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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unpublished data which ar~ on file at the Eustis Directorate, U. S. Army Air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.

iit

B A . A= s o



FTRNYE

TABLE OF CONTENTS

e
¢
E Page
g PREFACE . . . . ¢ ¢ ¢ ¢ o o o o o o s o s o o iii
‘ LIST OF ILLUSTRATIONS . . . « ¢ « ¢ « &+ o « o o o viii
LISTOF TABLES . . . . ¢ « s o o« o o o o o o o = xi
1 1. INTRODUCTION . . « ¢ ¢ o o o o o o o o o o 1-1
1
1.1 Primary and Secondary Operations of the Program . . 1-3
1.2 Discussion of the Program Operations. . . . . . 1-17
1.3 Programming and Documentation Considerations . . . 1-19
2. INPUT FORMAT . . . . . « ¢ « &« « « « &+ o = 2-1
2,1 Gemeral . . . ¢« « ¢ ¢ ¢ 0 e e e & e e 2-1
¢ 2.2 Identification and Program Logic Group . . . . . 2-8
i 2.3 Data Table Group . . . . + +« o « + + . . 2-10
2,4 Fuselage Group . . . . =+ « ¢« ¢« « & + e« . 225
| 2.5 Rotor Aerodynamic Growp . . . . . . . . . . 2-30
2,6 Main Rotor Group . . . +« « « ¢ ¢ « .+ e 2-32
2.7 Tail Rotor Group . . .+ .« & o« & & 4 o Id 2-35
2,8 Wing Group . . .« .+« ¢« ¢ ¢« + o e e e« o o 2-38
2.9 Stabilizing Surface Groups . . . .+ .« « o+ o 2-42
2.10 Jet Group. . . . . O 0 g0 O D ©O O O C 2-46
2.11 External Store/Aerodynamic Brake Group . . . . . 2-47
2.12 Rotor Controls Group . . . .« « « « o o o 2-49
2.13 1Iteration Logic Group. . . . . .« . . .« o+ . 2-52
2.14 Flight Constants Group . .« .« « &+ ¢ o o « 2-53
2.15 Bobweight Group. . . . .« .+« =+ « « o + o o 254
2.16 Weapons Group . . =« =« o o s o o o o s 2-55
g 2.17 SCAS Group . . . . d I3 o lp ol AIA ¢ 2-56
: 2.18 Stability Analysis Times Group. « + & + + s . 2-58
3 2.19 Blade Element Data Printout Group. . . . . . . 2-=59
E 2.20 Maneuver Time Card. . . .« . .« « ¢« « « .« .« 2=60
& 2,21 Variations From Trimmed Flight. . . . . . . . 2-61
2.22 Plotting of Maneuver Time History Data . . e o« 2-62
2.23 Harmonic Analysis of Maneuver Time History Data « o+ 2-63
£ 2.24 Vector Analysis of Maneuver Time History Data., . . 2-64
2.25 Storing Maneuver Time History Data on Tape. . . . 2-65

Procodiog pags biank




USER'S GUIDE TO INPUT FORMAT . . . .

W W Wwwwlwwlwwww
— 0 OO WN -~

o

—

(#%)
.

p—
(8]

3.13
3.14
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26

General . . .+ ¢« .+ « 4 .

Identification and Program Logic Group

pData Table Growp . . . . . .
Fuselage Group . . . . .« . .
Rotor Aerodynamic Group . . . .
Main Rotor Growup . . . . . .
Tail Rotor Growp . . . . . .
Wing Group . . . . o e e
Stabilizing Surface Groups . e
Jet Group, . .« . .

External Store/Aerodynamic Brake Group

Rotor Controls Group . . . . .
Iteration Logic Group o e e e
Flight Constants Group
Bobweight Group. . .
Weapons Group . . .
SCAS Group . . . .
Stability Analysis Times Group. .
Blade Element Data Printout Group.
Maneuver Time Card. . . . . .
Variations From Trimmed Flight. .

Plotting of Maneuver Time History Data .

Harmonic Analysis of Maneuver Time History Data

Vector Analysis of Maneuver Time History Data.
Storing Maneuver Time History Data on Tape.

Miscellaneous . . . « « +« .

OUTPUT GUIDE. . . .« +« =+ + « =«

PO S S S ST R S S SR S S R o
bt ot gt b= D 00~ ON YL WON

wNoe—-0

Reference Systems . . . . . .
Sign Conventions . . . . . .
Output Groups for Input Data . .
Trim Iteration Page . . . .
Trimmed Flight Condition Pages. .
Time-Variant Trim Data . . . .
Maneuver-Time-Point Printout . .
Time History Plots. . . . . .
Output of Harmonic Analysis Routine
Vector Analysis Data . . . . .

