
wWhen a group is deleted, its ID card must also be deleted.

IPL(4) specifies the number of main rotor blade segments. If
the value of IPL(4)>0, then the segments are of uniform
length. No more than 20 blade segments can be used for the
main rotor. If the analysis includes an elastic main rotor
(IPL(6)>0), IPL(4) must be equal to the number of blade
segments for which modal displacements are given. The default
value for IPL(4) is 20 segments.

IPL(5) specifies the number of tail rotor blade segments. If
the value of IPL(5)>0, then the segments are of uniform length.
No more than 20 segments can be used for the tail rotor. 1If
the analysis includes an elastic tail rotor (IPL(7)>0), IPL(5)
must be equal to the number of blade segments for which modal
displacements are given. The default value for IPL(5) is 3
segments in order to reduce computer run time.

For both IPL(4) and IPL(5) the minimum number of segments for

a rotor without elastic inputs is 3. If at least one rotor
mode shape is input, a one-segment blade may be represented.

It is recommended, though that at least 5 segments be used. 1If
fewer segments are to be used, set the hub extent to zero and
the tip loss factor to 1.0 for that rotor.

IPL(6) and (7) control the reading of the elastic blade data
gets for the main rotor and tail rotor respectively. If IPL(6)
= 0, all main rotor elastic blade data (weight, inertia, and
mode shape distributions on CARDS 40, 41, etc.) must be omitted
from the input deck and the blade weight, inertia and first
mass moment must be input. Similarly, if IPL(7) = 0, all tail
rotor elastic blade data (CARDS 60, 61, etc.) must be omitted.
For positive, nonzero inputs, the values of IPL(6) and IPL(7)
specify the number of mode shapes which must be included in

the Main and Tail Rotor Elastic Blade Data Groups, respectively.

, | | . A "H‘l
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Up to 11 blade modes may be input for each rotor with a total
of 12 blade modes. Note that inputting blade mode shapes does
not necessarily imply coupling between the blade dynamics and
aerodynamics. The rotor may be elastic without being aero-
elastic. See the description of IPL(49) and IPL(50). If elas-
tic blade data are included, the blade weight and inertia in-
puts (XMR(11), XMR(12), and XMR(42)) in the corresponding

rotor group(s) are ignored.

IPL{(8) is currently unused.

IPL(9) controls tha reading of the main rotor pylon mode shape
cards (CARDS 3E through 3L). The absolute value of IPL(9)

is the number of mode shapes, while its algebraic sign denotes
whether or not the mode shapes were generated with the rotor
mass on the mast (IPL(9)>0) or not (IPL(9)<0). 1If IPL(9) = O,
no main rotor pylon mode shape cards are read.

IPL(10) controls the reading of the tail rotor pylon mode
shape cards in a manner identical to that of IPL(9).

IPL(11) specifies the total number of rotor airfoil aerodynamic
subgroups included in the Rotor Aerodynamic Group. Permissible
inputs are 0 to S inclusive. As long as the input data includes
at least one rotor group, an input of 0 is reset to 1 and one
subgroup must be input. If both rotors are deleted (IPL(3) =
3), IPL(1ll) may be input as zero to delete the reading of the
Rotor Airfoil Aerodynamic Group in its entirety.

IPL(12) controls the reading and use of the Rotor-Induced Velo-
city Distribution (RIVD) tables that are described in Section
3.10. It is a 0~1-2-3 type switch. That is, if IPL(1l2) = O,
both the main rotor and tail rotor RIVD tables must be omitted;
if IPL(12) = 1, the main rotor table must be input and tail
rotor table omitted; if IPL(12) = 2, the tail rotor table must
be input and the main rotor table omitted; if IPL(12) = 3, both
tables must be input. If a table is not input for a particular
rotor, an empirically derived equation is used to compute the
distribution for that rotor. This default equation is given

in Section 3.34.2.

IPL(13) specifies the number of RWAS (Rotor Wake at Aerodynamic
Surfaces) tables which must be included in the deck. The per-
missible number of tables is 0 to 12 inclusive. Note that the
tables are numbered sequentially on input, that these sequence
numbers are later used to call specific tables, and that read-
ing in a table does not necessarily mean it is used. The format
for each table is given in Section 3.11, and their use is dis-
cussed in Section 3.14.1 for the wing and Section 3.15.2 for

the stabilizing surfaces.

IPL(14) is a 0-~1-2-3 switch that controls the reading of
the blade harmonic shaker and harmonic control motion cards.
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CARD 12

IPL(15) controls the reading of the basic and aerodynamic
inputs to the wWing Group (CARDS 120-12A) and the Wing Control
Linkages Subgroup (CARDS 12B and 12C). 1If IPL(1l5) = 0, both
the Group and Linkages Subgroup must be omitted; if IPL(15)>0,
both must be included. 1If IPL(15)<0, then CARDS 120-12A must
be included and CARDS 12B and 12C must be omitted (i.e., the
wing incidence and control surface deflection are independent
of the flight controls).

IPL(16) controls the reading of the basic and aerodynamic
inputs to the Stabilizing Surface Number 1 Group (CARDS 130-139)
and the Stabilizing Surface Number 1 Control Linkage Subgroup
(CARDS 13A and 13B). 1If IPL(16) = 0, the entire Stabilizing
Surface Number 1 Group, including ID card and Linkage Subgroup,
must be omitted. If IPL(16)>0, the Stabilizing Surface Number
1 Group and its Linkage Subgroup must be included. If IPL(16)
<0, the Stabilizing Surface Number 1 Group is included, but
the linkage subgroup must not be included (i.e., both the in-
cidence angle and control surface deflection of Stabilizing
Surface Number 1 are independent of the flight controls).

IPL(17), IPL(18), and IPL(19) control the reading of Stabilizing
Surface Number 2, Stabilizing Surface Number 3, and Stabilizing
Surface Number 4 Groups and their respective Linkage Subgroups
as described for IPL(16).

IPL(20) controls the reading of the Jet Group. If IPL(20) =
0, the entire Jet Group including ID card must be omitted;
otherwise it must be included.

IPL(21) controls the reading of the External Store/Aerodynamic
Brake Group (CARDS 180-18C) and is equivalent to the number of
store/brake subgroups which are to be included. 1If IPL(21) =
0, the entire group, including the identification card, must
be omitted. 1If IPL(21)>0, the group must include the identi-
fication card and the specified number of subgroups; e.g., if
IPL(21) = 3, the group must consist of 10 cards (one identifi=-
cation card plus three subgroups of three cards each).

IPL(22) controls reading of the Supplemental Rotor Control
Subgroup (CARDS 195-198). 1If IPL(22) = 0, the subgroup must
be omitted, ctherwise it must be included.

IPL(23) controls the reading of the Bobweight, Weapons, SCAS,
Stability Times, and Blade Element Printout Groups when NPART
= 2o0r 4. 1f IPL(23) = 0, all five groups must be omitted; if
IPL(23) # 0, all five must be included. If NPART does not
equal 2 or 4, all the groups must be omitted. This input
affects the reading of the last two groups when NPART = 5.
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IPL(24) controls the reading of the Landing Gear Subgroups
(Cards 110-11A). 1I1f IPL(24) = 0, then the entire Landing Gear
Group, including ID card, must be omitted. 1If IPL(24)>0,

then the Landing Gear ID card and exactly IPL(24) Landing Gear
Subgroups must be included in the deck.

IPL(25) and IPL(26) are currently inactive.

IPL(27) controls the position of the rotor blades for side-by-
side folding rotor configurations. It should be input as zero
for all other rotor configurations. 1If IPL(27) = 0, both rotors
are defined to be unfolded and turning at the rpm determined

by XMR(13) and XFC(25) for Rotor 1 and XTR(13) and XFC(25) for
Rotor 2. 1If IPL(27) # 0, the rotors are defined to be stopped
and folded; in this case, the data should be set up as if the
rotors were unfolded and at normal RPM except that:

(1) 1IPL(27) ¥ 0.0

(2) Controls are locked by setting XCON(4), XCON(1l1l),
XCON(18), and XCON(25) # 0.0

{3) Maneuver input cards for J = 18 and J = 27 have a

time of 0.0, i.e., for J = 18, QB>O

IPL(28) controls the cg shift with rotor foldlng I1f IPL(28) 3
= 0, no shift is computed; # 0, cg shift is computed. This .
51ngle switch applies to both rotors.

CARD 13

IPL(29)-1PL(42) are currently inactive.

CARD 14

1PL(43) defines the flight condition to be trimmed in conjunc-

tion with the specified g-level, XFC(12), and the input Euler
roll angle, XFC(7), as described below.

IPL(43) XFC(12) Flight Condition
-0 ,= 0.0 Unaccelerated flight
l: 1.0 Coordinated turn at g-level of
XFC(12)
’\ 1.0 Zero-turn-rate pullup at g-level
#0 of XFC(12)
? < 1.0 Zero-turn-rate pushover at g-

",

level of XFC(12) . 4
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In addition, the following applies to coordinated turns:

(1) Regardless of the TRIM procedure specified by IPL(44),
the program will iterate on pitch and yaw.

(2) The "fixed" roll angle for each iteration is deter-

mined from the previous iteration by solving the
following relationship for roll angle:

n*cos® = cos@*cos2¢ + (cos6*sin?¢ + tanp*sind*sind)/K

where

)
[0}

l + (tan®tana)/cos¢

® = Euler pitch angle

¢ = Euler roll angle
n =g level, XFC(12)
a = angle of attack

B = angle of sideslip

(3) The turn direction is selected by use of the sign on
the input roll angle, XFC(7). A positive or zero
value gives a right turn, a negative value a left
turn.

IPL(44) controls the Euler angle held constant during the TRIM
procedure. If IPL(44) = 0, the TRIM procedure holds the yaw
angle constant. It is necessary to hold yaw constant for low
speed or hover cases, since the force and moment derivatives
with yaw angle all go to zero in hover. 1If IPL(44) # 0, the
TRIM procedure holds the Euler roll angle constant and iterates ;
on pitch and yaw. This tends to give the most realistic TRIM ©
conditions at high speeds, since a pilot has a more sensitive

feeling for a roll angle than a yaw angle. Generally, the
program trims more readily to a given yaw angle. If IPL(43),
the TRIM type indicator, specifies a coordinated turn, the
TRIM procedure iterates on pitch and yaw regardless of the
value of IPL(44).

IPL(45) controls the computation of the partial derivative
: matrix during trim. Permissible values are 0, 1, 2, 3, 4, and
he -« 5. If IPL(45) = 0, the matrix is computed every fifth itera- !
tion, i.e., iterations 1, 6, 11, ... etc., and uses the most
recently computed matrix for iterations in which the matrix is
not computed. If IPL(45) # 0, the matrix is computed every

b e s
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IPL(45)th iteration. Computing the matrix for every iteration
rather than for every fifth iteration will increase the run time
for trim by a factor of approximately three. Computation at
every iteration is normally necessary only when there is dif-
ficulty getting a case to trim with IPL(45) = 0. In all cases,
odd number inputs for IPL(45) work better than even numbers.

IPL(46) controls the steady state aerodynamics used for the
main rotor. If IPL(46) =1, 2, 3, 4, or 5, the IPL(46)th
Rotor Airfoil Aerodynamic (RAA) Subgroup is used to compute
the main rotor aerodynamic coefficients at all blade stations
(i.e., the blade has a constant airfoil section root to tip).
If IPL(46) = 0, it is reset to 1. If IPL(46)<0, the main
rotor blade airfoil distribution card, CARD 3V, is read and
used to assign the RAA subgroups to Blade Stations Number 1
through IPL(4). CARD 3V must be omitted if IPL(46)>0 and
must be included if IPL(46)<0.

IPL(47) controls the steady state aerodynamics used for the
tail rotor in the same manner as IPL(46) controls the main
rotor aerodynamics. However, the sign of IPL(47) controls the
reading of only the tail rotor airfoil distribution, CARD 5V,
and has no effect on CARD 3V, just as IPL(46) has no effect on
reading CARD 5V. Note that both IPL(46) and (47) must be less
than or equal to IPL(10), the number of RAA subgroups.

IPL(48) controls which option is to be used for rotor unsteady
| aerodynamics. It is a 0-1-2-3 type switch with the added
' feature that positive values activate the UNSAN unsteady aero-
dynamic model for the specified rotor(s) while negative values
activate the BUNS unsteady aerodynamic model. See Volume I
for discussion of these two models. If IPL(48) = 0, unsteady
aerodynamics are ignored in the rotor computations. If an
option is activated, it is activated for all blade segments
not included in the rotor hub. Even if activated, neither
option will affect computation unless the time-variant rotor
analysis discussed below is used.

The program includes the option for two basic types of rotor
. analyses where each type has two possible blade configurations:

Type I: Quasi-static with (A) rigid blades or (B)
aeroelastic blades

Type II: Time-variant with (A) rigid blades or (B)
aeroelastic blades

First harmonic participation factors are computed for each
mode during quasi-static trim, but they are not printed out.
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145




IPL(49) specifies the rotor(s) for which the time-variant rotor
analysis can be used and operates as a 0-1-2-3 type switch. 1If
IPL(49) = 0 the time-variant analysis (Types IIA and IIB) can-
not be used in any part of the program and the value of IPL(50)
will be ignored. In this case, both rotors will use the quasi-
static analysis (Type IA or IB) for both trim and maneuver.
Type IA will be used when no elastic blade data are input
(IPL(6) or (7) = 0) and Type IB will be used for a rotor if

the blade data are input. If IPL(49) = 1 or 2, the Type II
analysis will be used for the specified rotor and Type I will
be used for the other rotor. 1If IPL(49) = 3, the Type II
analysis will be used for both rotors. As with IPL(49) = 0,
the choice between Type IA and IB and between Type IIA and IIB
depends on the availability of elastic blade data. Note that
if IPL(49) # 0, the rotorcraft stability analysis cannot be per-
formed. That is, NPART must not equal 7, and either the TSTAB
group must be omitted or the TSTAB(l) input must be greater
than the duration of the maneuver. The TSTAB group 1s dis-
cussed in Section 3.24; also see IPL(23).

If IPL(49) # 0, then IPL{(50) controls the portion of the program
in which the time-variant analysis is to be used for the
rotor(s) specified by IPL(49). Table 4 shows the type of

rotor analysis used for each rotor as a function of the values
of IPL(49) and (50). The azimuth increment to be used in the
time-variant portion of a trim is input on CARD 201, XIT(2).

See Section 3.19. The azimuth increment for the quasi-static
portion of a trim is fixed at 30 degrees. The azimuth (or

time) increment used in maneuver is input on CARD 301, TCI(2).
See Section 3.26.

The time-variant portion of a quasi-static trim followed by a
time-variant trim (a QS-TV trim; IPL(50) = 0) is in essence a
time history of XIT(6) rotor revolutions with the fuselage and
control positions locked. For each rotor which is time-variant,
the additional run time for the time-variant trim after the
quasi-static trim will be about the same as the time for a
maneuver of XIT(6) rotor revolutions.

For a fully time-variant trim (IPL(50) = 2), each trim itera-
tion will require about 3 to 6 times the run time of an equiva-
lent quasi-static iteration depending on azimuth increment and
whether one or both rotors are time-variant. Additional run
time must be allocated accordingly for a fully time-variant
trim. However, it cannot be predetermined whether a fully
time-variant trim will require more or fewer iterations than a
corresponding quasi-static trim.
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TABLE 4. ROTOR ANALYSIS USED DURING TRIM AND MANEUVER

Inputs Analysis Used
Rotor
IPL(49) IPL(50) In Trim In Maneuver
1 (Main) Qs Qs
. 0 (Ignored) {2 (Tail) Qs Qs
0 { 1 QS-TV TV
2 Qs Qs
1 Qs Vv
! 1 { 2 Qs Qs
2 1 TV TV
{ 2 Qs Qs
1 QS Qs
0 { 2 QS-TV TV
2 . 1 es e
“ \2 Qs Qs
2 { 1 Qs Qs
2 v TV
0 jl QS-TV v
12 QS-TV Y
3 1 i1 Qs TV
12 Qs v
1 ™v ™
2 {2 v v
! QS = Quasi-static rotor analysis

TV = Time-variant rotor analysis

of each other.
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QS-TV = Quasi-static trim followed by a time-variant trim. During
the time-variant portion of this type trim, only the flapping,
pylon, and mast windup angles of the time-variant rotor are
allowed to vary; the fuselage and control positions are held
fixed at the values determined by the quasi-static trim.
both rotors are time-variant, they are trimmed independently




IPL(51) and IPL(52) control the moment balancing procedures
used for the main and tail rotor respectively during each

individual trim iteration.

Although virtually identical in

operation, the two inputs are completely independent of each

other.

both be zero.

If IPL(51) and IPL(52) = O, the fully coupled 10 x 10
system of trim equations is used for each trim iteration. For
the quasi-static rotor analysis (IPL(49) = 0) this means that
the longitudinal and lateral flapping moments of each rotor
are computed only once during a single trim iteration using
the current values of cyclic pitch and flapping angles. That
is, the rotor moments as calculated are used, and no attempt
is made to reduce any moment imbalance during a trim iteration.
For the time-variant rotor analysis, IPL(51) and IPL(52) must

IPL(51) = IPL(52) = 0 is considered to be the

standard procedure for iterating to a trimmed flight condition
regardless of the rotor analysis being used.

If the quasi-static rotor analysis is being used, nonzero
values of IPL(51) and IPL(52) can be used to decouple sets of
rotor flapping moment equations from the standard 10 x 10
system and to activate one of two alternate procedures for
reducing the flapping moment imbalances in the uncoupled

set(s) of rotor equations.

The systems of equations to be

used in each trim iteration are given in Table 5.

TABLE £. SYSTEMS OF EQUATIONS USED IN TRIM

IPL(51) IPL(52) Systems of Equations
=0 =0 One 10 x 10 system (both rotors and
airframe)
#0 =0 One 2 x 2 system (main rotor)
One 8 x 8 system (tail rotor and
airframe)
=0 # 0 One 2 x 2 system (tail rotor)
One 8 x 8 system (main rotor and
airframe)
#0 #0 Two 2 x 2 systems (one for each rotcr)
One 6 x 6 system (airframe)
NOTE: The user cannot decouple the rotor analysis if the

fully time-variant trim (IPL(49) = 1, IPL(50) = 2,

for example) is being used.
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when IPL(51) or IPL(52) is not equal to zero, the sign of the
input determines which of the moment balancing procedures is
to be used. If the input is greater than zero, flapping
angles are locked and cyclic pitch angles are changed to trim
the appropriate set(s) of decoupled rotor equations. If the
input 1s less than zero, the cyclic pitch angles are locked
and the flapping angles are changed to trim the appropriate
set(s) of decoupled rotor equations. The magnitude of the
input specifies the maximum number of subiterations (rotor
iterations within the trim iteration) that are permitted to
trim the appropriate rotor. A system of decoupled rotor
equations 1is defined to be trimmed when the magnitude of the
moment imbalance is less than the allowable error (XIT(20) for
the main rotor, XIT(21) for the tail rotor). Note that IPL(51)
and (52) control only rotor moment balancing procedures. The
allowable errors for the force and moment summary, XIT(15)
through XIT(19), do not affect rotor moment balancing during a
single trim iteration.

IPL(53) is a 0-1-2-3 switch which activates the calculation of
blade element accelerations for the designated rotor or rotors.

IPL(54) is currently inactive.

IPL(55) controls the use of the Wagner function for the time
delay of 1lift buildup on the wing (See Section 5-7 of Reference
2).

= 0 function is inactive

= 1 function active only for the first value of the
time increment on CARD 301

= 2 function active only for the second value of the
time increment on CARD 301

IPL(56) controls the fuselage degrees of freedom in maneuvers.
If IPL(56) = 0, the fuselage has the conventional six degrees
of freedom. If IPL(S56) ¥ 0, all fuselage degrees of freedom
are suppressed (locked out) during maneuvers. Although this
input is independent of all other logic inputs, it is normally
used only for wind tunnel simulations, e.g., IPL(1l), IPL(51),
or IPL(52) # 0.

2Bisplinghoff, Raymond L., Ashley, Holt, and Halfman, Robert
L., AEROELASTICITY, Addison-Wesley Publishing Company, Reading
Massachusetts, 1955, pp. 281-293.
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CARD 15 5
IPL(57) through IPL(70) are currently inactive. to
CARD 16

3 IPL(71) controls the formal printout of input data which
normally precedes the start of the first TRIM iteration. In-
creased values of IPL(71) progressively suppress more and more
data as indicated below:

Value of IPL(71) Printout Suppressed
=0 None i
> 1 All data tables (airfoil, elastic

blade, RIVD, and RWAS tables)

> 2 All group ID cards (except Program
Logic Group) and all input groups

(printout of &CHANGE Cards is not

suppressed)

> 3 Problem heading and identifying com- |
ments (from CARDS 02, 03, and 04)

when NPART = 10; &CHANGE Card(s) and .
input data for maneuvers in all cases

Printout of the problem heading, identifying comments, and
Program Logic Group ID cannot be suppressed on the first
cases in a run because these data are printed before the IPL
group is read in. The data deck listing printout at the start
of each run is never suppressed. Note that in the second and
subsequent cases in a parameter sweep (i.e., when NPART = 10),
printout of all data tables is automatically suppressed. To
print out the tables in these cases, IPL(71) must be reset to
) zero in the &CHANGE card of each case for which the print is
) desired.

IPL(72) controls the printout of the trim iteration data as
follows:

. IPL(72) 0 Rotor data and force and moment summary
{ from last iteration only. Last partial
derivative matrix computed.

tv
[

Iteration heading (with QS or TV notation);
Time-variant heading and dependent partici-
pation factor for time variant iteration;
force and moment summary for each iteration
and partial derivative matrix when cal-
culated.
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If

IPL(72) > 2

In addition, if

IPL(72) > 3

Rotor data, Force and Moment Summaries, and
Dependent Participation Factors (if appli-
cable) during Partial Derivative Matrix
calculations during TRIM. Rotor data and
Force and Moment Summaries during the cal-
culation of the Control Power Partial
Derivative Matrices during STABE. Rotor and
pylon moments and angles and rotor balance
parameters (if applicable) during TRIM,
STAB and MANEUVER.

Harmonic response for modes 2 through 11
are printed out.

IPL(73) controls the printout of the optional trim page. It is
a 0-1-2-3 type switch; e.g., 0 omits the optional page for both
rotors and 3 prints one of the optional trim pages for each

rotor.

IPL(74) is currently inactive.

IPL(75) controls printout of blade element aerodynamic (BEA)
data for the main rotor as follows:

IPL(75)

v

2

0 orl No BEA data are printed

BEA data are printed along with bend-
ing moment data at the maneuver time
points specified in the Blade Element
Data Printout Group. (See Section
3.25). If no maneuver is computed,
IPL(75) < 2 has no effect.

BEA data are printed after a QS trim

and along with bending moment data at
the maneuver time points specified in
the Blade Element Data Printout Group.

WARNING: IPL(75) should never be set larger than 3 for a nor-
mal run. IPL(75) inputs of 4, 5 and 6 are intended only for
very detailed diagnostic checks by the programmer; these values
will generate huge stacks of output containing data which is
not needed for normal runs. For reference only, the effects
of values of 4, 5,

and 6 are as follows:

POV PPN




IPL(75) >

BEA data are printed after QS trim and
at every time point in a maneuver re-
gardless of the value of NPRINT on
CARD 01 and the values in the Blade
Element Data Printout Group.

v
wn

The virtual work and its components
for each mode shape of each blade of
each rotor are printed at each itera-
tion in trim and at every time point
in maneuver.

| v
o

BEA data are also printed for each
rotor revolution in trim. The
output generated by this value of
IPL(75) is extremely voluminous.

[

NOTE: Blade-element aerodynamics data will not be printed if
the main rotor is time-variant (IPL(50) = 1 or 3). The

contour plot option should be used to print out aerodynamic :
quantities for a time-variant main rotor. A

IPL(76) controls printout of blade element aerodynamic (BEA)
data for the tail rotor as described for the main rotor in the o
description of IPL(75). These diagnostics will not be printed b
for the tail rotor if it is time-variant (IPL(50) = 2 or 3). ‘
Use the contour plot option to print out tail rotor aerody-

namics in this case.

IPL(77) and IPL(78) are used to select the blade station at
which the beamwise, chordwise, and torsional moments are cal-
culated at each time point in a time-variant maneuver, for the
main and tail rotors, respectively. There are up to 20 blade
stations numbered sequentially from 0 at the hub (zero radius)
. to 19 at the next-to-last station. (The moment at 100-percent
a radius is always zero.)

IPL(79) controls the storing of certain rotor variables for
tabulation and contour plots. See Section 3.35 (l000-series
cards) for a listing of the data stored and instructions for
printing the data. Data are stored for each rotor during trim
and maneuver according to the following table (no data are
stored during stability analysis):

IPL(79) TRIM MANEUVER

0 None None

ok

1 Main rotor only Main rotor only ‘
' i

2 Tail rotor only None

3 Both rotors Main rotor only



T TP " . " ki e P

In trim the source of the stored data is a function of the
type of trim procedure (rotor analysis) that is active for
the appropriate rotor:

TRIM TYPE DATA SOURCE

Qs Extra QS rotor revolution computed
after normal QS trim

QS-TV Extra QS rotor revolution computed after
QS trim and last revolution of TV trim

FTV Last (third) revolution of the
baseline calculation of each trim !
iteration

QS = Quasi-static; TV = Time-variant; QS-TV = QS followed
by TV; FTV = Fully TV

In maneuver the source of the stored data is also a function
of the type of rotor analysis:

ROTOR ANALYSIS DATA SOURCE P

Qs Rotor revolution computed at each
value of TAIR

™v Rotor revolution that starts at
each value of TAIR

For QS rotor analysis, the data stored are for the single,
representative blade used in that analysis. For TV analysis,
the data stored are for Blade 1 of the rotor. IPL(79) may be
used to store data for any case where NPART =1, 2, 4, 5, 7,
or 10. Note that in parameter sweeps, the value of IPL(79)
. can be changed at the start of each case in the sweep, and that
: the 1000-series cards must follow the last case in the sweep.
1f data are to be stored during maneuver, remember to set
. IPL(23) # 0 and to include the five maneuver input groups so :
that the TAIR inputs can be made. When data are to be stored
during maneuver and the TV rotor analysis is active, consecu-
tive values of TAIR should be more than one rotor revolution
apart. If a TAIR input specifies that data are to be stored,
but one revolution has not been completed, the input will
be ignored.

’
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IPL(81) through IPL(83) are currently inactive.

IPL(84) controls the printout of the modal participation factors

during Time-variant Trim. If IPL(84) = 0, the participation

factors are printed out regardless of the value of IPL(72). 1If
k IPL(84) # 0, the participation factors are not printed.

] CARD 17

IPL(85), (86), (87), and (88) provide the user with control !
k over the coupling in the rotorcraft stability analysis subrou- .
tine, STAB. Some graphical examples of the effect of IPL(85), :
(86), and (87) on the matrix used in STAB are shown in Figure - '
19. These three switches are completely independent of each
other. IPL(85) controls the coupling between the three longi-
tudinal fuselage equations and the three lateral fuselage equa- ;
tions. If IPL(85) = 0, the fuselage is represented by two 3 x ‘
3 matrices. If IPL(85) # 0, the fuselage is represented by a
6 x 6 matrix.

IPL(86) controls the rotor dynamic pylon degrees of freedom in

STAB. It is a 0-1-2-3 type switch. If IPL(86) = 3, the

pylon degrees of freedom for both rotors are included expli-

citly. If IPL(86) is zero, the pylon degrees of freedom do not

appear in the rotorcraft stability analysis. IPL(86) must be

compatible with the pylon data read in by IPL(9) and IPL(10).

As a safeguard, the program resets IPL(86) to zero if IPL(9), .
IPL(10), and IPL(86) are incompatible.

IPL(87) controls the rotor flapping degrees of freedom in STAB.
It is a 0-1-2-3 type switch. 1If IPL(87) = 3, the rotor
flapping equations appear explicitly in the rotorcraft stabi=-
lity analysis. In this case all partial derivatives are made
without changing the flapping angles. If IPL(87) = 0, the
rotor effects enter the rotorcraft stability analysis by ad-
justing the flapping angles to a new stabilized position for
each partial derivative. See Figure 20 for logic flow on the
STAB partial derivatives.

If the flapping degrees of freedom are excluded by IPL(87),

these degrees of freedom can be included in the stability de-

rivatives by changing the flapping angles to rebalance the

rotors. If IPL(88) = 0, the rotor(s) will be rebalanced; if

IPL(88) # O, no rebalancing takes place. This option is

intended to be used for diagnostic purposes, not to represent

a real rotorcraft. .

IPL(89) controls the option to print or punch on cards the
mass, damping, and stiffness matrices used in the rotorcraft
stability analysis. The punch option is useful when the user
plans to input these matrices to another computer program.

5 S
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(a) Basic Stability Analysis Matrix
Long. Lat Rotor Pylon _
CG IPL (85) = 0 '
Forces Long. .
and IPL (86) = 0
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MRoto; Main IPL (87) = O
oments ) .
Pylon | Main
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(b) Uncoupled Fuselage (Two 3x3 Matrices)
! Note: ] IPL (85) ¢ 0
t
'
: Cross-hatched area IPL (86) = O i
represents Degrees
of Freedom used in IPL (87) = O
each case,
— [

(c) Coupled Fuselage (One 6x6 Matrix)
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Figure 19, Schematic of Matrices Used in the Rotorcraft
Stability Analysis.
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Figure 19. Continued.
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IPL(89) = 0 to print only
1l to punch only
2 to print and punch
3 to suppress print and punch

The form of the punched output 1is explained in Section 4.11.4.

IPL(90) should always be zero. It is intended for diagnostic
use by the programmer only and is discussed in detail in
Volume III.

IPL(92) controls the printout of the Thrust-Induced Velocity
History in STAB when the »otor or pylon degrees of freedom are

activated. See Figure 20. IPEI92M§= 0 suppresses the print-
out. %

Table 6 gives the value of IPL(93) required to print the
numerators of the transfer functions computed by STAB.

TABLE 6. VALUES OF IPL(93) TO PRINT THE NUMERATORS
OF THE TRANSFER FUNCTIONS.

Denominator Numerator of Transfer Function

of Transfer M/R Flapping

Function u w 6 v ¢ ] Long. { Lat
Collective 2 1 1 3 3 3 4,-1 1] 4,-1
Long. Cyc 2 110,-1| 3 3 3 4,-1 4,-1
Lat Cyc 3 3 3 2 0,-1} 1 4,-1 4,-1
Pedal 3 3 3 2 1 0,-1 4,~-1 4,-1

The printing of the force and moment summary during the per-
turbation calculations in STAB can be suppressed by setting
IPL(94) to a nonzero value.
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3.4 AIRFOIL DATA TABLE GROUP

The Airf<il Data Table Group does not have a group identifica-
tion card of its own; i.e., no CARD 20. Rather, each data table
included in the group has its own identification card.

3.4.1 Airfoil Data Table Sets

The number of airfoil data table sets to be included is speci-
fied by IPL(2). IPL(2) may equal 0, 1, 2, 3, 4, or 5. A set
of tables for an NACA 0012 airfoil section is compiled within
the program and stored in the space allocated for the fifth
table. If IPL(2) specifies that five tables are to be read in,
the fifth external table will overlay the internal 0012 data.

This internal 0012 table may be used any time four or less air-
foil data tables are read in, i.e., IPL(2) =0, 1, 2, 3, or 4.
The 0012 table (if not overlaid) or any table that is input
can be assigned to any one of the five rotor airfoil aerody-
namic subgroups or to the five aerodynamic surfaces by use of
the 18th aerodynamic input, e.g., YRR(18,J), J =1, 2, 3, 4, or
5, YWG(1l8), YSTB1(1l8). Note, however, that data tables for

the rotor must be airfoil section (two-dimensional) data,

while tables for the aerodynamic surfaces must be surface
(three-dimensional) data. See Sections 3.9.2 and 3.14.2 for
further details on assigning data tables to the rotor and
aerodynamic surfaces respectively.

The contents of each data table set are the same:

(1) Identification Card

(2) Title and Control Card

(3) Lift Coefficient Table (at least 3 cards)

(4) Drag Coefficient Table (at least 3 cards)

(5) Pitching Moment Coefficient Table (at least 3 cards)

The specific format for the first two cards of each set is
identical, while the general format for each of the three
tables in any set is the same. Note that angle of attack 1is

the only parameter which ever appears in the first seven-column
field on any card in any table.

The Mach number entries in each table must start.at zero and
be in increasing order of magnitude. Note that i1f the computed
Mach number exceeds the highest Mach number in the table, the

table lookup routine extrapolates the data to the computed
Mach number.

The card set for the first angle of attack in each table must

be for -180 degrees and the last for +180 degrees. Each card
set for an angle of attack starts on a new card. In between the
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card sets for these two angles, the card sets for other angles

must be in increasing value of angle of attack. Tt is not
necessary to have uniform increments between values of angle of
attack or Mach number in a table or to have the same angles or
Mach numbers in each table. It is assumed that the angle of
attack entries in all airfcil data tables are the angles of
attack of the chordline of the airfoil section or surface.

This assumption shcoculd be remembered when developing the inputs
for the control system rigging of cambered surfaces.

The minimum value for each of the six integer inputs on the
control card (NXL through N2ZM) is 2. The maximum values of
these inputs are defined by the maximum permissible number of

entries in a table, i.e.,
Lift Table: NXL*NZL + NXL + N2L < 500
Drag Table: NXD*NZD + NXD + N2ZD < 1100
Pitching Moment Table:  NXM*NZM + NXM + N2ZM < 575

For example, if the 1lift table is to have 10 Mach number en-

tries (N2L = 10), then the number of angles of attack must be
less than or equal to 44 (44 * 10 + 44 + 10 = 494). The min-
imum size table (2 by 2) is frequently used to enter a dummy
pitching moment coefficient table (CM = 0 at all Mach numbers).

Such a table would require NXM = 2 and NZM = 2 on the Title
and Control Card plus the following three cards for the table:

First Card:

Col 8-14

15-21

0.0 (lowest Mach number)
1.5 (or any Mach number greater
than the expected maximum)

Second Card:

Col 1-7 -180 (minimum angle of attack)
8-14 0.0 (CM at « = -180°, M = 0)
15-21 0.0 (CM at « = =180°, M = 1.5)
Third Card:
Col 1-7 180.0 (maximum angle of attack)
8-14 0.0 (CM at o = 180°, M = 0)
15-21 0.0 (CM at a« = 180°, M = 1.5)
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3.5 MAIN ROTOR GROUP

This entire group must be omitted if IPL(3) = 1 or 3. This
rotor always rotates counterclockwise when viewed from above,
1.e., the standard direction of rotation for main rotors of
American-made helicopters.

CARD 31

?he number of blades, XMR(1l), must be in the range from 2 to 7
inclusive. The geometric and physical properties of each blade

and its attachment to the rotor hub are assumed to be identical
to those of all other blades.

