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The new, revised, or alternate mathematical models incorporated into the
program during the current contract are listed below:

This volume, The User's Manuzl, presents the detailed information necessary

to use the computer program. Section 1 is a brief introduction. The specific

input quantities and format are listed in Section 2 and discussed in Section 3.
Secticn 4 describes the program's output format and Section 5 discusses program
error messages. A set of sample data is included for reference purposes.

Volume I, The Engineer's Manual, documents the background and development of
the current version of the program. Volume III, the Prograsmer‘'s Manual,
includes cross-references of FORTRAN COMMON BLOCK variables, a catalog of
subroutines, and a discussion of programming considerations. The listings and
related software for the computer programs documented in this report are
unpublished data which ar~ on file at the Eustis Directorate, U. S. Army Air
Mobility Research and Devclopment Laboratory (USAAMRDL), Fort Eustis, Virginia.
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Fuselage serodynamic forces and moments (revised)
Aerodynamic surfaces (revised with two surfaces added)
External stores/aerodynamic brakes (new)

Rotor blade airfoil section distribution (new)
Rotor-induced velocity distribution (alternate)

Rotor unsteady aserodynamicy (alternate)

Rotor wake effect at aerodynamic surfaces (alternate)

Method for numerically integrating rotorcraft equations of
motion (alternate)
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This report has been reviewed by the Eustis Directorate, U. S. Army
Alr Mobility Research and Development laboratory and is considered

to be technically sound.

The computer program resulting from this contract will be provided,
upon request of qualified users, for use in the design and analysis
of rotary-wiug aircraft. Volume III of this report, a programmer's
manual, has not been widely distributed, but will be provided with
the computer program to aid im program installation.
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PREFACE

This report and its accompanying computer program were developed under
Contract DAAJ02-72-C-0098 awarded in June 1972 by the Eustis Directorate
of the U. S. Army Air Mobility Research and Development Laboratory
(USAAMRDL). 1In addition to the work performed under this contract, the
report and computer program include the documentation and program features
developed under USAAMRDL Contracts DAAJO2-70-C-0063 and DAAJO2-73-C-0086.
The contractor and USAAMRDL have agreed that the computer program docu-
mented herein is the iew master version of the program. Hence, this
report supersedes all previous versions of the C81 program and documenta-
tion.

Technical program direction was provided by Mr. E. E. Austin of YSAAMRDL.
Principal Bell Helicopter personnel associated with the current contract
were Messrs. B. L. Blankenship, J. M. Davis, and P. Y. Hsieh, and

Dr, B, T. Waak. In addition, Dr. R. L. Bennett and Mr. B. J. Bird
assisted in coordinating the work and documentation prepared under the

two previous contracts noted above .with that prepared under this contract.
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1. INTRODUCTION

The purposes of this volume of the report are to inform the reader of the
capabilities of the current master version of the Rotorcraft Flight Simu-
lation Program C81 and to provide the information necessary for assembling
an input Jata deck and successfully executing the program. With respect
to the most recently documented version of the program (ASAJOl) described
in Reference 1, the program has been expanded in both inputs and capabili-
ties to a point where few comparisons can be made. The basic format of
inputting data in groups which correspond to components of the rotorcraft
(e.g., fuselage, rotors, and aerodynamic surfaces) has been maintained.
However, the mathematical model and input format of every component in-
cluded in ASAJOl has been revised, and new components have been added.

This version of the program, designated AGAJ73, is capable of modeling
the following components of a rotorcraft: a fuselage; two rotors, each
with a dynamic pylon, aeroelastic blades, and a nacelle; a wing; four
stabilizing surfaces, none of which must be purely vertical or hori-
zontal; four external stores or aerodynamic brakes; a nonlinear, coupled
control system Including a collective bobweight, stability and control
augmentation system, and automatic pilot simulator; two jets; and a
weapon,

The five sections following this introduction present only the informa-
tion required to set up and successfully execute a C81 simulation. The
reader is referred to Volume I for complete documentaticn of the pro-
grammed mathematical models and to Volume III for detailed information
regarding the computer program hardware requirements and software.

Section 2 of this report lists the input data to the program in a :equence
which 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 component they simulate, For example, the
names of three of the input groups are the Program Logic Group, the Main
Rotor Group, and the Wing Group. Each group is read into an array, The
array name is given in all uppercase letters at the left of the input
sequence numbers in Section 2. Except for the first letter, the array
1ames were chosen to be very abbreviated acronyms for the title of tae
group or component., As an aid to the user and the programmer, 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 which compute the aerodynamic
forces on the rotor blades, wing, and stabilizing surface; arrays begin-
ning with T contain times which are used during maneuvers; and arrays
beginning with X contain for the most part inputs which are physically
measurable quantitites, e.g., locations, weights, angles, lengths and
control linkages.
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Where possible, the definition of each input is a brief, one-line de-
scription with the required units, if any, given in parentheses at the
right end of the line, However, some inputs cannot be defined so con-
cisely. 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, if

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 code. All fixed point inputs must end in the right-most 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 code. 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 one is punched in the
first column of a ten-column field and the decimal point is omitted, the
number will be interpreted as 1000000000.0 rather than the 1.0 intended.

Section 2 is designed to be the only documentation that a very experienced
user needs tc set up an input deck. The less-experienced user should con-
sult Section 3 for a more complete explanation of the inputs, setup of

the deck, and program options., This section is arranged in the same order
as Section 2 and includes many of the equations used in the various
mathematical models,

Section 4 provides information on the output of the program. The first
major subsection discusses the sign conventions, including definitions of
the reference systems used, and can be useful in setting up the deck as
well as intirpreting output, The second major subsection explains each
group of output which the program can generate during a successful exe-
cution., The vast majority of the groups are output on the computer
printer, This printed output falls into three general categories: input,
trim, and maneuver data. In addition, some of the maneuver data can be
output on a CALCOMP plotter. Examples of all possible groups of output
data were taken from actual computer runs and are included in the section,

Section 5 lists and discusses the error messages which the program can
generate. Some of the errors terminate program execution, while others
are only warnings of conditions which may affect the data being com-
puted. In each case, the source of the error is noted, and where neces-
sary a suggestion on how to correct the error is (iven, Section 6 identi-
fies the variables which are saved for future analysis during the computa-
tion of maneuvers.

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 ave
appropriate to the rotorcraft configuration, are used. All rotor names
fall into two groups:

1-2



(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 de-
termining the appropriate word. The groups also indicate the input groups
which should be used for a specific rotor. For example, inputs for the
forward rotor of a tandem-rotor configuration should be input to the Main
Rotor Group and the aft rotor inputs to the Tail Rotor Group. However,
this input sequence is 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 rotation of each rotor., See Section 3.26.1 for
additional details.