Output of Stability Analysis Routine.

Blade Element Aerodynamic Data. .
Blade Element Bending Moment Data.

vi



g o

e A e ——— )

E‘
¢
£

DIAGNOSTIZ AND ERROR MESSAGES .

5.1 General . . . . . .
5.2 Messages o e s s s

VARIABLES SAVED DURING MANEUVERS

REFERENCES . . .« « « o+ &

vii




Figure

1-1
1-2
1-3
1-4
1-5

1-5

2-3

3-1

3-2

3-3

LIST OF ILLUSTRATIONS

Trim-Only Operation . . . . . .

Trim Followed by Maneuver . . . . .

Trim Followed by Maneuver With Stability Analysis

First Maneuver in Restart Procedure . .
Second and Later Restart Maneuvers . .

Trim and Stability Analysis. . . . .

Retrieving Maneuver Data Stored Permanently

Trim or Trim and Stability Analysis Followed by

Parameter Sweep, .« . + « + ¢ s e

Block for Operations Performed on
Maneuver Time History Data . . . . .

Plotting Operation. . . . . . . .

Harmonic Analysis Operation. . . . .

Vector Analysis and Data Reduction Operation

Operation for Storing Maneuver Time History Data on Tape

Example of Data Deck for MODEL Option .

Schematic Diagram of Card Deck
for RIVD Table . . . . . . . . .

Schematic Diagram of Card Deck
for a Set of RWAS Tables. . . . . .

Schematic of Matrices Used in the
Stability Amalysis. . . . . . .

General Lift Coefficient Versus Angle of
Attack Curve. . . . . . . . . .

General Drag Coefficidnt Versus Angle of
Attack Curve. . . . .« . . <« . .

viii

.

1-10

1-11

1-12

1-13

1-14

1-15

1-16

2-7

2-21

2-24

3-22

3-54

3-54



S e PR

&
4

Figure Page

3-4 Flow Chart for Steady-State Pitching
Moment Calculation. . . .+ + ¢« & ¢« ¢« ¢ &« e & e 3-56

3-5 Typical Curves of Pitching Moment Coefficient
Versus Angle of Attack at Various Mach Numbers . . . . 3-57

3-6 Set of Data Tables for the NACA 0012
Airfoil Section . . . . . . . . . . . . . . 3-59

3-7 Aerodynamic Surface Dihedral and Incidence Angles . . . 3-73
3'8 wing wake MOdel . . . . . . . . . . . . . . 3'87
3-9 Aerodynamic Surface Control Linkage . . . . . . . . 3-91

3-10 Effect orf Rotor Downwash on the Flow
Field at the Stabililiﬂg surfaces . . . . . . . . 3-97

3-11 Schematic Diagram of Rotor Comtrol System . . . . . . 3-105
3-12 Schematic Diagram of Control Coupling/Mixing Box. . . . 3-110
3-12 Sample Output From Program AS8l2a. . . . . . . . . 3-152

4-1 Relationship of Ground, Body, and Fuselage
Reference Systems . . . . . ¢ . ¢ ¢+ . . . 4-2

4-2 Relationship of Body and Aerodynamic Surface

Reference Systems . . . . . . . . . . . . . . 4-6
4-3 Relationship of Body and Shaft Reference Systems. . . . 4-8
4-4 Reference System for Rotor Amalysis . . . . . .« . . 4-9

4-5 Relationship of Wind and Body (Component)
Reference Systems . . . . . .« ¢ .« ¢ ¢« e e 4-11

4-6 Blade Flapping and Elastic Displacement. . . . . . . 4-15
4-7 Message Card. . .« « + ¢« + &+ 4 0 s 4 e e 4-19
4-8 Partial Printout of Data Deck Listing . . . . .« . . 4-20
4-9 Problem Identification and Basic Input Data Group . . . 4-21

4-10 Aetoelastic Blade Data . . . . . . . . . . . . b‘ZS

ix



4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23

4-24

4-25

4-26

4-27
4-28
4-29
4-30

4-31

Maneuver Specification |, |, | . , ., .
Trim Iteration Page. . . .+ .+ .« + .+
Trimmed Flight Condition Page . . . . .
Optional Trim Page . . . .+ « « « ¢ &
Partial Printout of Time-Variant Trim Data .
Harmonic Analysis Following Time-Variant Trim
Bending Moment Summary Following Time-Variant
Maneuver-Time-Point Printout Page . . . .
Rotor Elastic Response During Maneuver . .
Example Time History Plot. . . . . .+ .
Output of Harmonic Analysis Routine . . .
Vector Analysis Data . .+ . .+ .« + .
Control Partial Derivative Matrix From STAB.