The rotor undersling, XMR(2), may be a nonzero quantity only
for a teetering or gimbaled rotor. It is the vertical distance
between the flapping axis and the pitch-change axis at a radius
of XMR(53) feet. It is positive if the pitch~-change axis

is below the flapping axis. See Section 3.5.1 for additional
details.

If the offset of the airfoil aerodynamic reference center from
the pitch-change axis is constant, this single value may be
input as XMR(3). In this case, the reference offset distri-
bution on CARDS 3K, 3L, and 3M must be omitted. If XMR(3)
»100., the distribution must be input. The offset distance is

nositive for the reference center in front of the blade reference
line.

The rotor radius, XMR(4), is measured from the centerline of
rotor rotation to the blade tip.

If the chord is constant over the blade radius, this single
value may be entered as XMR(5), and the chord distribution on
CARDS 3N, 30, and 3P must be omitted. If XMR(5) = 0, the chord
distribution must be input. o Lo

If the blade twist is linear and less than 100 degrees from
root to tip, the total twist may be input as XMR(6), and the
program will compute the distribution. In this case, CARDS 39,
3R, and 3S must be omitted. If XMR(6)>100, these twist dis-
tribution cards must be included. Positive twist is in the
direction of positive blade pitch. The normal rotor blade with
washout will have negative twist.

The flapping stop location, XMR(7), is the maximum amount the

hub can flap without hitting the flapping stop spring. The
normal input is positive. 3ee also XMR(17), CARD 33.
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CARD 32 i

The location of the shaft pivot point as specified by XMR(8),
(9), and (10) is primarily intended for use with tilt-rotor
confiqurations. These inputs, in conjunction with the mast
tilt angles and length (XMR(44), (45), and (46) on CARD 37) are
used to determine the stationline, buttline, and waterline of
the rotor hub, the point at which the summation of the rotor
forces acts. For other than tilt-rotor aircraft, the shaft
pivot point is normally located at the rotor hub, and the mast
length, XMR(46), is set to 0.0.

Blade weight and inertia (XMR(1ll) and XMR(1l2), respectively)
are only mandatory inputs when IPL(6) = 0 (i.e., when the main
rotor elastic blade data set is not input). As used here the
word blade includes the appropriate portion of the rotor hub as
well as the blade itself for a teetering or gimbaled rotor.
Blade weight is then the weight of a single blade/hub combina-
tion in pounds for a teetering or gimballed rotor. Blade
inertia is the inertia of a single blade/hub combination about
the line which passes through the blade feathering axis and the
shaft. For an articulated rotor, XMR(11l) and XMR(1l2) represent
the mass and inertia of that portion of the rotor outboard of
the flapping hinge, with the inertia calculated about the
flapping axis. 1If the main rotor elastic blade data set is
input (IPL(6) # 0), the blade weight and inertia are internally
computed from the blade weight distribution in the elastic blade
data set, XMW(1l) through XMW(21), and the values of XMR(1ll) and

XMR(12) are ignored. All XMR(1l) blades are assumed to be
identical.

XMR(14), the pitch-lag coupling ratio, is positive—for a nose-
up angle with aft (positive) blade motion. (This input is used
in conjunction with the lag angle input for each rotor mode
shape.) The lag angle for the Ith mode is the product of
XGMS(8,I) times the modal participation factor for that mode.
The sum is taken for all the modes and multiplied by XMR(14) to
get the change in blade pitch. Note that this input is not
effective unless the rotor elastic data are input.

CARD 33

XMF(16), the hub-type indicator, is zero for a gimbaled or
teetering rotor and nonzero for a hingeless or articulated
rotor. The distinguishing characteristic of a gimbaled or
teetering rotor is that the response of any blade depends on
the loading on all of the blades because of the moments trans-
mitted across the rotor hub. On a rigid or articulated rotor,
each blade acts independently with the difference between these
two being in the mode shape characteristics.
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The flapping stop spring rate, XMR(17), is used in the dynamic
model of the flapping stops. When flapping exceeds XMR(7),

a restoring moment proportional to the displacement relative
to the stop is applied.

The flapping spring rate per blade, XMR(18), generates a re-
storing moment whenever there is any flapping. See the descrip-
tion of the nonlinear flapping spring, on CARD 37, for further
explanation.

In the explanation of XMR(17) and XMR(18), flapping is defined
as the slope of the blade at the hub including displacements
from all modes, but not including precone.

The reduced rotor frequency, XMR(19), is used only when the
UNSAN unsteady aerodynamic option is activated for the rotor.
Otherwise, the input is ignored. If the input is less than or
equal to zero, it is reset to unity (l-per-rev). See the
discussion of UNSAN in Volume I to aid in determining this
input.

The lead-lag damper, XMR(20), is used in conjunction with the
lag angle input with the rotor mode shapes. The operation is
similar to XMR(14) above except that the damper uses the modal
velocities rather than the displacements.

I1f a blade segment is completely inboard of the hub extent,
XMR(21), the segment produces no lift or pitching moment and
has a drag coefficient of XMR(25) based on the planform area
of the segment. If a blade segment is partially or completely
outboard of the hub extent, the airfoil aerodynamics specified
by IPL(46) on CARD l4 are used for the segment. If |IPL(4)] is
less than 5, set XMR(21l) = 0.0.

CARD 34

The location of the pitch-change axis, XMR(23), is the distance
from the quarter (25 percent) chord of the blade to the blade
feathering axis in units of chord lengths. Positive XMR(23)
is toward the trailing edge of the blade. For example, if the
pitch-change axis is 30-percent chord aft of the leading edge,
XMR(23) should equal 0.05 (5 percent aft of the 25-percent
chord line). Similarly, if the axis is at 17-percent chord,
XMR(23) should equal -0.08 (8 percent forward of 25-percent
chord line). A value of 0.0 (equivalent to 25-percent chord)
is the normal input. This input is only used when one of the
unsteady aerodynamic options is activated (i.e., IPL(48) # 0).
Also, see Section 3.5.1.
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The positive pitch-flap coupling angle, XMR(24), acts to reduce
blade pitch with positive flapping. The tangent of the angle
should be considered as having units of degrees of blade pitch
change per degree of blade flapping. Also, see Section 3.5.1.

The drag coefficient for the hub, XMR(25), is discussed with
hub extent on CARD 33.

The lead-lag spring rate, XMR(26), operates in conjunction with
the lag angle input with the rotor mode shapes. It causes an
inplane restoring moment in a manner exactly analogous to the
operation of XMR(14) above.

If a Rotor-Induced Velocity Distribution Table is not input,
the coefficient for tip vortex effect, XMR(27), can be used to
modify the induced velocity distribution on the outboard 30
percent of the rotor blade to simulate the effect of shed tip
vortices. The simulation gives improved airload calculations
in the low-speed range by modeling the rotor as a wing with
tip vortices and modifying the radial induced velocity distri-
bution in the vicinity of the advancing and retreating blade
tips (see Section 3.10.3). However, power and other perfor-
mance values are not affected significantly. Rotor bending
moments computed by another version of this program showed
improved correlation with test data when a value of 10 was used
for this coefficient. If the input is zero, the effect is
removed.

CARD 35

The tip sweep angle, XMR(29), is the sweepback angle of the
leading edge of the most outboard segment of the blade; it is
also discussed in Section 3.9.2 as X(29).

The value of XMR(30) gives the tip-loss factor. If XMR(30)
= 0, the tip-loss factor is computed internally (see Section
3.4 in Volume I). If IPL(4) is less than 5, set XMR(30) = 1.0.

If XMR(30) # 0, then the 1lift is zero over that portion of the
blade outboard of XMR(30)*XMR(4).

See Section 3.5.1 for a discussion of XMR(31) and XMR(32).
The shaft axis component of the rotor average induced velocity
is multiplied by XMR(33) and applied at the fuselage center of

pressure, in the direction parallel to the rotor shaft, and is
used in the calculation of the fuselage angle of attack.
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XMR(35) is the main rotor pitch-cone coupling ratio and is
equal to the degrees of collective pitch for 1 degree of coning.
The input is ignored if any main rotor mode shapes are input
(i.e., IPL(6) # 0).

CARD 36

The intended use of the rotor nacelle inputs on this card is
to simulate changes in aerodynamic forces and in the cg location
of a tilt-rotor aircraft during conversion. Each rotor has
its own nacelle, although for a tilt-rotor aircraft all
nacelle inputs are normally identical except that the buttline
of the aerodynamics centers, XMR(38) and XTR(38), are opposite
in sign. For configurations cther than tilt-rotor aircraft,
the nacelle weight should be set to zero. However, even with
zero nacelle weight, the nacelle drag inputs can still be used
to simulate such effects as drag of a fairing around the mast,
additional hub drag, etc.

Rotor nacelle weight, XMR(36), is the total weight of the
nacelle, dynamic pylon, rotor hub, blades, etc., which con-
tribute to a shift of the aircraft cg with longitudinal mast
tilt angle. If the longitudinal mast tilt angle is to remain
constant at the input value of XMR(44) during the run, and the
aircraft cg input on CARD 10l is the aircraft cg for the input
mast tilt angles of both rotors, then nacelle weight should be
input as zero. Otherwise, a shift from the cg input on CARD
101 will be calculated as explained below.

Nacelle cg inputs, XMR(37-39), are intended to locate the cg
of the moveable weight (pylon, rotor, etc.) for zero degrees
longitudinal mast tilt and XMR(45) degrees lateral mast tilt.
Since only the longitudinal tilt angle is variable during a
maneuver and longitudinal tilt is in the body X-Z2 plane, only
shifts in cg stationline and waterline are calculated. The
shifts of cg station, ASTA, and waterline, AWL, due to longi-
tudinal mast tilt angle, B are given by the following equa-

tions: m’
ASTA = Zsinﬂm + X(1 - cossm)
AWL = 2Z(1 - cosBm) - Xsinam
where
X = [XMR(36)/XFS(1)]*[XMR(8) - XMR(37)]
2 = [XMR(36)/XFS(1)]*[XMR(10) - XMR(39)]
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The rotor nacelle differential flat plate drag area, XMR(40),

is defined as the increase in the total flat plate drag of the
aircraft (without rotors and at zero angles of attack and side-
slip) as the longitudinal mast tilt angle is changed from 90
degrees (horizontal) to 0 degrees (vertical). Note that the
main rotor and tail rotor nacelle are modeled separately; hence,
this differential flat plate drag area is for one nacelle only.
From XMR(40), the nacelle drag area, DN' is computed by the
following equation:

Dy = XMR(40)*cos3(aN)

where LI is the angle between the free-stream velocity vector

and its projection on the plane perpendicular to the rotor mast.
This drag is then applied at the nacelle aerodynamic center
which is assumed to be on the centerline of the mast at a dis-
tance XMR(41) feet from the mast pivot point. The direction
for positive XMR(41l) is defined as up the mast when the mast

is vertical.

XMR(42) is the first mass-moment of the rotor about the flap-
ping axis. If XMR(42) is input as zero for a quasi-static
rotor, then the first mass moment is computed from the
equation

First Mass Moment = VXMR(11) * XMR(12)/32.19

CARD 37

The control phasing, XMR(43), is defined in Figure 22, in
Section 3.5.1.

The longitudinal and lateral mast tilt angles, XMR(44) and
XMR(45) respectively, are both zero for a mast which is verti-
cal, i.e., parallel to the body 2-axis. For nonzero mast
angles, the angles are treated as ordered rotations where the
longitudinal mast tilt angle is the first rotation (positive
forward) and the lateral tilt mast angle is the second rotation
(positive right). The mast length XMR(46) is the distance

from the mast pivot point (XMR(8), (9), and (10) on CARD 32)

to the rotor hub. The direction for positive XMR(46) is de-
fined as up the mast when the mast is vertical. The mast length
mag be zero if the location of the hub is given by XMR(8), (9),
and (10).

The nonlinear flapping spring is engaged whenever the absolute
value of the hub flapping angle, By is greater than XMR(47).

The order of the nonlinearity, r, is XMR(49) and need not be
integer. The nonlinear spring rate, XMR(48), is based on this
nonlinear order.
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The equation for the flapping spring moment, MB, is

MB = Mo + BH(XMR(IS) + XMR(48) * BH XMR(49)-1) '
By > ®(47)
where
M, = -XMR(48) * XMR(47) ** XMR(49)
CARD 38

XMR(50) is the break frequency of the filter used for the
maneuver autopilot and for induced velocity calculations. The
magnitude and time-lag functions for the filter are

|mcie)] = L
£f16
()
fu
m=0 sin {(2m + 1) g }
Tq(f) = £\6
£, 27(1 +(f—\> )
u
where
f = signal frequency, Hz
f_ = upper break frequency of filter, XMR(50)

u
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It is suggested that the user try XMR(50) equal to main rotor ﬁ
l-per-rev, in Hertz. In that case, the magnitude and time 1

lags are l
Steady State: [H(0)| = 1.0 :
T.(0) = 0.31831 seconds
d f
u {
1-per-rev: H(ify )l = 0.7071 %
. 0.3979 !
Td(fu) = T seconds ‘
u t
2-per-rev: [H(2if )| = 0.12403 »
_ 0.0930 ]
Tq(2£,) = =% |

u

I1f the user wishes to chose a value of XMR(50) other than 1l-

per-rev, higher harmonic attenuation must be traded for steady
state time lag.

XMR(51), XMR(52), XMR(53), and XMR(54) are used in conjunction
with XMR(2) and XMR(22) to define the pitch-change axis geometry,
as shown in Figure 21. All quantities shown on the figure

are positive.
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e e i e

XMR (55) and (56) are used to compute the increment to the :
pitch link load due to a feathering bearing with a non-zero i
torsional spring rate (such as an elastomeric bearing). The ¥
incremental pitch link load is %

XMR(55

APLL = - ( MR (3

8grip = XMR(56))*

The geometric pitch angle, agrip' is the angle at the radius

- specified by XMR(32), so XMR(56), the pitch angle at which -
there is no pitching moment due to the feathering bearing, l
should be referenced to that radius also. ;

CARDS 39, 3A, and 3B (include these cards only if IPL(4) < 0) o
The radii to the outboard end of the blade segments are input

on these cards if the segments are of unequal lengths. All 1 ;
three cards must be input regardless of the number of segments. i !

0
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XMR(54) ]

Plane perpendicular
XMR (22) to the shaft

Figure 21.

i‘ | XMR (51)

XMR (52)

Definition of Pitch-Change-Axis Offset Inputs.
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CARD 3C (Include this card only if IPL(9) # 0)

The modal pylon inputs used in C81 can be generated by NASTRAN,
or by some similar program, with or without the rotor mass
included in the airframe eigenvalue solution. If the rotor
mass was included in the NASTRAN model, it must have been
represented as a point mass. All of the |IPL(9)| main rotor
pylon modes must have been generated in the same manner, i.e.,
they all must have the effects of rotor mass, or none of them
should. €81 properly accounts for the inclusion of the rotor
mass (see Section 3.3 of Volume I).

The generalized inertia, XMP(l), natural frequency, XMP(2),
and modal damping ratio, XMP(3), are all readily found as
results of the airframe frequency analysis.

The swashplate coupling angle inputs, XMP(4), XMP(5), and
XMP(6), are all multiplied by the pylon modal participation
factor to give the swashplate coupling; i.e., when the partici-

pation factor is 1.0, the longitudinal cyclic coupling angle is
XMP(4) radians.

CARD 3D (Include this card only if IPL(9) # 0.0)

The pylon mode shape displacement components are to be input in
body reference coordinates, not shaft reference coordinates.
This 1s only important 1f the rotor mast is tilted with respect
to the body reference system.

XMP(8) and XMP(9) are the longitudinal and lateral linear
displacements at the top of the mast. XMP(1l0) is the airframe
vertical linear displacement at the top of the mast.

XMP(11l) and XMP(1l2) are the body-reference pitch and roll
angles of the top of the mast, i.e., they are the body-
reference-system longitudinal and lateral angular displacements
of the top of the mast. XMP(1l3) is the body-reference Z-axis
torsional windup of the mast and pylon. Due to the generality
of the mode shape inputs, one of the modes can represent the
mast windup response, but the ex and ey components, XMP(1l)

and XMP(12), will be nonzero for this mode if there is any
mast tilt.

CARDS 3E, 3F

Include these cards only if |[IPL(9)|>2. The description for
this pylon mode is identical to that of the first pylon mode,
CARDS 3D and 3E, with XMP(15) through XMP(28) replacing
XMP(1l) through XMP(1l4).
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CARDS 3G, 3H

Include these cards only if IIPL(9)| >3. The description for
this pylon mode it identical to that of the first pylon mode,

CARDS 3D and 3E, with XMP(29) through XMP(42) replacing XMP(1l)
through XMP(14).

CARDS 31, 3J

Include these cards only if I[IPL(9)] =4. The description for
this pylon mode is identical to that of the first pylon mode,

CARDS 3D and 3E, with XMP(43) through XMP(52) replacing XMP(1l)
through XMP(14).

CARDS 3K, 3L, 3M

These three cards may be used to input a nonuniform chordwise
offset of the airfoil aerodynamic reference centers from the
pitch-change axis. The airfoil aerodynamic reference center
is the point about which the aerodynamic forces and moments
are resolved for the equations or for the table being used for
that segment. These cards must be omitted if XMR(3) <100 and
must be included if XMR(3)>100. The subscript of each entry
in the XMACF array corresponds to the blade station number of
the entry (e.g., XMACF(15) is at Blade Station No. 15).

CARDS 3N, 30, 3P

These three cards may be used to input a nonuniform chord dis-
tribution for the blade. The cards must be omitted if XMR(5)
# 0 and must be included if XMR(5) = 0. The subscript of each
entry in the XMC array corresponds to the blade station number
of the entry; e.g., XMC(6) is the chord at Blade Station No. 6.
The chord at Blade Station No. 0 is not input; it is assumed
to be equal to the chord at Blade Station No. 1. The distri-
bution must be root to tip.

CARDS 3Q, 3R, 3S

These three cards may be used to input a nonuniform twist dis-
tributicn for the blade. The cards must be omitted if XMR(6)
<100. The subscript of each entry in the XMT array corresponds
to the blade station number of the entry; e.g., XMT(1ll) is the
twist at Blade Station No. 1l1. The twist angle at Blade Sta-
tion No. 0 is not input; it is defined to be zero and the twist
distribution is then the set of angles of the chord line at the
appropriate blade station with respect to the root collective
pitch angle. Positive twist, like positive collective pitch,

is defined as leading edge up. The distribution must be root
to tip.
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CARD 3T

This card must be read if IPL(14) = 1 or 3. The inputs on this
card control an harmonic blade shaker located at blade station
XMDI(4). The shaker applies a force to the blade along a line
of action passing through the axis of computation and tilted
XMDI(5) degrees back from the beamwise direction, positive

up (for XMDI(5) = 0) if XMDI(1l) is positive. The equation

for the force depends on the value of XMDI(6);

XMDI(6) = 1.0, collective mode excitation

F = XMDI(l) * cos(XMDI(2)*Q*t + XMDI(3))
where Q is the main rotor rotational speed.

XMDI(6) = -1.0, cyclic mode excitation

F = XMDI(1l) * cos(XMDI(2)*Q*t + XMDI(3) + AWi)

where Awi = Y, th

i~ ¢1 (azimuth of 1

blade - azimuth of blade 1).

XMDI(6) = 0.0, scissor mode excitation

F = XMDI(1l) * cos(XMDI(2)*Q*% - )C?‘!E’I(S) N XMRlSIQ AY)

The force is applied to XMR(1l) - XMDI(7) blades.
CARD 3U

This card must be read if IPL(14) = 1 or 3. The inputs on
this card control an harmonic control shaker which applies
additional harmonics to the swashplate. For XMDI(12) = 1.0,
a collective control motion results,

AB = XMDI(8) * cos(XMDI(9)*Q*t + XMDI(10))
This control motion is applied to XMR(1l) - XMDI(13) blades.

For XMDI(12) = 0.0, the harmonic excitation will have the same
effect as moving the cyclic stick in a circular motion, giving

a change in root geometric pitch for the ith blade, Aei, of
Aei = XMDI(8) * cos(XMDI(9)*Q*t + XMDI(1l0) - Wi)

For XMDI(12) = -1.0, the harmonic excitation will be equivalent
to rocking the swashplate about a nonrotating axis which is
XMDI(11l) degrees from due aft, measured in the direction in
which the rotor is turning. In this case, the change in

geometric pitch for the ith blade is C—
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AOi = XMDI(8) * cos(XMDI(9)*Q*t + XMDI(10)) * F
where

F = sin(XMDI(1l1l))*cos (¢i) + Ccos(XMDI(1l))*sin (¢i).
CARD 3V

The inputs on this card, XMDI(15) through XMDI(21), may be used
in the same manner as the inputs on CARD 3U, XMDI(8) through

XMDI(14). 1f the second control shaker is not needed in the
analysis, set XMDI(15) = 0.0.

CARD 3W

The 1nputs on this card, XMDI(22) through XMDI(28), may be
used in the same manner as the inputs on CARD 3U, XMDI(8)
through XMDI(14). 1If the third control shaker is not needed
in the analysis, set XMDI(22) = 0.0.

CARD 3X

This card may be used to input a nonuniform airfoil section
distribution for the blade. The card must be omitted if
IPL(46)> 0 and must be included if IPL(46)<0. The format for
the IDTABM array is 20I1 starting in column 1. These integer
inputs correspond to the sequence number of the Rotor Airfoil
Aerodynamic (RAA) Subgroup which is to be used at the specified
blade station. The subscript of each entry in the IDTABM array
specifies the blade station number of the entry. For example,
1f IDTABM(13) = 4, RAA Subgroup No. 4 is used at Blade Station
No. 13. Each value of IDTABM must be less than or equal to
IPL(46), the total number of RAA subgroups input. The airfoil
section at Blade Station No. 0, the blade theoretical root,

is not input; it is assumed to be part of the hub and capable

of producing only drag based on the hub drag coefficient,
XMR(25).

3.5.1 Rotor Hub and Control System Geometry

A top and side view of the geometry of the main rotor hub and
control system, including the sign- conventions for the XMR
inputs that define this geometry, are given in Figure 22. The
sketch may also be used for the second (or tail) rotor by
interpreting it as a view from the bottom of the rotor disk
rather than the top. Note that the sketch depicts a leading-
edge pitch horn. However, the _sign conventions are not a
function of the type of pitch horn; hence, to define a
trailing-edge pitch horn, simply input a negative length for
1p. Sue Section 8.1 in Volume 1 for additional details.
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Figure 22, Definition of Pitch-Horn, Hub and Swashplate
Geometry Inputs.
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Point P is the pitch-link attachment
Point S is the pitch-
The distance from Poi
pitch link.

point on the pitch horn.
link attachment point on the swashplate.

nt P to Point S is the length of the

The lengths 1_ and 1H are used to compute pitch~link loads in

the following manner. The torsional moment at lH inches from |

the hub is divided by 1p’ the moment arm of the pitch-link

attachment point. (The torsional moment inboard of 1H is set
to zero.) The resulting force, or pitch-link load (in pounds),

is printed in the O-percent radius (root) location on the
torsional loads page.
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3.6 MAIN ROTOR ELASTIC BLADE DATA GROUP

I1f IPL(6) = 0, this entire group must be omitted. The group
consists of six distributions of rctor blade parameters;
weight, beamwise mass moment of inertia, chordwise mass mo-
ment of inertia, beamwise center of gravity offset, chordwise
center of gravity offset and the mode shapes. The first five
distributions are input in three card sets, and all three cards
are input for each of these sets regardless of the number of
main rotor blade segments, |IPL(4). All six distributions are
given from root to tip, and the segments in these distributions
correspond to the segments used in the Main Rotor Group.
Therefore, if unequal segment length was used, the segments in
the Main Rotor Elastic Blade Data Group must have the same
lengths as those described in the XMBS array. All blades of
the rotor are assumed to have identical properties.

CARD 40

The first card of the data set is the identification card. 1If
the data library option is available, the ID card can call a
data set from the library and the remaining cards must be omit-
ted. If the data library is not used, the ID card must be
followed by the six distributions.

CARDS 41/Al1, 41/A2, 41/A3

The blade weight distribution inputs, XMW(1l) - XMW(20), are
defined to be the average values in pounds per inch across
each of the blade segments. If less than 20 segments are
used, then XMW( |IPL(4}} +1) through XMW(20) should be input as
0.0. The tip weight, XMw(21), is concentrated at the tip of
the blade (r/R = 1.0).

CARDS 41/Bl, 41/B2, 41/B3, 41/Cl, 41/C2, 41/C3

The beamwise mass moments of inertia, XMw(22) - XMW(4l), are
about the chordline of the airfoil section, while the chord-
wise mass moments of inertia, XMwW(43) -~ XMW(62), are about a
line perpendicular to the chordline and located at the quarter
chord of the segment. Normally, the chordwise inertias are
much larger than the corresponding beamwise inertias. The
units for both are in.-lb-sec?/in. If less than 20 segments
are used, then XMW( |IIPL(4) +22) through XMW(4l) and XMW( |IPL(4)]
+43) through XMwW(62) should be input as 0.0. XMW(42) and
XMW(63) are the mass moments of inertia of the tip weight
about the cg of the tip weight.
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CARDS 41/Dl, 41/D2, 41/D3, 41/El, 41/E2, 41,E3

The average beamwise center-of-gravity offset, XMW(64) -
XMW(84), and the average chordwise center-of-gravity offset,
XMW(85) - XMW(105), are measured from the pitch change axis
in the local beam-chord reference system. If less than 20
segments are used, then XMW( |{IPL(4)| +64) through XMW(84) and
XMW( [IPL(4)| +85) through XMW(104) should be input as 0.0.
XMW(84) and XMW(105) are the center-of-gravity offsets of the
tip welight, XMw(21).

CARD SETS 42/Al, 43/Al1, ..., 4C/Al .

These cards contain the coupled blade mode shapes. Exactly
IPL(6) sets of mode shape data must be input, and IPL(6) +
IPL(7) must be less than or equal to 12. Each mode shape
(card set) consists of |IPL(4)| +5 cards. The first three
cards contain 14 constants for that mode shape, six f'elds
per card. The next |[IPL(4)| +1 cards contain the modai dis-
placement and bending moment coefficients at the blade sta-
tions. (Station 0 is the blade root while Station |[IPL(4)]
is the tip.) The last card ccntains information describing
the change in the natural frequency of the mode with changes
in RPM or root ccllective. 1If this last card is blank, the
nacural frequency remains constant a® the value input on the
first card of the set. As used here, pitch angle refers to
tae pitch angle at zero radius (this is the reference point for b
all blade pitch angles in C8l). The set of data for Mode 1
(CARDS 42/Al1 through 42/Cl) is detailed in Section 2.6.6.1.
The sets of data tor additional modes use the same input
sequence and format as Mode 1, so only the inputs for Mode 1
will be described here.

If the mode shapes were generated by Program DNAMOS5 (see Sec-
tion 7.0), all the inputs to AGAJ77 were punched in the proper
format.

CARD 42/A1

The mode type indicator, XGMS(1l,1), is used for gimbaled or
teetering rotors to characterize the moment transfer across
the rotor hub. See Volume I for a discussion of the four
wode types.

Input Value Mode Type -
- Independent

Cyclic

Scissor A

Collective

. —
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An independent mode responds to all forcing frequencies. The
independent mode type is intended to be used for torsional
modes primarily. For an articulated or rigid rotor, XMR(16)#0,
the mode type indicator is not used, and any value may be input
without effect.

The natural frequency, XGMS(2,1), is input as the ratio of the
modal natural frequency to the rotor rotational frequency, i.e.,
XGMS(2,1) equals the natural frequency in cycles per minute
divided by the RPM, XGMS(9,1).

The generalized inertia, XGMsS(3,1), is the inertia for the modal
equation for this mode, and is computed as part of the mode
shape calculations.

The modal damping ratio, XGMS(4,1), is the ratio of the damping
to the critical damping. Good data for this input are diffi-
cult to find, but the range is generally accepted to be around
0.005 to 0.02, except for modes which have a large amount of
torsional response. In this case, the control system damping,
which is also difficult to determine, should be included in
XGM5(4,1). The control system damping is already included in
the value punched by DNAMOS5. A value between 0.05 and 0.10

has been found to give good results.

The inplane and out-of-plane hub shear coefficients, XGMS

(5,1) and XGMS(6,1), when multiplied by the modal participation
factor, give the shears at the center of rotation in the shaft
reference coordinate system.

CARD 42/A2

The pitch-link load coefficient, XGMS(7,1) gives the pitch-link
load when multiplied by the modal participation factor.

The lag angle, XGMS(8,1), is the angle about the actual inplane
hinge when the modal participation factor is 1.0. This input
is valid only for an articulated rotor.

The reference RPM and reference root collective, XGMS(9,1) and
XGMsS(10,1), are the values at wiiich the mode shape was gener-
ated. XGMS(10,1) is measured at the center of rotation.

The out-of-plane and inplane slopes of the pitch-change axis,
relative to the undeformed position, due to the first mode, are
equal to XGMS(11,1) and XGMS(12,1) multiplied by the modal
participation factor.
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CARD 42/A3

For the discussion of the inputs on this card, let

i
i
]

OP(r) = the blade out-of-plane displacement
component, as a function of r
IP(r) = the blade inplane displacement com ]
ponent, as a function of r B
dm = the blade section infinitesimal mass ‘ I
R L
XGMS(13,1) = J OP(r) + r - dm .
0 '
R ;
XGMS(14,1) = J OP(r) - dm l
0 ‘
'
R |
XGMS(15,1) = f IP(r) - r - dm
0 f
R
XGMS(16,1) = [ IP(r) - am
0

The out-of-plane and inplane displacement of the pitch bear-
ings, relative to its undeformed position, for this mode is
computed by multiplying XGMS(17,1) and XGMS(18,1) by the modal
participation factor.

| CARD 42/B2 ¥

The modal displacements and bending moment coefficients at the
blade stations are given on this card and on the subsequent

JIPL(4)] cards. Each card has the same format, and the dis- ‘
placements and bending moment coefficients are measured in the ~
rotor shaft coordinate system. The blade displacements and 2
bending moments due to this mode are equal to these inputs when .
the modal participation factor equals 1.0. Note that these ¥
variables cannot be changed by NAMELIST. i

j% CARD 42/C1 2 |

The input data on the last card of each mode, which changes
the natural frequency as a function of blade pitch angle and
rpm, is based on plus and minus increments of each variable
about the reference values given on CARD 42/A2, XGMS(9,1)

A A %o
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and XGMS(10,1). The high and low values of pitch must be
equidistant from the reference value. The same is true of the

rpm.
CARDS 43/A1 through the last card in the set.

The inputs for each of the remaining IPL(6)-1 modes are made
in the same way as those of the first mode.

NOTE: It is imperative that the first mode entered be the
primary out-of-plane mode characterized by a natural frequency
close to l-per-rev. This is necessary for the rotor elastic
trim to work properly. Other than the first mode, the order in
which the modes are entered is entirely a user option.
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3.7 TAIL ROTOR GROUP

The Main Rotor and Tail Rotor models are identical except that
the Tail Rotor always rotates clockwise with respect to its
mast as viewed from the top. Note that for zero mast tilt
angles the tail rotor mast is vertical. The inputs required
and the input sequence are identical for the two groups with
the following exceptions:

(1) XTR(28), the sidewash coefficient, does not have a
counterpart XMR(28) in the Main Rotor Group.

(2) The effect of program logic inputs: IPL(1),(7),(10),
and (47) affect the tail rotor but not the main
rotor; different values of IPL(3) are used for
the tail rotor; IPL(6),(9), and IPL(46) do not affect
the tail rotor.

Hence, see the Main Rotor Group for all except:
CARD 50

If IPL(l) # 0 or if IPL(3) = 2 or 3, omit the entire tail
rotor group.

CARD 52
‘the blade weight and second mass moment of inertia inputs,
XTR(1ll) and (12), are ignored if IPL(7) # 0; i.e., when one or
nore tail rotor mode shapes are input.
CARD 53
If |IPL(5)|is less than 5, set XTR(21) = 0.0.
CARD 54
Tail rotor sidewash coefficient, XTR(28), is used to simulate
the effect of the fuselage on the wind vector at the tail
rotor as follows:

Vp = Vg (1. -~ XTR(28))

where Vg and Vp are the lateral components of the wind vector,

in body reference, felt by the fuselage and the tail rotor,
respectively.

CARD 55

If |IPL(5)| is less than 5, set XTR(30) = 1.0.




CARD 56

XTR(42), the first mass moment of inertia of the tail rotor,
is ignored if IPL(7) # O.

CARD 57

For the tail rotor to act as an antitorque rotor, the mast

must be tilted from the vertical to its proper orientation,
e.g., XTR(44) = 0.0 and XTR(45) = +90. If XTR(45) = +90

(tilted to the right), the advancing blade is at the top of

the rotor disc (clockwise rotation when viewed from the right
side of the aircraft). If XTR(45) = -90 (tilted to the left),
the advancing blade is at the bottom of the rotor disc (counter-
clockwise rotation when viewed from the right side of the
aircraft).

It should be noted that with XTR(45) = +90, the tail rotor
thrust vector is positive to starboard, so that an increase in
tail rotor collective will increase the nose-to-port yawing
moment (i.e., a negative yawing moment). Likewise, for XTR(45)
= -90, an increase in tail rotor collective will cause an in-
crease in nose-to-starboard (positive) yawing moment. For
cambered airfoils, it may be necessary to input an inverted
CLCD table for the tail rotor.

The tail rotor nonlinear flapping spring model is identical
to that of the main rotor.

CARD 58

The tail rotor filter frequency should be chosen with the same
considerations as the main rotor filter frequency. A value
equal to tail rotor l-per-rev is recommended. The tail rotor
pitch-change axis geometry is defined using the same model as
the main rotor.

CARDS 59, S5A, and 5B (Include only if IPL(5)<0)

The radius to the outboard end of the blade segments are input
on these cards if the segments are unequal in length. All
three cards must be input regardless of the number of segments.

CARDS 5C and 5D (Include only if IPL(10) # 0)

The tail rotor elastic pylon inputs are similar to those for
the main rotor, as described in Section 3.5. Since the mode
shape components are in the body reference system, the Y

component of the mode shape, XTPi(9), will be in a direction
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generally parallel to the shaft of an anti-torque rotor, and
will be exactly aligned with it if the lateral tail rotor mast
tilt is $90° and there is no longitudinal tail rotor mast tilt.
CARDS 5E and 5F (Include only if [IPL(10)|>2)

The second tail rotor pylon mode shape is input in the same
format as the first mode shape.

CARDS 5G and S5H (Include only if |[IPL(10)|>3)

The third tail rotor pylon mode shape is input in the same
format as the first mode shape.

CARDS 5I and 5J (Include only if |IPL(10)| =4)

The fourth tail rotor pylon mode shape is input in the same
format as the first mode shape.