1.1 PRIMARY AND SECONDARY OPERATIONS OF THE PROCKRAM

The general operations of which the program is capable are:

(1) Computing a trimmed flight condition

(2) Computing a maneuver

(3) Performing a stability analysis

(4) Performing parameter sweeps of trim conditions

(5) Retrieving maneuver time history data stored on magnetic tape

(6) Plotting maneuver time history data

(7) Harmonic analysis of maneuver time history data

(8) Vector analysis of maneuver time history data

(9) Storing maneuver time history data on magnetic tape
The first five general operations are primary operations and are iilus-
trated in the flow charts in Figures 1-1 through 1-8. These operations
are shown alone, if possible, and in all permissible combinations with
other operations. The last four operations are secondary operations and
occur within the block labeled "Operations on Maneuver Time History Data"
in Figures 1-2, 1-3, 1-4, 1-5, and 1-7. The flow chart for the contents
of this block is shown in Figure 1-9. The flow charts of the four secondary
operations contained in the block are shown in Figures 1-10 through 1-13,
Each primary operation or combination of operations is controlled 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 operation or operations desired, a data deck in this
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READ DATA
DECK
(NPART=1)

CALCULATE
PROBLEM
CONSTANTS

FIND
TRIM
POINT

Figure 1-1. Tvim-Only Operation.
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READ DATA
DECK
(NPART=2)

!

CALCULATE
PROBLEM
CONSTANTS

'

FIND
TRIM
POINT

']

DO
MANEUVER

v

CPERATIONS ON
MANEUVER TIME
HISTORY DATA

Figure 1-2,

Trim Followed by Maneuver.
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READ DATA
DECK
(NPART=2)

)

CALCULATE
PROBLEM
CONSTANTS

[}

FIND
TRIM
POINT

v

DO
DO STABILITY
MANUEVER ANALYSIS

v

OPERATIONS ON
MANEUVER TIME
HISTORY DATA

Figure 1-3. Trim Followed by Maneuver With Stability Analysis,
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DO
STABIL1TY
ANALYSIS

READ DATA
DECK
(NPART=4)

|

CALCULATE
PROBLEM
CONSTANTS
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FIND
TRIM
POINT

I

DO
@ ———=-=4%1 MANEUVER

STORE
EACH TIME
POINT ON

RESTART TAPE

S

Figure

l

OPERATIONS ON
MANEUVER TIME
HISTORY DATA

1-4, First Maneuver in Restart Procedure,
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DO

STABILITY
ANALYS1S

Figure 1-35.

READ DATA
DECK
NP,

CALCULATE
PROBLEM
CONSTANTS

COPY OLD
RESTART TAPE
TO RESTART
POINT

:

DO

je-———-8 \ANEUVER

l—]

STORE EACH
TIME POINT ON
NEW RESTART
TAPE

'

OPERATIONS ON
MANEUVER TIME
HISTORY DATA
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READ DATA
DECK
{NPART=7)

CALCULATE
PROBLEM
CONSTANTS

FIND
TRIM
POINT

|

DO
STABILITY
ANALYSIS

Figure 1-9. Trim and Stability Analysis,
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READ DATA

TIME
HISTORY
TAPE

PLOT
DISK

OPERATIONS ON
MANEUVER TIME
HISTORY DATA

Figure 1-7. Retrieving Maneuver Data Stored Permanently,
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READ DATA
DECK
(NPART=1 or 7

l

CALCULATE
PROBLEM
CONSTANTS

!

FIND
TRIM
POINT

YES

DO
STABILITY
ANALYSIS

¥

READ NEW
DATA
(NPART=10)

Figure 1-8. Trim or Trim and Stability Analysis
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Figure 1-9. Block for Operations Performed on
Maneuver Time History Data.
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Figure 1-10. Plotting Operation,
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Figure 1-11, Harmonic Analysis Operation.
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Figure 1-12, Vector Analysis and Data Reduction Operation,
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Figure 1-13. Operation for Storing Maneuver Time History Data on Tape.
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context consists of a message card, an '"NPART" card telling the program
which primary operation or operations to perform, and thc additional data
necessary to perform the indicated operation(s). In some cases, the
additional data are contained on 100 or more additional cards, e.g., trim,
stability analysis, 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 Figures l-1 through 1-8, 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

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

(2) 1in 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 quanti-
ties which remain constant throughout the performance of the operation(s)
must be defined using the input data. For example, the density ratio is
computed from the input pressure altitude and temperature; the length of
a blade segment for each rotor is computed from the radius of the corre-
sponding rotor; the body reference distances from the center of gravity
to the location of specific rotorcraft components are computed, Perform-
ing such computations drastically reduces the number of program inputs and
also provides program flexibility necessary for incorporating such opera-
tions 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 pilot's control
positions, fuselage orientation, and/or rotor attitude in space 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 pre-
scribed by the program inputs. Sometimes the desired values of the forces
and moments are not all zero. In this case, the use of the word "desired"
rather than "predetermined” is significant because the desired values
depend on the trim point. Two different results are possible in this
cas¢, In one, the rotorcraft is in a pushover or pull-up condition at a
predotermined g-level, In the other, the rotorcraft is in a banked turn,
either level or spiral, at a predetermined g-level, Either condition may
be used as the starting point for a maneuver.
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The stability analysis operation uses a trim point or a time point during
a maneuver as its initial condition. The stability derivatives are com-
puted by making small independent perturbations to each of the rotorcraft
degrees of freedom and primary flight controls; computing the forces and
moments in the perturbed flight condition; subtracting the values of 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 to the rotorcraft equations of motion,
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 givem rotorcraft. Within a sweep deck, the
user specifies by input data those cases in the sweep for which a stability
analysis is and is not to be performed. The parameters most frequently
swept include airspeed, gross weight, center of gravity stationline, inci-
dence of an aerodynamic surface, atmospheric conditions, and g-level. Gen-
erally 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 data tables may be swept. The assumption
is made that each desired trim condition bears some relationship to the
previous one, and further 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 20 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 which describe the behavior of a rotor-
craft in a maneuver. Varjous external inputs, or forcing functions, may be
applied. Examples are control movements, gusts, store drops, and wing
incidence change independent of control motion(s). The user has the option
of specifying that the equations be numerically integrated by one of two
methods: four-cycle Runge-Kutta or Hamming's method. At times specified
by input data, the maneuver is suspended while a stability analysis is
performed. The maneuver is then resumed as if no interrpution 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 intermediate variables must be saved on the
magnetic restart 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 all maneuvers, the values of a large number
of time history variubles at each time point are saved on the plot disk.
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At the conclusion of the maneuver, the secondary program operations speci-
fied in the input data are performed on these viariables. For example, the
user may select any of the saved variables to Le plotted on the printed
output or on finished 8% x 11 CALCOMP pages if such are available, Plots
made as part of a maneuver restart run will show the entire maneuver start-
ing at time zero.

A complete harmonic analysis may also be made for any of the saved vari-
ables. 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 related variables.

Frequently, maneuvers are run where one of the controls or the fore-and-aft
mast tilt angle is varied sinusoidally. 1In 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) = Aisin(wt + ¢i) + Bi

Then, any amplitude ratios, A,/A,, and phase angle differences, ¢i -Q.,
may be computed. Lastly, linear combinations of the variables may be J
derived in the following form:

F,(t) = ¢, Fj(t) + D, F (t) +E,
If the user thinks he may want to perform additional plotting or analysis
of the saved variables, they may be transferred from the plot disk to a

magnetic time history tape. Later the data on the tape may be reloaded to
the plot disk for any use desired.

1.3 PROGRAMMING AND DOCUMENTATION CONSIDERATIONS

A great deal of effort was expended to male the program as user-oriented as
possible. For example, many of the prog:am logic switches which were pre-
viously buried deeply in some of the input groups have been moved to the new
Program Logic Group, the first input group to the program. This new group
also provides switches for significantly reducing the size of the data deck
when certain groups are not needed, as in a wind tunnel simulation.