Example of Partial Derivatives for STsB
Degrees of Freedom . . . . . . .« « .

Rotor and Total Partial Derivative Matrices.

Stability Matrices and Stick-Fixed
Stability Results . . . . +« . «+ .+ .

Examples of Mode Shapes of Stability Results
Numerator of Transfer Function . . . . .
Frequency Response of Transfer Functions. .
Blade Element Aerodynamic Data . . . . .

Blade Element Bending Moment Data . . . .

4-34

4-38

4-41

4-43

4-44

4-48

4-51

4-53

4-55

4-57

4-60

4-61

4-64

4-65

4-69

4-71

4-73

4-77

4-80



Table
2-1

2-2

3-2

3-3

3-5
3-6
3-7
3-8
3-9
3-10
3-11
3-12

3-13

3-15
3-16
3-17

4-1

4-3

LIST OF TABLES

Sequential Summary of Imput Groups . . . . . .

Input Data Arrays Included in NAMELIST
Specificatjon Statement . , . . . . . .+ . .

Rotor Analysis Used During Trim and Maneuver . .
Systems of Equations Used in Trim . . . . . .

Radial Stations for Induced Velocity
Distribution Tables . . . . . . .+ .« .+ . .

Fuselage Lift Equations . . . . . . . . . .
Fusclage Drag Equations . . . . . . .. . . .
Fuselage Pitching Moment Equations . . . . . .
Fuselage Side Force Equations . . . . . . .,

Fusclage Rolling Moment Equations. . . . . . .
Fuselage Yawing Moment Equations . . . . . .
Relationship of Unsteady and Yawed Flow Models .

Basic Rotor Control Rigging. . . . . . . . .
Definitions of Control System Varjables, . . . .
Control Coupling Linkuges . . , .+ .« « + o+ .
Intermediate Control Angles. . . . . . . . .
Complete Model for Collective and Swashplate Angles,
Reset Values for Control Inmputs . . . . . . .
Rotor Naning Conveuntion . . . . . . . . .

OQutput Groups .+ « « ¢ ¢« & e e e e e e
Sign Conventions for Rotor Related Parameters D

Conventions for Specific Configurations. . . . .

wi

3-33
3-40
3-41
3-42
3-43
3-44
3-45
3-48

3-104

3-108

3-108

3-109

3-111

3-112

3-145

4e3
4-12

h-43



Table Page

4-4 Definitions of Blade Element Aerodynamic Parameters. . . 4-75

6-1 Code Numbers for Variables Saved .

xii



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

1-3



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.
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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

2-11



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

(in.-lb-seczlin.)



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)
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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-type indicator (0.0 = gimbaled)

(17) Flapping stop spring rate

(18) Flapping spring rate

(19) Reduced rotor frequency for UNSAN option
(20) Lead-lag damper

(21) Hub extent

CARD 44

XMR (22) Precone

(23) Pitch change axis location (0.0 = 25% chord)

(24) Pitch-flap coupling angle, 63
(25) Drag coefficient for hub
(20)

(27) Coefficient for tip-vortex effect (0.0 = off)

(28)
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(ft-1b/deg)
(ft-1b/deg)

(/rev)
(1b-sec/ft)

(ft)

(deg)

(chords)

(deg)



CARD 45

CARD 46

CARD 47

XMR

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

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

(42)

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

Tip sweep angle (+ aft) (deg)
Shift in ac at tip (+ aft) (in.)
Moment arm of pitch-link attach point (+ fwd) (in.)
Distance from hub to pitch-horn attach point (in.)
Rotor nacelle weight (1b)
Stationline Location of rotor nacelle (in.)
Buttline center of gravity (in.)
Waterline (in,)
Rotor nacelle differential flat plate drag area (ftz)
Distance from mast pivot point to rotor nacelle (ft)

aerodynamic center

Control phasing (deg)
F/A mast tilt (+ fwd) (deg)
Lateral mast tilt (+ right) (deg)
Mast lerngth (+ up) (ft)
Incremental torsional inertia of mast (slug-ftz)
Torsional spring constant of mast (ft-1b/deg)