CARDS SK, 5L, and 5M

The nonuniform chordwise airfoil aerodynamic reference cen-
ter distribution for the tail rotor is input on these cards.
Include all three cards if XTR(3)>100.0 and omit the cards if

XTR(3)<100.0.
CARDS 5N, 50, 5P

The nonuniform chord distribution for the tail rotor is input
on these cards. All three cards must be included if XTR(5) =
0.0, and they must be omitted if XTR(5) # 0.0.

CARDS 5Q, SR, 5S

The nonuniform twist distribution for the tail rotor is input
on these cards. All three cards must be included if XTR(6)>
100.0, and they must be omitted if XTR(6)<100.0.

CARDS 5T, 5U, 5V, SW

These cards are to be read only if IPL(14) = 2 or 3. The
tail rotor harmonic blade shaker and harmonic control motion
models are identical to those of the main rotor.

CARD 5X

The nonuniform airfoil section distribution is input on this

card, which is included if IPL(47)<0. The card must be omitted
if IPL(47)>0.
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3.8 TAIL ROTOR ELASTIC BLADE DATA GROUP

This group is included only if IPL(7) ¥ 0. The tail rotor
elastic blade data is input in the same sequence and format as
that of the main rotor (see Section 3.6), except for the Blade
General Mode Shape Data, CARDS 62/Al, 62/A2, 62/A3, 63/Al,
63/A2, 63/A3, etc. The second subscript for the XGMS array is
of a different form than for the main rotor, because the tail
rotor general mode shape data is stored immediately following
the main rotor XGMS data. This difference is only important
in a NAMELIST procedure. Remember that IPL(6) + IPL(7) must
be less than or equal to 1l2.

The same caveat about the first mode shape in the group, namely
that it must be that out-of-plane mode whose frequency is near-
est l-per-rev, pertains to the tail rotor also.
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3.9 ROTOR AERODYNAMIC GROUP

This group is composed of not more than five Rotor Airfoil
Aerodynamic (RAA) subgroups, which are numbered sequentially
on input. IPL(10) in the Program Logic Group specifies the
number of subgroups to be input. If both rotor groups are
deleted (IPL(3) = 3), it is not necessary to read any RAA sub-
groups (IPL(1l) = 0); however, 1if IPL(3) # 3, at least one sub-
group is required and a zero input for IPL(1ll) will be reset
to one.

Each subgroup consists of five cards that contain the YRR

inputs. In the YRR(I,J) array, I is the sequence number of .
the inputs for one subgroup (I = 1 through 35) and J is the

sequence number of the subgroup (J = i through 5). The data

sequence for Subgroup No. 1 is given in Section 2.9. Inputs

for other subgroups are in the identical sequence and format

as for Subgroup No. 1. Each subgroup represents one airfoil

section and is independent of all other RAA subgroups.

Normally, only one or two subgroups are needed: one for the
main rotor and possibly a different one for the tail rotor.
The additional subgroups are included so that blades which have
a variable airfoil section along their span can be modeled.
iPL(46) and (47 in the Program Logic Group control the option
for variable airfoil sections along the blades for the main
rotor and tail rotor respectively. If the option is activated,
an airfoil section distribution for the appropriate rotor is
read. This distribution specifies which RAA subgroup is to

be used at Blade Stations No. 1 through No. 20. See the
discussion of IPL(46) and (47) on CARD 14 and IDTABM(1-20)

on CARD 30 for additional details.

In the following discussion, Y(I) refers to the Ith input of
a subgroup, e.g., Y(18) is YRR(18,K), where K indicates the
sequence number of the subgroup. In addition, X(J) refers to
the Jth input of the Main or Tail Rotor Group, e.g., X(29) is
XMR(29) or XTR(29), depending on which rotor contains the
blade segment of interest.

3.9.1 Aerodynamic Options

The inputs to the RAA subgroups are used by the CDCL subroutine

to compute the steady state coefficients of airfoil section

l1ift, drag, and pitching moment at Blade Stations No. 1 through

No. 20 as functions of the local angle of attack, o, and Mach .
numbexr, M. The program also includes two independent models

R N L T Y .
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for computing the effects of yawed flow. Each model is asso-
ciated with one of the two models for unsteady aerodynamics;
BUNS and UNSAN. The BUNS yawed flow model is controlled by
Y(28) and the UNSAN by Y(27).

Y(28) is the maximum value for the yawed flow angle in the
BUNS model. The angle is in degrees, and an input of zero
effectively deactivates the model. The value of this input
does not affect Y(27).

Y(27) acts as a switch for the UNSAN model only and is in-
terpreted as follows:

0 off

1 = active for drag only

2 = active for lift only

3 = active for both
The program includes logic which prevents both yawed flow
models being activated simultaneously when the unsteady aero-
dynamic options are off (IPL(48) = 0). When one of the un-
steady options is on, the logic also assumes that only the

yawed flow associated with the unsteady model activated by
IPL(20) can be used. See Table 7.

TABLE 7. RELATIONSHIP OF UNSTEADY AND YAWED FLOW MODELS

Unsteady Value of Description of
Model IPL(48) the Effect
BUNS <0 Y(27) reset UNSAN model turned off;
to zero BUNS model may be on or
off
None =0 Y(28) reset Either model may
to zero if be used; BUNS model
Y(27)>0 turned off if UNSAN
model turned on
UNSAN >0 Y(28) reset BUNS model turned off;
to zero UNSAN model may be on

or off

e



The BUNS and UNSAN unsteady aerodynamic models and the UNSAN
yawed flow model are discussed in Section 3.4 of Volume I.

In essence, both unsteady models are very similar in that each
computes increments to the aerodynamic coefficients which are
added to the steady state values. The following section de-
scribes how the CDCL subroutine computes the steady state
coefficients using the BUNS yawed flow model.

3.9.2 Steady State Aerodynamic Coefficients

The steady state aerodynamic coefficients may be computed

from equations which use the YRR inputs or interpolated from ‘
data tables. The control variable Y(18) specifies which method
is to be used. The basic independent variables used by both

the equations and the table lookup procedure are angle of attack
and Mach number. A complete discussion of Y(18) is found at

the end of this section. It is mentioned here primarily to
caution the user that even though a table lookup procedure is
used, many of the data for the equations must be entered as
realistic values if either unsteady aerodynamic option is used.
The variables that fall into this category are Y(1l) through
¥Y(11), ¥Y(17), Y(20), Y(21), and Y(29) through Y(32).

The calculation of the steady state aerodynamic coefficients
is the same at all blade stations with two exceptions. Near
the blade root the computations are modified for hub extent
as discussed in the Main Rotor Group. At the blade tip,
sweep is accounted for in the following manner:

The tip sweep angle input, X(29), is used to modify the radial
and tangential velocity components impinging on the most out-
board segment of the rotor blade. The sweep angle is the
amount the leading edge is swept back with respect to the
blade pitch-change axis. A more complete explanation of the
tip sweep equations is given in Section 3.4 of Volume I of
this report.

The equations and logic checks used for all other blade seg-
ments are given below. The initial step is to determine the
effective Mach number and angle of attack.

Let the local velocity components UT' U, and UR be the tangen-

P
tial, perpendicular, and radial velocities, respectively. Then
the yawed flow angle is .

A = [Min {Y(28), tan'l(uR/uT) 1] * sign[tan‘l(uR/uTn

-
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and an effective Mach number is defined as :

= Y(21)
M= V/Vsound [cos Y(20) A]
where
- 2 2 2,172
vV = [UR + UT + UP ]
and
Vsound = Speed of sound based on the values of

XFC(26), (27), and (28).

This form of the Mach number expression is developed in Volume
I of this report. Suggested values for Y(20) and Y(21) are
0.2 and 1.0 (or 1.0 and 0.5) respectively, as discussed in
Section 3.4 of Volume 1I.

The angle of attack of the blade segment, a, is defined by
a =86 +a +9¢ .

and it is assumed that
-180¢ < a < 180°

In the equation for a, 6 is the local pitch, or feathering, of
the chordline at the appropriate blade station. It is deter-
mined from control system geometry, blade geometry, and elas-
tic blade deflections, from the equation given in the discus-
sion of CARD 37.

The term a, is the angle between the chordline and the zero

lift line of the segment. When equations are used to compute
the aerodynamic coefficients,

o, = Y(29) + Y(30)*M + Y(31)*M% + Y(32)*M°

wWhen data tables are used, o, is defined as zero since the

data tables are assumed to be a function of chordline angle

of attack. However, if the UNSAN unsteady aerodynamic option
is activated (IPL(48)>0) and data tables are used, the values
of ¥(29) through Y(32) must be realistic inputs since they are
used in the UNSAN analysis and are not computed from the tables.




The term ¢ is the local inflow angle, and is normally negative.

o = tan™t(u,/U)

Hence, when equations are used, o is the angle of attack of
the zero lift line and when data tables are used, it is the
angle of attack of the airfoil section chordline.

For rotors with cambered airfoils where the chordline and

zero lift line are not coincident, it is advisable to use data
tables rather than equations to compute the aerodynamic coeffi-
cients. The mathematical model described by the equations was
originally developed for symmetric airfoils exclusively. In
most cases it 1s only marginally adequate for modeling the
asymmetric stall characteristics about the zero lift line, the
shift in zero lift line orientation in reversed flow, and the
variations of coefficients with Mach number associated with
cambered rotor airfoil sections. Hence, if the user wishes to
model cambered airfoil sections with equations, the flight con-
ditions should be restricted to those where rotor stall is not
significant and the reversed flow region is small; e.g., low
blade loading coefficient (ct/c) and low advance ratio (p).

A modified angle of attack is then computed from

‘a cos A if|a|<90°
(!1 =
o if|ul>90°
If Y(18) indicates that the table lookup procedure is to be
used, the procedure is entered at this point with the above
values of a; and M, and returns the interpolated values of the
aerodynamic coefficients. The lift coefficient is then divided
by cos A and all three coefficients are returned to the sub-
routine that called CDCL.

If Y(18) indicates that equations are to be used, the next
step is to determine the lift curve slope of the airfoil at
the current Mach number.

The input value of the Mach number at the lower boundary of
the supersonic region, Y(2), is checked against a calculated
value, M__, to determine the value of the lower boundary to be

sC
used, Ms.

M_ = Max {Y(2), Msc}
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The expression for Msc is obtained by assuming that the slope

of the lift curve at the critical Mach number, Y(1l), is equal
to the slope of the lift curve at Msc'

The equation for the slope of the lift curve takes one of
three forms, depending on whether the Mach number is subsonic,
transonic, or supersonic.

a; = Y(8) + Y(9)M + Y(10)M° + y(11)M° (subsonic)
_ 2 .
a2 = Bo + BIM + BZM (transonic)
ag = 4/(57.3 M2 - l) (supersonic)

Since the critical Mach number is subsonic, the slope of the
lift curve at M = Y(1) is

(a))gg = ¥(8) + ¥(9)*¥(1) + Y(10)*v(1)% + v(11)*¥(1)?
IfM = M. in the equation for the supersonic lift curve slope,
az, and ag = (al)CR' then

Mo, = L+ (0.0698/(a;)g)”

Then the final selection for the slope of the lift curve, a, is
made:

a, if M < Y(1)
a = a, if Y(1) < M« Ms
ag if M, <M
The coefficients By, By, and B, in the equation for a, are
computed internally by matching end points with a; and a,

and the slope of a,.
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a, = a; at M = Y(1) ]
a, = a, ‘
da - da, at M = M_ i
daM dM

Next a test is made on a to see if the airfoil is in normal or =
, reversed flow. Several intermediate variables in the calcula- N 3
tion of lift coefficient are set according to the results. The ]
angle of attack, a, is further resolved to be between plus and
minus 90 degrees in either case. ,

1f |a1| < 90°, ;?

a = |y :

cLO = Y(3) id

K. = Y(4)M + Y(5)MZ + Y(6)1° :

ap = [(cLo + K )/a] + 5° %
1f Pll > 90°,

a = 180° - Pll

C = Y(7) ;

Lo :

K, =0

ap = [CLo/a] + 5° .

The CL versus a curve has the form shown in Figure 23. At the |
point P, in Figure 23, R ?
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At P2 in Figure 23,

(!=UB

Linear interpolation is used to evaluate Cr, for points between
P1 and Pz.

For ay, < a < 90°,

B

c

L [{1.876 sin a - (.581)} K + 0.81) cos a \

where
1 + o.25M% ifM<l :
0.85 + 0.82/[M 0.8] ifM> 1

The form of the Cp versus a curve is shown in Figure 24. At )
the point P, in Figure 24, a = a_ and C. = C. , where either
3 X D D X

ay = ag and CDx <Y(l6), or oy < ag and CDx = Y(16). o

Fer M<Y(2), i.e., below the supersonic region, the drag coef- i
ficient expression used depends on the value of a. f

" s

For 0 < a < ay,
Y(16), (Y(12) + Y(13)a + Y(14)a? l
C. = Min

+ Max {0, Y(19)a - Y(1) + Max[M, 0.35]})/

NOTE: In this drag equation, a is the angle of attack with
respect to the airfoil section zero lift line. Hence, for 2
cambered airfoil sections where chordline and zero lift line . P
are not coincident, care should be taken that the coefficients

Y(12), (13), and (14) are referenced to the zero lift line ,
rather than to the chordline. )
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If the drag rise coefficient, Y(19), is input as zero, it is
reset to 0.0332 per degree.

For a, < a < 90° or C

X < ¢

'
D Dx

Ch = K

. 2 2
D 8in® o + (CD - K4 sin ax) cos a/cos a

4 X

X

where K4 = 2.1 K.

In the supersonic region, M > M.
Cp = Mink(Y(ls), {Y(lZ) + 4[(«/57.3)2 + Y(15))/ yM® - l} )

The calculation of steady state pitching moment coefficients
is best understood by following the logic flow chart in Figure
25, which is repeated from Volume 1. The procedure was devel-

oped in order to curve fit cM versus a curves at various Mach

numbers such as those sketched in Figure 26. The symbols used
in the flow chart are defined in terms of the inputs below.
Reasonable values of the inputs for an NACA 0012 airfoil sec-
tion are listed in brackets.

A, = Y(22) [-.002488)
A, = ¥(23) [~.009456]
A, = Y(24) [.82])
A, = Y(25) [0.0]

The inputs Y(22), Y(23), and Y(24) are coefficients for a
quadratic function of o determining the corresponding value

of Mach number at which the CM curve breaks sharply away from

the input constant value, Y(25).

For a < 90°, the first series of calculations and tests is
to determine the relative sizes of a , the angle of attack,
ap, corresponding to Meff = M on the 'break" curve mentioned

5° the critical value of a defined by the
"break" curve for M = 0. The evaluation of CM is different
for o < a < a < a < Ag, and for Ay < a < 90°.

previously, and of A

B’ B

5'
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COMPUTED ARGUMENTS :
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Figure 25. Flow Chart for Steady-State Pitching Moment
Calculation.
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For a less than “B'

CM = Y(25)
For a between ay and Ag, a slope, d, is computed for the C,
line between ag and Ag. This slope depends on Moes and an

infut critical value, Y(24), which is the point on the "break"

curve for a« = 0. The pitching moment coefficient is calculated
from

Cy = (| ~e5)d sign(a) + v(25)

If o 1is greater than Ag, a second slope included in the
program is used.

Cy = (Ag = ap)d - 0.00646 (|a| - Ag) sign (o) + ¥(25)

For a > 90°, the aerodynamic center is assumed to be located
at the 0.75 chord rather than at the 0.25 chord. The pitching
moment about the blade neutral axis (assumed to be at the 0.25
chord) is in this case mainly due to lift and drag forces.
Hence,

CM = -O.S(CL cos a + CD sin a) + Y(25)

As shown in the flow diagram (Figure 25), the absolute value
of CM is limited not to exceed 0.5 in all cases.

Y(33), Y(34), and Y(35) are increments which are added to

the steady state value of the lift, drag, and pitching moment
coefficients, respectively. Each increment is added to its
corresponding coefficient, whether the coefficient is computed
from equations or obtained from a data table. However, the
most common use of these increments is with data tables. For
example, if all drag coefficients in a table appear uniformly
too high or too low, Y(34) can be used to change the drag at
all combinations of angle of attack and Mach number without
having to repunch the entire drag table. Similarly, Y(33)
can be used to cause an effective shift in the zero lift line
orientation. .
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NOTE: The control variable for the use of Cpr CD, and Cy
tables, Y(18), operates as follows:

(1)

(2)

I1f Y(18) = 0, the aerodynamic coefficients are com-
puted from the above equations using the YRR inputs.

If Y(18) > 0, the Y(18)th Airfoil Data Table included
in the Data Table Group will be used to compute the
steady state aerodynamic coefficients. Note that

a set of data tables for the NACA 0012 airfoil is
stored permanently in Airfoil Data Table No. 5.

This table is stored internally as Airfoil Data Table
No. 2 in the 300K version of the program. These
tables are shown in Figure 27. See Data Table

Group for additional details.
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3.10 ROTOR-INDUCED VELOCITY DISTRIBUTION TABLE GROUP

The induced velocity distribution over each rotor can be com-
puted from either the equation given in Section 3.10.3 or a
Rotor-Induced Velocity Distribution (RIVD) table. IPL(1l2)
controls the read-in of RIVD tables and the option of using

a table or the equation.

Value of RIVD Table(s)
IPL(12) Required Effect
0 None Both rotors use equation
1 Main rotor table Main rotor uses table; tail
only rotor uses eguation
2 Tail rotor table Main rotor uses equation;
only tail rotor uses table
3 Both main rotor Each rotor uses its respec-
and tail rotor tive table
tabie

wWhen a table is used, the local induced velocity is computed
from the following summation:

NHH
V(b T/R,Y) = \-7i|:a(l) + 3 ga(zn)*sin(nw)+a(2n+1)*cos(nw>ﬂ

n=1
where
vy = local induced velocity, ft/sec
Vi = average induced velocity over the rotor disc, ft/sec

p = advance ratio (velocity in plane perpendicular to
rotor shaft/tip speed)

op wake-plane angle of attack

r/R = radial blade station (nondimensional)

¥ = blade azimuth angle
a(i) = coefficients of the harmonics (nondimensional)}
NHH = order of the highest harmonic

n = summation variable
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The coefficients a(i) are computed from the table as functions
f of p, oup and r/R for the appropriate rotor. Vi is interpo-

lated from a separate table for the given p and ape Note
that the a(i) are velocities which have been normalized by Vi.

An RIVD table itseli consists of sets of Fourier coefficients '
‘ that are derived from a curve fit of the above eguation to
' data_generated by a rotor wake analysis of the user's choosing.

The Vi table is generated by the same program, and the a(i) must

be normalized by the Vi for that p and «

PPN

Wp* Section 7.2 describes
a program for generating the RIVD tables.

Each set of coefficients in the table corresponds to data at
specific values cf p, aps and r/R. The number of sets of coef-

ficients in a table and the number of coefficients in a set
are defined by the inputs on the Title and Control Card (CARD
80A or 90A). The permissible values of the integer inputs on
these cards are:

Number of advance ratios: 1l < NMU < 10
Number of inflow ratios: 1 < NAA< S
Number of harmonics: 0 < NHH < 9

Number of radial stations (NRS): 0

A

NRS < |IPL(4)| +1 (Main Rotor)

0

A

NRS < JIPL(5)} +1 (Tail Rotor)

If either NMU or NLM is input as zero, it is reset to unity.

The radii for the blade stations used for the RIVD table must be
input whenever NRS # 0. The radial stations must coincide with
radial stations used in the Main Rotor Group (and the Main Rotor
: Elastic Blade Data Group, if input) but the RIVD tables may con-
i tain data for fewer radial stations than the other two groups.
If fewer RIVD table stations are used, AGAJ77 interpolates the
values at the intermediate stations.

The number of coefficients in a set (NCA) is then
NCA = 2*NHH + 1 -
which implies

1 < NCA < 19
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Hence, one RIVD table may then consist of from 3 to 400 sets of
1 to 19 coefficients each (3 to 7600 total entries).

The RIVD table can be considered to be I[IPL(4) +1 (or (IPL(5)| +1)
independent tables, with each one being a bivariant table in
p and LI at a given radial station.

During the rotor computations, a table lookup procedure 1is then
used to obtain the set of coefficients a(i) from the appropriate
radial station table. This table lookup procedure performs
bivariant interpolation using the computed values of p and o

whenever both values are within the range of their respective
inputs. If a computed value is outside the range of its input,
the procedure uses the input value that is closest to the com-
puted value (i.e., the nearest boundary of the table); it does
not extrapolate to a computed value. Note that the boundaries
of a table can be pictured in a H=0ym plane as a rectangle (when

both NMU and NAA are greater than unity), a line (when either
NMU or NAA is unity, but the other is not), or a point (when
both NMU and NAA are unity). Hence, in the trivial case (NMU =
NAA = 1), the coefficients are dependent on radial station but
independent of u and aup If only one of these control variables

is unity, the coefficient will be independent of the associated
ratio, but dependent on the other ratio as well as the radial
station.

with regard to the input format of the sets of coefficients, it
should be emphasized that only the constant coefficient is ever
input in the first 10-column field on a card; each set must
start on a new card. Inputs following the constant are in pairs
(the sine and cosine components of the appropriate harmonic).
when used, the fourth and seventh pairs of harmonic components
start on a new card in the second 10-column field (columns 11l
through 20 for the sine component). Only the cards necessary
to input NHH harmonics are to be included in the sets of cards.
For example, if NHH = 4, the third card described in Section
2.10.1.4 must be omitted.

The average induced velocities input on the table must corre=-
spond to the combinations of y and dwp used for the table.

There will be NMU cards in the average induced velocity table.

3.10.3 Induced Velocity Distribution

If the Rotor-Induced Velocity Distribution Table is not read
in or not used for a particular rotor, the distribution of the
average induced velocity over the rotor disk is made by an
equation internal to the program. The equation is
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1 1 3

v, =V, = X |1 + fl(p)*cos ¥

3 - 2 y - 7‘. 2
+ £ (x, W)*tl(p)*K27\/ 0.5%v, 2 + JB.zs*vN + (T

where vy is the local induced velocity

V. is the average induced velocity across the rotor disc

b

X is the nondimensional blade station (0

1 = tip)

¥ is the blade azimuth angle

K is XMR(27) or XTR(27), as appropriate

root,

vV, is the flight path airspeed in ft/sec divided by

1.0 ft/sec

(Vi)N is Vi in ft/sec divided by 1.0 ft/sec

The two functions, fl and f2,

0.5
11.25 p

£10) =)y .36 - 1.5 4

fz(x,v)t
sin 6([y-45])

if Q < 1 rad/sec

are defined as follows:

if @ > 1 and p < 0.1067
if @ > 1 and 0.1067 < p < 0.573
if @ >1 andy > 0.573

if X > 0.7 or (105° < ¥ < 255°)

or (315° < ¥ < 360°) or (0° < ¥ < 45°)

if x > 0.7 and if (45° < ¥ < 105°)

or (255° <« ¥ < 315°)

The fz function is intended to account for the tip vortex

effect as discussed in Section 3.5.
described in Section 3.4 of Volume I of this report.

The calculation of Vi is

ek o e e 11—




3.11 ROTOR WAKE AT AERODYNAMIC SURFACES TABLES GROUP

The wake from each rotor that acts at each aerodynamic surface
can be computed from either individual inputs or Rotor Wake at
Aerodynamic Surface (RWAS) Tables. Exactly IPL(13) RWAS tables
must oe input where 0 < IPL(13) < 12. However, RWAS tables are
used only when inputs in the wing and/or stabilizing surface
groups specify their use. For the wing, these controlling in-

puts are XwWG(29) through XWG(32); for the ith stabilizing sur-
face group the controlling inputs are XSTBi(29) and XSTBi(32).
See Sections 3.14 and 3.15 for details.

When a table is used, the velocity superimposed on the flow
field at an aerodynamic surface due to rotor-induced velocity
is computed from the following summation:

NHH
(vi)jk = (Vi)k{a(l) + nil [a(2n)*sin(nwk) + a(2n+l)*cos(nwk)]}

where (vi)jk = superimposed velocity on the jth

due to the kth rotor, ft/sec

surface

(V.), = average induced velocity across the disk of
i’k th
the k rotor, ft/sec

[+
-
[R
e
i

coefficients of the harmonics

(functions of p and A of the kth

rotor)

¥ = azimuth angle of Blade 1 of the kth rotor
NHH = order of the highest harmonic

n = summation variable
Note that if the kth rotor uses the quasi-static rotor analysis,
only the constant term, a(l), is included in the equation (i.e.,
the value of the summation of the harmonics during a complete
rotor revolution is assumed to be zero). The above statement
applies to each rotor, independent of the analysis being used
on the other rotor.

As implied by the j and k subscripts above, each table is
assumed to correspond to the effect a particular rotor has on

a particular surface, e.g., the effect of the main rotor on the
left wing panel, the tail rotor on Stabilizing Surface No. 3.
The 12 possible tables allow input of a separate table for
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each combination of the two rotors and the six surfaces (two
wing panels and four stabilizing surfaces).

It is emphasized that in preparing an RWAS table the input
coefficients must be normalized by the value of Vi which is

computed in this program for the appropriate rotor. Since in-
puts to the aerodynamic surface groups noted above can assign
any one of the RWAS tables to simulate the defined effect of
that input, care must be exercised to assure that the table

used is based on the correct rotor-induced velocity and surface

location. For example, XSTB2(32) can be used to specify the

table which gives the effect of the tail-rotor-induced velocity

on Stabilizing Surface No. 3; the referenced table must then
have been normalized by the bi of the tail rotor, and the

b and A inputs must be for the tail rotor.

The composition of an RWAS table is essentially the same as
an RIVD table except that the velocity computed from an RWAS
table is not dependent on blade radial station and A is used
as an independent variable instead of ap- Hence, each set

of coefficients in an RWAS table corresponds to the wake
velocity at specified values of p and A and at a specific
location with respect to the appropriate rotor. The number of
sets of coefficients in a table and the number of coefficients
in a set are defined by the inputs on the Title and Control
Card. The permissible values of the integer inputs on this
card are:

Number of advance ratios: 1l < NMU < 10
Number of inflow ratios: l <NLM< 5
Number of harmonics: 0 < NHH < 7

If NMU or NLM is input as zero, it is reset to unity. Hence,
each RWAS table may consist of 1 to 6 sets of 1 to 3 coeffi~
cients (1 to 18 entries).
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3.12 FUSELAGE GROUP (Include this group only if IPL(1l) = 0)

3.12.1 Basic Inputs

CARD 101

Gross weight, XFS(l), is the total weight of the baseline con-
figuration being simulated; i.e., it includes the fuselage,
pylons, landing gear, empennage, rotors, fuel, crew, etc.
However, this number must not include the weight of external
stores included in the Store/Brake Group. Store weight is
added to XFS(1) prior to commencing the TRIM procedure.

The Fuselage Data Reference Point defines the point of appli-
cation of body lift, drag, and side force. When the inputs
on CARDS 103 through 10E are based on wind tunnel data, the
data reference point is the point on the wind tunnel model
(in terms of full-scale inches) about which the force and
moment data were resolved in data reduction.

CG locaticn is for the total weight of the baseline configura-~
tion to be simulated, i.e., XFS(l), with 0 degrees mast tilt,
stores off, and rotors unfolded. The cg location is internally
recalculated prior to commencing the TRIM procedure for nonzero
mast tilt with nonzero pylon weight, store weights greater

than zero, and rotor folding. Note that the longitudinal
centerline of the airframe must be buttline zero to be com-
patible with the aerodynamic surface and jet thrust models.
Hence, lateral cg location must be with respect to this line.

CARD 102

Inertias are for the gross weight and cg location input on
CARD 101, i.e., the total aircraft less stores. They are
internally recalculated when external stores are added by the
input data and when they are dropped during a maneuver.

The program contains two models for the fuselage aerodynamic
forces and moments:

(1) the Nominal Angle Equation (NAE) model and
(2) the High Angle Equation (HAE) model

The NAE model provides very precise simulation of wind tunnel

data over a limited range of aerodynamic angles while the HAE

model is less precise, but provides simulation at all possible
aerodynamic angles.
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With the equation use indicator, XFS(l2), and low and high
phasing angles, XFS(13) and XFS(14) respectively, the user can
specify the flight regime on which the inputs to the NAE model
are based and the aerodynamic angles where the program changes
from the NAE model to the phasing region to the HAE model.
This option allows the user to obtain the more precise simula-

tion provided by the NAE model in the flight regime for which .
the most accurate data is available.

The program calculates a complex angle of attack, a.., which

includes both angle of attack and sideslip. In forward flight
it is defined as

_ -1
@, = cos (ufus/V)

where
Ueng = the body axis X velocity, including the
components of rotor downwash in the body
x direction
V =

2 2
/ufus * Yfus

Weus = the body axis z velocity, including the compon-
ents of rotor downwash in the body z direction.

This angle determines which model is to be used.

For the normal situation when flight test or analytical data
are input to the NAE model, the simplest procedure is to set
XFS(12), (13), and (14) all to zero. For these inputs, the

NAE model will be used only when a is less than 15 degrees;

the HAE model will be used only when @, is greater than 35

degrees; and the two models will be phased together when @
is between 15 and 35 degrees.

when both XFS(13) and (14) are input as zero, the program
resets them to 15 and 35 degrees respectively as indicated
above. For the case of forward-flight inputs to the NAE model,
it is only necessary that XFS(12) = 0.0 and XFS(13) be less
than XFS(14), not that all three be zero. If the test data
input to the NAE model indicates that 15 and 35 are not the
best phasing angles, the user should input better ones.

I1f test or analytical data is available for rearward or side-
ward flight, it is possible to specify that the NAE model in-

puts are from one of these flight regimes and that the model i

should be used in that flight reginme. \
A
.2
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To specify that the NAE model inputs are in a particular flight
regime and are to be used there, use the following guidelines:

Forward Flight: XFS(12) = 0.0, |XFS(13)| < |XFS(14)|
Rearward Flight: XFS(12) = 0.0, |[XFs(13)| > [XFs(14)|
Left Sideward Flight: XFS(12) # 0.0, |XFs(13)| < [XFS(14)]
Right Sideward Flight: XFS(12) # 0.0, [XFS(13)| > [XFs(14)|

when XFS(l12) = 0.0, the definition of o is as above:
a_ = cos-l(u/V)
c
However, when XFS(12) # 0.0, the definition is
a_ = cos-l(-v/V)
where v is the body axis Y velocity.

In other words, for XFS(12) = 0.0 (forward or rearward flight),
o is with respect to the positive body X axis while for

XFS(12) # 0.0 (sideward flight), «

is with respect to the
negative body Y axis.

C

The regions where the NAE and HAE models are active and the
region where they are phased together are then a function only
of the relative magnitudes of XFS(13) and XFS(14).
If |XFS(13)| < IXFS(14)|, then only the NAE model is active when
0 <o s KFs(13))]
while only the HAE model is active when
kFs(14)] <ja_[< 180
and the models are phased together when
|xFs(13)) <lag|< |XFs(14)]
If XFS(13) > XFS(14), then only the NAE model is active when

180 > [a |2 jxFs(13)|
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( while only the HAE model is active when
pescia) > fegf> o
and the models are phased together when
t [kEs(13)] > Ja|> [xFs(ie))
: The Nominal Angle Equation (NAE) and High Angle Equation (HAE)
for a specific force or moment are phased together in the
appropriate region by the following relationship:
s = 2 in2
} (Force or moment) (NAE)”cos (aph) + (BAE)*sin (uph) ;
} where aph = 0.5 [ac ~ XFS(13))/[XFS{14) - XFS(13)]
i 3.12.2 Aerodynamic Forces and Moments (Wind Axis Inputs)

CARDS 103 through 10E contain the coefficients of the High
Angle and Nominal Angle Equations. As shown in the input guide
(Section 2.12.2), the coefficients for each force and moment
are grouped together on sets of two cards each. Most inputs
are described as partial derivatives of the force or moment
divided by dynamic pressure with respect to 6y, and/or Yo, The

remaining inputs are angles and semidimensional forces and
moments. Since rotorcraft do not have a generally accepted
reference area and volume for completely nondimensionalizing
fuselage force and moment data, the coefficients are left in
units of square feet of force and cubic feet of moment per
degree to a specified power. The per-degree units are used
only to give as much physical meaning to the inputs as possible.

. All inputs with per-degree units are actually coefficients of

: 2 a sinusoid and are converted to per-radian units by the pro-
: gram. The angles 0y and ww are the fuselage aerodynamic pitch

E and yaw angles respectively and are defined as
tan'l(w/u)
- sin'l(v/V)

Ow

Yy

where u, v, and w are respectively the x, y, and z body axis
components of the free-stream (flightpath) velocity V. These
are the angles normally recorded from a pyramidal balance dur-
ing a wind tunnel test. Note that Yy is not sideslip angle.
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The parameter q in the coefficient descriptions is dynamic
pressure

q=0.5p V2
where p is the air density.

Tables 8 through 13 contain the equations for the HAE and
NAE models. Each table contains the equations for one of the
forces or moments.

These equations were developed to provide very accurate simu-
lation of wind tunnel data. The user is not expected to be
able to define all 83 inputs without such test data. In par-
ticular, a complete set of inputs for the Nominal Angle Equa-
tions requires test data. If wind tunnel data are available,
the digital computer program AN9101 described in Section 7.3
can be used to reduce the test data to coefficients which can
be input directly to the program. If such data are not avail-
able, the 11 inputs with an asterisk beside them in Section
2.12.2 are considered to be the minimum necessary inputs. These
inputs are XFS(15), (23), (29), (36), (37), (40), (43), (51),
(64), (78), and (92). Each is a coefficient in one of the
Nominal Angle Equations. By using only these 11 inputs,

the user has, in effect, assumed that all aerodynamic angles in
the simulation will be small, i.e., less than 10 to 1S degrees,
and that aerodyanmic cross-coupling is negligible. Each
Nominal Angle Equation which results from using only these
eleven inputs is included in the appropriate table with the
complete HAE and NAE models (Tables 8 through 13). The re-
sulting equation is labeled as the Small Angle/Uncoupled Equa-
tion. These six equations are basically the same equations
used in the AGAJ7]1 and earlier versions of C8l.

wWhen using the Small Angle/Uncoupled Equation all other inputs
to the Nominal Angle Equations may be zero, and XFS(13) should
be about 10 to 15 degrees, i.e., the accuracy limit of the
input data. If the user is qQuite certain that o will not
exceed XFS(13) during any simulation, the inputs~ to the HAE
model may also be zero.

when the HAE model is needed, the inputs should be based on
wind axis test data where the model was yawed to by = +180

degrees at ew = 0 and pitched to 6w = 390 degrees at by = 0.

If such data are not available, most of the inputs can be deter-
mined by estimating the fuselage drag and aerodynamic center
location for sideward and vertical flight. The drag times the
moment arms of the aerodynamic center about the data reference
point will provide values for most of the moment inputs to the
HAE model. Extrapolation of any available test data for a
similar configuration could also be used.