Also, the documentation of the input format (Section 2) has been expanded
and the entire user's guide to the input format (Section 3) has been ex-
tensively 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 very nature of some of the variables, but it is
thought that the definitions presented leave room for only one interpreta-
tion. A sample set of input data for a typical attack helicopter is in-
cluded in Section 4 along with a detailed discussion of the program out-
put so that the user can get an idea of the magnitude of most program
inputs- and outputs.
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2. INPUT FORMAT

This section of the report presents the basic input format for an AGAJ73
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 C8l, Section 2 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 which is arranged in the same order as Section 2 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 AGAJ73 can be divided into the forty-six
groups or sets of cards listed in Table 2-1. The first thirty-eight
groups form the basic card deck which is used for trim-only and trim-
and-stability-analysis-only program operations. The remaining eight
groups are only included in the deck when the maneuver program operation
is to be performed.

The Program Logic Group should be considered one of the most important
groups in the deck. It controls which groups must be included in the
deck and the program options that will be used in the computations. The
input format for this group is fourteen integers 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 rest of the groups
where 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 ten column fields per card (7F10.0 format) is used where-
ever practical in the deck. Only the exceptions to this standard format
are noted in the following sections. Where the format cannot be con-
veniently expressed by a FORTRAN statement like 7F10.0, the location of
the input nn the card is specified by the column or field of columns for
the input, Unless otherwise noted, all formats start in Colummn 1 with
Columns 71 through 80 reserved for card sequence number,

2.1.2 Group Identification Cards and Data Library

In Table 2-1 the input groups which include a Group Identification (ID)
Card are noted by the inclusion of a sequence number for the ID card.

2-1



TABLE 2-1. SEQUENTIAL SUMMARY OF INPUT GROUPS
Sequence » Element Number
Number of in MODEL Data Discussed in
Group Title ID Card * Set Array ¥ Section
Deck Identification & None N/A 25 2
Program Flow Cards
Program Logic Group 05 1 2.2
Data Table Group None N/A 2.3
Airfoil Data Table No. 1 11 2 2.3.1.1
Airfoil Data Table No. 2 12 3 2.3.1.2
Airfoil Data Table No. 3 13 4 2,3.1.3
Airfoil Data Table No. 4 14 5 2.3.1.4
Airfoil Data Table No. 5 15 6 2.3.1.5
M/R Aeroelastic Blade Data 16 7 2.8.,2.1
Block
T/R Aeroelastic Blade Data 17 8 2,3.2.1
Block
M/R Rotor=Induced Velocity 18 9 2.3.3.1
Distribution (RIVD) Table
T/R RIVD Table 19 10 2.3.3.2
RWAS Table No. 1 Firke 11 2,3.4
RWAS Table No. 2 dedoke 12 2.3.4
RWAS Table No. 3 dekk 13 2.3.4
RWAS Table No. 4 dedck 14 2.3.4
RWAS Table No. 5 Jedek 15 2.3.4
RWAS Table No. 6 Jedck 16 2.3.4
RWAS Table No. 7 Hecke 17 2.3.4
RWAS Table No. 8 dokede 18 2,3.4
RWAS Table No. 9 e 19 2.3.4
RWAS Table No. 10 - 20 2.3.4
RWAS Table No. 11 i) 21 2.3.4
RWAS Table No. 12 feicte 22 2.3.4
Fuselage Group 20 23 2.4
Rotor Aerodynamic Group 30 24 2.5
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TABLE 2-1. Continued
Sequence Element Number
Number of in MODEL Data Discussed in

Group Title ID Card * Set Array #% Sec.ion
Main Rotor Group 40 25 2.6
Tail Rotor Group 50 26 2.7
Wing Group 60 27 2.8
Stabilizing Surface No. 1 70 28 2.9.1
Group
Stabilizing Surface No. 2 80 29 2.9.2
Group
Stabilizing Surface No. 3 90 30 2.9.3
Group
Stabilizing Surface No. 4 100 31 2.9.4
Group
Jet Group 110 32 2.10
External Store/Aerodynamic 120 33 2.11
Brake Group
Rotor Controls Group 130 34 2.12
Iteration Logic Group 140 35 2.13
Flight Constants Group Norz N/A 2,14
Bobweight Group 200 36 2.15
Weapons Group 210 37 2.16
SCAS Group 220 38 2.17
Stability Analysis Times 230 39 2.18
Group
Blade Element Data Printout 240 40 2.19
Times Group
Maneuver Time Card None N/A 2.20
Maneuver Specification Cards None N/A 2,21
Maneuver Analysis Cards None N/A 2,222

2.25

ik No specific sequence number on RWAS Table ID Cards.

#* None indicates the group does not have an identification (ID) card,

#% N/A indicates the group is not included in the MODEL data set array.,
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The format for each of these ID cards is as foilows:

Field Description of the Input
Col. 1-8 IDEN, Data library name for the Group
Col. 11470 Alphanumeric identifying comments (optional)
Col. 7180 Card sequence numbers (optional)

If the user's version of AGAJ73 does not include the Data Library Option,
Columns 1 through 8 (IDEN) must be blank. If this option is included,
IDEN may be used to call the required inputs for the corresponding group
from the data library. If MODEL Option data sets are stored in the
library, IDEN on CARD 05 (Program Logic Group ID Card) may be used to
call a complete set of groups from the library.

Input data which are called from library and whose array name is included
in the list in Table 2-2 can be updated with the &CHANGE program feature.
When 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 2-1. Figure 2-1 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 Library and MODEL
Options. See Section 3.1.3 for explanation of the &CHANGE and &GROUPS

program features,
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TABLE 2-2.

INPUT DATA ARRAYS INCLUDED IN NAMELIST
SPECIFICATION STATEMENT

Array Name and
Range of Subscripts

Description of Array

IPL(1-35) Program Logic Group

XMW(1-63) Main Rotor Weight & Inertial Distribution
XTW(1-63) Tail Rotor Weight & Inertial Distribution
XFS(1-98) Fuselage Group

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. &

YRR(1-35,5) RAA Subgroup No. 5

XMR(1-49) Main Rotor Group

XMP(1-14) Main Rotor Dynamic Pylon

XMC(1-20) Main Rotor Chord Distribution
XMT(1-20) Main Rotor Twist Distribution
IDTABM(1~20) Main Rotor Airfoil Distribution

XTR( 1-49) Tail Rotor Group

XTP(1-14) Tail Rotor Dynamic Pylon

XTC(1-20) Tail Rotor Chord Distribution
XTT(1-20) Tail Rotor Twist Distribution
IDTABT(1-20) Tail Rotor Airfoil Listribution
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)
YSTB3(1-28) Surface No. 3 Aerodynamics
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TABLE 2-2.

Continued.