Torsional damping ratio for mast

CARD 48 Fore-and-Aft Dynamic Pylon (include only if IPL(8) = 1 or 3)

XMP

CARD 49 Lateral

XMP

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

(8)

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

Pylon inertia (slug-ftz)
Pylon damping (ft-1b-sec/deg)
Pylon spring rate (ft-1b/deg)
Effective length of focused pylon (ft)
F/A cyclic coupling ratio (deg/deg)
Lateral cyclic coupling ratio (deg/deg)
Collective coupling ratio (deg/deg)

Dynamic Pylon (include only if IPL(8) = 1 or 3)

Pylon inertila (slug-ftz)
Pylon damping (ft-1b-sec/deg)
Pylon spring rate (ft-1b/deg)
Effective length of focused pylon (ft)
F/A cyclic coupling ratio (deg/deg)
Lateral cyclic coupling ratio (deg/deg)
Collective coupling ratio (deg/deg)

2-33



CARDS 4A, 4B, 4C (include only if XMR(5) = 0.0)
XMC(1) - XMC(20) Blade chord distribution; Blade Stations
No. 1 to 20 (root to tip)
XMC(21) Not used (in.)
CARDS 4D, 4E, 4F (include only if XMR(6) > 100.0)
XMT(1) - XMT(20) Blade twist distribution; Blade Stations
No. 1 to 20 (root to tip)
XMT(21) Not used (az7)
CARD 4G (include only if IPL(18) < 0)
IDTABM(1) - IDTABM(20) Blade airfoil distribution; Blade

Stations No, 1 to 20 (root to tip);
2011 format
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2.7

CARD

CARD

CARD

CARD

CARD

TAIL ROTCR GROUP (omit if IPL(1) # 0 or if IPL(7) = 2 or 3)

50 Tail Rotor Group Identification Card

51

XTR

52

XTR

53

XTR

54

XTR

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

(8)

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

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

(22)
(23)
(24)
(25)
(20)
(27)
(28)

Number of blades

Undersling (in.)
Radius (ft)
Chord (ONLY if constant) (in.)
Total twist (ONLY if linear) (deg)
Flapping stop location (deg)
Stationline ) Location of mast pivot (in,)
Buttline point for mast tilt and (in.)
Waterline conversion maneuvers (in.)
Blade weight (ignored if IPL(4) # 0) (1b)
Blade inertia (ignored if IPL(4) # 0) (slug-ft2)

Rotor to engine gear ratio (Rotor RPM/Engine RPM)

Station Number for blade moments (0.0 = hub)
Hub-type indicator (0.0 = gimbaled)

Flapping stop spring rate (ft-1b/deg)
Flapping spring rate (ft-1b/deg)
Reduced rotor frequency for UNSAN option (/rev)
Lead-lag damper (1b-sec/ft)
Hub extent (ft)
Precone (deg)
Pitch change axis location (0.0 = 257 chord) (chords)
Pitch-flap coupling angle, 63 (deg)

Drag coefficient for hub

Coefficient for tip vortex effect (0.0 = off)
Sidewash coefficient (deg/deg)
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CARD 55

XTR

CARD 56

XTR

CARD 57

XTR

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

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

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

Tip sweep angle (+ aft) (deg)
Shift in aerodynamic center at tip (+ aft) (in,)
Moment arm of pitch-link attach point (+ fwd) (in.)
Distance from hub to pitch-horn attach point (in,)
Rotor nacelle weight (1b)
Stationline Location of rotor nacelle (in.)
Buttline center of gravity (in,)
Waterline 2
Rotor nacelle differential flat plate drag area (ft°)
Distance from mast pivot point to rotor nacelle (ft)
Control phasing (deg)
F/A mast tilt (+ fwd) (deg)
Lateral mast tilt (= 290 for tail rotcr) (deg)
Mast length (ft)
Incremental torsional inertia of mast (slug-ftz)
Torsional spring rate of mast (ft-1b/deg)
Torsional damping ratio of mast

CARD 58 Fore-and-Aft Dynamic Pylon (include only if IPL(8) = 2 or 3)

XTP

CARD 59 Lateral

XTP

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

(8)

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

Pylon inertia (slug-ftz)
Pylon damping (ft-1b-sec/deg)
Pylon spring rate (£t-1b/deg)
Effective length of focused pylon (ft)
F/A cyclic coupling ratio (deg/deg)
Lateral cyclic coupling ratio (deg/deg)
Collective coupling ratio (deg/deg)