. LD
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TABLE 8. FUSELAGE LIFT EQUATIONS

High Angle Equation

= 2 .2
L q(Ll*cos ww + L2*31n ww)
XFS(15) + L *sin20 + L, *sin(260 ) if lw ,< 90
where L1 = 3 v 4 v vi-
XFS(19) - Lg*cos28, - L *sin(20 ) if |¢w'> 90
L, = XFS(20)*cos  + XFS(57)*sind
L, = XFS(19) - XFS(15)
[XFS(17) - XFS(15) - La*sin2(XFs(18)/RTD]
L, = 5in(2*XFS(18) /RID)
L = XFS(19) - XFS(16)

Nominal Angle Equation

L = qf[Ly/q + XFS(21)*RTD*siny, + XFS(22)*RTD?**sin?y, ]
+ 0.5%[XFS(23)*RTD + XFS(24)*RTD?**siny
+ XFS(25)*RTD%*siny ]sin(26 )
+ 0.25%[XFS(26)*RTD2 + XFS(27)*RTDs*sin¢w]*sin2(20w)
+ 0.125*XFS(28)*RTD3*sin3(28w)}

0 and XFS(13) < XFS(14)

XFS(15) if XFS(12) = 0.
0.0 and XFS(13) > XFS(14)
0

where Lo/q = XFS(16) if XFS(12) -
XFS{20) if XFS(12) #

Small Angle/Uncoupled Equation

L= q(LO/q + XFS(23)*OW)
where Lo/q is defined above
e is in degrees
w
L = Lift in pounds (wind axis system)

XFS(15) through XFS(28) are the inputs on CARDS 103 and 104
RTD = 57.296 (radians to degrees conversion) q = dynamic pressure
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TABLE 9. FUSELAGE DRAG EQUATIONS

High Angle Equation

= 2 2
D= q[Dl*cos ¥, * XFS(31)*sin ww]

- 2 . 2
where D1 = Dz*cos ew + Dv*sxn ew
XFs(29) if |y,]< 90
D, =
2 xrs(30) if l¢wl> 90
XFS(32) if 8 < 0
D =

V. XFS(33) if 8, > 0

Nominal Angle Equation

D = qf(Dy/q + XFS(35)*RTD*siny, + XFS (36)*RTD?**sia?y ]
+ [XFS(37)*RTD + XFS(38)*RTD**siny, + XFS(39)*RTD3*sin2ww]*sian
+ [XFS(40)*RTD? + XFS(41)*RTD3*sin¢w]*sin26w
+ XFS(42)*RTD**sin%e }

nd XFS(13) < XFS(14)

XFS(29) if XFS(12 0a
0 and XFS(13) > XFS(14)
0

)
where Do/q = XFS(30) if XFS(12)
)

XFS(31) if XFS(12) #

Small Angle/Uncoupled Equation

D = q[Dy/q + XFS(37)*6 + xrs(40)*ew2 + xrs<36)*ww2]
vwhere Do/q is defined above

ew and ¢w are in degrees

D = Drag in pounds (wind axis system)
XFS(29) through XFS(42) are the inputs on CARDS 105 and 106

RTD = 57.296 (radians to degrees conversion) q = dynamic pressure
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TABLE 10. FUSELAGE PITCHING MOMENT EQUATIONS

High Angle Equatioas

M = q(Hy*cos?y + M, *sin%y]
2 *
| XFS(A3) + Hg¥elale, + Mtain(20) if ,ww;ﬁ 90
where Hl = 2 et
XFS(47) - M ¥coa® - M *sin(20 ) if '¢wi> 90

M, = XFS(85)*sing, ¢ XFS(48)*coa?d,
My = XFS(47) - XFS(43)

) [XFS(45) - XFS(43) -~ Mg*sin?(XFS(46)/RTD) ]
M s1n(2%XFS (46)/RTD)

M, = XFS(47) - XFS(44)

Nominal Angle Equation

M = qf{[My/q + XFS(49)*RTD*siny + XFS(50)*RTD®*sin?y )
+ 0.5%{XFS(51)*RTD + xFS(sz)*Rm’*-mww + XFS(53)*RTD3*sin2¢u]*sin(26w)

+ 0.25%[XFS(54)*RTD2 + XFS(55)*RTD’*lin¢§]*sin’(28w)

+ 0.125*XPS(56)*RTD3*sin3(Zﬁw)}

XFS(43) if XFS(12) = 0 and XFS(13) < XFS(14)

where My/q XFS(44) if XFS(12) = 0 and XFS(13) > XFS(14)
XFS(48) if XFS(12) # 0

Small Angle/Uncoupled Equation
M = q(Mg/q + XFS(S1)*8,)

wvhere Gv is in degrees and Holq is defined above

M = Pitching Moment in foot~pounds (wind axis system)

XFS(43) through XFS(56) are the inputs on CARDS 107 and 108

q = dynamic pressure

RTD = 57.296 (radians to degrees conversion)
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TABLE 11. FUSELAGE SIDE FORCE EQUATIONS

High Angle Equation

Y = q[Yl*coszﬂw - XFS(ZO)*sinzew*sin¢w]
where Yl = XFS(S?)*sinww + Yz*sin(2¢w)
y = LXFS(58) - XFS(57)*sin(XFS(59)/RTD)}
2 sin(2*XFS(59)/RTD)

Nominal Angle Equation

Y = q{[XFS(60) + XFS(61)*RTD*sin6  + XFS(GZ)*RTD"’*sinzew
+ )G‘S(63)*RTDS*sin36w]
+ 0.50*[XFS(64)*RTD + XFS(65)*RTD2*sin6w + XFS(66)*RTD3*sin20w]*sin(2¢w)
+ 0.25%[XFS(67)*RTD? + XFS(68)*RTD**sin6 ]*sin?(2y )

+ 0.125%[XFS(69)*RTD3 + XFS(70)*RTD“*sin6w]*sin3(2¢w)}

Small Angle/Uncoupled Equation

Y = q(XFS(60) + XFS(64) * ¢w)
where ¢w is in degrees

Y = Side Force in pounds (wind axis system)
XFS(57) through XFS(70) are the inputs on CARDS 109 and 10A

RTD = $7.296 (radians to degrees conversion) q = dynamic pressure
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TABLE 12.  FUSELAGE ROLLING MOMENT EQUATIONS

High Angle Equation

o
|

= q[ll*coszew + XFS(71)*sin20w*sin¢w]

where L2

L = XFS(T1)*siny + £,*sin(24,)

g = [XFS(72) - XFS(71)*sin(XFS(73)/RTD)]
2 sin(2*XFS(73)/RTD)

Nominal Angle Equation
2 = qf{[XFS(74) + XFS(75)*RTD*sin6w

+ xFS(76)*RTD2*sin26w + XFS(77)*RTDSsin36w]
+ 0.5%[XFS(78)*RTD + xrs(79)*R'rn2*sinew + XFS(80)*RTD3*sin20w]*sin(2¢w)
+ 0.25*%[XFS (81)*RTD? + XFS(BZ)*RTDa*sinew]*sinz(2¢w)

+ 0.125*[XFS(83)*RTD3 + XFS(84)*RTD‘*sin6w]*sin3(2¢w)}

Small Angle/Uncoupled Equation

2 = q(XFS(74) + XFS(78) * § )

where ww is in degrees

£ = Rolling Moment in foot-pounds (wind axis system)
XFS(71) through XFS(84) are the inputs on CARDS 10B and 10C

. RTD = 57.296 (radians to degrees conversion) q = dynamic pressure

i
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TABLE 13. FUSELAGE YAWING MOMENT EQUATIONS

High Angle Equation
= q[Nl*cosgew - XFS(&B)*:in’Ow*sinww]

vhere Nl XFS(BS)*sinww + Nz*sin(wa)
N = [XFS(86) - xrsgss%*aingxrsgs7glarng]
2 - 8in(2*XFS(87) /RTD

Nominal Angle Equation

N = q{ [XFS(88) + XFS(89)*RTD*sin@
+ XFS(90)*RTD?**sin? + XFS(91)*RTD**sin%0 ]
+ 0.5%[XFS(92)*RTD + x1-‘5(93)*RTD2*smew + XFS(96)*RTD3*sin29w]sin(2¢w)
+ 0.25%[XFS(95)*RTD? + XFS(96)*RTD%*sin6 ]sin?(2y )

+ 0.125%[XFS(97)*RTD3 + XFS(98)*RTD‘*sin6w]sin3(2$w)}

Small Angle/Uncoupled Equation

N = q(XFS(88) + XFS(92) * ¢ )
where ww is in degrees

N = Yawing Moment in foot-pounds (wind axis system)
] XFS(85) through XFS(98) are the inputs on CARDS 10D and 10E

RTD = 57.296 (radians to degrees conversion) q = dynamic pressure
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3.12.3 Accelerations at a Specified Point on the Airframe

CARDS 10D through 10J must be input whenever IPL(9) # 0. The
data on these cards are used to compute the accelerations at a
given airframe location for each of the p{lon modes. The data

on CARD 10F define the location of the point and the data on

CARDS 10G through 10J give the linear components of each pylon
node at that point.

The moment arms from the airframe center of mass to the speci-
fied point are defined as

xp = (xcg - XFSMS(1,1)) (positive forward)
Yp = -(ch - XFSMS(2,1)) (positive to the right)
zp = (zcg - XFSMS(3,1)) (positive down)

Given the linear ynd apgulqr accelerations of the center of

mass, (xcg, ch, zcg ex, ey, ez), the linear accelerations at
the specified point are

xp = (X cg ZQn axn + zpey - Ypez)

; ) . . s . - .

P (Yog + 2dy 8y + X8y = Zp4)

z, = (Zog + an 2, )&,e + Y, 6 x)
where

an is the second derivative of the modal participation
th

i
‘i factor of the n~ pylon mode
% ax is the x-component of the nth pylon mode at the
) n specified point

6 is the y-component

Yn

8 is the z-component

Zn

The accelerations are output in g's. *p is positive for-

ward, Yp is positive to the right and 2, is positive down.

P
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3.13 LANDING GEAR GROUP

The landing gear analysis has not yet been inserted in C8l.
The user may input the landing gear data described in Section
2.13, but it will not have any effect on the analysis.
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3.14 WING GROUP (Omit entire group if IPL(1l) = 0 or
IPL(15) = 0)

3.14.1 Basic Model

CARD 121

wing area should include carry-through area if any. The pro-
gram divides the area equally between the left and right wing
panels.

The center of pressure and dihedral angle inputs (XWG(2), (3),
(4), and (6)) are for the right wing panel. The left panel
is assumed to be symmetrical to the right panel about the
zero buttline plane. XWG(5) is the incidence angle of each
panel when all primary flight controls are at 50 percent and
the control surface deflection is zero. It is positive for
leading edge up. Positive dihedral angle, XWG(6), means the
outboard tip of each panel is up. See Figure 28.

The sweepback angle, XWG(7), is positive aft.
CARD 122

The geometric aspect ratio, XWG(8), is to be defined by the
planform area in the plane of the sweepback angle and the span
in the body Y-Z plane.

The spanwise efficiency factor, XWG(9), relates the geometric
aspect ratio to the effective aspect ratio. See Section 3.14.2
for further details. A value of 0.66 to 0.70 has generally
been used with success.

The taper ratio of the surface, XWG(10), is equal to the sur-
face tip chord divided by the root chord; e.g., 1.0 is a
parallelogram, 0.0 is a triangle.

XWG(11) and XWG(13) are used in calculating dynamic pressure
loss at the stabilizing surfaces due to the wing, as discussed
at the end of this section. The Wing Group does not have a
counterpart to XSTB(1ll), the tailboom bending coefficient.
Although similar in use, XWG(13) and XSTB1l(1l3) are not neces-
sarily equal. NACA reports have recommended a value of 2.42
for XwG(1ll).

XWG(12) is the dynamic pressure loss at the wing due to the
fuselage.

%ving = Yfreestream (1:0 = XWG(12))

Control surface deflection, XWG(14), is positive for trailing
edge down.
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+—-— Body X-Z Plane
(Plane of symmetry)
Left Side
Center of Center of Right Side
Left-handed rota- pressure pressure
. tion vector for (Left panel)| (Right panel) Right -handed
positive incidence rotation vector
of left panel l ' I for positive in-
\ ~BL +BL cidence of right
panel
+ +

Tail Boom i

(a) Rear View of Wing or Symmetrical Horizontal Stabilizer With Positive

Dihedral,
i = angle of
incidence
nupperu
surface
Top |View

Top View
|
""L—-Body X-z ——=

Plane
i
i
I
(=]
1 ////A{
'
- %~ P
. Side View Rear View with Rear View with
CP at BL 0.0 CP to Right of BL 0.0

(b) Three-View of Swept Vertical Stabilizer With Center of Pressure on and

to the Right of the Fuselage Plane of Symmetry.

Figure 28, Aerodynamic Surface Dihedral and Incidence
Angles.
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CARD 123

The model for changing surface lift coefficjent, maximam lift
coefficient, drag coefficient, and pitching moment coefficient:
with control surface, or flap, deflection is based on analysis
and data from Reference 3 and Chapter 6 of Reference 4. The
change in lift coefficient due to flap deflection, S is

(ACL)f = XWG(lS)*6f + XWG(IG)*Gf*l6£|
and the change in maximum lift coefficient is
(ACL)max = XWG(17)*6f + XWG(IS)*Gf‘ + (ACL)f

The inputs XWG(17) and XWG(18) account for the situation where
the maximum lift coefficient is increased more or less than
the change in lift coefficient.

The change in profile drag coefficient due to flap deflection

is
= 2

(ACD)f XWG(IS)*Gf + XWG(ZO)*Gf
CARD 124
The change in pitching moment coefficient due to flap deflec-
tion is

(ACM)f = XWG(22)*6f + XWG(23)*6f*l6d
CARD 125

; XWG(29) through (32) control the effect of the wake from each
rotor on the flow field at each wing panel. These effects are
T represented by superimposing two velocity vectors (one from
each rotor) on the flow field at each panel. Each velocity
vector is a function of the induced velocity at the specified
rotor disc. The function may be either a constant or a value
obtained from a Rotor Wake at Aerodynamic Surface (RWAS) Table.
It is necessary that the four functions all be constants or all
be from RWAS tables; combinations of constants and tables are

not permitted.

. 3Young, A. D., THE AERODYNAMIC CHARACTERISTICS OF FLAPS, British ‘
Aeronautical Research Council RM No. 2622, February 1947 (also !
printed as R.A.E. Report Aero. 2185, August 1947).

4McCormick, B. W., Jr., AERODYNAMICS OF V/STOL FLIGHT, Academic

Press, New York, 1967, pp. 167-193. *
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The magnitude of these wake effect inputs controls which func-
tion will be used. If the inputs are less than or equal to 100,
four velocity vectors will be computed using the input values
as constant factors:

(AV),p = XWG(29)%(¥, ),

(a%),; = xwG(30)*(¥,),

(a%),, = xwG(31)*(¥,),

(a%),p = XWG(32)%(¥,),

where AV is the velocity to be superimposed, and Vi is
the average induced velocity at the rotor disc.

The numerical subscripts refer to the rotor (1 = main, 2 =
tail), and the alphabetical subscripts to the wing panel (R =
right, L = left). The velocities are defined to be parallel
to their associated rotor shaft.

If the four inputs are greater than 100, 100 is subtracted
from each input, and the RWAS table with the corresponding
input sequence number is then used to supply a number that
replaces the appropriate XWG input in the above equations.

For example, if XWG(30) = 104.0, the fourth RWAS table will be
used to compute the velocity vector at the left wing panel due
to the main rotor wake.

It is emphasized that if one effect is to be represented by a
constant, all four effects must be represented by a constant;
similarly, if one effect is to be represented by a table, all
must be represented by a table. Wwhen using tables, care should
be exercised to assure that the proper table is used. See
Section 3.11 for a discussion of the RWAS tables. However,
these restrictions on tables or constants apply only to a
single aerodynamic surface; i.e., the type of representation
used by the wing or any one of the four stabilizing surfaces
does not affect the representation used by any other aero-
dynamic surface.
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CARDS 126 and 127

Inputs XWG(33) through XWG(42) are based on data from Reference
S (pp. 486-495). They are used to calculate the wing contribu-
tion to static and dynamic stability. The static derivatives
(those which are coefficients of 8) may be included in the fuse-
lage group aerodynamics or simulated with appropriate values of
wing sweep and/or dihedral. 1If this is done, XWG(33), (34),
(37), and (38) should be set to zero. It is not possible to
simulate the dynamic derivatives (those which are coefficients
of p and r) with any other section of the program. In the Force
and Moment Summary of the program output, one-half of the in-
crements to the rolling and yawing moments calculated from the
equations below is added to each wing panel.

AL, = F[ﬁ*[XWG(33) + XWG(34)*CL]

+ te*{XWG(35)*r*C  + ch(36)*p]]

and
aN,, = F[p*[ch(a'/) + XWG(38)*C 2]
+ tB*[I*(XWG(39)*C,? + XWG(40)*C, *cos B}
(o]
+ P*{XWG(41)%C, + XWG(42)*(dCp/da)*cos p}]]
where

F = 0.5pSV2B
ts = 0.5 B/V
V = airspeed

B = wing span

S = wing area

p = sideslip angle

a = wing angle of attack

P = roll rate of fuselage in the stability axis system

SEtkin, Bernard, DYNAMICS OF FLIGHT, New York, John Wiley and
Sons, Inc., 1959, pp. 486-495.




r = yaw rate of fuselage in the stability axis system
L = roll moment of wings due to rates and sideslip
N = yaw moment of wings due to rates and sideslip

AL, and AN are computed in the stability axis system and are
resolved into the body axis system.

3.14.2 Aerodynamic Inputs for Stabilizing Surfaces and Wing

The last four cards of each aerodynamic surface input group
are termed the aerodynamic inputs: YWG(1-28), YSTB1(1-28),
YSTB2(1-28), YSTB3(1-28), and YSTB4(1-28). These inputs are
used in conjunction with inputs from the corresponding XWG

or XSTBi (i=1 to 4) arrays to compute the lift, drag, and
pitching moment coefficients of each surface. The user has
the option of specifying that the coefficients be computed
from equations or obtained from data tables. In the following

discussion, Y(I) refers to the Ith aerodynamics input, YWG(I) or
YSTBi(I), for the appropriate aerodynamic surface and X(J)

refers to the Jth input in the corresponding XWG or XSTBi
array.

If the control variable Y(18) = 0, subroutine CLCD computes
the aerodynamic coefficients from equations as functions of
the angle of attack, a; angle of sideslip, B; Mach number, M;
surface planform geometry; and the spanwise efficiency factor,
e. If Y(18)>0, the data tables are used to compute the co-
efficients as described at the end of this section and in the
discussion of the Data Table Group.

When Y(18) = 0, the aerodynamic inputs are coefficients of
equations that describe the infinite aspect ratio, or two-
dimensional, aerodynamic coefficients of the airfoil section
of the surface. It is assumed that the section is constant
along the span and parallel to the longitudinal centerline of
the aircraft. Subroutine CLCD then corrects the input data
for finite aspect ratio, A; sweepback of the quarter chord
line, A1/4; sideslip angle between the airfoil section and

local flow, B; change in maximum lift coefficient due to con-
trol surface deflection; and change in lift, drag, and pitching
moment coefficients due to control surface deflection. Note
that all angles of attack used in this model are zero lift

line angles of attack. The model was developed to simulate

the characteristics of symmetrical airfoils. If cambered
airfoils are to be modeled and the angle between the chord-
line and zero lift line of the section is more than a few de-
grees, it is suggested that data tables rather than equations
be used.
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The geometry and effectiveness of the surface are defined from
the following inputs.

Y = buttline of surface center of pressure = X(3)

A1/4 = gweepback of quarter chord = X(7)

A = geometric aspect ratio = X(8)
e = gpanwise efficiency factor = X(9)
A = taper ratio of surface = X(10)

The spanwise efficiency factor, e, should be unity for the
ideal case where the surface has an elliptical lift distribu-
tion and uniform downwash. However, the ideal case is the
exception, not the rule, and the value of e is rarely unity.
Factors which affect the value of e are the geometry of the
surface (including aspect ratio, taper, and sweep) and the
degree of end plating caused by adjacent structure.

Analytical prediction of e is difficult at best. A surface
which has a large end plate (e.g., a T-tail) may have a value
of e as high as 1.5 or more. A straight untapered, unswept
surface may have a value of e as low as 0.6 or less. A typi-
cal value of e for unend-plated aerodynamic surfaces on heli-
copters is about 0.7. The user should consult such reference
books as Etkin, DATCOM, Perkins and Hage, or Dommasch (Refer-
ences S, 6, 7, and 8) to obtain a more intuitive feel for the
value which should be chosen for this spanwise efficiency fac-
tor.

Using the above parameters, the sweepback of the half chord,
A , is8
1/2
Ayjp = tan™l [tan Aisg = (1= N/ + x))]

and the effective sweepback angle, A*, and effective aspect

GUSAF STABILITY AND CONTROL DATCOM, Air Force Flight Dynamics
Laboratory, Wright-Patterson Air Force Base, Ohio, February
1972.

7Perkins, C. D., and Hage, R. E., AIRPLANE PERFORMANCE STAB-
ILITY AND CONTROL, John Wiley and Sons, Inc., New York 1967,
page 93.

Spommasch, D. 0., Sherby, S. S., and Conolly, T. F., AIRPLANE
AERODYNAMICS, Pitman Publishing Corporation, New York 1967,
page 158.
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ratio, A , are

A" = Ay, - (sign §)B

*®

A eA cos? (A*)/ cos? (A

1/2)
Let ay be the angle of attack input to CLCD and assume that

Then for unstalled flow, the two-dimensional subsonic lift
curve slope, a is defined as

a, = Y(8) + Y(9)*M + Y(10)*M2 + Y(11)*M3

the three-dimensional subsonic lift curve slope, a;, as

a, = (2 A*/57.3)/[2 + J(2 A2 (1 + {tan2a®/(1-m2))] + 4]

the transonic lift curve slope, a,, as

= 2
a2 BO + Bl M+ BZ M

and the supersonic lift curve slope, aj, as

a; = (4/57.3)/ \/Mz -1

The input value for the lower boundary of the supersonic re-
gion, Y(2), is checked against a calculated value M .

Ms = Max {Y(2), Msc}

where

M. = V1 + [(4/57.3)/(a))pl?

and (al)CR is a, evaluated at the drag divergence Mach number,
Y(1l). The coefficients Bo, Bl, and 32 are computed internally
by equating a, to a and a, and the slope of a, to that of

a, as follows:
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a, = a, at M = Y(1), 8 =0
a, = a, at M = Ms
da2 da3
I at M= My

Then the lift curve slope of the surface for unstalled flow,
a, is defined as

a, if M < Y(1)
a= a, if Y(1) < M < Mg
aj; if M, <M
Having determined the unstalled lift curve slope, subroutine

CLCD establishes the curve of CL versus a for all the angles
of attack.

I1f l“ll < 90°, i.e., forward flight,
o =[ay|
8G = al/'all
CLo = Y(3) + SG(ACL)max
K, = Y(4)*M + Y(5)*M2 + Y(6)*M3
ag = (CLo + K )/a
- o
ag = ag + 5

where (ACL)max is the increment to the maximum lift coefficient

due to control surface deflection, as calculated in the aero-
dynamic surface section.

o am.c .




Ve g

I1f a, > 90°, i.e., rearward flight or reversed flow,

a = 180° -| ull

SG = - al/lall

CLo = Y(7) + SG(ACL)max

KL =0

a, = C,. /a

4

- o

ag = ag + 5

For 0 < a < ag
C£ = aa

CL = CL + SG(ACL)f

where (ACL)f is the increment to CL due to flap deflection as
calculated in the aerodynamic surface section.

If C£ > Cp then C is determined by linear interpolation in
0

the following manner.

C = C + K. + SG(AC,)
Lnax Lo T L)t
CLB = CL at a = ap as discussed below.
Then
C = C + (C - C )(a - a.)/5°
L Lmax Lmax LB S

In either case, the induced angle of attack, ay, is

_ *
a; = CL/ A




For ap < a < 90°, the lift coefficient is calculated from the
following empirical expression for C, as a function of the
equivalent two-dimensional angle of attack, a,,

*
+ SG (AC

9]
L}

L [{2 C,, sin a, - .81}K; + 0.81] cos a

)
0 2 L'f

l1+0.25M ifM< 1

0.84 + 0.082/(M-0.8) if M > 1

The value of CL is based on the magnitude of a, as described
(]

above, and ACL is the increment due to control surface deflec-
tion.

The angle a, is related to the angle o by the induced angle
of attack, a,

a, = o0 = .
2 i

*
where, as above, a;, = CL/ " A

The angle a, represents the angle of attack needed on an
infinite aspect ratio surface to provide the same lift as

the aerodynamic surface in question.

Hence, cL and a, are functions of each other. Consequently,
a small angle assumption is used for a; and the above expres-
sions for CL' ay, and a, are rearranged to define oy as a

function of C ok, and K3.

Lo
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Then

- x

The form of the C, versus o curve is shown in Figure 23 for

zero control surface deflection. At point Pl in the figure,

and C; is defined by the procedure discussed for ap < a < 90°.

Control surface deflection shifts the curve vertically and may
change the difference between CL at a = 0 and CL at a = g

The form of the C, versus a curve is shown in Figure 24. At

D
point P3 in Figure 24, o = a, and CD = CD i The values of oy,

are CD are defined from the maximum value for nondivergent

p 4
drag, Y(16); the stall angle, ag; and the equation for non-
divergent drag, (CD)ND‘

(C = Y(12) + Y(l3)*a2 + Y(14)*u22 + (ACD)f

D)ND
+ Max {0, Y(19)*u2 - Y(1) + Max[M, 0.35]}

where a, = a =~ a,, as in the model for lift coefficient,

(ACD)f = increment to profile drag due to control
surface (flap) deflection and
CDs = (CD)ND evaluated at a, = ag - (ui)S

If C




C = Y(16)
Dx
ay = a, for (CD)ND = Y(16)
Then, for 0 < a < ay
Cp = (Spinp

and for a, < a < 90°

[CD = 2. + (a2 - 90°)2(CDX - 2.)/(ax - 90°)f]

In the supersonic region, M > Ms

CD = Min [Y(IG), Y(12) + 4[(02/57.3)2 + Y(lS)]A/M! - ]]

The value usually used for Y(15) is 0.04. The supersonic lift
and drag for the wing and stabilizing surfaces is de-emphasized
because this computer program was never intended to simulate
such high-speed flight. The supersonic functions are included
primarily because the CL and CD calculations were originally

developed for the rotors and later were applied to the other
aerodynamic surfaces. A secondary reason for this inclusion is
to maintain the similarity between the input and mathematical
models used for the aerodynamic surfaces (CLCD subroutine) and
the rotors (CDCL subroutine).

L and CD coefficients are assumed to act

in an axis system which is pitched up a; degrees with respect

Once determined, the C

to the wind vector. Consequently, before returning the value
of CL and CD to the aerodynamic surface section of the program,

they are resolved back to wind axis,
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(o4
Lwind

- i *
CL cos o, CD sin o, SG

C

.+ i L *
D C. cos al CL sin al SG

wind D

The calculation of the aerodynamic pitching moment is performed
in the same manner as for the rotor except that the section
pitching moment coefficient, Y(25), is modified for sweep and
aspect ratio effects. That is, substitute the following ex-
pression for Y(25) in the rotor discussion:

Y(25) = A* cosz(Al/r)/(A* + 2 cos(A ) + (acC

1/4) M) £

where (ACM)f is the increment to pitching moment due to control
surface (flap) deflection.

It is possible to use sets of data tables for determining the
aerodynamic coefficients as a function of a and M. The tables
available for use are those input to the Data Table Group.

If Y(18) > 0, the Y(18)th airfoil data table is used to deter-

mine the coefficients as functions of ay and M.

CAUTION:

Coefficients obtained from tables are not corrected for aspect
ratio or sweep effects. Hence, the data in tables to be used
by aerodynamic surfaces must be for the specific surface which
is being simulated, i.e., three-dimensional test data at zero
sideslip. Data from tables are corrected for yawed flow and
control surface deflection as follows:

Cp, = [(CL)Table + (ACL)f] cos 2 (A*)/cos (Al/z)

+ (AC

p = [{Cplrapie p) ]

CM = [(CM)Table + (ACM)f] cos 2 (A*)/cos (Al/z)

NOTE: If tables are used by the wing, the wing aerodynamic
inputs should still be input to provide a realistic value for
the stall angle, ag- This angle is used in computing the

effect of the wing on the flow field at the stabilizing
surfaces.




3.14.3 Flow Field at Stabilizing Surfaces due to Wing

E As mentioned in the discussion of Stabilizing Surface No. 1, ]
the wing can affect the flow field at the stabilizing surfaces.
It does 80 in the following manner.

is calculated using XWG(1ll) and (13). The equations used '
were taken from NACA Report Number 648, Reference 9. The
general situation is shown in Figure 29.

|
A dynamic pressure reduction at each surface due to the wing ;4

|
The deflection of the centerline of the wing wake from the 5
free-stream direction, € sake’ is calculated from XWG(13).

Evake = XWG(13)*C

Lwing

The dynamic pressure loss, g is represented as a functional
part of the free-stream value such that

9reduced = Yfree stream(l'“q)

and at the trailing edge of the wing. The input XWG(1ll) is

t
The maximum value of nq occurs at the center of the wing wake r
|
used to determine this maximum reduction, n {

Inax

= 172
= XWG(11)*
nqmax () chinq

‘ Then the dynamic pressure loss may be calculat~d at any point |
N ingside the wing wake.

n cos? ( 7 D/2h)
= qﬂlx ) :
q (T + 0.3) i

n

9silverstein, A., and Katzoff, S., DESIGN CHARTS FOR PREDICTING
DOWNWASH ANGLE AND WAKE CHARACTERISTICS BEHIND PLAIN AND
FLAPPED WINGS, NACA Report No. 648, 1939.
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where

D is the vertical distance from the centerline of the
wake to the elevator (as shown in Figure 29),

h is the half width of the wing wake at the elevator
station, and

¢ is the distance of the elevator behind the wing
trailing edge normalized by the wing mean aerodynamic
chord (as shown in Figure 29).

D, h, and { are internally calculated based on wing/stabilizing
surface geometry and aerodynamics.

In addition, a downwash angle at each surface due to the win

is computed using the 13th input of the appropriate stabiligzing
surface, e.g., XSTB1(13) for Surface No. 1. The angle for
Surface No. 1 is then

€yash = XSTB1(13)*C

Lwing

Note that although XWG(13) and XSTB1(13) are used in similar-
looking equations, they are different inputs and in most cases
have different values.

Using e .p and nq, the flow field is then modified at the

stabilizing surface in the same manner as was done for the
downwash and dynamic pressure reduction at the surface due to
the fuselage.

See Section 3.14.2 for the discussion of the wing aerodynamic
computations.

3.14.4 Control Linkage Inputs

Because of the similarity of the control linkage models for
the wing and the stabilizing surfaces, the control linkage
inputs for both are discussed in this section. The wing con-
trols subgroup is XCWG, while the corresponding subgroups for
the stabilizing surfaces are XCSl, XCsS2, XCs3, and XCS4 for
the first, second, third, and fourth surfaces, respectively.
In the following discussion, the term XCSj(I) refers to the

Ith input of the jth stabilizing surface linkage subgroup. The
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wing linkage subgroup can be considered equivalent to the zeroth
surface subgroup, i.e., XCSO(I) is synonymous with XCSW(I).

Similarly, XSTBj(k) refers to the Kth input of the jth basic
surface group with XSTBO(K) and XWG(K) being equivalent.

The inputs to each subgroup define the control linkages from
the primary flight controls and the longitudinal mast tilt
angle of Rotor 1 to the incidence or control surface deflection
angles of the corresponding aerodynamic surface. The linkages
can be either linear or parabolic.

The reading of XCWG is controlled by IPL(15). If IPL(15) > O,
the XCWG inputs (CARDS 12B and 12C) must be included; if
IPL(15) < 0, the two cards must be omitted.

The read-in of the linkage subgroup for the stabilizing surface
is controlled by IPL(16) through IPL()9). 1If one of these
values is positive, then that Stabilizing Surface Group must
include a Linkage Subgroup. If the value is negative, the
Linkage Subgroup must be omitted.

Each subgroup uses the identical input format and the same
mathematical model for calculating the increments to be added
to the incidence or control surface deflection angle of the
surface. However, the wing is divided into left and right
panels, with the inputs controlling the right panel. For
collective or longitudinal cyclic stick linkages, the incre-
ments are added to each wing panel symmetrically; for lateral
cyclic stick or pedal position linkages, the increments for the
left panel are the negative of those on the right (i.e., asym-
metric deflection).

The primary flight controls cannot be linked to incidence and
control surface deflection simultaneously. If XCSj(7) = 0,
control linkages will change only the incidence angle, XSTBj(5),
of the surface. If XCSj(7) # 0, the linkage will change only
the control surface deflection, XSTBj(14). During maneuvers,
incidence and/or control surface deflection may be changed
independently of the control linkages described in this section
(see Section 3.28.2.27). Either or both angles can be changed
in maneuver regardless of the value of XSCj(7).

XCsj(3), (6), (10), and (13) define breakpoints in the curves
of the control linkages. These breakpoints permit control
linkages that provide a zero increment to the appropriate
angle of the surface if the control is to one side of the
breakpoint and a nonzero value when the control is to the
opposite side.
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If XCSj(3) = 0.0, the increment for the jth

surface due to
collective stick displacement is

(Ail)j = XCSj(l) * Kl + XCSj(2) * Kl2

If XCSj(6) = 0.0, the increment for the ;ith surface due to
longitudinal cyclic stick displacement is

(8iy)4 = XCSj(4) * K, + XCSj(5) * K,?

If XCSj(10) = 0.0, the increment for the jth surface due to
lateral cyclic stick displacement is

(8iz); = XCSj(8) * K3 + XCSj(9) * K,?

If XCSj(13) = 0.0, the increment for the jth surface due to
pedal displacenment is

(Ai4)j = XCSj(1ll) * Ky + XCsj(l2) * K42

where Kl, Kz, K3, and K4 are the control deflections in inches

from the 50-percent control position. The total increment to
the appropriate angle of the jth surface due to the primary
flight controls is then

Aij = (Ail)j + (Aiz)j + (Ai3)j + (Ai4)j

The effect of a nonzero breakpoint for the collective stick
linkage, XCSj(3) # 0, is discussed below. The effect of
nonzero XCsj(é6é), (10), and (13) is identical.
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If XCsj(3) > 0, then the control linkage is active only when F
the magnitude of the stick position is greater than the break- P
point, i.e.,

0, if 6

< XCS3(3)

(817)4 COLL

coLL > XCsj(3) i

XCsj(l) * kl + XCsj(2) * klz, if &

and if XCSj(3) < 0, then the control linkage is active only
. when the magnitude of the stick position is less than the
magnitude of the breakpoint, i.e.,

0, if GCOLL > XCsj(3)

(81});

"

XCsj(l) * k, + XCSj(2) * k.2, if & <|XCSj(3)
1 1

COLL

where kl = (6 XCSj(3) ) * XCON(1l)/100.