Array Name and
Range of Subscripts

Description

of Array

XCS3(1-14)
XSTB4(1-35)
YSTB4(1-28)
XCS4(1-14)
XJET(1-14)
XST1(1-21)
XST2(1-21)
XST3(1-21)
XST4(1-21)
XCON(1-28)
XCRT(1-28)
XIT(1-+21)
XFC(1-28)
XBW(1~14)
XGUN(1-7)
XSCAS(1-28)
TSTAB(1-14)
TAIR(1-14)

Surface No,
Stabilizing
Surface No.
Surface No,
Jet Group

Store/Brake
Store/Brake
Storc/Brake
Store/Brakc

3 Control Linkages

Surface No. 4 Group (Basic)
4 Aerodynami~s

4 Control Linkages

No. 1

No. 2 External Store/
Na. 3 Aerodynamic

No. &° Brake Group

Rotor Controls Group (Basic)

Supplementary Rotor Controls

Iteration Logic Group

Flight Constants Group

Bobweight Group

Weapons Group

SCAS Group

Stability Analysis Times Group

Blade Element Data Printout Times Group

The following sets of inputs are specifically excluded from the NAMELIST

specification statement:

(1) All airfoil data tables

(2) All mode shapes for both rotors
(3) Both RIVD tables
(4) All RWAS tables
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2.2 IDENTIFICATION AND PROGRAM LOGIC GROUP

CARD 00

CARD 01

CARD 02

CARD 03

CARD 04

CARD 05

CARD 06

IPL

Message card., Columns 1-80, alphanumeric.

COl. 1 - 2
c°10 ‘0 © 6
COI. 11 - 15
Col, 31 = 35
Col. 51 - 55
Col. 3 -10
Col, 11 - 70
COI. l - 68
COI. l. - 68

NPART (permissible values are 1, 2, 4, 5, 7,
8, and 10)

NPRINT

NVARA

NVARB

NVARC

IPSN
Identifying Comments

Identifying Comments

Identifying Comments

Program Logic Identification Card

Input Group

(1)
(2)
(3)
(4)
(5)

(6)

(7)
(8)
9)
(10)
(11)
\12)
.'3)

(;'\'J

Switch
Number
Number
Number
Switch
table (
Number
('19
Switch
Switch
Switch
Switch
Switch
Number
Switch
(0 = of
Switch

Control Logic (1415 format) .

for reading reduced data deck (0 = off)

of airfoil data tables ( =0, 1, 2, 3, 4, or 5)
of M/R mode shape inputs (0 = none)

of T/R mode shape inputs (0 = none)

for r<>ding rotor=induced velocity distribution
0=o0 .)

of Rotor Airfoil Aerodynamic Subgroups

2, 3, 4, or 5)

for deleting rotor groups (0 = off)

for reading rotor pylon cards (0 = off)

for reading wing inputs (0 = off)

for reading Stabilizing Surface inputs (0 = off)
for reading Jet Group (0 = off)

of Store/Brake subgroups ( = 0, 1, 2, 3, or 4)
for reading Supplemental Rotor Comntrols subgroup
f)

for reading maneuver input groups (0 —~ off)



CARD 07

IPL

CARD 08

IPL

Analysis Logic (1415 format)

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

(21)

(22)

(23)
(24)
(25)
(26)
(27)

(28)

Flight condition indicator (0 = turn or unaccelerated
flight)

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

Switch for computing partial derivative matrix

(0 = every fifth iteration)

Control variable for main rotor steady-state aerodynamics
Control variable for tail rotor steady-state aerodynamics
Switch for activating unsteady rotor aerodynmamic options
(0 = off)

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

Switch for activating TV analysis in TRIM and MANU

when IPL(21) # 0 (0 = QS trim followed by TV trim and
maneuver )

Control variable for rebalancing main rotor in TRIM

(0 = off)

Control variable for rebalancing tail rotor in TRIM

(0 = off)

Print control for trim iteration data (0 = minimum output)
Print control for optional trim page (0 = page omitted)
Print control for blade element aerodynamic data

(0 = none)

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

Stability Analysis and Miscellaneous Logic (1415 format)

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

(33)
(34)
(35)
(36)
(37)

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

Switch for fuselage coupling in STAB (0 = uncoupled)
Switch for pylon degrees of freedom in STAB (0 = off)
Switch for rotor degrees of freedom in STAB (0 = off)
Switch for rebalancing rotors in STAB when IPL(31) = O
(0 = rebalance)

Output control for STAB matrices (0 = print only)
Output selector for STAB diagnostics (0 = off)

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

Switch [or reading Rotor Wake at Surfaces (RWAS) tables
(0 = off)

Rotor fold indicator (0 = unfolded)
Switch for shifting cg with rotor folding (0 = no shift)
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2.3 DATA TABLE GROUP

This group does not have an all-inclusive Group Identification Card; each
set of tables has ity own. Hence, CARD 10 is not included in the deck.

2.3.1 Airfoil D ta Table Sets (omit Lf IPL(2) = 0)
2.3.1.1 Airfoil Data Table Set No. 1 (include only if IPL(2) > 1)
CARD 11 Table Identification Card

CARD 11/A Titlc and Control Card (7A4, A2, uI2 format)

Col 1230 Alphanumeric title for the sets of tables
31232 NXL, number of Mach number entrics in CL table
33»34 NZL, numbcr of angle of attack entries in CL table
35:36  NXD, number of Mach number cntries in CD table
3738 NZD, number of angle of attack entries in CD table
39-40 NXM, number of Mach number entries in CM table
41-42 NXM, number of angle of attack entries in CM table
2.3.1.1,1 Lift Coefficient Table
CARD 11/Bl Mach number entries for CL table (7X, 9F7.(C format)
Col B-14 Ml, lowest Mach number
15221 MZ’ next highest Mach number
2298 M3, next highest Mach number
2935 MA’ acxt highest Mach number
36742 MS’ next highest Mach number
4349 M,» next highest Mach number
50756 M,, next highest Mach number
5763 MS’ next highest Mach number
06470 Mg, next highecst Mach number

CARDS 11/B2 Additional Mach Numbers (include only if NXL > 10)

Same format as CARD 11/Bl; include additional cards as required
with the same format to input NXL values of Mach numbers



Card Sets for Angle of Attack/Lift Coefficient Data

NZL card sets follow the Mach number entries.
following format:

First Card:

Col

1-7
814

15-21
2228
2935
36042
4349
50~56
5763
64-70

Angle of attack,

Coefficient
Coefficient
Cocfficient
Coefficient
Coefficient
Coefficient
Coefficient
Coefficient
Cocfficient

Second Card: (include only if NZL >

Col

Third Card:

1-7
814

15721
22728
29-35
3642
4349
5056
57-63
6470

(Not used)
Cocfficient

Coefficient
Ccefficient
Coefficient
Coefficient
Coefficient
Coefficient
Coefficient

Coefficient

(include only if NZL >

Each set has the

degrees

at M = M1
at M = 2
at M = M3
at M = M4
at M = MS‘
at M = M6
at M = M7
at M = M8
at M = M9

10)
at M = MIO
at M = M11
at M = M12
at M = M13
at M = M15
at M = M15
at M = M16
at M = M17
at M = M18

19)

Same format as Second Card; include
input NXL values of CL.

2,3.1.1,2 Drag Coefficient Table

CARDS l1/cCl,

additional cards as required to

11/C2, etc. Mach number entries

Same format as CARDS 11/Bl, 11/B2, etc; NXD entries required
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Card Sets for Angle of Attack/Drag Coefficient Data

NZD card sets required; same format as for lift coefficient card
sets; NXD values of CD required for each card set

2.3.1.1.3 Pitching Moment Coefficient Table

CARDS 11/p1, 11/D2, etc. 11/D1, 11/D2, etc.