Dynamic Pylon (include only if IPL(8) = 2 or 3)

Pylon inertia (slug-ftz)
Pylon damping (ft-1b-sec/deg)
Pylon spring rate (ft-1b/deg)
Effective length of focused pylon (ft)
F/A cyclic coupling ratio (deg/deg)
Lateral cyclic coupling ratio (deg/deg)
Collective coupling ratio (deg/dey)
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CARDS 5A, 5B, 5C (include only if XTR(5) = 0.0)
YTC(1l) = XTC(20) Blade chord (root to tip)
CARDS 3D, SE, 5F (include only if XTR(6) > 100.0)
XTT(1l) » XTT(20) Blade twist (root to tip)
CARD 5G (include only if IPL(19) < 0)

IDTABT(1) -» IDTABT(20) Blade airfoil distribution
(root to tip); 20I1 format
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2.8 WING GROUP (omit if IPL(9) = 0 or IPL(1l) # 0)

CARD 60 Wing Group Identification Card

2.8.1 Basic Inputs

CARD 61

XWG

CARD 62

XWG

CARD 63

XWG

(1)
(2)
19)
(4

(5)
(6)
(7)

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

(14)

Wing Area (including carry-through)

Stationline Location of center of
Buttline pressure for right
Waterline wing panel

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

Geometric aspect ratio

Spanwise efficiency factor

Taper ratio of wing

Cocfficient in equation for dynamic pressure
reduction at stabilizers due to wing

Dynamic pressure reduction at wing duc to
fuselage

Coefficient in equation for wing wake
centerline deflection

Control surface (flap) deflection

| Coefficients for change in lift coefficient

{ as a functicn of control surface deflection

) Coefficients for change in maximum lift coef-

j ficient as a function of control surface
deflection

| Coefficients for change in profile drag coef-
{ficient as a function of control surface
deflection
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(ce?)
(in.)
(in.)
(in.)
(deg)
(deg)
(deg)

(deg)
(deg)

(/de%)
(/deg*®)
(/deg)
(/deg?)

(/deg)
(/degé)



CARD 64

XWG

CARD 65

XWG

CARD 66

XWG

(22)
(23)

(24)
(25)
(26)

(27)
(28)

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

(35)

(36)

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

(42)

} Coefficients for change in wing

pitching moment as a function
of control surface deflection
Coefficicnts for downwash at

‘ the right wing panel due
to the fuselage

}Coefficients for sidewash at
the right wing panel due to
fuselage

Effect of Rotor
Ef fect of Rotor
Effect of Rotor

N

Coefficient of sideslip in roll
moment equation

Coefficient of sideslip and CL in
roll moment equation

Coefficient of yaw rate and C

in roll moment equation

Coefficient of roll rate in roll
moment cquation

Coefficient of sideslip in yaw
moment equation

Coefficient of sideslip and CL2 in
yaw momcnt equation

Coefficient of yaw rate and CL2 in
yaw moment cquation

Ccefficient of yaw rate and CD

it yaw moment equation o)
coefficient of roll rate and CL in
yaw moment equation

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

2-39

wake on R/H wi- ~ panel
wake on L/H wi 4 panel
wake on L/H wing panel
Effect of Rotor 2 wake on R/H wing panel

(/deg)
/degg)

(deg)
(d?g/deg)
(deg/deg?)
(deg/de§)
(deg/deg”)

(deg)



2.8.2 Aerodynamic Inputs

CARD 67

YWG

CARD 68

YWG

CARD 69

YWG

CARD 6A

YWG

NOTE:

(1)
(2)
(3)

(4)
(5)
(6)
(7)

(8)

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

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

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

The

stabilizing surfaces (YSTBl, YSTB2, YSTB3, and YSTB4

Drag divergence Mach number for o = 0

Mach number for lower boundary of supersonic region

Maximum C., normal flow, M (Mach number) = O

L
Coefficients of Mach number

}in maximum CL 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

C.forax=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 using of data table
Drag rise coefficient

Mach Critical in steady CM
equation

CM fora =0, M=0

} Coefficients for a for

descriptions for the aerodynamic inputs for the

arrays) are identical to that for the YWG array.
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(/deg)
(/deg)
(/deg)
(/deg)

(/deg)
(/deg?)