COLL ~

For constant values of XCSj(l) and (2), the effect of the break-
point on the increment is shown in Figure 30.

Similarly, the increment due to longitudinal cyclic with XCSj(6)
# 0 is as follows:

if Xcsj(e) > 0,
(Alz)j = 0 if 6L0NG < XCsj(6)

] [ 2 L] (]
XCsj(4) * k2 + XCSj(5) * k2 if GLONG > XCSj(6)

and if XCsj(6) < O,

(Biy)5 = 0 if & 00 > XCS3(6)

XCsj(4) * k, + XCSj(5) * k,2 if 6 < |XCsj(6)
2
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where k2 = (6 XCSj(6) ) * XCON(7)/100

LONG ~

For the stabilizing surfaces, the increments due to lateral
cyclic, (Aia)j' are computed similarly by replacing XCSj(4),

(5), and (6) with XCSj(8), (9), and (10) plus replaging
GLONG and XCON(7) with GLAT and XCON(15). For the increment

due to pedal, (Ai4)-, XCsSji(1l), (12), (13), GPED' and XCON(22)
are substituted. J

For the lateral cyclic and pedal linkages to the wing angles,
nonzero breakpoints, XCWG(10) or (13), operate in a slightly
different manner from that discussed above. As shown in Figure
30 the linkage is asymmetrical about the 50-percent control
position. In equation form, the increment added to the right
panel is

(A13)0 = XCWG(8) * k3 + XCWG(9) * k32
where
(rar - 52)* XCON(17)/100, if & > 6,
ky = ( Sy ar - al)* XCON(17)/100, if 6 np < &
0, 1f 6) <8 pp < 6y
and 8; = 50 - XCWG(10)
XCWG(10) > O
8, = 50 + XCWG(10)

The increment added to the left wing panel is the negative of
the increment added to the right panel. The increment to each
panel due to pedal position is handled in the identical manner.

An increment, Aim, can be added to the appropriate surface
angle as a ‘function of the longitudinal mast tilt of Rotor 1.

(Aim)j = XCSj(14) * (longitudinal mast tilt angle)
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The total increment to the appropriate angle of the j surface

is then

Aij = (Ail)j + (AiZ)j + (Ai3)j + (Ai4)j + (Aim)j

If XCSj(7) = 0, the geometric angle of incidence for the jth

surface is then

lj = Azj + XSTBj(5)

and the control surface angle is

Gj = XSTBj(14)

If XCsj(7) # O,

ij = XSTBj(5)

and

Gj = Aij + XSTBj(14)

Increments due to J cards (J = 36) are then added to the above
values.
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3.15 STABILIZING SURFACE GROUPS

3.15.1 sSurface No. 1 (Include only if IPL(1l) = 0 and
IPL(16) # 0)

CARD 131

Stabilizing surface area should include carry-through area if
any.

Location of the center of pressure is the point of application
of lift and drag forces used to determine moments about the
aircraft center of gravity due to these forces.

XSTB1(5) is the incidence angle of the surface when all primary
flight controls are at 50 percent and the control surface de-
flection is zero. 1If equations are being used, this angle
should be the zero lift line angle; if tables are used, it
should be chordline incidence. Positive incidence is a right-
handed rotation about the positive axis of incidence change;
e.g., for a horizontal surface, positive incidence is leading
edge up.

The axis of incidence change is assumed to lie in the body Y-2
plane that contains the center of pressure of the surface,

i.e., the plane at stationline XSTB1(2). The dihedral angle,
XSTB1(6), is the angle in this Y-Z plane between the Y-axis
(horizontal) and the axis of incidence change. At XSTBl(6) =

0, the positive axis of incidence change is parallel to the
positive body Y-axis. If the surface is on the right side of b3
the aircraft, the dihedral angle is positive for the right-hand,
or outboard, tip up (i.e., if the cp buttline, XSTB1(3), is
greater than zero, positive dihedral, XSTBl(6), is a left-
handed rotation about an axis parallel to the positive body
X~-axis). If the surface is on the centerline or left side

of the aircraft, the dihedral angle is positive for the left-
hand, or outboard, tip up (i.e., if the cp buttline is equal

to or less than zero, positive dihedral is a right-hand rota-
tion about an axis parallel to the positive body X-axis). See
Figure 28.

The sweepback angle of the quarter chord, XSTB1l(7), is positive
aft and lies in the plane formed by the axis of incidence change
and the zero lift line.

CARD 132
Aspect ratio, spanwise efficiency factor, and taper ratio

(XSTB1(8), (9), and (10), respectively) are identical to the
corresponding wing inputs (XWG(8), (9), and (10), respectively.)

T Tl
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The tailboom bending coefficient, XSTB1(1l), reduces the lift
coefficient on the surface by the formula

Ct = CL/[I + XSTBl(ll)*qs*Ss*CL/n]

£
=2
[ ]
[
1 ]
[@]
1]

L lift coefficient from subroutine CLCD

dg = dynamic pressure at the surface
Sg = area of the surface

= angle of attack of the surface (in radians)
C{ = lift coefficient used for the surface

XSTB1(12) and XSTB1(13) are discussed in Section 3.15.2.

Positive control surface deflection, XSTB1l(14), is defined in
the same direction as positive zero lift line incidence, i.e.,
a right-handed rotation about the positive axis of incidence
change. For a horizontal surface this corresponds to trailing
edge down.

CARDS 133 and 134

The inputs for changing the lift, drag, and pitching moment of
a stabilizing surface with control deflection are identical to
those for the wing. See CARD 12B and 12C in Section 3.14.4,
and substitute XSTB1l for XWG. See the following section for
a discussion of XSTB1(24) through (28), which is on CARD 134.

3.15.2 Flow Field at the Stabilizers

Inputs XSTB1(12), (13), and (24) through (34) define the flow
field at the surface in the following manner.

The free-stream velocity components at the stabilizing surface
are the velocity components at the fuselage center of pressure
in a reference system yawed through an angle Ug and pitched

through the angle € g with respect to the body axes. These

resulting velocity components are resolved into the body axis
system and are multiplied by the dynamic pressure ratio factor

V1-XsTB1(12)
The wash angles at the surface due to the fuselage (of and ef)

are defined according to the type of fuselage equation which
is being used, i.e., Nominal Angle, High Angle, or Phased.
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I1f the Nominal Angle fuselage equations are being used,

e = €p = [XSTB1(24)*DTR + O.S*XSTBI(ZS)*sin(Zew)

+ 0.25*RTD*XSTB1(26)*sin? (26 )]

0 = 0y = [XSTB1(27) + 0.25*RTD2*XSTB1(28)*sin?(20 )]*0.5%sin(2y,)
where 8, and ¥, are the fuselage aerodynamic pitch and yaw
angles respectively, and ¢ and Og are in radians.

Note that the above equation can be approximated for small
angles as

€ (XSTB1(24) + XSTBI(ZS)*()w + XSTBl(Zﬁ)*sz)

'
L

of = (XSTBL(27) + XSTB1(28)*8 2)*y

- 1 9
where 8., by € and o are all in degrees.

In the phasing region

. 2
g eL*cos ("ph)

]

Of oL*cosz(aph)

where "ph is the phasing angle defined in the fuselage dis-
cussion (Section 3.12.1).

? I1f the High Angle fuselage equations are being used,

: Eeg = 0¢ = 0

L

y ° If the wing group is included, downwash and dynamic pressure
¢ loss at the surface due to the wing will be computed as dis-

cussed in the Wing Group section. If the wing 1s excluded
these calculations will be bypassed, and the value of XSTB1(13)
will be ignored.

P = &




Inputs XSTB1(29) through (34) control the effect of the rotor
wake on the flow field at the surface. If XSTB1(29) and (32)
are greater than 100, RWAS tables will be used to compute the
effect in the same manner as is done for the wing (see CARD 125
in Section 3.14.1). In this case, XSTB1(30), (31), (33), and
(34) are ignored. 1If both inputs are less than or equal to
100, the effect will be computed in a manner similar to that
for the wing. The difference is that the two inputs following
XSTB1(29) and (32) define the body axis X velocities at which
the surface starts to enter the wake and is completely within
the wake. See Figure 31. As with the wing, both effects must
be represented by constants or both by tables.

3.15.3 Aerodynamic Inputs

See Section 3.14.2 for discussion of the aerodynamic computa-
tions.

3.15.4 Control Linkage Inputs (Include only if IPL(16) > 0)

The stabilizing surfaces use the identical mathematical model
and input format as the wing for linking the surface incidence
cr control surface deflection to the primary flight controls.

See Section 3.14.4 and replace XCWG with XCS1 in the discussion.

3.15.5 Surface No. 2 (Include only if IPL(l) = 0 and
IPL(17) # 0)

The mathematical model for Stabilizing Surface No. 2 is identi-
cal to that for Stabilizing Surface No. 1. Refer to Section
3.15.1 and substitute XSTB2 for XSTBl in the discussion.
Include the control linkage inputs (XCS2) only if IPL(17) > O.

3.15.6 Surface No. 3 (Include only if IPL(l) = 0 and
IPL(18) # 0)

The mathematical model for Stabilizing Surface No. 3 is identi-
cal to that for Stabilizing Surface No. 1. Refer to Section
3.15.1 and substitute XSTB3 for XSTBl in the discussion.
Include the control linkage inputs (XCS3) only if IPL(18) > 0.

3.15.7 Surface No. 4 (Include only if IPL(1l) = 0 and
IFEII§$ ; 5;

The mathematical model for Stabilizing Surface No. 4 is identi-
cal to that for Stabilizing Surface No. 1. Refer to Section
3.15.1 and substitute XSTB4 for XSTBl in the discussion.
Include the control linkage inputs (XCS4) only if IPL(19) > 0.
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(a) Computation of &Vs (b) Local Flow with Downwash

= local velocity vector at stabilizer excluding rotor downwash

- ->
Av = change in VL due to rotor wake

s
Vo=V o+
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Vi = average induced velocity across the rotor disc, parallel
to the rotor shaft

u = body X axis component of flight path velocity V

K, = XSTB1(29), main rotor induced velocity factor

V1 = XSTB1(30), the u velocity at which the stabilizer enters the
rotor downwash

v, = XSTB1(31), the u velocity at which the stabilizer is completely

immersed in rotor downwash

NOTE: V1 must not be greater than V2. Although it is permissible

for V1 to equal VZ‘ this is actually a contradiction: the surface

canhot start to enter and be completely immersed in the downwash at
the same velocity. Hence, if V1 =V the following definition
applies:

> 0.0 if u <V,

av | = “

Ks Vi if u> V2

Figure 31. Effect of Rotor Downwash on the Flow Field at

the Stabilizing Surfaces.
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3.16 JET GROUP (Omit entire group if IPL(1l) # 0 or

IPL(20) = 0)
CARD 171

The number of controllable jets, XJET(1l), defines which of the
two jet thrusts can be linked to the flight controls. 1If
XJET(1l) = 0.0, neither jet can be controlled. In this case
all four jet control linkages in the Controls Group (i.e.,
XCON(6), XCON(13), XCON(20), and XCON(27) described in Section
3.18) must be zero. If they are not, program execution will
terminate during initialization.

If XJET(1) = 1.0, only the right (first) jet thrust, XJET(2),
can be changed by control motion. 1If XJET(l) = 2.0, both jet
thrusts can be changed by control motion. During maneuvers
either jet thrust may be changed independently of the value of
XJET(1) and the control linkages, as discussed in Section
3.18. The location of the right jet is the point of applica-
tion of its thrust. The left (second) jet is located at the
same stationline and waterline as the right jet, but at Butt-
line -XJET(5). It is not necessary that the right (first) jet
be located on the right side of the rotorcraft. However, it
will be labeled in the output as the right jet regardless of
its location. Similarly, the left (second) jet buttline loca-

tion is always -XJET(5) and will always be labeled as the left
jet.

CARD 172

The jet thrust vectors are oriented with respect to the body
reference system by a set of ordered rotations: yaw, then
pitch. For the right jet, the rotations are right-handed, while
for the left jet they are left-handed. Hence both the loca-
tion and orientation of the two thrust vectors are symmetrical
about the body X-Z plane.

For XJET(2) and XJET(3) positive and XJET(8) = XJET(9) = 0.0,
both vectors are parallel to the body X-axis and cause positive
(forward) forces in the body reference system. A positive yaw
angle will then cause a right (positive) body Y-force from the
right jet and a left (negative) body Y-force from the left jet.
Positive pitch angle will cause an upward (negative) body 2-
force from both jets.
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3.17 EXTERNAL STORE/AERODYNAMIC BRAKE GROUP (Omit entire group
if IPL(1) # 0 or IPL{2I) = 0)

This group consists of exactly IPL(21) Store/Brake subgroups.
The sequence number of the subgroup is the same as the input
sequence. Each subgroup uses the same input format and mathe-
matical model. A single subgroup is intended to represent a
single store/brake, and all subgroups are mutually independent.

3.17.1 Store/Brake No. 1 (Include only if IPL(21) > 1)

CARD 181A

The weight input, XST1(l), defines how the subgroup is to be
used. This weight must not be included in the aircraft gross
weight, XFS(1). 1If XST1(l) = 0, all calculations for this
subgroup are bypassed.

If XST1(1) > 0, the subgroup is defined to be an external
store, and the following applies: prior to starting the TRIM
procedure, the store weight and inertias (XST1l(1l) and XST1(8)
through XST1(1ll)) are added to the weight and appropriate iner-
tial inputs in the Fuselage Group, XFS(1) and XFS(8) through
XFS(11). The aircraft cg and inertias are then recalculated
for each external store subgroup. When a store is dropped in
the maneuver section, the aircraft weight, cg, and inertias
are recalculated to reflect the jettison. Note that when
using the sweep option (NPART = 10), the baseline values of
aircraft weight, cg, and inertias, XFS(1l) and XFS(5) through
XFs(11), change only when changed by NAMELIST inputs. The
recalculated values are never carried forward to subsequent
cases. Consequently, the recalculation procedure is performed
at the start of each and every case in the sweep using the
current values of baseline and store weight, cg, and inertias,
i.e., XFS(1l), XFS(5) through XFS(11l), XST1(l) through XST1(4),
and XST1(8) through XST1(1l1l).

I1f, on the other hand, XST1(l) < 0, the subgroup is defined to
be an aerodynamic brake. A brake is assumed to be an integral
part of the airframe with its weight and inertias included in
the inputs to the Fuselage Group. Aircraft weight, cg, and
inertias are not recalculated.

In the maneuver section, only store subgroups can be dropped
(J = 35), and only brake subgroups can be deployed (J = 34).
J=Card inputs which command otherwise (i.e., drop a brake or
deploy a store) will terminate execution.
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The aerodynamic forces of both stores and brakes act at the
center of pressure. The cp is assumed to be at the same butt-
line and waterline as the store/brake cg. The cp stationline
is calculated by

(SL)cp = XST1(2) + XST1(5) + XSTl(G)*sinzasc

The dynamic pressure loss ratio, XST1(7), is the ratio of
local dynamic pressure loss at the store/brake to free-stream
dynamic pressure, neglecting rotor downwash. An input of zero
indicates that the total free stream dynamic pressure acts at
the store/brake.

CARD 181B

The store inertias are those of the store about its own cg, in
the fuselage body axis coordinate system, and are not to be in-
cluded in the inertias in the Fuselage Group. If the store in-
ertias are given in the store axis system, they must be resolved
into the fuselage body axis system before input to C8l.

The induced velocity factor is the fraction of the induced
velocity at the rotor disc which acts at the store/brake cp.
With no interference and a fully developed downwash, this
factor would theoretically be 2.0. 1In practice, it would be
less than 2.0 due to interference effects, nonuniform downwash,
and the rotor wake not being fully contracted.

The lift, drag, and side forces calculated are each multiplied
by XST1(14)/100 to simulate aerodynamic brake deployment. If
XST1(1l) indicates that a store is to be simulated, XST1l(1l4) is
reset to 100 percent.

CARD 181C

The wind axis aerodynamic forces on the store/brake are cal-
culated from the following equations. These forces are separ-
ate aerodynamic forces and are not included in the forces gener-
ated by any other group (component of the aircraft).

Lift

dg [XST1(15)*cos bg * XST1(16)*sin(zes)*cos ¢s]

Drag = g, [XST1(17)*(cos? p )*(cos® 8_) + XST1(18)*sin? ¥
+ XST1(19)*(cos? ¢ )*(sin? 6,)]

Side Force = q_ [XST1(20)*cos? 65 + xs'r1(21)*sin(2¢s)*cos2 0]
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where Vo =  1-XST1(7) * Veree stream * xs'rl(lz)*(vi)M/R
+ xs'r1(13)*'=(<7i),1./R
9g = o.Sp*vsz*xsn(u)/loo

- -1

6, = tan ("s/“s)
= -1

*s = =s1in (vs/Vs)

ag. = cos‘l(us/Vs)

ug = body axis x component of Vs at store/brake
vg = body axis y component of Vs at store/brake
wg = bedy axis z component of Vs at store/brake
Vi = average induced velocity at disc of specified rotor

3.17.2 Store/Brake No. 2 (Include only if IPL(21) > 2)

CARDS 182A, 182B, and 182C contain the inputs for Store/Brake
No. 2. Refer to the section on Store/Brake No. 1, and sub-
stitute XST2(I) for XST1(I).

3.17.3 Store/Brake No. 3 (Include only if IPL(21) > 3)

CARDS 183A, 183B, and 183C contain the inputs for Store/Brake
No. 3. Refer to the section on Store Brake No. 1, and sub-
stitute XST3(I) for XST1(I).

3.17.4 Store/Brake No. 4 (Include only if IPL(21) = 4)

CARDS 184A, 184B, and 184C contain the inputs for Store/Brake
No. 4. Refer to the section on Store/Brake No. 1, and sub-
gstitute XST4(I) for XST1(I).
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3.18 ROTOR CONTROLS GROUP

The Controls Group is divided into two subgroups: Basic and
Supplemental. The Basic Rotor Controls subgroup is a required
input. The reading of the Supplemental Rotor Controls subgroup
is controlled by IPL(22). This optional subgroup is only a
necessary input for tandem and side-by-side rotor configura-
tions although it can also be used to simulate very complex
control systems for single main rotor helicopters. Figure 32
is a schematic diagram of the complete AGAJ77 rotor control
system. The Controls Group defines the linkages between the
pilot controls and rotors for a rigid pylon, no collective bob-
weight, and SCAS off, i.e., the blocks labeled "BASIC RIGGING",
"NONLINEAR RIGGING," and “"CONTROL COUPLING/MIXING BOX" in
Figure 32. The outputs of the rotor controls mathematical
model are the root collective blade angle and swashplate angles
of each rotor.

The models for the rotor controls, pylon coupling, bobweight,
and SCAS are mutually independent. That is, the value of any
output of any one model does not affect the value of the out-
puts of any other model. The outputs of the last three models
are treated as increments which are added to the appropriate
output of the rotor controls model.

3.18.1 Basic Rotor Controls Subgroup

The inputs on CARDS 191 through 194 are termed the Basic Rotor
Control, or XCON, inputs. These inputs define the basic link-
ages between each of the four primary flight controls (collec-
tive, longitudinal cyclic and lateral cyclic, and pedal) and

the rotor control angles. All linkages are linear and uncoupled
and are normally the only Rotor Controls Group inputs needed

for a single-main-rotor helicopter. Wwith these linkages, the
collective stick controls the root collective pitch (as mea-
sured at the center of rotation) of Rotor 1, and the pedals
control only the root collective pitch of Rotor 2. .

If XCON(14) = 0.0 and XCON(21) = 270.0 (the default values),
then longitudinal cyclic stick motion will yield longitudinal
swashplate rotation, and lateral cyclic stick motion will give
a lateral swashplate rotation. Fixed system control phasing
will occur if XCON(14) # 0.0 and XCON(21) # 270.0, and the
swashplate longitudinal and lateral rotational axes will not be
perpendicular if XCON(14) and XCON(21) are not 90 degrees apart.

The cyclic pitch for Rotor 2 is defined to be zero when using
just the Basic Rotor Controls (IPL(22) = 0).
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The equations for the control angles computed from the XCON
inputs are given in Table 14. Note that the fourth input on =
each of the four cards can be used to lock the appropriate 4
control angle at the value of the fifth input on the same card. :

The sixth input on each of the four basic control cards is the P
linkage between the specified control and jet thrust. The
equations for the individual increments to the jet thrust and
the total jet thrust are also given in Table 14. The jet to
which the controls are linked is a function of XJET(1l) in the
Jet Group. Also, the increment to jet thrust is proportional
to the difference between the control position input to the
Flight Constants Group and the current control position during
the trim iterations or maneuver time history. That is, the :
change in jet thrust is proportional to a change in control 1
position, not to the absolute value of that control position.

3.18.2 Supplemental Rotor Controls Subgroup (XCRT(1-49), omit
if IPL(22) = 0)

The inputs to this subgroup are primarily intended to prov1de
control linkages used in configurations other than single main
rotor helicopters, e.g., tandem or side-by-side rotor helicop-
ters and tilt rotor or comp051te aircraft. 1If the program
decides that the configuration is not a single-main-rotor heli-
copter (KONFIG # 1, see Section 3.34.1), an error message will
be generated if XCRT inputs are not included.

The linkages defined in the Basic Controls subgroup are a sub-
set of the complete rotor control system model shown in Figure
32. To use the complete model, both the Basic and Supplemen-
tal Rotor Controls subgroups must be input.

In the Basic Controls Subgroup dlscussed in the previous sec-
tion, each primary flight control is linked linearly to a single
blade or swashplate angle. In the completed model described
below, each control is linked to the fixed-system intermediate
control angles. The linkage may be linear, parabolic, or
cubic, and in the case of the collective stick the linkage can
be a function of the longitudinal mast tilt angle of Rotor 1.
Then each fixed-system intermediate control angle is in turn
linked to between 2 and 6 specific blade or swashplate angles.
These linkages are linear but can be functions of the longi-
tudinal mast tilt angle of Rotor 1.




ro- S S — — i , —

TABLE 14. BASIC ROTOR CONTROL RIGGING

{ XCON(2) + XCON(3)%8,; /100 if XCON(4) = 0 f
®,), =
° XCON(5) if XCON(4) # O
| Rotor 1 § (8,), = (A)){*cos (XCON(21)) + (B,){*cos(XCON(14))
(), = -(A}){*sin(XCON(21)) - (B,){*sin(XCON(14))
where
(B,)! = { XCON(9) + XCON(10)*6, . /100 if XCON(11) = 0 |
171 XCON(12) if XCON(11) # 0 E
" { XCON(16) + XCON(17)*8, ,./100 if XCON(18) = 0
A)! = ‘
11 XCON(19) if XCON(18) # 0 .
XCON(23) + XCON(24)*8,. /100 if XCON(25) = 0
Rotor 2 (60)2 = {
XCON(26) if XCON(25) # 0
(AT n), = XCON(6)*XCON(1)*[8,0 = XVC(8)]/100
Seta (AT o), = XCON(13)*XCON(8)*[6LONG - Xvc(9)]/100
(AT fpp)y = XCON(20)*XCON(1S) [8;,y - XVC(10)1/100
(AT ;pp),, = XCON(27)*XCON(22) [8pgy - XVC(11)1/100
4
Toer = Cdmeor * 2, OTrr)s

GCOLL = Collective stick position, in percent, from full down

GLONG = Longitudinal cyclic stick position, in percent, from :
full aft

GLAT = Lateral cyclic stick position, in percent, from full left
GPED = Pedal position, in percent, from full right
XVC(8) = Input value of 8.5 (%) XVC(10) = Input value of &, (¥)
XVC(9) = Input value of GLONG (%) XvC(11) = Input value of GPED %)

(TJ!T)INPUT = Thrust of controllable jet(s), XJET(2) and/or XJET(3)
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’ XCRT(1) 1|
— XCRT(8) cB
XCRT(15) c19
XCRT(22) 520 |
ot
XCRT(3) 1
‘ X
: COLLECTIVE BASIC 1 XCRT(10) CB
: STICK (IN.) i RIGGING XCRT(17) SB
F —_ XCRT(24) cB
'e
;7 :é:gu XCRT(5) .1
! X XCRT(12) 1
LONGITUDINAL { o BASIC 2 XCRT(19) CB
CYCLIC RIGGING
STICK (IN.) XCRT(26) 1
XCRT(6) 1
SCAS XCRT(13) 1
x XCRT(20) CB
I(':Astcx.lc Y »| BASIC I 3 b XCRT(27) 1
STICK (IN.) RIGGING
- XCRT(4) - 1
YAW XCRT(11) CB
SCAS XCRT(18) sB
XCRT(25) CB
X
PEDAL T | BasiC 4
RIGGING,
(IN.) Il l XCRT(2) 1
4 XCRT(9) CB
: AERODYNAMIC XCRT(16) c19
SURFACES
AND JETS XCRT(23) o 520
: Control Coupling/Mixing Box
!

| Figure 32. Schematic Diagram of Rotor Control System,
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The fixed-system intermediate control angles, X1 through X4,
are defined in Table 15. The effects of longitudinal mast
tilt on X1, the fixed-system collective intermediate control
angle, are controlled by XCRT(29) through XCRT(32) on CARD
199. DTMIN is the change in minimum value of fixed-system
collective angle due to mast tilt, while CTRNG is the change
in the range of the input.

The control coupling ratios, input on CARDS 195 through 198,
give the user the capability to control the cyclic swashplate
angles of Rotor 2. 1In addition, fixed-system control phasing
can be introduced through control coupling. If the Rotor 1
phasing is done in this manner, then XCON(14) and XCON(21)
should be input as 0.0 and 270.0. Likewise, if the phasing
for Rotor 2 is done by control coupling, then XCRT(43) and
XCRT(44) (which are the analogues to XCON(14) and XCON(21) for
Rotor 2) should be input as 0.0 and 270.0. Alli control coup-
ling operations are performed in the Control Coupling/Mixing
Box (Figure 32). The effects of Rotor 1 longitudinal mast
tilt are also accounted for in this box.

The outputs from the Control Coupling/Mixing Box are the collec-
tive intermediate control angle and the cyclic intermediate

control angles for both rotors, (eo){, (Bl)i’ and (Al)i’ i=1

or 2. The cyclic intermediate control angles are phased accord-
ing to the cyclic actuator phasing angles, XCON(14), XCON(21),
XCRT(43), and XCRT(44), and the increments to all six intermedi-
ate control angles due to pylon coupling are added to give the
six fixed swashplate control angles, (eo)i, (Al)i, and (Bl)i'

i=1l or 2. The two collective angles are passed through to the
rotating system, while the cyclic swashplate angles are commu-
tated to get the cyclic control angles in the rotating system.

The blade root pitch angle for each rotor, measured at the

center of rotation, is computed from the rotating swashplate
components, y and 63 for that rotor.
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TABLE 15. FIXED-SYSTEM INTERMEDIATE CONTROL ANGLES

Collective 1 j
b
X, = [XCON(2) + DTMIN] + [XCON(3) + DTRNG]*S., /100 + XCRT(36)*K,Z !
Longitudinal Cyclic 1
= * *K 2 *K 3
X2 XCON(9) + XCON(10) GLONG/IOO + (AXZ)SCAS + XCRT(37) K, + XCRT(38) K,
Lateral Cyclic
o
= * *g 2 *K 3 ]
‘ X3 XCON(16) + XCON(17) GLAT/IOO + (Ax3)SCAS + XCRT(39) K3 + XCRT(40) K3 ‘ ;
Pedal ]
|
= * : *K, 2 *K 3
X, XCON(23) + XCON(24) GPED/IOO + (AXA)SCAS + XCKT(41) K+ XCRT(42) K4
Kl = (GCOLL - 50)*XCON(1)/100
K2 = (GLONG - S0)*XCON(8)/100 Control deflections in inches
K3 = (GLAT - 50)*XCON(15)/100 from the 50% position
= - *
K, (GPED 50)*XCON(22)/100
XCRT(30)*B_ + xcx‘r(sl)*a: XCRT(29) # 0.0
DTMIN =
0.0 XCRT(29) = 0.0
(XCRT(32) - XCON(S)]*Bm/( /2) XCRT(29) # 0.0
\ DTRNG =
0.0 XCRT(29) = 0.0
Bm = Longitudinal mast tilt angle of Rotor 1, degrees
(AXZ)SCAS = Change in longitudinal cyclic input due to SCAS
: (AXB)SCAS = Change in lateral cyclic input due to SCAS
b (Axa)SCAS = Change in pedal input due to SCAS
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3.19 ENGINE-GOVERNOR GROUP

CARD 201

The maximum sea-level, installed, continuous horsepower avail-
able is computed from the tabular data input on this card.

o v RN TR OWERTE N e 7

The program uses the outside air temperature printed on the j
trim page to determine the maximum continuous engine horsepower
available. XNG(2) through XNG(7), shown in Figure 33, must be
sea-level quantities. XNG(1l) is not a function of the atmos-

. pheric conditions. If the OAT is less than Tl, then the power }
is taken as Pl, and if the OAT is greater than T3, the power is :
taken as P3. If T3 and P3 are input as zero, and the OAT is
greater than T2, then the power is taken as P2. The horsepower '
computed from the table is multiplied by the atmospheric pres- ‘
sure ratio to yield the maximum installed continuous horsepower
for the temperature and pressure defining the flight condition.

If this horsepower is greater than the transmission limit
horsepower, XNG(1l), it is reset to that value.

ey

If XNG(2) through XNG(7) are input as zero, then XNG(1l) is
the maximum continuous horsepower available. Ly

CARD 202

The maximum sea-level, installed takeoff horsepower available .
is computed from the tabular data on this card in the same
manner as the maximum continuous horsepower is computed from
the data on CARD 201. Using Figure 33, with

Tl = XNG(9) P1 = XNG(10)
T2 = XNG(11) P2 = XNG(12)
: T3 = XNG(13) P3 = XNG(14)
é XNG(9) through XNG(1l4) must be sea-level quantitieé. XNG(8)
"4 is not a function of the atmospheric conditions.
; ° The value computed from the table is multiplied by the pres-

sure ratio and is compared with the takeoff transmission

horsepower limit, with the smaller value being used. If

XNG(9) through XNG(1l4) are input as zero, then XNG(8) is the
. maximum takeoff horsepower available. ‘

Takeoff horsepower available is used for maneuver-in-trim
cases and in maneuvers.

e T e o i
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Figure 33, Typical Engine Horsepower Available Curve,
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CARD 203

The drive system rotational speed, XNG(15), is multiplied by
the rotor-t o-englne gear ratios (XMR(13) and XTR(13)) to give
the rotor rotational speeds.

The governor power gain, XNG(16), is used in the dynamic en-
gine model in maneuvers (NPART = 2, 4, 5, 7 or 8) and represents

the commanded change in horsepower due to a change in Rotor 1
rpm.

The dlscrepancy between the instantaneous horsepower required
and the instantaneous horsepower available is divided by the
appropriate time constant, XNG(17) or XNG(18), to yield the
horsepower-available time derivative.

CARD 204

The total power required is

P P
e SO ¢ SERN P
P = XNG(22) ~ XNG(23) Acc
R XNG(24)
where
Po_ = Rotor 1 power required
I
Pp__ = Rotor 2 power required
II

PACC = accessory power required, XNG(25)




3.20 ITERATION LOGIC GROUP

CARD 211

The program is permitted up to XIT(l) iterations to converge
to a trimmed flight condition. If the force and moment summa-
tions are not less than the allowable errors, XIT(15) through
XIT(21), execution terminates.

If the time-variant trim option is activated (IPL(49)#0), the
increment between the rotor azimuth angles used in the analysis
may be input in XIT(2). If the input is 0.0, XIT(2) is reset
to 15.0 degrees. If the input is not zero, the program ex-
amines the natural frequencies of the modes of both rotors.

It then checks that the current value of XIT(2) will provide
at least 10 points for each cycle of the highest frequency
present and, if necessary, resets XIT(2) to satisfy this con-
dition. The value of XIT(2) is then checked to see if it is
less than 2.0 degrees or greater than 30.0 degrees. If it is,
XIT(2) is then reset to the nearer value. If either of the
unsteady aerodynamic options is activated (IPL(48) # 0),
XIT(2) should be less than 10 degrees for the numerical dif-
ferentiation to work properly. See Section 3.26 for addi-
tional discussion of azimuth increments.

XIT(3) is the induced velocity change limiter. It is equal to
half the maximum amount the induced velocity is allowed to
change within iterations in TRIM and between time points in
maneuver. Three thrust-induced velocity iterations are made
within each trim iteration in the TRIM portion of the program.
The sign of XIT(3) controls the application of the limit in
these thrust-induced velocity iterations. If XIT(3) > 0, the
limit is applied to the first and third passes through this
loop. If XIT(3) < 0, the limit is applied to all three passes.
If XIT(3) = 0, it is reset to 0.5 ft/sec. Note that the input
sign of XIT{3) controls only the manner in which the limit is
applied. The sign of the increment applied within the program
is determined by the program. This option allows the user to
better regulate the numerical bounce problem sometimes en-
countered when performing a TRIM.

XIT(4) is a nondimensional factor used to compute the incre-
ments to the linear and angular velocities to be used in the
STAB subroutine. The angular rate increments are 0.10 radian
per second times the input, and the linear rate increments are
10 feet per second times the input.

Time-history plots of variables listed in Section 6 may be made
after trim if either rotor is time-variant and 0 < XIT(5) <
XIT(6). In this case, data for the last XIT(5) revolutions
will be plotted.
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XIT(6) is used to control the number of rotor revolutions com-
puted in the time-variant rotor analysis, both as the normal
TVT following a QS trim and in the rotor analysis in the fully-
time-variant trim. If XIT(6) is input as 0.0, the defaults are
5.0 revolutions in TVT and 3.0 in FTVT. For soft-inplane
rotors it has been found that the default value of 5 revolu-
tions in TVT is usually not enough to achieve a periodic solu-
tion; 10 to 15 revolutions may be required, depending on the
damping present.

XIT(7) controls a numerical damping procedure to assist in
finding QS trim conditions for elastic rotors with torsion in
the mode shapes. The input should always be between 0.0 and
1.0. An input of 1.0 would provide no damping (0.0 defaults to
1.0). An input of 0.5 gives a simple averaging procedure, and
0.3 seems to be the best choice in most cases. Smaller inputs
have been used, but they may slow the trim convergence.