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

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

CARD 12 Table Tdentification Card

CARD 12/A Title and Control Card

CARDS 12/Bl Lift Coefficient Table

CARDS 12/Cl Drag Coefficient Table

CARDS 12/D1 Pitching Moment Coefficient Table

2.3.1.3 Airfoil Data Table Set No., 3 (include only if IPL(2) > 3)

CARD 13 Table Identification Card

CARD 13A Title and Control Card

CARDS 13/Bl Lift Coefficient Table

CARDS 13/Cl Drag Coefficient Table

CARDS 13/D1 Pitching Moment Coefficient Table

2,3.1.4 Airfoil Data Table Set No. 4 (include only if IPL(2) > 4)

CARD 14 Table Identification Card
CARD l4A Title and Control Card
CARDS 14/Bl Lift Coefficient Table
CARDS 14/Cl Drag Coefficient Table

CARDS .4/D1 Pitching Moment Coefficient Table
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2.3.1.5 Airfoil Data Table Set No, 5 (include only if IPL(2) = 5)

CARD 15 Table Identification Card

CARD 15A Title and Control Card

CARDS 15/Bl Lift Coefficient Table

CARDS 15/Cl Drag Coefficient Table

CARDS 15/D1 Pitching Moment Coefficient Table

Note: A set of tables for an NACA 0012 airfoii is compiled within the
program and stored in the region allocated for Data Table Set No. 5.

If IPL(2) = 5, the fifth set of tables input overlays this set of
internal 0012 tables.
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2.3.2 Rotor Aeroclastic Blade Data Blocks

2.3.2.1 Main Rotor Data Block (omit entire data block if IPL(3) = 0)

CARD 16 Main Rotor Acroelastic Blade Data Block Identification Card

2.3.2.1.1
CARD l6/Al

XMW

CARD 16/A2

XMw

CARD 16/A3

XMW

Average Weight of Blade Segments

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

(8)

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

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

Blade
Blade
Blade
Blade
Blade
Blade
Blade

Bladc
Blade
Blade
Bladc
Blade
Blade
Blade

Blade
Bladc
Blade
Bladc
Bladc
Bladc

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Segment
Scgment
Segment
Segment
Segment
Segment

Segment
Segment
seginent
Segment
Segment
Segment

Tip Weight

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

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

No.
No.,
No,.
No,
No.
No.

10
11
12
13
14

15
lo
1o
18
10
20 (Lip)

(1b/in,)
(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)

(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)
(1b/in.)

(1b/in.)
(1b/in,)
(1b/in,)
(1b/in,)
(1b/in.)
(1b/in.)

(1b)

2,3.2.1.2 Avcrage Beamwise Mass Moment of Inertia ol Bladc Scgments

CARD 16/B1

XMW

(22)
(23)
(24)
(25)
(26)
(27)
(28)

Blade
Blade
Bladc
Blade
Blade
Blade
Blade

Segment
Scegment
Scgment
Segment
Segment
Segment
Segment

No.
No,
No.
No.
No.
No.
No.

(root)

1
2
3
%
5
6

(in.-lb-svcz/in.
(in.-1b sec/in.
(in.-1b-scc/in.
(in.-1b-scc>/in.
(in.-1lb-scc./in.)
(in.-1b-sec/in.)
(in.-1b-sec®/in.)

Nt N Nt N



CARD lo6/B2

XMW

CARD 16/B3

XMW

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

(30)
(37)
(38)
(39)
(40)
(41)
(42)

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

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

No,
No.
No,
No.
No.
No.

8

10
11
12
13
14

15
le
17
18
19
20 (tip)

(in.-lb-seci/in.)
(in.-1b-sec./in.)
(in.-lb-seczlin.)
(in.-lb-seczlin.)
(in.-1b-sec,/in.)
(in.-1lb-sec./in.)
(in.-1b-sec”/in.)

(in.-lb-secz/in.)
(in.-lb-secz/in.)
(in.-lb-secz/in.)
(in.-lb-seczlin.)
(in.-lb-sec./in.)
(in.-1b-sec“/in.)

2,3.2.1.3 Average Chordwise Mass Moment of Inertia of Blade Scgment

CARD l6/C1

XMW

CARD 16/C2

XMW

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

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

Blade
Blade
Blade
Blade
Blade
Blade
Blade

Blade
Bladc
Blade
Bl adc
Blade
Bladc
Blade

Segment
Segment
Segment
Segment
Segment
Segment
Segment

Segment
Scgment
Segment
Segment
Segment
Segment
Scgment

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

No,
No,
No.
No,
No,
No,
No,

10
11
U

14,

2-15

(1n.-1b-sec2/1n.)
(in.-lb-secz/in.)
(in.-lb-secz/in.)
(in,-1b-sec./in.)
(in,-1lb-sec./in.)
(in.-lb-sccz/in.)
(in,-1b-sec“/in,)

(in.-lb-secg/in.)
(in.-1b-sec>/in.)
(in,-1b-sec>/in.)
(in.-1b-sec-/in.)
(in.-1b-sec,/in.)
(in.-1b-sec,/in.)
(in.-lb-sec“/in.)



CARD

16/C3
X

(57)
(58)
(59)
(20)
(ol)
(62)
(63)

Blade Segment No. 15
Blade Segment No. 16
Blade Segment No, 17
Blade Segment No. 18
Blade Segment No, 19
Blade Segment No. 20 (tip)

2.3.2.1.4 Rotor Mode Shapes

Format for

2,3.2.1.4.1

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

CARD

l6/D1

XMRMS

l6/D2

XMRMS

16/D3
16/D4
16/D5
16/Db
16/D7
l6/D8
l6/D9

16/D10

first

(in.-lb-secg/in.
(in.-1b-sec,/in,

(in.-lb-sec2

/in,

(in.-1b-sec./in.
(in.-1b-sec“/in.

)
)
(in.-lb-secz/in.;
)
)

eleven cards of each set of mode shape data is 6F10.0;
the twelfth (last) card of each set has a 6F10.0, 2F5.0 format.

Mode 1

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

(7)
(8)
(9)
(10)
(11)
(12)

Out-of -plane component at Station No.

Inplane component at Station No, O

Torsional component at Station No, O

Out-of-plane component at Statio: No,
,

Inplane component at Station No. 1
Torsional component at Statior. No. 1

Out-of-plane component at Station No.
Inplane component at Station No, 2
Torsional component at Station No. 2
Out-of-plane component a* Station No.
Inplane component at Station No, 3
Torsional component at Station No. 3

Component data for Stations No. 4 and 5

Component data for Stations No. 6 and 7

Component data for Stations No. 8 and 9

Component data for Stations No. 10 and 11

Component data for Stations No. 12 and 13

Component data for Stations No. 14 and 15

Component data for Stations No. 16 and 17

Component data for Stations No. 18 and 19

2-16

0 (root)

(ft)
(fe)
(deg)
(ft)
(ft)
(deg)

(ft)
(ft)
(deg)
(ft)
(ft)
(deg)



e e

CARD 16/D11
XMRMS (61)
(62)
(63)
(64)

(65)
(66)

CARD i6/D12
XMRMS  (67)
(68)
(69)
(70)
(71)
(72)

(73)
(74)

Out=ofeplane component at Station No. 20 (tip)
Inplane component at Statiom No. 20

Torsional component at Statiom No. 20

Natural frequency of Mode 1 at :aseline rpm
and pitch angle

Mode type indicator

Modal damping ratio

Natural frequency at low rpm and low pitch
angle

Natural frequency at low rpm and high pitch
angle

Natural frequency at high rpm and low pitch
angle

Natural frequency at high rpm and high pitch
angle

Difference between reference pitch angle and
high or low value

Difference between reference rpm and either
high or low value

Reference pitch angle (in Col, 61-65)
Reference rpm value (in Col, 66-70)

2.3.2.1.4.2 Modes 2 through 6

CARDS 16/El through 16/E12 (include only if IPL(3) > 2)

XMRMS(75) -» XMRMS(148) Mode 2 data; same input sequence and

format as Mode 1.