(/deg)

(/deg?)
(deg)



2.8.3 cControl Linkage Inputs (include only if IPL(9) > 0)

CARD 6B
XCWG (1) |Coefficlents for rigging wing angle to (deg/in,)
(2) fcollective stick position (deg/in.2)
(3) Breakpoint for collective rigging (%)
(4) \Coefficients for rigging wing to (deg/in,)
(5) fF/A cyclic stick position (deg/in.2)
(6) Breakpoint for F/A cyclic rigging (%)
(7) Linkage switch (0.0 for incidence)
CARD 6C
XCWG  (8) |Coefficients for rigging right wing panel to (deg/in,)
(9) flateral cyclic stick position (deg/in.2)
(10) Breakpoint for lateral stick rigging (%)
(11) \Coefficients for rigging right wing panel (c=g/in.)
(12) }to pedal position (deg/in.2)
(13) Breakpoint for pedal rigging (%)
(14) Coefficient for rigging wing angle (deg/deg)

to F/A mast tilt
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2.9 ING SURF (omit all four groups if IPL(10) = 0 or

IPL(1) # 0)

2.9.1 Stabilizing Surface Group No. 1 (include only if|IPL(10)| 21)

CARD 70 Stabilizing Surface Group No. 1 Identification Card

2,9.1.1 Basic Inputs

CARD 71

XSTB1

CARD 72

XSTB1

CARD 73

XSTB1

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

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

(13)
(14)

(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

Tail-boom bending coefficient
Dynamic pressure reduction at
surface due to fuselage

Downwash at surface due to wing
Control surface deflection

|Coefficients for a change in lift
fcoefficient as a function of
control surface deflection
|Coefficients for change in maximum
jl1ift coefficient as a function of
control surface deflection

| Coefficients for change in profile
jdrag as a function of control
surface deflection
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(£e?)
(in.)
(in.)
(in.)
(deg)
(deg)
(deg)

(rad/1b)

(deg)
(deg)

(/deg)
(/deg?)

(/deg)
(/deg?)

(/deg)
(/deg?)



CARD 74

XSTBl (22) ) Coefficients for change in surface (/de,)
(23) | pitching moment coefficient as a (/deg?)
function of control surface deflection
(24) Coefficients for downwash at (deg)
(25) | surface due to the fuselage (deg/deg)
(26) | (deg/deg?)
(27) ) Coefficients for sidewash at the (deg/deg)
(28) | surface due to the fuselage (deg/deg?)
CARD 75

XSTBl (29) Effect of Rotor 1 wake or the surface
(30) Suilacity at which surface starts to

enter Rotor 1 wake (KTAS)
(31) Velocity at which surface is com-
pletely in the Rotor 1 wake (KTAS)

(32) Effect of Rotor 2 wake on the surface
(33) Velocity at which surface starts to

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

(35)

2.9.1.2 Aerodynamic Inputs

CARD 76
CARD 77 YSTB1(1)2YSTB1(28)
CARD 78
CARD 79

2.9.1.3 Control Linkage Inputs (include only if IPL(10) > 1)

CARD 7A
XcS1 (1) ) Coefficients for rigging stabilizer angle (deg/in.)
(2) | position to collective position (deg/in.2)
(3) Breakpoint for collective rigging (%)
(4) |Coefficients for rigging stabilizer angle (deg/in,)
(5) fposition to F/A cyclic stick position (deg/in.z)
(6) Breakpoint for F/A cyclic rigging (%)

(7) Linkage switch (0.0 for incidence)
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CARD 7B

Xcsl

(8)

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

} Coefficient for rigging stabilizer angle

position to lateral cyclic position

Breakpoint for lateral cyclic rigging
Coefficients for rigging stabilizer angle
to pedal position

Breakpoint for pedal rigging

Coefficient for rigging stabilizer to

F/A mast tilt

(deg/in,)
(deg/in.2)
(%)
(deg/in.)
(deg/in.2)
(%)
(deg/deg)

2.9.2 Stabilizing Surface No. 2 (include only if |1PL(10)| > 2)

CARD 80
2.9.2.1

CARD 81
CARD 82
CARD 83
CARD 84
CARD 85

2.9.2.2
CARD 86
CARD 87
CARD 88
CARD 89
2.9.2.3

CARD 8A
CARD 8B

Stabilizing Surface No. 2 Identification Card

Basic Inputs

XSTB2(1) - XSTB2(35)

Aerodynamic Inputs

Control Linkage Inputs (include only if IPL(10) > 2)

YSTB2(1) - YSTB2(28)

} XCS2(1) - Xcs2(14)