CARD 212

X1T(8) through (11) are the inputs for the numerical damping
procedure used for rotor rebalancing. In trim, rotor rebal-
ancing can only occur when a rotor is decoupled from the stand-
ard "10 by 10" trim procedure (i.e., IPL(51) or (52) do not
equal zero). In a rotorcraft stability analysis, rebalancing
of a rotor can only occur if its flapping degrees-of-freedom
are locked out by IPL(87), and IPL(88) specifies that rebalanc-
ing is to be performed. The rebalancing procedure is never
used in maneuvers. If no rebalancing takes place, XIT(8)
through (11) can be ignored. However, if the main rotor is to
be rebalanced, the starting value for the correction limit is
eight times the minimum value, XIT(8). If at any time the
magnitude of any moment imbalance is less than the damper
limiter, XIT(10), the correction limit is halved with the
restriction that it is never less than XIT(8). For the tail
rotor, XIT(9) is used in place of XIT(8) and XIT(1ll) in place
of XIT(10).

XIiT(12), (13), and (14) are the inputs for the numerical damp-
ing procedure used in trimming the force and moment imbalance
about the cg. If, after the baseline calculation of a trim
iteration, all imbalances are not less than the allowable
errors, the imbalances and the latest partial derivative matrix
are used to compute a correction to each trim variable. The
corrections are then compared to a correction limit. If the
magnitude of any correction exceeds the limit, all corrections
are multiplied by the same ratio such that the magnitude of the
largest correction is equal to the limit. XIT(1l2) is the
starting value of this limit. If the absolute value of all
force and moment imbalances for the baseline calculations of an
iteration are less than XIT(14), then the limit is halved with
the restriction that the limit is never less than XIT{13). 1If
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a partial derivative matrix is to be computed for an iteration,
the value of the partial derivative increment is set equal to
0.5 times the correction limit.

CARD 213

_.ﬁ_.v-.._v.‘
. B .-

XIT(15) through XIT(21), the allowable errors, are the maximum

magnitudes of the force and moment imbalances permitted for a v
trimmed flight condition. That is, the trim iteration pro-

cedure continues until XIT(l) iterations are exceeded, or the

absolute values of force and moment imbalances are less than

the corresponding allowable errors. Normally, the smaller the "

allowable errors, the larger the number of iterations required .
for trim.

A good method for determining the values to be input to XIT(15) !
through XIT(21) is as follows. Define the maximum levels of ;

(1) the three linear accelerations at the cg (ax, ay, az), b

(2) the three angular accelerations about the cg (ﬁ, é, ;;
r), and

(3) the flapping acceleration of each rotor (BM/R' ET/R)

at which the particular flight condition can be considered to ‘
be trimmed. i

With these maximum desirable acceleraticns in units of ft/sec? f_
and deg/sec?, reasonable values for the allowable errors are

then

XIT(15) < (ax)*XFS(l)/32.l7

XIT(16) < (ay)*XFS(l)/32.17

XIT(17) < (az)*XFS(l)/32.17

" XIT(18) < (g)*XFS(9)/57.3 and (r)*XFs(10)/57.3

XIT(19) < (P)*XFS(8)/57.3 .
XIT(20) < (EM/R)*(total M/R flapping inertia)/57.3 j
XIT(21) < (pT/R)*(total T/R flapping inertia)/57.3 . ?
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For wind tunnel simulations (IPL(l), IPL(51), or IPL(52) ¥ 0),
the first five allowable error inputs should be very lerge
(e.g., 100,000 or more), while the last two should be realistic
error limits. This action prevents the program from continuing
to iterate to forces and moments about the cg that are less
than the allowable errors when the only requirement is that the
ithi flapping moment imbalance be within the specified error
imits.
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3.21 FLIGHT CONSTANTS GROUP
CARD 221

The input velocities are with respect to the ground. The for-
ward velocity is not necessarily the total velocity.

The altitude input is the height above the ground. It is used
in the calculations for ground effect and the landing gear
forces, and locates the helicopter with respect to a trailing
vortex pair, if used (see J=37, Section 3.27.2.28). 1If the in-
put altitude is negative, the program stops. This input has

no relationship to the pressure altitude, XFC(27), on CARD 214.

The Euler angles are the angles from the ground reference sys-
tem to the body reference system. Yaw is positive nose right;
pitch is positive nose up; roll is positive down right.

CARD 222

The collective and cyclic stick and pedal positions are the
initial settings with which the program begins its TRIM itera-
tions.

The g level, XFC(12), is the acceleration in g's along the
body 2 axis (see TRIM type indicator, IPL(43) on CARD 14).

CARD 223

The flapping angle and rotor thrust inputs are used as initial
values in the TRIM iteration procedure.

CARD 224

XFC(26), the atmospheric logic switch, is used in conjunction
with the pressure altitude, XFC(27), and ambient temperature,
XFC(28), to compute the density ratio, o'; density altitude,
hD; and speed of sound, Vs. If XFC(26) = 0, standard-day con-

ditions are assumed, XFC(28) is ignored, and the parameters are
calculated from the following equations:
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1 - (0.687535 x 10”7 )*XFC(27)

og =
T, = 288.16 6 - 273.16

ot = (8g)4-2561 j}
v, = 65.811365 /T, + 273.16 A
hy, = XFC(27) b

I1f XFC(26) # 0, nonstandard-day conditions are assumed. If
XFC(26) > 0, the ambient temperature is defined to be in de-
grees Fahrenheit and

Ty = S(XFc(28) - 32]/9

If XFC(26) < 0, then XFC(28) is defined to be in degrees cen-
tigrade and

T, = XFC(28)
Then

5 = (05)5.2561

8 = (T, + 273.16)/288.16

o' = 8/60

V, = 65.811366 T, + 273.16

hy = (1 - (0')0-23496, /4 67535 x 1079)
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If XFC(26) > 100.0, then XFC(27) and (28) are defined to be
the density ratio and speed of sound, respectively:

—— i -
[ A ¥ 5 8

XFC(27) (dimensionless)

o'

v

8

and the pressure and density altitudes and ambient temperatures .
are computed within the program based on the preceding equa-

tions. .

XFC(28) (ft/sec)

il

NOTE: For TRIM or TRIM-STAB input decks (NPART = 1 or 7), the :
only cards which may follow CARD 214 are those of a parameter N .
sweep (NPART = 10), contour plot control cards (NOP=12), or '
time-history plot cards (NOP=3 and 14).




3.22 BOBWEIGHT GROUP (Include only if NPART = 2 or 4 and
IPL(23) # 0)

CARD 231

For no bobweight, set XBW(1l) = 0.

If XBW(1) # 0, the following bobweight model is used.

The bobweight system acts to reduce collective pitch with in-
creasing load factor during maneuvers. The system is assumed
to be mounted so that the weight is free to translate only
parallel to the body vertical, or 2, axis. The equation of
motion for the weight in the system is

%5 mé + C6 + K6 = FBW
where

6 = the linear displacement of the bobweight from its
position at 1.0 g, positive down (in.)

Ore
t

linear velocity (in./sec)

O
"

linear acceleration (in./sec?)

Fpy = bobweight forcing function described below (1b)
= XBW(2), the spring constant (1lb/in.)

= XBW(3), the damping coefficient (lb-sec/in.)
XBW(4), the weight of the bobweight (1b)

B £ o =W
"

= W/32.17, the mass of the bobweight (slugs)
Other symbols used are

"p

XBW(7), the system preload (g)

n = load factor (g)
a0, = increment to collective pitch due to bobweight
displacement (deg)
n = XBW(1), linkage of § to Aeo (deg/in.)

271




The forcing function is defined as a function of W, n, and
np at each time point during the maneuver. At time t = 0,

6 =8=6=0.0

and

FBW = Max [0, W(n-np)] .

NOTE: The bobweight is not active during the trim
procedure. Hence, if a maneuver is started from a
trim where n is greater than n_, collective stick

position (and possibly other control positions if
control coupling is present) will not be correct.
Since maneuvers are normally started from 1.0 g

flight and the preload is greater than 1.0, this
should not create a problem.

At the first time point where n exceeds , whether at or fol-

lowing the start of the maneuver, the forcing function is de-
fined there and at subsequent time points as

FBw = W(n-np)

That is, once n exceeds , the forcing function can be negative

if n later drops below “p' This definition of Fpw applies as
long as

6 > 0.0 or & > 0.0
at each subsequent time point.

If at any time point the computations yield § < 0.0 and 5 < 0.0,

the bobweight parameters for the .ext time point are reinitia-
lized to

s§=8=6=0

v SPI  —-

and

Fpy = Max (o, W(n-np)l

i.e., the same values as at t = 0. Subsequent computations
proceed as from t = 0.
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The increment added to collective pitch is then

Aeo = =nbé

i.e., positive bobweight displacement and positive linkage re-
duces collective pitch. This increment is always added to the
' main rotor collective. If the tail rotor (Rotor 2) lateral :
mast tilt angle, XTR(45), is less than 45 degrees, the incre- -
ment is also added to the Rotor 2 collective pitch. z%




3.23 WEAPONS GROUP (Include only if NPART = 2 or 4 and
IPL(23) # 0)

CARD 241

& Stationline, buttline, and waterline are used to locate the
point of application of the recbil force of the weapon.

Azimuth and elevation define the orientation of the weapon

with respect to the fuselage. Positive azimuth is to the

right; positive elevation is up. With both angles zero, the

weapon 1s aligned parallel to the body X axis and is defined

to be firing in the positive X-direction (forward). -

e

The recoil force is prescribed on a 3ll-type card. See Section
3.27.2.10, J = 16. For a weapon firing in the direction pre-
scribed by the orientation angles, the sign of the recoil

force should normally be negative (i.e., opposite to the direc- j
tion of firing). '

{
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3.24 SCAS GROUP (Include only if NPART = 2 or 4 and IPL(23)
7 0)

The Stability and Control Augmentation System (SCAS) is pro-

grammed to simulate an actual hardware system which provides

improved stability and response to pilot inputs. The system
. block diagram is shown in Figure 34.

The quantities in Figure 34 are

B = control input (equal to appropriate stick input;
- see Figure 32)

B, = SCAS feedforward added to stick input to offset
feedback

= SCAS feedback dependent on ship response

B + BG - BH = total control input

= feedforward transfer function

m o 2
i

= feedback transfer function

n = ship response variable (roll, pitch, or yaw); dots
indicate time derivatives

The feedback transfer function has the following form:

- Eﬁ ) KH s(tls + 1) (rzs + 1)
n (r35 + lif(t4s + 1) (T55 + 1)

where

s = Laplace Transform Operator ag and the other variables
t
are defined in terms of the inputs in Section 2.24.

The feedforward transfer function has the following form:

BG KGs
G = —= =
P B (r3s + 1) (t4s + 1) (rss + 1)
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In the program, these equations are written and solved in the

form of differential equations:

Can + Cgn + Ky

CyBy + C,By + C3By + By

CyBg + CaBg + C3Bg + B = K4

"
~
o

where
C1 = T3T47s
Cz = T3T4 *T4%5 * 1375
C3 =13+ 14+ 71g
Cq = 117Ky

Cg = (1) *+ 15) Ky

The variables used in the general equations above are defined
in terms of the input variables for the three SCAS channels in

the table below.
General Equation Roll Channel Pitch Channel

Yaw Channel

KH XSCAS(1) XSCAS(8)
KG XSCAS(7) XSCAS(14)
121 XSCAS(2) XSCAS(9)

T, XSCAS(3) XSCAS(10)
1, | XSCAS(4) XSCAS(11)
g XSCAS(S) XSCAS(12)
g XSCAS(6) XSCAS(13)

n roll angle pitch angle

CARD 254

XSCAS(15)
XSCAS(21)
XSCAS(16)
XSCAS(17)
XSCAS(18)
XSCAS(19)
XSCAS(20)

yaw angle

The SCAS has one independent channel for roll, pitch, and
yaw. See Section 3.27.2.17, J=24, 25, and 26 for procedure

to activate the system.
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The maximum change that the roll channel of the SCAS may make
ig t XSCAS (22) percent of the full range of the lateral cyclic.
The maximum authorities in pitch and yaw are similarly defined.

The dead bands on the moment derivatives are used to negate
the numerical noise that may be generated in the numerical
differentiation process necessary to obtain these guantities.
A value of 100 has been satisfactory for those cases run to
date.
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3.25 STABILITY ANALYSIS TIMES GROUP (Include only 1f NPART=2
or 4 and IPL(23) # 0, or 1f NPART = 5)

The inputs to this group (the TSTAB array) specify the p01nts
during a maneuver where a rotorcraft stab111ty analys1s is to
be performed. This rotorcraft stability analysis is the same
as that performed after TRIM when NPART = 7 or when NPART = 10
and NVARC = 1.

The sign of each TSTAB input determines the units assigned to
it. If the input is p031t1ve, its value is assumed to be time
in seconds. If the input is negative, its absolute value 1s
assumed to be the total azimuth angle of Blade 1 of the main
rotor in degrees. This total azimuth angle is defined as zero
degrees (blade parallel to the tail boom, pointing aft) at
maneuver time zero, and increases by 360 degrees for each
complete rotor revolution. It is riot necessary that the inputs
be all positive (seconds) or all negative (degrees). However,
it is mandatory that each TSTAB input specify a point in the
maneuver that occurs after the point specified by the preceding
TSTAB input. Hence, to avoid input errors, it is suggested
that all inputs be in consistent units, particularly i1f the
maneuver involves a change in rotor rpm.

It is emphasized that total azimuth angles are referenced to
time zero. Hence, angles in the second rotor revolution are
between 360 and 720 (inputs of ~360.0 to -720.0); an input of -
90.0 will only generate a rotorcraft stability analysis during
the first rotor revolution.

NOTE: If the time-variant rotor analysis is activated (IPL(49)
# 0), rotorcraft stability analyses cannot be performed, and
TSTAB(1) must consequently specify a time or azimuth angle
which occurs after the end of the maneuver. Otherwise, execu-
tion will terminate at the time point corresponding to TSTAB(1l).
A value of 9999, (seconds) for TSTAB(l) is suggested in this
case.




3.26 BLADE ELEMENT DATA PRINTOUT GROUP (Include only if NPART
= 2 or 4 and IFL(§§$ # 0 or 1f NPART = 5)

CARDS 271 and 272

The inputs to this group (the TAIR array) specify the points

during the maneuver where blade element data are to be printed.

TAIR inputs are interpreted in the same manner as TSTAB inputs ’
(i.e., positive inputs are taken as seconds from the start of

the maneuver and negative inputs as degrees of total azimuth

angle for Blade 1 of the main rotor). See Section 3.24 for

a more complete discussion. The output obtained at the speci-

fied points may be dynamic loads only, aerodynamic loads only, .
or both, as discussed below.

If IPL(75) = 0 or 1, the beamwise bending moment, chordwise
bending moment, and torsional moment are printed for each radial
station on each blade of Rotor 1. These moments have been
resolved through the blade pitch angle so they really are
beamwise and chordwise.

If IPL(75) = 2, detailed aerodynamic data are printed for each
radial station on each blade of Rotor 1 in addition to the
bending moments.

IPL(76) controls the printout of the bending moment and aero-
dynamic data for Rotor 2.

Note that bending moment data will be printed only when the
specified rotor uses the time-variant analysis. If printout
of moment data is specified for a rotor that uses the quasi-
static analysis, the program ignores the inputs and does not
print the data. However, blade element aerodynamic data will
be printed at the specified times regardless of the type of i
rotor analysis which is active,

The TAIR inputs are also used to specify the points during a

maneuver where data are to be stored for contour plotting

(IPL(79) # 0). Note that only main rotor data are stored
e during a maneuver. If the quasi-static rotor analysis is used, ,
3 X the inputs specify the point in the maneuver where data are to ‘
- be stored. If the time-variant rotor analysis is used, the

inputs specify the point at which storing of data is to begin;

data storing continues at each subsequent time point until one

rotor revolution is completed. Once storage has begun for a

revolution, any TAIR input that occurs prior to the end of that

revolution will be ignored as far as storing contour plot data;

however, other blade element data will be printed as specified

by IPL(75), IPL(76), and the value of TAIR. .
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3.27 MANEUVER TIME CARD (Include only if NPART = 2, 4, or 5)
CARD 301

This card and subsequent cards are to be included in the data
deck only when running a maneuver; i.e., NPART = 2, 4, or 5 on
CARD 01.

For NPART = 2 or 4, the start time, TCI(l), is assumed to be
zero, and any other input is ignored. For NPART = 5, the start
time is the time at which the maneuver is to be restarted; it
must be greater than zero and less than the last time point of
the maneuver being restarted. See discussion of CARD 01 for
further details.

TCI(2) is used to specify the first base value of the time in-
crement (At) between the calculation of maneuver time points.
The At computed from TCI(2) will be used during the interval
of TCI(1l) to TCI(3) seconds of maneuver time. If TCI(2) < 1.0,
the input is taken to be At in seconds. If TCI(2) > 1.0, the
input is taken to be the increment in Rotor 1 azimuth location
in degrees between time points; in this case, the time incre-
ment to be used is defined as

At = TCI(2)/(601)

where Ql is the rotational speed of Rotor 1 in units of rpm and
At is in seconds.

To insure stablllty of the numerical integration technlque dur-
ing a time-variant maneuver (IPL(49) # 0), the azimuth incre-
ment should always be less than or equal to 15 degrees. If
aeroelastic blades are included in the simulation, an additional
constraint is that at least 10 time points should be computed
for each cycle of the highest natural frequency in the rotor
mode shape data. For example, if the highest natural frequency
is 3.0/rev, one cycle occurs every 120 degrees and the azimuth
increment should then be less than or equal to 12 degrees.

These requlrements for the azimuth increment apply to time-
variant trims as well as to tlme-varlant maneuvers. If either
unsteady aerodynamic option is activated (IPL(48) # 0), the
azimuth increment for maneuver should not be greater than about
15 degrees; 10 degrees or less is preferable.

It may be desirable to change the value of At because of a
change in rotor speed. For this case, TCI(4) can be used to
specify the value of At to be used between TCI(3) and TCI(S5)
seconds of maneuver time. Like TCI(2), TCI(4) may be either
a time or azimuth increment. It is not necessary that TCI(2)
and TCI(4) be the same type of increment; e.g., one may be

PRI




time and the other azimuth. Do not change the time increment
in the period in which the rotor aeroelastic stability is being 3
analyzed. D

- -w—w!«ﬁw

If TCI(6), the time to stop the maneuver, is greater than

TCI(5), the program then uses the At based on TCI(2) between

TCI(5) and TCI(6) seconds of maneuver time. If TCI(S5) is the ’
time to stop the maneuver, as well as the time to stop using

the At based on TCI(4), the TCI(6) input may be zero or blank. i
If a second time increment is not desired, then TCI(4) and |
TCI(5) should be input as 0.0. In this case, TCI(6) will be =
ignored and TCI(3) is taken as the time to stop the maneuver. - .

When the time increment is changed during a maneuver, it may be !

desirable to change the frequency of printout of the time fg
points; i.e., to change the value of NPRINT input on CARD 0l. .
This may be done with a J = 31 card (see Section 3.27.2.22). ' 4

B i
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3.28 MANEUVER SPECIFICATION CARDS (May be included only if
NPART = 2, 4, or 5)

CARD 311

NEXTJ = 0 This is the last card of the 311 type.
NEXTJ # 0 Another card of the 311 type follows.
J Type of variation, explained in list below.

If NPART = 2, 4, or 5, one card of the 311 type must be included
and up to 20 may be included. All have the same format (Il, I4,
5X, 6F10.0). It is not necessary to have the J values in
numerical order, and there may be several cards with the same
value of J. It is necessary that NEXTJ # 0 on all of these
cards except the last one, which must have NEXTJ = 0.

3.28.1 Summary of Permissible J Values

Permissible values of J are from 1 to 37. The type of variation
that occurs for each value of J is given in the following list.

movement of collective stick

movement of longitudinal cyclic stick
movement of lateral cyclic stick
movement of pedal

inactive

folding rotors aft after tilting forward
and stopping

} inactive

a vertical ramp gust; ramp length may be
zero

10 a vertical sine-squared gust

a horizontal ramp gust; ramp length may be
zero

12 a horizontal sine-squared qust

13 a change in engine torque supplied

a change in auxiliary thrust supplied

15 inactive

16 weapon fire

17 change of longitudinal mast tilt angle and
of rpm on both rotors
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= 18 rotor brake

= 19 1inactive

= 20 sinusoidal movement of controls or mast
- g%} inactive

= 23 rpm-dependent hub springs

24 SCAS roll channel




25 SCAS pitch channel

26 SCAS yaw channel b
folding rotors horizontally after stop i

28 rpm dependent flapping stops

29 connecting and disconnecting helicopter
controls

30 rotor moment balancing mechanism

31 changing NPRINT

32 simplified automatic pilot simulation

inactive

34 deployment of an aerodynamic brake

35 dropping an external store

36 changing incidence or control surface de-
flection angles of aerodynamic surfaces

37 a trailing vortex system

[T I LI (O |
N
~
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39 inactive

41 1roll rate input to autopilot (P-tracker)

42 pitch rate input to autopilot (Q-tracker)

43 yaw rate input to autopilot (R-tracker)

44 normal load factor input to autopilot (G- ]
tracker) 4

45 rate-of-climb input to autopilot (RC-tracker) 3

naaoaunnnn
B
o

J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
J
.2

3.28 Inputs for J-Cards ?E

: The input format for each of the currently available J-cards is
! given below. Start and stop times refer to the time from the
; start of maneuver unless otherwise noted.

3.28.2.1 J =1, 2, 3, 4 (Control Movements)

Col 11-20 Start time for input rate 1 (sec)

21-30 Input rate 1 (in./sec)

31-40 Stop time for input rate 1 (sec)

E 41-50 Start time for input rate 2 (sec)
; 51-60 Input rate 2 (in./sec)
¥ 61-70 Stop time for input rate 2 (sec)

For normal control rigging, positive control rates correspond
to up collective, forward longitudinal cyclic, right lateral
cyclic and up tail rotor collective.

1f the computed control position is greater than 100 percent or
less than 0 percent, it is reset to 100 or 0 percent respectively.
Hence, if a control is put on a stop by rate and time inputs that
would normally put the control past its stop, subsequent rate

and time inputs should be with respect to the stop, not to the
imaginary position beyond the stop.
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3.28.2.2

J =
3.28.2.3
Col

3.28.2.4
J

3.28.2.5

Col

NOTE: J =

3.28.2.6

Col

J=5

5 is currently inactive

= 6 (Folding Rotors Aft)

11-20
21-30
31-40
41-50
51-60
61-70

Start time (after Q=0) (sec)
Rate (positive to fold aft) (deg/sec)
Stop time (after Q=0) (sec)
start time (after Q=0) (sec)
Rate (positive to fold aft) (deg/sec)
Stop time (after Q=0) (sec)

7 and 8 are currently inactive

J =9 and 11 (Vertical and Horizontal Ramp Gust,

Respectively) (see Figure 35)

11-20
21-30

31-40
41-50
51-60
61-70

(1) Sstarting distance (in ground X-Y

plane) (ft)
(2) 1st max velocity (positive down or
north) (ft/sec)
(3) 1st ramp length (ft)
(4) Distance gust is steady (ft)
(5) 2nd ramp length (ft)
(6) 2nd max velocity (measured from

first max velocity) (ft/sec)

9 or 11 may only be used once per maneuver run.

J =10 and J = 12 (Vertical and Horizontal Sine-

ggarea;’ust, Respectively) (see Figure 36)

11-20
21-30

31-40
41-50
51-60
61-70

(1) Starting distance (£ft)
(2) 1lst max value (positive down or

north) (ft/sec)
(3) 1st gust length (ft)
(4) Distance between gusts (ft)
(5) 2nd gust length (ft)
(6) 2nd max value (ft/sec)

= 10 or 12 may only be used once per maneuver run.
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Figure 35. Definition of Terms Describing Gust Velocity
Versus Distance for a Ramp Gust.
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Sine-Squared Gust

Figure 36, Definition of Terms Describing Gust Velocity
Versus Distance for Sine-Squared Gusts.
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3.28.2.7 J =13

J = 13 is currently inactive.
| 3.28.2.8 J = 14 (Auxiliary Jet Thrust)

Col 11-20 Start time for jet thrust variation (sec) .
21-30 Type of variation indicator, TVI 1
31-40 Rate of change of jet thrust, RJT (lb/sec) ’ -
41-50 Stop time for variation (sec)
51-60 Final value of jet thrust (1b)
61-70 Affected jet; = 1.0 for left jet,

= 2.0 for right jet

Three types of jet thrust variation are possible based on the .
value of TVI.

If TVI = 0.0, the rate RJT acts for the specified time, i.e.,
the stop time minus start time. The input for the final value
of jet thrust is ignored in this case.

If TVI = 1.0, the rate RJT acts until the final value of jet
thrust specified in columns 51 to 60 is attained. The input .
for the stop time is ignored in this case. i

Following one or more J = 14 cards where TVI = 0.0 or 1.0, it
may be desirable to change the jet thrust back to its value at .
the start of the maneuver, the trim value. To do this, set '
TVI = 2.0, which will cause the final value of thrust (columns
51 to 60) to be reset to the trim value and TVI to be reset to
1.0. The specified rate will then act until the jet thrust
returns to the trim value. The input stop time is ignored in
this case. TVI should not equal 2.0 unless a previous J = 14
card has changed the jet thrust from the trim value.

3.28.2.9 J =15

J = 15 is currently inactive

3.28.2.10 J = 16 (Machine Gun Fire, Ramp Only) (see Figure 37)

Col 11-20 (1) Start time (sec)
21-30 (2) Stop time ' (sec)
31-40 (3) Max force (normally negative) (1b)
41-50 (4) Ramp length (sec)
2%:33 } Inactive

For the normal case of a weapon firing forward, the reaction
y - force should be negative. See the Weapons Group (Section 3.22)
- for additional details.
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Figure 36. Definition of Terms Describing Gust Velocity
Versus Distance for Sine-Squared Gusts.
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3.28.2.7 J =13

J = 13 is currently inactive.

3.28.2.8 J = 14 (Auxiliary Jet Thrust)

Col 11-20 Start time for jet thrust variation (sec)
21-30 Type of variation indicator, TVI
31-40 Rate of change of jet thrust, RJT (lb/sec)
41-50 Stop time for variation (sec)
51-60 Final value of jet thrust (1b)
61-70 Affected jet; = 1.0 for left jet,

= 2.0 for right jet

Three types of jet thrust variation are possible based on the
value of TVI.

If TVI = 0.0, the rate RJT acts for the specified time, i.e.,
the stop time minus start time. The input for the final value
of jet thrust is ignored in this case.

If TVI = 1.0, the rate RJT acts until the final value of jet
thrust specified in columns 51 to 60 is attained. The input
for the stop time is ignored in this case.

Following one or more J = 14 cards where TVI = 0.0 or 1.0, it
may be desirable to change the jet thrust back to its value at
the start of the maneuver, the trim value. To do this, set
TVI = 2.0, which will cause the final value of thrust (columns
51 to 60) to be reset to the trim value and TVI to be reset to
1.0. The specified rate will then act until the jet thrust
returns to the trim value. The input stop time is ignored in
this case. TVI should not equal 2.0 unless a previous J = 14
card has changed the jet thrust from the trim value.

3.28.2.9 J =15

J = 15 is currently inactive

3.28.2.10 J = 16 (Machine Gun Fire, Ramp Only) (see Figure 37)

Col 11-20 (1) start time {sec)
21-30 (2) Stop time (sec)
31-40 (3) Max force (normally negative) (1b)
41-50 (4) Ramp length (sec)
51-60 ] Inactive
61-70

For the normal case of a weapon firing forward, the reaction
force should be negative. See the Weapons Group (Section 3.22)
for additional details.
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3.28.2.11 J = 17 (Longitudinal Mast Tilt on Both Rotors) f
(see Figure 38) ij
Col 11-20 Start time for mast tilt (sec)
| 21-30 Rate of mast tilt (deg/sec) ;o
: 31-40 Stop time for mast tilt (sec) '
b 41-50 (Inactive) » L
51-60 a, mast tilt angle at which rpm change i
~ is activated (degq) b
i 61-70 Qy ~ 9,, change in rpm in converting ]
from airplane mode to helicopter mode (rpm) R ii
. b
0 - {QA.+ (QH - QA)*cos[QO(Bm-a)/(QO-a)] if Bm>a .
Qp if Bp<a P
where '
Bm = longitudinal mast tilt angle
Q = current rotor rpm
QH = rotor rpm in helicopter mode (Bm = 0°)

o
]

rotor rpm in airplane mode (Bm = 90°)

3.28.2.12 g

18 (Rotor Brake)

Col 11-20 Maximum brake torque (ft-1b)
21-30 RPM at which brake engages, Qb (rpm)
31-40 Target azimuth position for stop {(deqg)
41-50 Time to stop applying brake (sec)
Zi:gg } Inactive

3.28.2.13 J =19
J = 19 is currently inactive

3.28.2.14 J = 20 (Sinusoidal Movement of Controls or Mast)

¢ | Col 11-20 start time (sec)
E | 21-30 Frequency (Hz)
| 31-40 Amplitude (in./deg)
: 41-50 Stop time (sec)
: 51-60 Control to be moved
; 61-70 Inactive
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Rotor Speed

0. [ 8 + (-0,) acos [SO(Bm-u)/(QO-a)] if 8 >a

lﬂn if 8 <a

Figure 38, Definition of Terms Describing the Variation of
Rotor Speed with Mast Angle,
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Amplitude is in inches for controls or in degrees for mast
tilt. The code for the control to be moved 1is

1.0 = Collective stick
i 2.0 = Longitudinal cyclic stick
b 3.0 = Lateral cyclic stick
{ 4.0 = Pedal

5.0 = Longitudinal mast tilt

Note that if the control code is 5.0, the longitudinal mast tilt
angle of both rotors is varied.

3.28.2.15 J = 21 and 22

J = 21 and 22 are currently inactive

3.28.2.16 J = 23 (RPM-Dependent Hub Springs)

Col 11-20 Rotor number (1.0 or 2.0) (ft-1b/degq)
21-30 Kg hub spring value in lower rpm (rpm)
range
31-40 Q, top of lower rpm range (rpm)
41-50 92 bottom of upper rpm range (rpm)
) gi:gg } Inactive

Let Q@ be the rpm of Rotor 1, KI be XMR(18) or XTR(18), as
: appropriate, and Kp be the rpm-dependent value of the appropri- f
% ate hub spring. Then

if Q

v
o

1 2
K, = T Q-0. +K if Q.< Q < Q
h = 8, -0, 2 1 1 2
‘ ?
Ky if @ <0 !
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In other words, the extreme values for the hub springs are K.,
and the input in the appropriate rotor group is K;. Linear
interpolation is used in the transition region.

3.28.2.17 J = 24, 25, 26 (SCAS Channels)

Col 11-20 Time to activate SCAS channel
21-30 Time to turn off SCAS channel
31-40 )

41-50 ,
51-60 ‘ Inactive
61-70

3.28.2.18 J = 27 (Horizontal Fold, for Main Rotor Only)

Col 11-20 Start time (sec after Q=0)
21-30 Rate (deg/sec)
31-40 Stop time (sec after Q=0)
41-50 Blade number (each blade moves inde-

pendently)
gi:gg Inactive

3.28.2.19 J = 28 (RPM Dependent Flapping Stops)

Same as for J = 23 except that mechanism affocted is flapping
stops and KB is in degrees.

3.28.2.20 J = 29 (Control Changer - to Lock or Unlock

Swashplate)

Col 11-20 Start time (sec)
21-30 Stop time (sec)
31-40 Indicator; = 0.0 if start time is

in maneuver seconds, # 0.0 if start
is in seconds after Q=0.0

41-50 Indicator; = 0.0 if stop time is in
maneuver seconds, #¥0.0 if stop time is
in seconds after Q=0.0

51-60 Indicates which controls to lock or unlock;
1.0 is for Rotor 1 collective; 2.0 is for
Rotor 1 longitudinal cyclic; 4.0 is for
Rotor 1 lateral cyclic; 8.0 is for Rotor 2
collective. For any combination, add the
indicators. 0.0 is equivalent to 15.0,
which affects all controls.

61-70 Inactive




If this mechanism is switched off during a
maneuver, swashplate settings will immediately
assume the value dictated by the control posi-
tions. Care should be taken to set the controls
so that there are no discontinuities.

3.28.2.21 J = 30 (Mechanism for Balancing Main Rotor Force
and Moments During Horizontal Fold)

Col 11-20 Start time (sec after Q=0)
21-30 Stop time (sec after Q=0)
31-40 d(2-force)/3(collective) (1b/degq)
41-50 d(longitudinal flapping moment)/

9 (longitudinal cyclic) (ft-1b/deg)
51-60 9 (lateral flapping moment)/

9 (lateral cyclic) (ft-1b/degqg)
61-70 Maximum rate of change of controls

(collective and cyclic) (deg/sec)

3.28.2.22 J = 31 (Changing Printout Frequency)

Col 11-20 Time to change NPRINT (sec)
21-30 New NPRINT
31-40 Time to change NPRINT {sec)
41-50 New NPRINT
51-60 Time to change NPRINT (sec)
61-70 New NPRINT

NPRINT must be input as a floating number; therefore, punch a
decimal point on the data card. The use of NPRINT is as
described for CARD 01, NPART = 2.

As an example of the use of this value of J, as well as an
example of the use of the provision for different time incre-
ments on CARD 301, consider the following hypothetical situa-
tion.

A maneuver was run in which a pitch divergence occurred. Ana-
lysis of the output indicated that the divergence started be-
tween 3.5 and 3.75 seconds. The time increment used was .05 and
NPRINT was 5 throughout the run, which lasted 7.5 seconds.

A new maneuver was then set up, identical to the first except
that the time card, CARD 301, now contained 0.0, 0.05, 3.5,
0.005, 3.75, 3.75 as the consecutive inputs instead of 0.0,
0.05, 7.5, blank, blank, blank which were used on the previous
run. NPRINT on CARD 01 was changed from 5 to 70. An addition-
al CARD 311 was input which had a J of 31. The number 3.5 was
in Columns 11-20, the number 1.0 in Columns 21-30, and the
regt of the card was blank.
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In the output (see Section 4 for a complete explanation of all
outputs), the trim page was followed by the maneuver page for
maneuver time of 0.0 second. The next time point for which
output was given was 3.5 seconds and output was given at every
0.005 second until 3.75 seconds. The result was no output

for time points of no interest, but complete coverage of the
time interval of interest.

3.28.2.23 J = 32 (Automatic Pilot)

Col 11-20 Time to activate autopilot (sec)
21-30 Maximum rate for cyclic stick motion(%/sec)
31-40 Maximum rate for collective stick

motion (%/sec)
41-50 Maximum rate for pedal motion (%/sec)
51-60 Time interval to zero rates (sec)
61-70 Time interval to zero displacements (sec)

CAUTION: At least one partial derivative matrix must be com-
puted prior to activating the Automatic Pilot. Without such a
matrix, execution will terminate when the Automatic Pilot is
activated.

The Automatic Pilot control corrections are determined from
the simultaneous solution of the three moment equations and
the Z-force equation with the moment and force imbalances as
the coefficient terms. The dependent variables are the control
corrections. If there is a prescribed input from any of the

controls (J=1, 2, 3, or 4), the Automatic Pilot will not move
that control.