CARDS 16/F1 through 16/F12 (include only -if IPL(3) > 3)

XMRMS(149) - XMRMS(222) Mode 3 data; same input sequence and

format as Mode 1.

CARDS 16/Gl through 16/G12 (include only if IPL(3) > 4)

XMRMS(223) - XMRMS(296) Mode 4 data; same input sequence and

format as Mode 1.

2-17

(ft)
(ft)
(deg)
(/rev)

(rpm)
(rpm)
(rpm)
(rpm)
(deg)
(rpm)
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CARDS 16/Hl1 through 16/H12 (include only if IPL(3) > 5)

CARDS 16/11 through 16/112 (include only if IPI1(3) = 6)

format as Mode 1,

format as Mode 1,

XMRMS(297) —» XMRMS(370) Mode 5 data; same input sequence and

XMRMS(371) - XMRMS(444) Mcde 6 data; same input sequence and

2.3.2.2 Tail Rotor Data Block (omit entire block if IPL(4) = 0)

This data block uses the same input format and sequence as the main rotor
data block discussed in the preceding section,

CARD

CARD
CARD
CARD

CARD
CARD
CARD

CARD
CARD
CARD

1?

17/A1
17/A2
17/A3

17/B1
17/B2
17/B3

17/cl
17/c2
17/¢3

Tail Rotor Aeroelastic Blade Data Block Identification Card

|
%

XTW(1) -» XTW(20) Average blade weight

(1b/in.)

distribution (root to tip)

XTW(21) Tip weight

(1b)

XTW(22) > XTW(41) Average blade beamwise mass moment
of inertia distribution (root to

tip)

(in.'lb-seczlin.)

XTW(43)— XTW(62) Average blade chordwise mass
moment of inertia distribution

(root to tip)

CARDS 17/D1 through 17/D12

XTRMS(1) ~ XTRMS(74) Mode 1 data

CARDS 17/El through 17/E12 (include only if IPL(4) 2 2)

XTRMS(75) - XTRMS(148) Mode 2 data

CARDS 17/F1 through 17/F12 (include only if IPL(4) 2 3)

XTRMS(149) - XTRMS(222) Mode 3 data

CARDS 17/Gl through 17/Gl2 (include only if IPL(4) 2> &)

XTRMS(223) -» XTRMS(296) Mode 4 data

CARDS 17/H1 through 17/H12 (include only if IPL(4) > 5)

XTRMS(297) - XTRMS(370) Mode 5 data

CARDS 17/11 through 17/112 (include only if IPL(4) = 6)

XTRMS(371) - XTRMS(444) Mode 6 data

2-18
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2.3.3 Rotorel

nduced Velocity Distribution Tables (omit if IPL(5) = 0)

A rotor-induce
rotor., If a t
is computed fr

2.3.3.1 Main

d velocity distribution (RIVD) table may be input for each
able is not input for a particular rotor, the distribution
om the equation in Section 3.26.3

Rotor Table (include only if IPL(5) = 1 or 3)

CARD 18 Main R
CARD 18/A Titl

Col =32
4143
Lihb
45749
5052

2.3.3.1.1 Adv

otor RIVD Table Identification Card
e and Control Card (8A4, 8X, 4I3 format)

Alphanumeric title for table

NMU, Number of advance ratios (1 < NMU < 10)

NLM, Number of inflow ratios (1 < NLM < 5)

NRS, Number of radlal stations ( = &4, 5, 10, or 20)
NHH, Order of highest harmonic (0 < NHH < 16)

ance Ratioc Inputs

CARD 18/Bl (include only if NMU > 2; 7F1J),0 format)

WKMU (1) Lowes
(2) Next
(3) Next
(4) Next
{5) Next
(5) Next
(7) Next

CARD 18/B2 (in

WKMU (8) Next
(9) Next
(10) Next

2.3.3.1.2 Inf

t advance ratio

highest advance ratio
Fighest advance ratio
Lighest advance ratio
aighest advance ratio
highest advance ratio
highest advance ratio

clude only if NMU > 8; 3F10.0 format)
highest advance ratio
highest advance ratio

highest advance ratio

low Ratio Inputs

CARD 18/C (include only if NLM > 2; 5F10.0 format)

WKLM (1) Lowes
(2) Next
(3) Next
(4) Next
(5) Next

t inflow ratio

highest inflow ratio
highest inflow ratio
highest inflow ratio
highest inflow ratio

NOTE: Include card(s) for advance ratio inputs if and only if NMU > 2;
include card for inflow ratio inputs if and only if NLM > 2;
i.e., if NMU = 1 and/or NLM = 1 for a table, that table is
independent of advance ratio and/or inflow ratio, respectively.
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2.3.3.1.3 Sets of Coefficients (NMUXNLMANRS sets required)

Each set of coefficients corresponds t:c a specific combination of advance
ratio, inflow ratio, and radial stations (WKMU(I), WKLM(J), and WKRS(K)
respectively). See Figure 2-2 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:
First Card (7F10.0 format)

Col 1210 Constant (zeroth harmonic)
1120 Sine compcnent of first harmonic
21230 Cosine component of first harmonic
31240 Sine component of second harmonic
41»50 Cosine component of second harmonic
51460 Sine component of third harmomic
61770 Cosine component of third harmonic

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

Col 1»10 (Not used)
1120 Sine component of fourth harmonic
21»30 Cosine component of fourth hacrmonic
31440 Sine component of fifth harmonic
4150 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 har-
monics; same format as second card

Fourth Card (include only if NHH > 10)

Sine and cosine components for tenth, eleventh and twelfth
harmonics; same format as second card

Fifth Card (include only if NHH > 13)

Sin and cosine components for thirteenth, fourteenth and
fifteenth harmonics; same format as second card

Sixth Card (include only if NHN = 16)
Col 1210 (Not used)
Col 11220 Sine component of sixteenth harmonic

Col 21230 Cosine component of sixteenth harmonic
Col 31270 (Not used)

2-20



Lol b

Array name for corresponding
value of p, A, and x

(WKMU(1), WKLM(J), and e — .
WKRS(K), respectively)
m(m)
- HLH*HRS
HHHJ('.’-} thru
WKMU (NMU-1)
J(hHU'Z}
WKMU(2)
7
WKLM(NLM)
; /!
WKLM(3) t:h/vﬁ
WKLM( M-I)L/ / g
(NLM-2)%*NRS
KU (1) / / wkas(ws) /] /
i Sequence Number of a
WI(MU(Z)-' Card Set in the Deck =
' (I-1)*NLMXNRS + (J-1)*NRS + K
/HKHS(I) e.g., the card set for u =