2.9.3 Stabilizing Surface No. 3 (include only if lIPL(10)| >3)

CARD 90 Stabilizing Surface No. 3 Identification Card

2.9.3.1

CARD 91
CARD 92
CARD 93
CARD 94
CARD 95

Basic Inputs

XSTB3(1) - XSTB3(35)
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2.9.3.2 Aerodynamic Inputs
CARD 9%

CARD 97
CARD 98 YSTB3(1) - YSTB3(28)

ZARD 99
2.9.3.3 Control Linkage Inputs (include only if IPL(10) 23)

CARD 9A

s } XCS3(1) - XCS3(14)

2.9.4 Stabilizing Surface No. 4 (include only if |IPL(10)] = 4)
4 y

GARD 100 Stabilizing Surface No. 4 Identification Card

2.9.4.1 Basic Inputs

CARD 101

CARD 102

CARD 103 ) XSTB4(1) -» XSTB4(35)
CARD 104

CARD 105

2.9.4.2 Aerodynamic Inputis

CARD 106

CARD 107 { YSTB4(1) - YSTB4(28)
CARD 108

CARD 109

2.9.4.3 Control Linkage Inputs (include only if IPL(10) = 4)

CARD 10A

iy }xcsa(l) - XSC4(14)
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2.10 JET GROUP

(omit if IPL(11) = 0 or IPL(1) # 0)

CARD 110 Jet Group Identification Card

CARD 111

XJET

CARD 112

XJET

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

(8)

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

Number of controllable jets
Thrust of right, or rirst, jet
Thrust of left, or second, jet

Stationline Location of right
Buttline (first) jet thrust
Waterline

Yaw angle, body to right (first) jet
Pitch angle, body to right (first) jet
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(1b)
(1b)
(in.)
(in.)
(in.)

(deg)
(deg)



2.11 EXTERNAL STORE/AERODYNAMIC BRAKE GROUP

IPL(12) = 0 or IPL(1l) # 0)

CARD 120 Store/Brake Group Identification Card

2.11,1 Store/Brake No. 1 (include only if IPL(12) > 1)

CARD 121A

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

(6)

(7)
CARD 121B

XST1  (8)
{2)
(10)
(11)
(12)

(13)
(14)
CARD 121C

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

Weight of store (< 0 for aerodynamic brake)

Stationline Location of store/
Buttline brake center of
Waterline gravity

Distance from cg to center of
pressure at o_ = 0 (+ aft)

Distance from cp at asc = 0 to
cp at a7 t 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 f[rom
tail rotor

Aerodynamic brake deployment

Ly/a

L,/q

Do/q Coeificients for store/
DSIDE/q brake lift, drag, and side
DTOP/q force equations

Yy/a

Y,/q
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(omit entire group if

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

(in.)

(in.)

(:’ug—'tg)

(sisg-izy)
(sly; - :E

PO~

(slug- "¢ )

(%)

(£t?)
(£t?)
(£t?)
(£e?)
(et’

(ft©,
(£t?)



2.11.2 Store/Brake No. 2 (include only if IPL(12) > 2)

CARD 122A

CARD 1228 ‘ XST2(1) - XST2(21); same input sequence and

CARD 122C format as XSTL1(1l) - XST1(21)
2.11.3 Sstore/Brake No. 3 (include only if IPL(12) > 3)

CARD 123A

CARD 123B i XST3(1) - XST3(21); same input sequence and format
CARD 123C as XST1(1) -» XST1(21)

2.11,4 Store/Brake No. 4 (include only if IPL(12) = 4)

CARD 124A .
CARD 124B XST4(1) -» XST4(21); same input sequence and
CARD 124C format as XST1(1) -» XST1(21)
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2.12 ROTOR CONTROLS GROUP

CARD 130 Controls Group Identification Card

2.12.1 Basic Controls Subgroup

CARD 131

XCON (1)
(2)

(3)
(4)

CARD 132
XCON  (8)
(9)
(10)
(11)

(12)
(13)

(14)
CARD 133

XCON (15)
(16)

(17)
(18)

(19)
(20)

(21)

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

Range of collective pitch for Rotor 1 (BM = 0)

Rotor 1 collective pitch lock indicator
(# 0 for locked)
Rotor 1 root collective pitch if XCON(4) # O
Change in Jet Thrust with collective stick
position

Range of F/A cyclic stick
Rotor 1 F/A cyclic pitch with stick full aft
Range of F/A cyclic pitch for Rotor 1
Rotor 1 F/A cyclic pitch lock indicator
(# 0 for locked)
Rotor 1 F/A cyclic pitch if XCON(1l1l) # O
Change in Jet Thrust with F/A cyclic stick
position

Range of lateral cyclic stick

Rotor 1 lateral cyclic pitch with stick
full left

Range of lateral cyclic pitch for Rotor 1

Rotor 1 lateral cyclic pitch lock indicator
(# 0 for locked)

Rotor 1 lateral cyclic pitch if XCON(18) # O

Change in Jet Thrust with lateral cyclic
stick position
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(in-)
(deg)

(deg)

(deg)
(1b/in.)