3.28.2.24 = 33

J = 33 is currently inactive

3.28.2.25 J = 34 (Aerodynamic Brake Deployment)

Col 11-20 Time to start change in deployment (sec)
21-30 Rate of deployment change (%/sec)
31-40 Time to stop change in deployment {sec)
41-50 Brake number
2{:33 } Inactive

The Brake Number (Col 41-50) must be 1, 2, 3, or 4, which
corresponds to the first, second, third, or fourth subgroup of
the External Stores/Aerodynamic Brake Group (CARDS 181A-184C).
If the Brake Number specified corresponds to a subgroup that
is supposed to be an external store; i.e., having a weight
greater than zero, execution is terminated. Deployment is

stopped at 0 or l00-percent deployment regardless of the rate
and time inputs.
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3.28.2.26 J = 35 (External Store Drop)

Col 11-20 Time to drop store (tD) (sec)
21-30 Sequence number of store to be dropped
31-40 Duration of jettison reaction forces
(AtJF) (sec)
: 41-50 X-Reaction force (+ forward) (1b) .
51-60 Y-Reaction force (+ right) (1b)
61-70 Z-Reaction force (+ down) (1b)

The sequence number of the store to be dropped must be 1.0, 2.0,
3.0, or 4.0, i.e., the first, second, third, or fourth Store/
Brake subgroup. If the sequence number corresponds to a sub-
group that is not used or 1s an aerodynamic brake rather than

a store (welght < 0 instead of > 0), execution will terminate.
The jettison reaction forces start acting at the drop time

(tD) and stop at tD + AtJF seconds of maneuver time. The

reaction forces are defined in body axis. For example, if a
store is jettisoned straight down, the reaction force will be
up and the Z-direction reaction force (Col 61-70) should be

negative.
3.28.2.27 J = 36 (Change of Incidence or Control Surface
Angles)
Col 11-20 Start time (sec) '
21-30 Rate of angle change {deg/sec)
31-40 Stop time {sec)
41-50 surface indicator, SI
51-60 Type of change indicator, CI
61-70 (Inactive)

The surface indicator, SI, specifies which surface is involved.

0 or 5 for wing
1, 2, 3, or 4 for Stabilizing Surface No. 1, No. 2,
No. 3, or No. 4 respectively

SI =

e o

The type of change indicator, CI, specifies the angle to be
changed. .

CI [ = 0.0 for change of incidence angle
# 0.0 for change of control surface, or flap, angle

For the wing, the angle change is symmetrical. For all sur-

faces, positive incidence change is leading edge up; positive
control surface deflection is trailing edge down.
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3.28.2.28 J = 37 (Trailing Vortex System)

Col 11-20 X-distance to center of first

core (xcl) (ft)
21-30 X-distance between core centers

(ax,) (ft)
31-40 Circulation strength of first

vortex (T) (££2/sec)
41-50 Core size factor (K,) (ft2?)
51-60 Distance in the X-Z plane from center

of vortex system to start of vortex

velocity field (Rg) (£r)
61-70 Distance in the X-2Z plane from center

of vortex system to where the rotor-
craft is completely within the vortex
velocity field (Ryy) (ft)

The trailing vortex system consists of two equal-strengthed,
counterrotating vortices. The system is defined in the X-2Z
plane of the ground reference system as shown in Figure 39.
Note that the vortex pair is located at a geometric altitude
of 1000 feet, so that the vertical distance between the vortex
pair system and the helicopter is 1000 - XFC(4)

The velocity at a point P on the rotorcraft due to the vortex
systenm is

0 1f R > R

v = (Vl + 62) cos? (RF) if Ry > R > Ryy

¥, +%, ifR < Ry

where R is the distange from the center of the vortex system
to the point; Vl and , are the vortex velocity vectors at the

point due to the first and second vortex, respectively; RF is a
phasing factor; and Rp and Rpy are inputs.
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where R1 and R2 are the distances from the centers of the first

and second vortex,- respectively, to the point on the rotorcraft
and Ko is an input.

Note that the velocity field is independent of ground reference
Y-location (i.e., the velocity along any line parallel to the
ground Y-axis is constant}. Hence, by inputting appropriate
values of forward and lateral velocities, rate of climb, and
heading angle (XFC(l), (2), (3), and (5) respectively), the
vortex velocity field can be approached from any desired angle.
The body axis components of the velocity at the rotorcraft cg
due to the vortex system are printed under the headings of gust
velocities on the maneuver-~time-point page of the printout.

Velocities at other points on the rotorcraft are not printed
out.

CAUTION: As with horizontal and vertical qusts (J = 9, 10, 11,
or 12), be sure that the inputs do not put the rotor into the
velocity field too early. As a rule of thumb, (xcl + Axc/2 -RE)
should be greater than the rotor radius.

3.28.2.29 J = 38, 39, and 40

J = 38, 39, and 40 are currently inactive.

3.28.2.30 J = 41 (Roll Rate Input to Autopilot (P-Tracker))

Col 11-20 Time to start variation of desired

roll rate (sec)
21-30 First rate of change of desired

roll rate (deg/sec/sec)
31-40 Time to stop first rate (sec)
41-50 Time to start second variation (sec)
51-60 Second rate of change of desired

roll rate (deg/sec/sec)
61-70 Time to stop second rate (sec)

This input is used to track an input roll-rate time history.
Do not input a J = 3 card (normal control rigging). The user
must input a J = 32 card.




3.28.2.31 J = 42 (Pitch Rate Input to Autopilot (Q-Tracker))

Col 11-20 Time to start variation of desired

pitch rate (sec)
21-30 First rate »f change of desired

pitch rate (deg/sec/sec)
31-40 Time to stop first rate (sec)
41-50 Time to start second variation (sec)
51-60 Second rate of change of desired

pitch rate (deg/sec/sec)
61-70 Time to stop second rate (sec)

This input is used to track an input pitch-rate time history.
Do not input a J = 2 card (normal control rigging). The user
must input a J = 32 card.

3.28.2.32 J

43 (Yaw Rate Input to Autopilot (R-Tracker))

Col 11-20 Time to start variation of desired

yaw rate (sec)
21-30 First rate of change of desired

yaw rate (deg/sec/sec)
31-40 Time to stop first rate (sec)
41-50 Time to start second variation (sec)
51-60 Second rate of change of desired

yaw rate (deg/sec/sec)
61-70 Time to stop second rate (sec)

This input is used to track an input yaw-rate time history.
With normal control rigging for a single-main-rotor helicopter,
the user should not input a J = 4 card. A J = 32 card must be
input.

3.28.2.33 J = 44 (Normal Load Factor Input to Autopilot

(G-Tracker))
Col 11-20 Time to start variation of desired

normal load factor (sec)
21-30 First rate of change of desired

normal load factor (g/sec)
31-40 Time to stop first rate (sec)
41-50 Time to start second variation (sec)
51-60 Second rate of change of desired

normal load factor (g/sec)
61-70 Time to stop second rate (sec)

The normal load factor input is used to simulate a cyclic-
only, symmetric pullup or pushover with a specified normal load
factor time history. A J = 32 card must be input and, with
normal control rigging, the user should not input a J =1
or J = 2 card.
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3.28.2.34 J = 45 Rate-of-Climb Input to Autopilot
]!EIE!!EE!II

Col 11-20
21-30
31-40
41-50
51-60

61-70

Time to start variation of desired
rate of climb (sec)
First rate of change of desired

rate of climb (ft/sec/sec)
Time to stop first rate (sec)
Time to start second variation (sec)
Second rate of change of desired

rate of climb (ft/sec/sec)
Time to stop second rate (sec)

This input is used to track an input rate-of-climb time his-
A J = 32 card must be input.

tory.
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3.29 PLOTTING OF TIME-HISTORY DATA

Whenever time-history data are available the 400 series of cards
may be used to plot the data. This procedure is an option. If
it is not to be used, simply omit the 400-series cards. The
data may be plotted on the computer printer or put on tape for

plotting by the CALCOMP plotter. Consult your local piogrammer ’ [
for the proper setup for jobs that write a tape for CALCOMP 1
plotting. .

Time-history data is stored after any trim case for which

0 < XIT(5) < XIT(6) and may be plotted by inserting 400-type .

cards in the data deck. If only one trim is being performed,

a 40l-type card and up to 10 402-type cards are placed imme- :
diately after the Flight Constants Group.

If a parameter sweep is being run, all the time-history plot
cards must be placed after all the NPART = 10 card sets. The
first set of 400-type cards will refer to the first trim case
for which time-history plot data was stored. The user can
sequence the program to the next set of stored time-history
data with an NPART = 14 card. If the user wishes to plot this

data, 400-type cards should be inserted after the NPART = 14 .
§ card. If the user wishes to skip this particular set of time- ‘
wid history plot data, no 400-type cards should be inserted after

the NPART = 14 card. To skip the first set of time-history N
plot data, the user should insert an NPART = 14 card immediately !
after the NPART = 10 cards and then another NPART = 14 card to
sequence to the next set of plot data. The NPART = 14 card is
used to index to the next set of data.

For a trim-and-maneuver case, with 0 < XIT(5) < XIT(6), the
400-type cards for plotting the trim data are placed immediately
after the J-cards. These plot cards are followed by an NPART
= 14 card and the 400-type cards for plotting the maneuver
time histories. If the user has set 0 < XIT(5) < XIT(6) but
: does not wish to plot the trim data, then the first set of
T 400-type cards should be deleted from the deck. The NPART = 14
; card is still reguired, though, to index the plotting routine !
] to the second set of time-history data stored on disk. '

CARD 401

Column 2 must contain the integer 3 to call the plotting rou-

tine. NPRINT specifies that the first and every NPRINTth data .
point following are to be plotted. If NPRINT = 0, it is reset

to unity.
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CARDS 402A, 402B, etc.

One 402-type card is required for each plot. A maximum of 30
of these cards is permitted after each CARD 401. Each plot
may contain one to three variables. The first three inputs on
a 402-type card are the code numbers for the variable(s) to be
plotted. The code numbers must be integers. If only one
variable is to be plotted, the code numbers must be in Columns
3-5; if only two are to be plotted, only Columns 3-5 and 8-10
are to be used. The code numbers are given in Section 6.

KEY (column 20) controls where the plotting is done.
0 for CALCOMP only

1l for printer only
2 for both

KEYS (column 25) controls the reading of additional 402-type
cards

1 when another 402-type card follows
0 for last 402-type card

The program internally computes its own scales for plotting
each variable based on the maximum and minimum values of the
variables during the time history and internally specified
minimum scales. The internal minimum scale may be overriden
for each variable with the last three inputs on the 402-type
card. The minimum scale inputs are in units of the appropriate
variable per inch for printer plots and units per centimeter
for CALCOMP plots.
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3.30 STABILITY ANALYSIS USING MOVING BLOCK FAST FOURIER
TRANSFORM

The stability of any of the 2400 variables listed in Section 6
can be examined by a moving block fast Fourier transform ana-
lysis after a maneuver (NPART = 2, 4, 5, or 8). Rotor stability
can only be investigated if the rotor was elastic and time-var-
iant during the maneuver. The use of the analysis is controlled
by the 500-series cards, which must be omitted if this option

is not to be invoked.

CARD 501

Column 2 must contain the integer 6 to call the moving block
FFT analysis.

CARD 502A, B, ...

All except the last of these cards must have a digit other than
zero in the first column. The last CARD 502 must have a zero
in the first column to signify the end of the group.

The variable numbers are given in Section 6. The code number
must be right-justified in the field.

The analysis uses the maneuver-generated values of the selected
variable in the time period between to and to + At, where

to = jinput start time
At = 1.5(N/f)

N = Number of cycles, at frequency f, to be
analyzed

f = Central freguency for analysis
Af = Half bandwidth for analysis

Therefore, to must be chosen so that there are at least 1.5*N
cycles, at the frequency f, before the end of the maneuver.

The analysis then divides the data up into several overlapping
blocks of data, each of which is N/f seconds long, and searches
for the best-fit response frequency in the bandwidth f-Af to
f+Af. This best-fit frequency and the damping ratio for the
variable are printed out. See Section 13 of Volume 1 for more
details of the analysis.




3.31 STORING MANEUVER TIME-HISTORY DATA ON TAPE

CARD 601

Following a maneuver (NPART = 2, 4, or 5), it may be desirable
to store the time history of the maneuver on tape so that the

. data can be recalled later for additional analysis or plotting.
Inputs of 8 and 0 in Columns 2 and 15 respectively will store
the data. However, consult your local programmer for the ;
proper setup of the job before attempting to use this option.
See NPART = 8 on CARD 01 for instructions on retrieving the

» data that a CARD 601 stores.

3.32 HARMONIC ANALYSIS OF TIME-HISTORY DATA

When time history data are available, the 700-series cards may
be used to perform harmonic analysis of specified variables.
This procedure is an option. 1If it is not to be used, simply
: omit the 700-series cards. Consult your local programmer for
$ proper setup of jobs which write a tape for CALCOMP plotting.
Refer to Section 6 for the code numbers discussed below.

The 700-series cards are inserted in the deck in the same
{ manner as the 400 series cards using NPART = 14 cards (as ‘g
' described in Section 3.29) if necessary. '

f CARD 701

NOP in Column 2 must contain the integer 9 to call the harmonic
analysis routine.

AL(l) is the start time and AH(l) is the stop time for the ana-
g lysis. Both times are measured in seconds from the start time
- of the maneuver. The difference between the two times is re-
ferred to as AtA, the time interval for analysis:

R

AtA

NVARA is the total number of variables that are to be analyzed.
NVARA must be less than or egual to 30 and an integer input. )

= AH(l) - AL(1)

AL(2) specifies the baseline frequency (w) for the analysis.
If AL(2) > 0.0, the input is taken to be w in hertz. If AL(2)
= 0.0, w is set equal to the main rotor l-per-rev frequency.

w = 01/60

where Q, is the rotation speed of Rotor 1 in rpm. If AL(2) <
0.0.

w = 02/60

G Mgl g - RN~
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where 02 is the Rotor 2 rpm. If AL(2) < 0.0 and the rotor rpm
changes during At,, the appropriate l-per-rev frequency at
AL(1l) seconds maneuver time will be used for the analysis.

If AL(2) < 0.0, it is necessary that

AtA > 1/ '
If AL(2) > 0.0, this condition should also be met; otherwise,
the data generated will be meaningless. That is, the time
interval for analysis must be greater than or equal to the time
for one complete revolution of the appropriate rotor. However, *
it is not necessary that AtA be an integer multiple of l/w.

The analysis computes a function of amplitude versus frequency,
A(kw), for each of the NVARA variables whose code number is in-
put on the S502-type cards discussed below. In the analysis,
each variable is assumed to be a function of time, f(t).

. N
f(t) = a_+ I [a, cos(2rkwt) + b_ sin(2rkwt)]
o k=1 k k

The summation variable N is defined as
N = [(n-l)/2] + 1

where n equals the number of time points in the AtA interval or

500, whichever is smaller. The brackets ([ ]) in the eguation
for N indicate that the enclosed term is truncated to be an
integer. The amplitude function is then

A(kw) = J ak’ + bki

NVARB controls the ocutput of A(kw). If NVARB = O, the data

are tabulated on the printer only; if NVARB = 1, the data are

stored on magnetic tape for CALCOMP plotting (use type 10357, ,
centimeter paper); if NVARB = 2, the data are both tabulated on .
the printer and stored on tape. :

CARDS 702A, 702B, etc.

These cards contain the code numbers of the variables to be *
analyzed. A total of NVARA code numbers must be included in

1415 format using as many cards as required. No completely

blank cards are permitted. '
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3.33 VECTOR ANALYSIS OF MANEUVER TIME-HISTORY DATA

When maneuver data are available, the 800-series cards may be
used to perform a vector analysis of selected variables. This
procedure is an option that uses the technique of least-
squared-errors curve fitting. 1If it is not to be used, simply
omit the 800-series cards. Consult your local programmer for
proper setup of jobs that write a tape for CALCOMP plotting.
Refer to Section 6 for the code numbers discussed below.

CARD 801

Columns 1 and 2 must contain the integer 11 to call the curve-
fitting routine. This procedure has three possible steps to it.
The first step must be performed if either the second or third
step is to be performed. The second and third steps are in-
dependent of each other, and each is optional.

Step 1:
Initially, the time histories, f(t), of the NVARA curves whose

code numbers are given on the 802-type card(2) are curve fit to
the equation

f(t) = A + B sin(wt + ¢)
where w is the baseline frequency, AL(l), and A, B, and ¢ are
the constant, amplitude, and phase angle to be computed. This
step will yield NVARA sets of A, B, and ¢ values. Permissible
values of NVARA are 1 to 100.
Step 2:

Next, the amplitudes and phase angles computed in Step 1 may be
compared to each other. The values computed are

RB = Bi/Bx
Re = &0,

amplitude ratio

phase-angle di’ference

where the subscript x indicates one of the NVARB reference var-~
iables and the subscript i indicates one of the NX variables
that is to be compared to that reference value. The code
numbers are input on 803-type cards. Note that only those code
numbers used in Step 1 can be used in Step 2 and that the code
number of a reference variable must not be included in the
corresponding NX code numbers. Step 2 may be bypassed by set-
ting NVARB = 0 and omitting all 803-type cards. Permissible
values of NVARB and NX are 0 to 100.
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Step 3:

The curve fits from Step 1 can themselves be fitted to an equa-
tion of the following form:

C = KD*D + DE*E + F

where C, D, and E are the f(t) corresponding to the three code
numbers input on 804-type cards. Substituting each f(t) into
the above equation, expanding the sin(wt + ¢) term to (sinwt
cos¢ + coswt sin¢g), and equating the coefficients of like
harmonics yields three equations in the three unknowns of KD,
KE, and F. The equations are solved, and the three computed
constants are output.

Since AL(2) of the 804-type cards must be included, AL(2) curve
fits of the coefficients from Step 1 will be made. Note that,
as in Step 2, only code numbers (variables) used in Step 1 can
be used in Step 3. This step may be bypassed by setting AL(2)
= 0.0 and omitting all 804-type cards. Permissible values of
AL(2) = 0.0 to 100.

CARDS 802A, 802B, etc.

The 802-type cards contain the NVARA code numbers for the var-
iables to be curve fit by Step 1. Up to 14 code numbers may
be input on each card in integer fields of 5 (1415 format).
Blank cards are not permitted.

CARDS 803A, 803B, etc.

NVARB sets of the 803-type card must be included. Each set
contains a code number for a reference variable plus the
quantity (NX) and code numbers of the other variables to be
used in Step 2. Each card is in 1415 format. No blank cards
are permitted.

CARDS 804A, 804B, etc.

AL(2) cards of the 804-type must be included. These cards
contain the code numbers of the variables to be used in Step 3.
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3.34 STABILITY ANALYSIS USING PRONY'S METHOD

The stability of any of the 2400 variables listed in Section 6
can be examined by Prony's method after a maneuver (NPART = 2,
4, 5, or 8). Rotor stability can only be investigated if the
rotor was elastic and time-variant during the maneuver. The use
of this analysis is controlled by the 900-series cards, which
must be omitted if this option is not to be invoked.

CARD 901

Columns 1 and 2 must contain the number 13 to use this stability
analysis.

CARDS 902A, 902B,

All except the last of these cards must have a 1 or a 2 punched
in the first column. The last CARD 902 must have a zexro in
Column 1.

If the digit in Column 1 is zero or 1, the output frequency
is normalized on the RPM of Rotor 1, while the output is nor~
malized on the Rotor 2 RPM if Column 1 contains a 2.

The variable numbers are given in Section 6. The code number
must be right-justified in the field.

Up to 40 terms can be used in the curve fit of the values of
the variable between the start and stop time.

See Section 13 of Volume 1 for a detailed description of this
stability analysis.




3.35 TABULATION AND CONTOUR PLOTS OF SELECTED ROTOR
VARIABLES

when IPL(79) # 0 the values of 39 rotor variables are stored as
functions of blade radius and azimuth location for the last
revolution of the specified rotor(s) in trim and for specified
rotor revolutions during a maneuver, if any. The 1000-series
cards are then used to select which of these 39 variables are
to be presented as tabulations and contour plots in the printed
output. The print output is shown and discussed in Section
4.15. Note that if data are stored for several trim points in
a parameter sweep run, the 1000-series cards must follow the
last NPART = 10 data set in the deck. Do not include any 1000-
series cards if IPL(79) = 0 for all cases in a run.

CARD 1001

Columns 1 and 2 must contain the integer 12 to call the tabu-
lation and contour plot routine. NVARA and NVARB are switches
for printing the tabulations and contour plots, respectively.
If one of the switches is set to zero, the corresponding option
is printed. NVARC is the quantity of variables that are to be
tabulated and/or plotted.

CARDS 1002, 1002A, 1002B

These three cards contain the code numbers for the variables
that are to be tabulated and/or plotted. The code numbers are
defined in Table 16 and are integer (right-justified) inputs.
Enter the first 14 code numbers in consecutive 5-column fields
on CARD 1002 (1415 format). If NVARC > 15, enter additional
code numbers on CARD 1002A. If NVARC > 29, enter the remaining
code numbers on CARD 1002B. Only read the number of cards
necessaxy for the number of code numbers.

CAUTION: This option can generate large amounts of output.
Each contour plot requires one printed page and each tabulation
requires one or two printed pages. Hence, if data for 10
revolutions are stored and all 30 variables are both printed
and plotted, the output for this option alone will be 600 to
900 pages. In a case like this, the deck should be set up to
print the output offline. Consult your local programmer for
the setup for offline print.
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TABLE 16. CODE NUMBERS FOR ROTOR
CONTOUR PLOTS

Variable
Mach number
Angle of attack
Steady lift coefficient
Unsteady lift coefficient increment*
Total lift coefficient
Steady drag coefficient
Steady pitching moment coefficient

Unsteady pitching moment coefficient
increment*

Total pitching moment coefficient
Lift distribution (q C1 c)

Normal force distribution (q Cn c)
Drag distribution (q CD c)

Inplane force distribution (q Cx c)
Pitching moment distribution (g Cy c?)
Torque distribution

Inflow angle

Geometric pitch angle

Induced velocity

Inflow velocity

Tangential velocity

Radial velocity

Yawed flow angle

311

Units

deg

1b/ft
1be/ft
1bc/ft
1bc/ft
ft-lbf/ft
ft—lbf/ft

deg

deg
ft/sec
ft/sec
ft/sec
ft/sec

deg
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Code
Number

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

TABLE 16. Concluded

Variable
Out-of-plane displacement
Inplane displacement
Torsional displacement
Beamwise acceleration
Inplane acceleration
Torsional acceleration
stall angle of attack**
Stall indicator***
Normal force coefficient (Cy)
Chord force coefficient (CC)
Inducted power
Profile power
Angle of attack rate

Analytic geometric pitch rate

Analytic geometric pitch acceleration

Numerical geometric pitch rate

Numerical geometric pitch acceleration

1

‘ Currently unused
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Units

ft

ft

deg
ft/sec?
ft/sec?
ft/sec?

deg

HP/ft
HP/ft
deg/sec
deg/sec
deg/sec?
deg/sec

deg/sec?
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v AR

*In trim, only available when both time-variant rotor analy
sis and unsteady aerodynamics are active. In maneuver, only
available when unsteady aerodynamics are active.

[P +- 51 XS

**The stall angle of attack is computed from values input in
the YRR array. These numbers should be accurately input
. even if a table is being used.

***The stall indicator is 1 if the angle of attack is positive
and greater than the stall angle. If the angle of attack
is negative and if the absolute value of the angle of attack
is greater than the stall angle, the stall indicator is -1.
Otherwise, the stall indicator is zero.
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3.36 CONFIGURATION DETERMINATION

The program examines several inputs to determine the configur-
ation of the rotorcraft which is being simulated. The inputs
are

XTR(45), the Tail Rotor lateral mast tilt

XFS(5), the stationline of the rotorcraft cg

XMR(8), the stationline of the Main Rotor shaft
pivot point

XTR(8), the stationline of the Tail Rotor shaft
pivot point

Using the following definitions

(lx)Rl = (XMR(8) - XFS(5))/12

]

(lx)RZ (XTR(8) - XFS(5))/12

and the following logic
TRIND = 0
TRIND1 = 0

IF |IXTR(45)] < 45°, TRIND =1
IF TRIND # O and '(lx)Rl-(lx)RZ' < 5 feet, TRINDI = 1

The value of the configuration variable KONFIG is then defined
as

KONFIG = 1. + TRIND + TRIND1
Based on the value of KONFIG, the program assigns names to the
input rotor groups and assumes a type of configuration as shown
in Table 17.

TABLE 17. ROTOR NAMING CONVENTION

Value of Defined Names Assigned by Program
KONF1G Configuration Main Rotor Group Tail Rotor Group
(Rotor 1) (Rotor 2)
1 Single-main-rotor MAIN TAIL
helicopter
2 Tandem-rotor FORWARD AFT
helicopter
3 Side-by-Side* RIGHT LEFT

* Same as tilt-rotor, composite, or coaxial.
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The value of KONFIG is then used as follows:

(1) To determine if the Supplemental Rotor Controls Sub-
group should be input, i.e., if KONFIG # 1, an error
message is generated, since the other two configur-
ations cannot be controlled without the XCRT array.

(2) To eliminate numeric “noise" in the partial deriva-
tives for a particular confiquration, e.g., 1f the
Supplemental Rotor Controls Subgroup is not input for
KONFIG = 1, the Rotor 1 flapping moments due to pedal
displacement and the Rotor 2 flapping moments due to
displacement of collective and cyclic sticks are set
to zero.

(3) To define the names to be printed in the output
heading for each rotor.

(4) To modify control linkages or angles to be compatible
with the configuration.

Note that in naming the rotors, the value of KONFIG may not
assign the name expected to a particular rotor. For example,
consider a tandem-rotor helicopter. In naming the rotors, the
program assumes that the front rotor rotates counterclockwise
and was input to the Main Rotor Group and that the aft rotor
rotates clockwise and was input to the Tail Rotor Group. How-
ever, the user may want to reverse the rotation of each rotor,
in which case the aft rotor would be input to the Main Rotor
Group and the forward rotor to the Tail Rotor Group.

The program does not check to see if the rotor it is calling
FORWARD is actually forward of the other rotor. Hence, if the
user does swap rotor groups to reverse their rotation, the
program will be ignorant of it and will still call the rotor
input to the Main Rotor Group the FORWARD rotor. This rotor
will be in front of the REAR rotor for positive values of the
airspeed, XFC(l). The same situation applies to the RIGHT and
LEFT rotors of side-by-side configurations, so that the RIGHT
rotor will be to the right of the LEFT rotor for positive
values of the airspeed, XFC(l). A coaxial configuration is
treated like a side-by-side; its rotors are named RIGHT and
LEFT rather than indicating which rotor is on the top or bottom.

Note, however, when swapping rotor groups that the sign con-
ventions for positive lateral swashplate angle are not the same
for both rotors. Hence, the user should check all control
linkages prior to running a deck with swapped rotors.
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4.0 OUTPUT GUIDE

The output available to be printed is divided into the several
groups listed in Table 18, with a statement as to when each
group will, will not, or may be printed. The sequence of the
groups in the table corresponds to the sequence in which they
are printed in the output and are discussed in this section.

As the table indicates, not all groups will necessarily be
printed during a particular run. The printout of most groups
depends on the type of run (value of NPART), the type of data
included in the 1input deck (elastic blade data, airfoil data
tables, etc.), and the program options activated by the input
data (time-variant trim, blade element data, etc.,). The print-
out for each of the groups in Table 18 is discussed following a
description of the reference systems and sign conventions used
for the input and output data.

4.1 REFERENCE SYSTEMS

All of the basic analyses in C8l1 were developed and programmed
in Cartesian coordinate systems. The coordinate systems that
are of most importance to the user include the ground, fuselage,
body, aerodynamic surface, rotorshaft, rotor analysis, and

wind reference (or axis) systems. Each reference system is
oriented with respect to one or more of the other systems by

a set of ordered angular rotations.

C8l1 uses Euler angles to orient the body reference system with
respect to the ground reference (see Figure 40). Both refer-
ence systems are right-handed coordinate systems with positive
rotations defined by the right-hand rule. Hence, the three
rotations in order are:

(1) Psi (¢): a positive rotation about the ground
reference 2 axis - a yaw rotation.

(2) Theta (6): a positive rotation about the Y axis,
which has been previously oriented through the
¢ rotation - a pitch rotation.

(3) Phi (¢): a positive rotation about the X axis, which
has been oriented by the ¢ and 6 rotations - a roll
rotation.

Although all reference systems in C81 are oriented by ordered
rotations, not all the ordered angles and their sign conven-
tions are truly Euler angles. This point will be made clear
in the following discussion of the seven reference systems
mentioned above.
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TABLE 18. OUTPUT GROUPS

Value of NPART

Output Groups 1 2 4 5 7 8 10
F Input Data
) Data Deck Listing Yes Yes Yes Yes Yes Yes Yes
Problem Identification Norm Norm Norm Norm Norm Norm Norm
Basic Data Groups Norm Norm Norm No Norm No Norm }
Elastic Blade Data (a) (A) (A) No (A) No No
Check of Aerodynamic Inputs (B) (B) (B) No (B) No (B)
Accelerated Flight Conditions Yes Yes Yes No Yes No Yes ' 3
3 Maneuver Specification No Norm Norm Norm No No No
’ Airfoil, RIVD, RWAS Data Tables (A) (A) (A) No (A) No No ,
Trim Iteration Page(s) Norm Norm Norm No Norm No Yes
Standard Trim Page Yes Yes Yes No Yes No Yes
Optional Trim Page (c) (c) (Cc) No (C) No (C)
Time-Variant Trim Data (C) (C) (C) No No No (C) :
Maneuver-Time-Point Printout :
External Store Drop No (c) (c) (C) No No No i‘
Time-Point Page(s) No Norm Norm Norm No No No t.
Rotor Elastic Response No (D) (D) (D) No No No
Time History Plots () (c) (c) () () (¢c) (c)
Output of Vector and Harmonic No (C) (C) (C) No (C) No
Analysis
Output of Stability Analysis No (c) (C) (C) Yes No (C)
Blade Aerodynamic Data (¢) (¢) (¢) (c) (c) No (C)
- Blade Bending Moment Data No (c) (C) (C) No No No

Yes: The group is always printed for specified value of NPART.
No : The group is never printed for specified value of NPART.
Norm: The group is normally printed, but can be suppressed by appropriate
input values.
. (A) : The group is printed only if the corresponding data block(s) or
table(s) is input; printout can be suppressed.
(B) : The group is printed only if errors are detected in the aero-
dynamic inputs.
(C) : The group is printed only if the corresponding operation or
. option is called for by input data.
E - (D) : The group is printed only if elastic blade data are available.
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4.1.1 Ground Reference System

The C81 Ground Reference System, a right-handed coordinate
system, is fixed to the surface of a flat earth with its 2

axis pointing down through the center of the gravitational
field, its X axis pointing due north, and its Y axis pointing
due east. In C8l1 the gravitational constant is defined to be
32.17 feet per second squared. During trim and at time zero
of all maneuvers, the ground reference X and Y coordinates of
the rotorcraft center of gravity are zero, and the Z coordinate
is the negative of the geometric altitude.

4.1.2 Fuselage Reference System

The €81 input format uses the Fuselage Reference System, a
right-handed coordinate system, to define the locations of
components or properties on the rotorcraft, e.g., the shaft
pivot point, the center of gravity, and centers of pressure
for the aerodynamic surfaces. As its name implies, this system
is f1xed with respect to the structure of the rotorcraft. The
system is equivalent to the conventional stationline-buttline-
waterline (SBW) coordinate system used in the design of most
aircraft. The location of its origin is arbitrary. However,
for AGAJ77, it must lie in the vertical plane of symmetry of
the fuselage if certain program features such as locating the
jets and orienting aercodynamic surfaces are to work properly.

In the Fnselage (SBW) Reference System, the X (stationline) axis
is positive aft, the Y (buttllne) axis is positive to starboard
and the Z axis is positive toward the top of the airframe. X,
Y, and 2 coordinates (stationlines, buttlines, and waterlines)
are defined to be in inches from the origin. This reference
system is used only for input data.

4.1.3 Body Reference System

The Body Reference System, a right-handed coordinate system, is
the primary reference system in C81. It is the reference systenm
in which total rotorcraft forces and moments are summed during
both trim and maneuver and is the system in which the rotor-
craft stability analysis equations were derived. The origin of
the system is defined to be at the rotorcraft cg, which is
located by X, Y, and Z coordinates in the Ground Reference Sys-
tem. The axes of the system are oriented with respect to the
Ground Reference System by Euler rotations of ¢, 6, and ¢ as
discussed previously.

1f the Fuselage Reference System is rotated 180 degrees about

its Y axis, and its origin moved to the rotorcraft c the
rotated and translated system is defined to be c01nc1dent with
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the Body Reference System. Hence, the Y axes of both the Fuse-
lage and Body Reference Systems are positive to starboard, while
the Body Reference X axis is positive forward and the 2Z axis is
positive toward the bottom of the rotorcraft.

As with the Fuselage Reference System, the Body Reference System
is fixed with respect to the structure of the rigid body rotor-
craft. During trim, the system may rotate with respect to the
Ground Reference System and during maneuvers it may translate

as well. The relationships between the Ground, Fuselage, and
Body Reference Systems are shown in Figure 40. If the cg loca-
tion is recomputed prior to trim or during maneuver bacause of
store input or drop(s), the origin of the Body Reference System
moves to the new cg location. Moment arms from the cqg to the
rotor hubs, wing, etc., are recomputed each time the cg moves.

4.1.4 Aerodynamic Surface Reference System

Each wing panel and each of the four stabilizing surfaces uses

a separate Aerodynamic Surface Reference System to define the
orientation of that surface's axis of incidence change and the
incidence angle. Each system is a right-handed coordinate sys-
tem with its origin at the center of pressure of the appropriate
surface. The orientation of each system is defined with respect
to the body axis by two ordered rotations:

(1) T: dihedral angle rotation and

(2) 1i: a positive rotation about the Y axis, which has
been previously rotated through I' - an incidence
rotation.

Dihedral angle, I', is always defined to be positive in the
direction that displaces the outboard tip of a surface upward
with respect to a Fuselage Reference System X - Y plane. That
is, for a surface whose center of pressure is on or to the left
of the fuselage plane of symmetry (buttline < 0), positive
dihedral is a right-handed rotation about the body X axis. If
the center of pressure is to the right (buttline > 0), positive
dihedral angle is a left-handed rotation. The implications of
these definitions are that horizontal stabilizing surfaces with
dihedral or anhedral should be modeled as two separate surfaces.
A vertical fin with its center of pressure at or to the left of
buttline 0.0 should be considered to have a +90-degree dihedral
angle.

Positive incidence is always defined as a right-handed rotation
about the Y axis of the aerodynamic reference system. Hence,
the Y axis and the axis of incidence change are coincident.