NRS
WKMU(2), M = WKLM(3) and
/ WKRS(NRS) X = WKRS(18) where NMU =
Lms{ms 1 6, NLM = 3 and NRS = 10 is
(2-1)%3%10 + (3-1)%10 + 18

WKLM(1) or the 68th set of coeffi-
ra (NRS-1) cients in the 180 rets
/ WKRS(2) included in the table
WKRS(1) f

One(l)

LNumber of Sets of Coefficients Included
Length of Card Sets Not to Scale

Figure 2-2. Schematic Diagram of Card Deck for RIVD Table,
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2.3.3.2 Tail Rotor Table (include only if IPL(5) = 2 or 3)

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

CARD 19 Tail Rotor RIVD Table Identification Card
CARD 19/A Title and Control Card
CARD 19/B1 Advance ratio inputs
19/82
CARD 19/C Inflow ratio inputs

Sets of Coefficients

NMU*#NLM*NRS sets required; maximum of 6 cards per set
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2.3.4 Tables [our Rotor-Induced Velocity Acting at Aerodynamic Surfaces
(omit if IPL{(37) = 0)

If IPL(37) # O, «xactly IPL(37) tables must be input. The format for
cach tablc is identical Lo ¢ach other and similar to the RIVD tables
discussed in Scction 2.3.3. The format for an example table follows:

First Card: Table TIdentification Card
Sccond Card: Title and Control Card (8A4, 8X, 3I3 format)

Col 1--32 Alphanumeric title for table
41-43  NMU, Number of advance ratios (1 < MU < 10)
44 46 NIM, Number of inflow ratios (i < NLM < 5)
47249 NHH, Order of highest harmonic (0 < NHH < 7)
Nevt Card(s):  Advance ratio inputs; 7F10.0 format; include if and
only if NMU > 2; use one card if 2 < NMU < 7; con-
tinuc on a second card if NMJ > 8,

Next Card: Inflow ratio inputs; 5F10.0 format; include if and
only if NLM > 2.

Next Cards;: Set of cocfficients; NMUSNLM sects required; one to
threo cards for cach set; samc forma. as for sets
of cocfficients in RIVD Tables (sec Section 2.3.3.1.3);
scc Figurce 2-3 for input sequence of the sets,
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Array name for corresponding

value of p and A (WKMU(I) and 7 !
WKLM(J) respectively) T —
Third
RWAS Table
Second
RWAS Table

__?r___

~F NMU*NLM
WKMU (NMU) —
7 / “
WKMU(3) / / e
/ /
WKMU (NLM-1) / /'
/! r g

/ WKLM(NLM) e

/ : WKLM(1)

(NLM-1)

One (1)

Number of sets of coefficients
included

Lengeh of Card Sets Not to Scale

Figure 2-3, Schematic Diagram of Card Deck
for a Set of RWAS Tables.
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2.4 FUSELAGE GROUP (include only if IPL(1l) = 0)

CARD 20 Fuselage Group Identification Card

2,4,1 Basic_ Inputs

CARD 21
XFS (1) Gross weight (1b)
(2) Stationline l (in.)
(3) Buttline Location of fuselage (in,)
(4) Waterline ’ data re’erence point (in.)
(5) Stationline (in.)
(6) Buttline Location of center (in.)
(7) Waterline of gravity (in.)
CARD 22
XFS (8) Aircraft rolling inertia, Ixx (slug-ftz)
(9) Aircraft pitching inertia, Iyy (slug-rt?)
(10) Aircraft yawing inertia, I, (slug-ftz)
(11) Aircraft product of inertia, Iy, (slug-ft2)
(12) Force and moment equation use indicator, LGF
(13) Phasing Angle (Nominal/Phasing) (deg)
(14) Phasing Angle (High/Phasing) (deg)

2.4.2 Aerodynamic Inputs (Wind Axis)

Cards 23 through 2E contain the coelficients for the High Angle and Nominal
Angle Equations. The asterisk (%) indicates the input is considered a
necessary one; see Section 3,4,

2.4.2.1 Coefficients f[or Lift Equations

CARD 23
XFS %(15) L/qat ¥ =8 = 0° (Fwd. Flt.) (£?)
(16) L/qaty = 180°, & = 0° (Rwd. FIt.) (re?)
(17) Approx. peak L/q for 0° < ew < 90°, ww = 0° (ftz)
(18) value of 6 for XFS(17) (deg)
(19) L/qaty = 0°, 6 =90° (Vert. Flt.) (£t?)
(20) L/qat ¥ = 90°, 8, = 0° (Sideward Flt.) (ftz)
(21) v(L/q)/0¥,, (£6/deg)



CARD 24

XFS (22)
%(23)
(24)

(25)

(26)

(27)

(28)

B(L/)/ 3w,

d(L/q)/d¢&,; lift curve slope at v, =
d(d(./q)/ %, )68

O(O(L/Q)/b(w ))/09 )

d(L/q)/2(6 )

b(b(L/q)/OW )/0(9 )

8 (L/q)/0'6 w)

2.4.2.2 Coefficients Tor Drag Equations

CARD 25

S *(29)
(30)
(31)
(32)
(33)
(349
(35)

CARD 26

XFS %(36)
#(37)
(38)

(39)

*(40)

(41)
(42)

~ _ A0 .
D/q at Ww =6 = 0 (Fwd. Flt)
D/q at ¥, = 180°, 6, = 0° (Rwd. F1t)
D/q at ¥, = 90°, Oy = 0° (Sideward Flt)
D/q at 6, = -90° (Ascending Vertical Flt)
D/q at & = +90° (Dr:scending Vertical Flt)
d(D/q)/0%,,
b(D/q)/b(w ); variation of drag with

'w at 9 = 0°

O(D/q)/bew, variation of drag with ew at
v, = 0°

®(d(D/q)/0¥, )/06

b(b(D/q)/b(W ))/09
O(D/q)/b(ﬁ ), variation of drag with Gwz
at t o

b(b(D/q)/N VICES
b(D/q)/b(9w3 )

2-26

(ftz/degz)

([tz/deg)
(ftz/degz)
(ftz/deg3)
(rt2/deg?)
(ftz/dcgJ)

(rt2/deg?)

(it?)
(££2)
(re?)
(£e?)
(re?)

(ftz/deg)

(ftz/degz)

(ftz/deg)
(ftz/degz)
(ftz/deg3)

(ftz/degz)
(ftz/deg3)
(ftz/deg3)



2.4,2.3 Coefficients for Pitching Moment Equations

CARD 27

XFS

CARD 25

XFS

*(43)
(44)
(45)
(40)
(47)
(48)
(49)

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

Mqat ¥ =8 = 0° (Fwd F1t)
M/q at ¥ 180°, € = 0° (Rwd. Flt)
Approx. peak M/q for O < ew < 90°, *w =0
Value of € for XFS(45)

M/q at ¥ 0%, o = 90° (vertical Flt)

w
M/q at ¥ 90°, 6, = 0° (Sideward Flt)
O(M/q)/bvw

(&)

W

bW/ q)/d(y )

d(M/q)/dv ; static longitudinal stability
2(d(M/9)/b% e,

B (W/a)/6 (¥, 1)) /b6,

d(W/q)/3(5. D)

Y SIICHS

B(Wq)/5(8 )

2,4,2,4 Coelficients for Side Force Equations

CARD 29

XFS

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

Y/q at 'w = 900, ew = o° (Sideward Flt)

Approx. peak Y/q for 0 < ¥ < 90°, 8= 0
Value of ¥ for XFS(58)

Y/q at ‘w Gw = o° (Fwd Flt)

3(Y/q) /8,

B(Y/q)/b(8, %)

B(Y/q)/3(5 )

(o]
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(re3)
(re3)
(re3)
(deg)
(re?)
(re)
((t3/deg)

(ft3/deg2)

(ft”/deg)
(£1.°/deg?)
(ct3/deg?)
(1:3/deg?)
(ft3/deg3)
(ft3/deg3)

(£e?)
(£e2)
(deg)
(£e?)
(ftz/deg)
(ftz/degz)
(ftz/deg3)



CARD 2A

Xr's *(64) b(Y/q)/M ; slope of Y vs. 'w at ew = o° (f;z/deg)
(65) o(b(v/q)/oe o, (£t%/deg®)
(©6) 5(a(1/a)/0(8, ))/bv (£t%/deg”)
(67) (¥/@)/o(8 D) (£t%/deg?)
(68) b(b(Y/q)/be ViYL (ft%/deg®)
(69) >(/Q)/o) ) (£t%/deg>)
(70)  3(d(Y/q)/28 /b (Y, %) (£62/deg™)

2.4.2.5 Coefficients for Rolling Moment Equations

CARD 2B
XFS (71) 1/q at ¥ = 90°, 6 = 0° (Sideward Flt) (£6°)
(72) Approx. peak 1/q for 0 < 'w < 900, ew = o° (ft3)
(73) Value of 'w for XFS(72) (deg)
(74) 1/qat¥ =6 =0 (Fud Flt) (ee3)
(75) o(x/q)/oe (£t3/deg)
(76) o<1/q>/o<e > (£t3/deg?)
(77) 3(/)/a6>) (£t3/deg>)
CARD 2C
XFS %(78) b(l/q)/b*w; slope of RM curve for ¥
at 8 =0° (ft3/deg)
(79) c(o(x/q>/oe o, (£t3/deg?)
(80) b(b(l/q)/b(e )/ov (£t3/degd)
(81) 3(1/)/d(¥ %) (Ft3/deg?)
(82) B(d(1/q)/08, o) (Ft3/deg>)
(83) d(1/g)/d(¥ ) (£t3/deg?)
(84) b(b(llq)/be VIORS (£t3/deg”)
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2.4.2.6 Coefficients for Yawing Moment Equations

CARD 2D
XFS (85) N/q at ¥ =90°, 6 = 0° (Sideward Flt.) (£t3)
(86) Approx. peak N/q for 0 < *wﬁ 90°, Gw =0° (ft3)
(87) Vvalue of 'w for XFS(8¢) (deg)
(88) N/qat¥ =90 = 0° (Fwd Flt) 3(ft3)
(89) b(N/q)/oe (ft”/deg)
(90) D(N/q)/b(e y (£t3/deg?)
(91) b(N/q)/b(Gw:’) (££7/deg”)
CARD 2E
XFS *(92) b(N/q)/Mw; Slope of YM curve for 'w at
o, = 0° (£t3/deg)
(93) BW/a)08 /00, (ft;/degz)
(94) b(b(N/q)/b(B ))/b' (ft /deg™)
(95)  d(V/Q)/d(Y_ 2y (£t3/aeg?)
(%) b(b(N/q)/be VUK (£t3/deg?)
(97)  dIN/Q)/B(Y, 3 (£63/deg?)
(98) b(b(N/q)/bﬁ e ) (£t3/deg*)
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2.5 ROTOR _AERODYNAMIC GROUP (omit only if IPL(6) = O and, IPL(7)

CARD 30 Rotor Aerodynamic Group Identification Card

2.5.1 Rotor Airfoil Aerodynamic (RAA) Subgroup No. 1

CARD 31A

YRR

CARD 31B

YRR

CARD 31C

YRR

CARD 31D

YRR

(1,1)
(2,1)

(3,1)
(4,1)
(5.1)
‘(‘br:

(7,1)

(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)

Drag divergence Mach number for o = 0
Mach number for lower boundary of
supcrsonic region
Maximum Cp,, normal flow, M = 0
Cocfficients of Mach number in
$ maximum C; equation, normal
flow

Max imum CL’ reversed flow, M = 0

Slope of lif: curve for M = 0
Cocfficients of M for

: lift curve slope in sub-
sonic region

C fora=0,M=0
Coefficients of o in non-
divergent drag equation

Coefficient in supersonic drag equation
Maximum nondive:gent C

Thickness/chord ratio

Control variable for using data table
Drag rise coefficient

Coefficient of yaw angle in Mach
number equation

Exponent in Mach number equation

for yawed flow

Coefficients of g for Mach
Critical in steady CM
equation

CM for gy =0, M= 0

Maximum value of yawed flow angle
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3)

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

(/deg)
(/deg?2)

(/deg)

(/deg?)
(/deg)

(deg)



CARD 31E

YRR (29,1) Zero lift line orientation at M = 0, (deg)
normal flow
(30,1) } Coefficients for zero lift line orientation (deg)

(31,1) as a function of Mach number (deg)
(32,1) (deg)
(33,1) Switch for UNSAN yawed flow effects (0 = off)

(34,1)

(35,1)

2,5.2 RAA Subgroup No. 2 (include only if IPL(6) > 2)

CARD 32A
CARD 32B

CARD 32C YRR(1,2) - YRR(35,2)
CARD 32D

CARD 32E

2.5.3 RAA Subgroup No, 3 (include only if IPL(6) > 3)

CARD 33A
CARD 33B
CARD 33C YRR(1,3) - YRR(35,3)
CARD 33D
CARD 33E

2.5.4 RAA Subgroup No. 4 (include only if IPL(6) > 4)

CARD 34A
CARD 34B
CARD 34C YRR(1,4) - YRR(35,4)
CARD 34D
CARD 34E

2,5.5 RAA Subgroup No. 5 (include only 1f IPL(6) = 5)

CARD 35A
CARD 35B

CARD 35C YRR(1,5) = YRR(35,5)
CARD 35D

CARD 35E
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2,6 MAIN ROTOR GROUP (omit i{f IPL(7) = 1 or 3)

CARD 40 Main Rotor Group Identification Card

CARD 41

XMR (1) Number of blades

(2) Undersling (in.)

(3)
(4) Radius (ft)
(5) Chord (ONLY if constant) (in.)
(6) Total twist (ONLY if linear) (deg)
(7) Flapping stop location (deg)

CARD 42

XMR (8) Stationline | Location of mast pivot (in.)
(9) Buttline point for mast tilt and (in.)
(10) Waterline conversion maneuvers (in,)
(11) Blade weight (ignored if IPL(3) # 0) (1b)
(12) Blade inertia (ignored if IPL(3) # 0) (slug-ft2)
(13) Rotor to engine gear ratio (Rotor RPM/Engine RPM)

(14)
CARD 43

XMR (15) Station number for blade moments (0.0 = hub)

(16) Hub-ty<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>