The relationship of the Body and Aerodynamic Surface Reference
Systems is shown in Figure 41.
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The orientation of the Y axis and the origin of each system are
fixed with respect to the Body Reference System during all trims
and maneuvers, but the control linkages can rotate each system
about its Y axis.

4.1.5 Rotor Shaft Reference System ‘

The program uses two independent Rotor Shaft Reference Systems,
one for each rotor. The origin of each system is at the shaft
pivot point of its respective rotor, and, as noted earlier, the
Rotor 1 Shaft Reference System is a right-handed coordinate
system, while the Rotor 2 system is left-handed. Each system is
oriented with respect to the Body Reference System by ordered
rotations through the longitudinal mast tilt angle and lateral
mast tilt angle.

The most convenient means of describing the positive directions
of the rotations is to say that positive mast tilt angles will
tilt the rotor shaft forward and then to the right for both
rotors. Hence, if all four mast angles are zero, the X and Z

axes of both Rotor Shaft Reference Systems and the Body Refer- J
ence System are parallel and point in the same direction.

However, the Y axis of the Rotor 2 Shaft Reference System
points in the opposite direction of the other two Y axes. The
origins of both Rotor Shaft Reference Systems are fixed with
rvespect to the Body Reference System during both trim and
maneuver. The orientation is fixed during trim, but the lon- b
gitudinal mast tilt angle can be changed during a maneuver,
which does reorient the system.

Note that if the longitudinal mast tilt angle changes in maneu-
ver, and the lateral mast tilt is nonzero, the longitudinal
rotation will be about the body reference Y axis, not the shaft
reference Y axis. That is, at each time point the orientation
is determined by the two ordered rotations from the Body Refer-
ence System, not by one rotation from the initial Shaft Refer-
ence orientation. Figure 42 shows the relationship of the two
Rotor Shaft Reference Systems to the Body Reference System.

4.1.6 Rotor Analysis Reference Systems

The program uses two independent Rotor Analysis Reference Sys-
tems: the system for Rotor 1 is oriented with respect to the
Rotor 1 shaft Reference System and the system for Rotor 2 with
respect to the Rotor 2 Shaft Reference System. The origin of
each system is located at the hub of its respective rotor;
i.e., the Rotor Shaft Reference System X and Y coordinates of
the origin of the Rotor Analysis Reference System are zero and
the 2 coordinate is the negative of the mast length. The
Rotor Analysis Reference Systems are oriented with respect to
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the Rotor Shaft Reference System by a single rotation about the
shaft reference 2 axis. This angle is the rigid body azimuth
angle of the blade being analyzed. Hence, the Rotor Analysis
Reference Systems are rotating reference systems with respect
to the Rotor Shaft and Body Reference Systems. For Rotor 1 the
right-handed rotation vector points up (negative 2 direction)
and for Rotor 2 the left-handed rotation vector points up
(negative 2 direction). Figure 43 shows the relationship of
the Rotor Analysis Reference Systems to the Rotor Shaft Refer-
ence Systems.

4.1.7 Wind Reference Systems

All aerodynamic loads are computed in the Wind Reference System.
By definition, a Wind Reference System only has a velocity
component along its X axis; the Y and Z velocities are identi-
cally zero. Since the local flow at each rotorcraft component
on which aerodynamic forces and moment act is normally not
parallel to the flight path velocity vector, separate reference
systems are defined for each component. The origin of each of
the Local wind Reference Systems is at the center of pressure or
aerodynamic data reference point of each component. Each system
is oriented with respect to the corresponding component system
(e.g., Body, Aerodynamic Surface, and Rotor Shaft Reference
Systems) by one of two possible sets of two ordered rotations.

The first set of possible angles corresponds to angles commonly
measured in flight test:

(1) Negative Beta (-B): a rotation (equal to the nega-
tive of the sideslip angle B) about the component 2
axis, and

(2) Negative Alpha (-a): a rotation (equal to the nega-
tive of the angle of attack a) about the component Y
axis, which has been rotated through - previously,
where a = qind’

The second set corresponds to angles commonly measured in wind
tunnel tests and are a set of inverse Euler angles with roll
deleted:
(1) Negative Aerodynamic Pitch Angle (-ew): a rotation
(equal to the negative of ew) about the component
Y axis, and
(2) Negative Aerodynamic Yaw Angle (-ww): a rotation
(equal to the negative of },,) about the 2 axis, which
has been rotated through -6w previously.
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Each of these four angles is defined by trigonometric functions
of X, Y, and Z velocities in the component reference system.

The definitions ot Yind and Ow are 1dentical, and the two

angles can be used interchangeably. However, B and ¥, are not

identical. See Figure 44 and Section 4.2.3.2 for the defini-
tions of these angles.

Orientation of a wind Reference System with respect to ground
reference only is meaningless and cannot be defined. The
orientation of the wind vector, and hence the X axis of a wind
Reference System, can be defined by two Euler-type angles; i.e.
azimuth (yaw) and elevation (pitch). However, the orientation
of the Y and 2 axes about the X axis cannot be defined without
referring to one of the rotorcraft component reference systems.
This situation does not limit any analysis or computation since
the point of interest is the action of the air mass on a com-
ponent, not the ground.

4.2 SIGN CONVENTIONS

The sign conventions of the most commonly used rotor-related
parameters are summarized in Table 19. The conventions listed
are for the condition where both rotor shafts are vertical (i.e.,
a tander: or side-by-side rotor helicopter) and are stated in
terms of pilot reference. For nonvertical shaft(s), the rotor-
related sign conventions remain unchanged with respect to the
Rotor shaft Reference System. Table 20 gives the rotor desig-

nation and sign conventions for four standard rotorcraft con-
figurations.

Additional discussion of some of these rotor-related parameters
and parameters mentioned in Section 4.1 is included below.

4.2.1 Rotor Flapping and Elastic Displacements

g Rotor flapping can be defined with respect to either the Rotor
Analysis or Rotor Shaft Reference System of the appropriate
rotor. Shaft reference flapping is divided into a longitudinal
and a lateral component. Rotor Analysis Reference System flap-
ping (instantaneous value of flapping) is based on the out-of-
plane displacement of the blade tip for the first mode (rigid
body mode) of the rotor at a particular azimuth angle. If

coning is neglected,

p(y) = -a; cos ¢ - b, sin ¢
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TABLE 19. SIGN CONVENTIONS FOR ROTOR RELATED PARAMETERS

Pogsitive Direction of Parameter

Parameter Rotor 1 Rotor 2 ;:
Shaft Reference System (origin at
shaft pivot point)
X-Axis Forward Forward
Y-Axis Right Left
Z-Axis Down Down
Mast Tilt Angle
Longitudinal (Bm)F Forward Forward
Lateral (ﬁm)L Right Right
!
Swashplate Angles L
Longitudinal (Bl) Forward Forward
Lateral (Al) Down Right Down Right f
Control Phasing Angle (y) In same di- In same direc-
(measured from the projection on rection as tion as blade

the swashplate of the pitch-link blade rota- rotation i
attach point to the pitch horn tion i
Pylon Motions 4;
Longitudinal (aF) Forward Forward f?
Lateral (aL) Right Left ‘_
Direction of Rotor Rotation Counterclock- Clockwise (left- :

(as viewed from above)

Pitch-Flap Coupling Angle (63)
(measured from 90 ahead of blade

wise (right-
handed rota-
tion vector

up)

Opposite to
direction of

handed rotation

vector up)

Opposite to di-
rection of blade

) blade rota- rotation L
feathering axis) tion {g
Shaft Axis Flapping t
Longitudinal (al) Aft Aft ',
Lateral (bl) Down Right Down Left f%
. 1
H i
Blade Rigid-Body Displacements : i
Flapping (B) up Up -. ¥
Twist, Collective Pitch, Blade leading Blade Leading ‘ ﬁ
and Feathering (60, 61, edge up edge up i W
‘!4 "
and ef) ; i
o 3
he | 328 N




TABLE 15. (Concluded)

Blade Elastic Displacements

Out-of-Plane Up Up

Inplane Opposite to Opposite to
direction of direction of
blade rotation blade rotation

Torsion Blade leading Blade leading
edge up edge up

Rotor Forces

H-Force (H) Aft Aft

Y-Force (Y) Right Left

Thrust (T) Up Up

Assumptions used in making the above definitions:

(1) Both rotor shafts are vertical with respect to the Fuselage
Reference System.

(2) Rotor hub is at or above shaft pivot point and pylon focal
points.

(3) The directions are with respect to a forward-facing pilot.
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TABLE 20. CONVENTIONS FOR SPECIFIC CONFIGURATIONS

Prop-Rotor Prop-Rotor
Single- Tandem- Aircraft Aircraft
Rotor Rotor (Helicopter (Airplane
Helicopter Helicopter Mode) Mode)
(KONFI1G=1) {KONFIG=2) (KONFIG = 3) (KONFIG = 3)
Rotor 1
Designation MAIN FORWARD RIGHT RIGHT
Thrust Up Up Up Forward
H-Force Aft Aft aft Up
Y-Force Right Right Right Right
Rotor 2
Designation TAIL AFT LEFT LEFT
Thrust Right Up Up Forward
H-Force Aft Aft Aft Up
Y-Force * Left Left Left

Directions noted are with respect to a forward-facing pilot

* Tail rotor Y-Force:

+ Up for + 90 lateral mast tilt

+ Down for -90 lateral mast tilt

For tail rotor lateral mast tilt of:

+ 90 : the blade above the rotor hub rotates toward
the front of the helicopter
- 90 : the blade above the rotor hub rotates toward
the rear of the helicopter
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where
a; = longitudinal flapping angle (shaft reference)
b1 = lateral flapping angle (shaft reference)
¢ = blade azimuth location
B = instantaneous value of flapping

The shaft reference flapping angles define the orientation of
the rigid body tip path plane. However, they are not ordered
rotations. The angles ay and b1 are independent positive rota-

tions about the shaft reference Y and X axes respectively as
shown in Figure 45. Note that for Rotor 1 this means right-
handed rotations about the right-handed coordinate system, while
for Rotor 2 it means left-handed rotations about a left-handed
system. Based on these definitions for a; and bl' positive B

(equivalent to positive out-of-plane displacement) is up the
shaft (the negative 2 direction).

When using the quasi-static rotor analysis, the rotor equations
are solved in terms of a; and bl' From these values, B can be

calculated for any azimuth. However, when the time-variant
rotor analysis is used, the value of B, not a, and bl' is solved

for at each azimuth location. Hence, with only a single azimuth
location, a; and bl cannot be defined. 1In this case, the values

of B at the current and previous four azimuth positions are
used to solve the following equation in five unknowns:

B(y) = a, - a) cos ¢y ~ by sin ¢ - a, cos ¢ - b, sin ¥

This method eliminates the steady and 2-per-rev components from
the a, and b1 time histories.

Positive inplane displacements of a point on a blade indicate
that the blade is lagging behind the rigid body feathering
axis. That is, the usual positive drag force produces a
positive inplane displacement.

A positive torsional displacement twists the blade leading edge
up with respect to the plane of rotation. This is the same
direction as positive geometric twist, collective pitch, and
cyclic feathering.

L el e -
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4.2.2 Control Positions

4.2.2.1 Position in Percent or Inches i

4.2.2.1.1 Collective Stick

2ero percent collective stick is full down. Positive stick
motion in percent or inches is upward.

4.2.2.1.2 Longitudinal Cyclic Stick

Zero percent longitudinal cyclic stick is full aft. Positive
stick motion in percent or inches is forward.

4.2.2.1.3 Lateral Cyclic Stick

Zero percent lateral cyclic stick is full left. Positive stick
motion in percent or inches is to the right.

4.2.2.1.4 Pedals

Zero percent pedal is full right. Positive pedal motion in
percent or inches is to the left. That is, positive pedal
tends to make the rotorcraft yaw nose left.

4.2.2.2 Positions in Radians or Degrees

when control positions are expressed in radians or degrees,
these values correspond to the control angles computed from

the basic rigging equations (see Table 15 in Section 3.18).
Hence, they are the control angles without nonlinearities and
control mixing. These units appear most frequently in the par-
tial derivative matrix printed during trim iterations.

4.2.3 Miscellaneous Quantities

4.2.3.1 Climb and Heading Angles

- The climb angle is the angle of the flightpath relative to the
X-Y plane in ground reference. It is positive if the rotor-
craft is climbing. The heading angle is the direction of the
flightpath on the compass. 2ero heading is due north, along
the ground reference X axis. A heading of 90 degrees is due

' east.
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4.2.3.2 Aerodynamic Angles

The Local Wind Reference Systems are oriented with respect to
the Body, Rotor Shaft, or Aerodynamic Surface Reference Systems
by what are referred to as aerodynamic angles (see Section
4.1.7). These angles are based on the components of velocity
including gusts along the X, Y, and 2 axes of the appropriate
reference system.

_ _ - -1 2 velocity
% Pitch Angle of Attack, Ow = awind = tan X velocity

w

-1
tan Ty

]

ifu=w=0, 8, = 0 by definition

Yaw Angle of Attack (or Aerodynamic Yaw Angle) =

1 -Y velocity
Total velocity

w

= sin”! :%

= sin~

ifv=o0, by, = 0 by definition

. o = -1 Y velocity _ -1 v
Angle of Sideslip = B = tan X—VEIGEIE§ = tan "

4.2.3.3 Gust Velocities

v TR T T T T R R —_ AT, T weTT TR T

All gusts are defined with respect to the Body Reference System
as follows:

(1) The forward component or gust velocity is positive if
the gust is moving in the positive X direction.

(2) The lateral component of gust velocity is positive if
the gust is moving in the positive Y direction.

! (3) The vertical component of gust velocity is positive
i if the gust is moving in the positive Z direction.
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4.2.3.4 Acceleration Levels in G

The acceleration levels in units of g are defined with respect ;
to the Body Reference System as follows: ;

(1) Forward acceleration is positive, in the positive X
direction.

(2) Positive lateral g level is to port, in the negative
Y direction.

(3) Positive vertical g level is upward, in the negative
Z direction. For straight and level flight, the
vertical g level is 1.00.

4.3 OUTPUT GROUPS FOR INPUT DATA

4.3.1 Data Deck Listing (Figures 46 and 47)

Following the printout of the computer operating system infor-

mation (JCL cards, run time, etc.), the message on the first

card of the data deck, CARD 00, is printed six times on one

page. This message is intended to instruct the computing con-

trol section as to the disposition of the printed output and b
card deck. After printing CARD 00, the program lists the en- '
tire card deck which was submitted. This is strictly a listing

of the cards; it is without regard to any illegal characters, :
input format errors, or program logic. This listing can be use- v S
ful in locating input data errors that may be found in the

following output groups.

4.3.2 Input Data Printout

4.3.2.1 Problem ldentification (Figure 48)

The value of the primary control variable, NPART, the problem
identification number, IPSN, and the three cards of comments
(CARDS 02, 03, and 04) appear at the beginning of each problem.

4.3.2.2 Basic Input Data Groups !

All basic groups of input data except the elastic blade data

blocks, airfoil data tables and the rotor-induced velocity dis-
tribution table are printed in the same sequence in which they
are input. The data for each of these basic groups are printed
whether the group is input on cards or called from the data li=-
brary. If a group is called from library and altered by an ﬁ
&CHANGE card, the &CHANGE card is listed and the group is up- .
dated with the specified changes. However, during parameter 4
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Figure 46.
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i 2 12 00000020

: P04 802 AH=-16 ¢ QLS ROTOR SIMULATION 00000030

Y SAMPLE MANEUVER CASE TO GET UTPUT FOR INCLUSION IN SECTYION 4, 00000040

VOLUME 11 OF THE PROGRAM DUCUMENTATION _ HASED UN COUNTER S58 00000050

OLS PROGRAM LUOGIC GNOWP 00000060

[+] 2 0o =20 5 o [+] 0 0 4] 2 0 (4] 0 00000070
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04069000000+,1 148548901 1896498 70,2.6381700.118300000.118900000.14690000 00000240
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0.0 0.0 0.0 0.0 0.0 0«0 0.0 00000280

0.0 0«0 0.0 0.0 0.0 0.0 0«0 00000290

3 0.0 0.0533 3.6100 15292 0.9000 1390 17700 0000030

17100 23850 1.4%00 136000 0.85%00 0.5708 05500 00000310

00100 =1.0170 =1e8700 =1 el 290 =3 «9700 -0.4300 0.0 00000320

=1e 1.000027 3.102:01 0.000 4,74 S7THIL.T1 1 -100000330

22.34 0.0 324.00 15.00 2.612248 —-0.000515 1 -100000340

o8.2046 90431 <0+.0001 ~0.002% 0.053497 0.000179 1 -100000350

=0.000001 0.000181 <-0Oe.llloo 0.0000 -84,5%48 164948 ) -1} 00000360

0.,022734 0.000131 ~0,09¥1> 107708 =81,9709 -18.4911 1 -1 00000370
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03500624 —0,00009Y -0.237/M1 TO.8787 45,5232 842013 1 -1 00000430

0+¢390743 ~0.000160 =-0e27199 761566 ~—41.34058 272729 1 -1 00000440

0850479 04000257 ~003245Yy TR 4713 -=35.9540 63.0844 |} -1} 00000450
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Figure 47. Partial Printout of Data Deck Listing.
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sweeps (NPART = 10), the inputs in the groups are changed, and
the &CHANGE card is not printed out. The user should refer to
the Data Deck Listing to verify which inputs were changed in '
such sweeps.

4.3.3 Elastic Blade Data (Figure 49) 1

If elastic blade data blocks are input, the sets of data with-
in each block are printed in the order of input with the main
rotor block followed by the tail rotor block. The printout of
the weight, beamwise and chordwise inertias, and center of gra-
vity offsets is followed by the total weight, tip weight, and
flapping inertia of each blade.

The modal displacements and bending moment coefficients for
each mode are printed as input, from root to tip, in the Rotor i
Shaft Reference System for that rotor (see section 4.1.5).

The remaining constants input for each mode (mode type, genera-
lized inertia, damping ratio, etc.) are printed immediately
following the mode shapes.

4.3.4 Check of Aerodynamic Inputs

Several of the inputs to the Rotor Airfoil Aerodynamic Sub-
groups and the Wing and Stabilizing Surface Aerodynamic Groups E
are changed if their input values do not satisfy certain cri- '
teria or are obviously unreasonable. An error message is
printed, after the printout of any aeroelastic blade data, ex-
plaining the action taken. The changing of any of these values
will not in itself terminate execution.

4.3.5 Trim Condition in Accelerated Flight

If the rotorcraft is to be trimmed in accelerated flight, i.e.,
a coordinated turn, a pullup, or pushover, information is
printed concerning these conditions following any correction
to aerodynamic inputs. No message is printed for an unaccel-
erated flight condition.
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4.3.6 Maneuver Specification (Figure 50)

The program prints the contents of the time card (CARD 30l1) and
all maneuver control cards (all 3ll-type cards, the J-cards)
before starting the trim procedure. A program-supplied title
for the action caused by each J-card is included to the left of
the numerical inputs of the J-cards. This serves as a record
of the type of maneuver specified as well as a quick way to
check the input data.

4.3.7 Airfoil Data Table Printout

The sets of Airfoil Data Tables input in the Data Table Group
are printed in their order of input. If the internal NACA 0012
table is used, it is printed last. Each set consists of three
independent tables in the following order: 1lift, drag, and
pitching moment coefficients. The Mach number values are
listed across the page, and angle of attack values are listed
down the page. The inputs on the title card of each set of
tables precede the printout of each set. Each table in each

set is i1dentified. See Figure 27 for the printout of the 0012
airfoil table.

4.3.8 Rotor-Induced Velocity Distribution (RIVD) Table Printout

The RIVD table is printed only when it is included in the input
data. The printout heading is "TABLES USED IN ROTOR WAKE ANA-
LYSIS" and is followed by the table title, and a statement of
the number of advance ratios (NMU), angles of attack (NAA), har-
monics (NHH), and radial stations (NRS). The reference thrust
level at which the table was computed is printed at the end of
this line. The sets of coefficients are then printed in essen-
tially the same format used for input, i.e., the table for the
first set of advance and inflow ratios, followed by the table
for the second set, etc. The heading for each table includes the
advance ratio, wake plane angle of attack, and average induced
velocity for the table. For each table the NRS values of radial
station are listed in the leftmost column. The first number to
the right of the X/R value is the constant coefficient; the next
two are the sine and cosine coefficients, respectively, for the
first harmonic; the next two are for the second harmonic, etc.
If more than four harmonics are included, the fifth harmonic
pair is printed immediately below the first harmonic pair. The
printouts of four pairs of coefficients per line continues until
all coefficients are printed for the first value of X/R. The
succeeding sets of coetficients for each value of X/R are printed
in the same format.
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4.4 TRIM ITERATION PAGE (Figure 51)

If IPL(72) = 1, a trim iteration page is printed for each trim
iteration computed.

. 4.4.1 Parameters in Iterations

The VAR(I) array printed across the top of the page gives the
current values of the 10 variables which are changed during the
trim procedure.

VAR(1) = Collective Stick Position, in percent

VAR(2) = Longitudinal Cyclic Stick Position, in percent
VAR(3) = Lateral Cyclic Stick Position, in percent
VAR(4) = Pedal Position, in percent

VAR(S5) = Fuselage Pitch Angle, in degrees

VAR(6) = Fuselage Roll or Yaw Angle, in degrees (choice

of roll or yaw is made by user, 1PL(44) )

VAR(7) = Main, Forward, or Right Rotor Longitudinal
Flapping Angle, in degrees (als)

VAR(8) = Main, Forward, or Right Rotor Lateral Flapping
Angle, in degrees (bls)

| VAR(9) = Tail, Aft, or Left Rotor Longitudinal Flapping
Angle, in degrees (als)

VAR(10) = Taii, Aft, or Left Rotor Lateral Flapping An-
gle, in degrees (bls)
1 If a fully time-variant trim is used for a rotor, the rotor

; flapping angles are not independent variables and are not in-
: cluded in the VAR(I) array. For example, if IPL(49) = 1 and
IPL(50) = 2, the main rotor is fully time-variant, and the VAR
array printed out only has eight components, with the last two
being the tail rotor flapping angles.

i . 4.4.2 Rotor Performance
§
{ % The two rows below the VAR(1) array give the following quanti-
: i ties for the two rotors:
:? ; - Thrust in shaft reference (1b) ﬁ
c - H-Force in shaft reference (1lb) ‘
% : - Y-Force in shaft reference (1lb) \
s
1
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- Torque (Z component) in shaft reference (ft-1b)
- Average induced velocity (ft/sec) ‘

The values of the left and right jet thrusts are also included
in this block of data.

4.4.3 Force and Moment Summary

This block of output shows the contribution to the total forces

and moments of each component of the rotorcraft that is in-

cluded in the input data. The X-force, Y-force, 2-force, roll

moment, pitch moment, and yaw moment are in body reference,

with the forces in pounds and the moments in foot-pounds. o

Each force and moment forms one column of the summary, where
each row corresponds to a component of the rotorcraft. Except
for the JETS AND GUNS row, only the components for which an
input group was included are printed. 1If, for example, only
two stabilizing surfaces were input, the rows for Stabilizing
Surfaces No. 3 and No. 4 will not be printed. The complete
list of possible rows in order is as follows:

FUSELAGE
MAIN ROTOR ¥
TAIL ROTOR t
RIGHT WING
LEFT WING
STABILIZER #1
STABILIZER #2
STABILIZER #3
STABILIZER #4
JETS AND GUNS
STORE/BRAKE #1
| STORE/BRAKE #2
g STORE/BRAKE #3
STORE/BRAKE #4
GROSS WEIGHT

g B .

M.R. TORQUE :
; T.R. TORQUE ;
T TOTAL 1

B 355 ?

;
}
o
;

g
]




Note that the rows labeled M.R. TORQUE and T.R. TORQUE include
the moment due to flapping restraint as well as the body axis
components of the appropriate shaft axis rotor torques. The
rows labeled MAIN ROTOR and TAIL ROTOR include only the effects
of the rotor forces acting at each hub when resolved to the cg.
The drag of the rotor pylons, computed from XMR(40) and XTR(40),
1n wind reference, is resolved into body reference and included
in the FUSELAGE forces and moments.

4.4.4 Partial Derivative Matrix

This matrix gives.the partial derivative of each force and mo-
ment with respect to each of the iteration variables. The
units are pounds per radian on the force derivatives and foot-
pounds per radian on the moment derivatives. For the controls,
the angles are rotor blade angles. The line labeled -ERROR
gives the negatlve of the force and the moment 1mba1ances at
this iteration. If IPL(45) = 0 or 5, this matrix is computed
and prlnted at every fifth 1teratlon, otherwise, it is computed
and printed every IPL(45)th iteration.

4.4.5 Correction Array

The line labeled CORRECTIONS gives the computed changes in the
iteration variables array VAR(I), in radians. They are in the
same order as the VAR(I) and the partial derivative rows. It
is printed only when one or more of the computed corrections is
greater than the maximum allowed by variable damper procedures.
If such a case occurs, the computed corrections are multiplied
by a ratio that will make all corrections within the allowable
range, and this ratio is printed along with the sequence number
of the iteration variable that determined it. The ratioed
correctons are then added to the iteration variables to deter-
mine the values for the next iteration. It should be noted
again that the CORRECTIONS are in radians and not in the same
units as the VAR(I). The printing of this array generally
indicates that the inputs for the maximum allowable corrections
were too small or that the values of VAR(I) may not be converg-
ing to a trim solution. The array is most useful when a case
does not trim, since it indicates which VAR(I) is preventing
trim.

4.5 TRIMMED FLIGHT CONDITIONS PAGES

Two types of printouts are possible for the data computed in
the last trim iteration, the standard trim page and the op-
tional trim page. The standard trim page is always printed.
If the optlonal trim page is to be prlnted it follows the
standard trim page if only a quasi-static trim is computed.
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When performing a quasi-static trim followed by a time-variant
trim, the standard trim page will be prlnted twice with data
regarding the time-variant trim printed in between the two.

The second trim page will be an update of the first page,
reflectlng the effects of the tlme-varlant trim. If the switch
to print the optional trim page is turned on, the optional page
will be printed after the blade bending moment data are printed
out. The data prlnted out during a time-variant trim is dis-
cussed in Section 4.6.

4.5.1 Standard Trim Page (Figure 52)

This page follows the final trim iteration. The final itera-
tion occurs either when all forces and moment imbalances are
within their respective allowable errors (XIT(15) through
XIT(21)), or after XIT(1l) iterations have been performed. 1If
the page is printed because XIT(l) iterations were executed
without trimming, the trim page is printed even though the
rotorcraft is not actually trimmed. However, program executlon
terminates immediately after the printout. When the page is
printed because the imbalances are within the prescribed limits,
the program continues on to subsequent operations or cases.

The data are printed in blocks as discussed below.

4.5.1.1 Problem Identification

The problem identification consists of a line containing the
name of the program and the date the job was computed followed
by the alphanumeric comments input on CARDS 02, 03, and 04.

4.5.1.2 Trim Condition Specification

A one-llne message is printed, stating whether or not the rotor-
craft is in a trimmed flight condition, the number of trim
iterations used, the computer CPU time used, and the value of
NPART. As implied above, the rotorcraft is termed trimmed when
the imbalances are less than the allowable errors, and not
trimmed when XIT(1l) iterations are performed without the im-
balances being less than the allowable errors.

4.5.1.3 Atmospheric Parameters

This block of data describes the atmospheric conditions in
which the rotorcraft was trimmed. These quantities are all con-
sistent and conform with the standard atmosphere prescribed by
the International Civil Aviation Organization (ICAO). This
defined atmosphere is the same as the 1962 United States stan-
dard.
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4.5.1.4 Physical and Power Parameters

Data on the rotorcraft weight and center-of-gravity location
are presented immediately below the left end of the atmospheric
data. The data include the weight and cg location without
external stores, the total weight of all external stores, and
the gross weight and cg location with stores. The stores~on
data are those that are used during the trim procedure. The
other data are for reference only.

To the right of the weight and cg data and in the center of
the page are the power and torque required for each rotor and
the accessories. The total required horsepower includes the
effects of the efficiency ratios.

To the right of the power and torque data are rotor blade para-
meters. Tip speed is in feet per second, and advancing blade
Mach number is computed at the blade tip. Blade flapping
inertia is for a single blade.

To the right of the blade data are the thrusts of the right and
left jets in pounds.

4.5.1.5 Body Reference Parameters

The linear and angular velocities of the rotorcraft in the Body
Reference System are printed immediately below the physical and
power parameter printout. The sequence of outputs is X, Y, and
2 linear velocities in feet per second followed by the roll,
pitch, and yaw angular velocities in degrees per second.

4.5.1.6 Flight Path and Aerodynamic Surface Parameters

Below the body reference data are the parameters which define
and orient the rotorcraft with respect to the flightpath. True
airspeed is the airspeed along the flightpath and is equal to
the groundspeed ornly’'when the rate of climb is zero. (The
program assumes that with no gusts the air mass is stationary
with respect to the ground.) The climb and heading angles are
defined in Section 4.2.3.1. The three aerodynamic angles and
accelerations are defined in Sections 4.2.3.2 and 4.2.3.4 res-
pectively. Note that the three accelerations are in the Body
Reference System.
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The aerodynamic surface parameters are to the right of the
flightpath conditions. These parameters consist of the angle
of incidence; flap or control surface angle; body axis X, Y,
and Z forces; and aerodynamic angles for the right and left
panels of the wing and for each of the four stabilizing sur-
faces. The aerodynamic angles are defined like the fuselage
angles in Section 4.2.3.2 except that the velocities used 1in
the definition are in the Aerodynamic Surface Reference System
rather than in the Body Reference System.

4.5.1.7 Ground Reference Parameters

Below the flightpath and aerodynamic surface data are the
ground reference parameters. The location and rates of change
of the three ground-to-body Euler angles are printed in degrees
and degrees per second, respectively.

4.5.1.8 Flight and Rotor Control Parameters

Below and to the left of the ground reference parameters are
the positions of the four primary flight controls in percent.
To the right of the control positions is a matrix of the con-
tributions of each of these-controls plus the pylon and SCAS
to each of the swashplate angles of each rotoui. The e.cries
in the bottom row of the matrix are simply the summation of
the column above them. All entries are in degrees and these
swashplate angles are applied to the rotor (collectively and
cyclicly) at the center of rotation. The collective pitch of
the swashplate would be more properly expressed as a vertical
displacement of the swashplate or collective pitch sleeve.
However, the control system model is not currently capable of
providing this data.

To the right of the control contribution matrix are data for
the hub, mast, and pylon plus the values of the pitch-flap-
coupling and control-phasing angles. The mast angle and pylon
deflections are defined in Table 19. The hub-spring moments
are in the Rotor Shaft Reference System.

4.5.1.9 Rotor Parametexrs

Below the controls data are the rotor parameters. This output
group consists of the blade feathering, flapping, rotor forces,
advance ratio, power and thrust coefficients, and induced velo-
city for each rotor. All parameters are in the Rotor Shaft
Reference System. The blade feathering angles are measured at
the theoretical blade rcot (Station No. 0). The mean blade
feathering angle is identical to the collective pitch printed
in the controls matrix. The longitudinal feathering angle

(PST = 0) and lateral angle (PSI = 90) will differ from the

F/A and LAT swashplate angles when the value of the pitch-flap-
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coupling angle minus the control-phasing angle (65 = v) is

nonzero.  Sign conventions for the flapping angles are defined
in Section 4.2.1. Thrust is positive up the rotor shaft. H-
force and Y-force are positive in the direction of the positive
shaft reference X and Y axes, respectively.

ADVANCE RATIO = y = velocity in the shaft X-Y plane
) ' rotor tip speed

anad 1s dimensionless.

The power coefficient i1s defined as
CP = power/(p m RZ(QR)3)
and the thrust coefficient as
CT = thrust /(p m R2(QR)?)
where p = air density (slug/ft3))
R = rotor radius (ft) - e
QR = rotor tip speed (ft/sec)

Both coefficients are dimensionless. The nondimensionalization
factors used here are not the same as those used in the optional
trim page.

The induced velocity is the average value over the rotor disc in
feet per second.

The next two lines on the trim page give the hub flapping angles
for beth rotors (which are equal to zero for a quasi-static
rotor), the hub velocities in shaft reference, the steady com-
ponent of the hub shears and displacements, and the mean mast
windup angle, in degrees.

'his shaft-axis data is followed by the wake-plane data for each
roteor. The resultant force is the square root of the sum of

the squares of the thrust, H-force and Y-force. The angle

of attack and flapping angles have the same sign convention as
tihe other rotor angles, and the phase angle is positive in the
same direction as rotor azimuth.

The induced and profile power for each rotor are printed to
the right of the wake-plane data.

4.5.2 Optional Trim Page (Figure 53)

Printout of this page is controlled by IPL(73). The optional
:rim page is most useful for presenting data from a wind tunnel
simulation.

T
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4.5.2.1 Problem Ildentification

The standard trim page heading with comment cards is repeated
at the top of the optional trim page(s).

4.5.2.2 Parameter Listing

Four blocks of data are printed across the page below the
problem identification: rotor controls, rotor parameters,
(wind) tunnel parameters, and program options. The items
printed are generally either self-explanatory or have been ex-
plained previously. The dimensions, if any, for all parameters
are included in the printout.

If the blade chord is not constant, the average value of chord
is printed.

If the blade geometric twist is not linear, the printed twist
value is the total twist angle between the root and the tip.

The solidity parameter, o, is defined as

o = bc/aR

number of blades
average chord
rotor radius

where

b
¢
R

4.5.2.3 Forces and Moments

The rotor forces and moments printed below the parameter are
listed in both the wind reference and shaft reference systems.
Rotor power is printed in the shaft axis columns only. Each
set of data consists of two nondimensional coefficients and the
dimensional values for each force and moment. The factors that
the dimensional forces, moments, and power are divided by to
give their nondimensional forms are given below:

Forces Moments Power
Helicopter  pbcR(QR)? pbcR(QR )R pbcR(QR)3
Fixed Wing quo qD30 quov
where
p = air density (slugs/fta)
b = number of blades
¢ = chord (ft)
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= rotor radius (ft)

= rotor speed (rad/sec)

wind velocity (ft/sec)

= 1/2 p V% (1bf/ft?)

= diameter of rotor disk = 2R (ft)

= rotor solidity = bcR/1rR2 ‘

Q o < 2w
1

4.5.2.4 Rotor Loads

If rotor blade elastic mode shapes have been included in the i
analysis, a summary of the beam, chord, and torsional rotor )
loads is printed below the forces and moments. Data are
presented for all blade stations. The higher the station num-
ber or percent radius, the more outboard the station is. The
data for each of the three loads consists of the mean and oscil- 3
latory values plus blade a21muth location for the maximum and

minimum loads. The loads are in inch-pounds; the azimuth an-

gles are in degrees.

4.6 TIME-VARIANT TRIM DATA

Using appropriate input values, it is possible to compute the ‘J
trimmed flight condition using only a quasi- stat1c rotor ana- ’
ly