(in.)
(deg)
(deg)

(deg)
(1b/in.)

(in.)
(deg)

(deg)

(deg)
(1b/in,)



CARD 134

XCON

(24)
(25)

(26)
(27)
(28)

Range of pedals

Rotor 2 collective pitch with pedals full
right

Range of collective pitch for Rotor 2

Rotor 2 collective pitch lock indicator
(# 0 for locked)

Rotor 2 collective pitch if XCON(25) # O

Change in Jet Thrust with pedal position

(in.)
(deg)

(deg)

(deg)
(1b/in.)

2.12.2 Supplemental Rotor

Controls Subgroup (omit if IPL(13) = 0)

CARD 135

XCRT

(1)
(2)

(3)

(4)

(5)

(6)

(7)

Change in
to change
Change in
change in
angle

Change in

Rotor 2 collective pitch angle due
in intermediate collective angle (deg/deg)
Rotor 1 collective pitch angle due to
intermediate F/A cyclic control

(deg/deg)
Rotor 2 collective pitch angle due

to change in intermediate F/A cyclic control
angle

Change in Rotor 2 F/A cyclic pitch angle due
to change in intermediate F/A cyclic control
angle

Change in Rotor 1 collective pitch angle due
to change in intermediate lateral cyclic
control angle :

Change in Rotor 2 collective pitch angle due
to change in intermediate lateral cyclic
control angle

Change in Rotor 1 F/A cyclic pitch due to
change in intermediate lateral cyclic
control angle
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(deg/deg)

(deg/deg)

(deg/deg)

(deg/deg)

(deg/deg)



CARD 1306

XCRT

CARD 137

XCRT

CARD 13%

XCRT

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

(12wd)

(23)
(24)
(25)
(20)
(27)
(2%)

Change in Rotor 2 F/A cyclic pitch due to
change in i1ateral cyclic control angle
Change in Rotor 2 lateral cyclic pitch due
to change in lateral cyclic control angle
Change in Rotor 1 collective pitch angle
duc to change in pedal control angle
Change in Rotor 1 F/A cvclic pitch duc to
change in pedal contro angle

Change in Rotor 2 F/A cyclic pitch duc to
change in pedal control angle

Changce in Rotor 1 tateral cvelic pitch duc
to change in pedal control angle

Change in Rotor 2 lateral c.clic pitch duc
to hangc i pedal control angle

Switch Lo changc rotor control linkages

with F/A mast tilt (0.0 = no changc)
Cocfficicents for charging XCON(2) as a

} function of F/A mast tilt

Rangc of collective pitch for Rotor !

at F/A mast tilt = 90°

Cocfficient for modifying XCRT(5) and

XCRT(6) ~s a function of F/A mast tilt

} Cocfficients for modifying XCRT(10) .s
a functicn of F/A mast tilt

Cocfficient for nonlincar rigging of

Rotor 1 collective pitch

}Cocfficicnts for nonlincar rigging of
Rotor 1 F/A cyclic piich

}Cocf(icicnts for nontincar rigging of
Rotor 1 lateral cyclic pitch

| Cocfficicnts for nonlincar rigging of

f Rotor 2 collcctive pitch
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(deg/deg)
(dcg/deg)
(deg/deg)
(deg/deg)
(dcg/deg)
(deg/deg)

(deg/deg)

(deg/deg)
(deg/cg )

(deg)

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

2
(dee/in.7)

(deg/in,)
(d(g/in.z)
(deg/ing)
(deg/in.?)
\dcg/inz)
(acg/in. )



2.13% 1ITERATION LOGIC GROUP

CARD 140
CARD 141

XIT

CARD 142

XIT

CARD 143

XIT

Iteration Logic Group Identification Card

(1)
(2)
(3)

(4)
(5)

(6)
(7)

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

(13)
(14)

(15)
(16)
(1)
(18)

(19)
(20)

(21)

Iteration limit for TRIM
AY of rotor(s) for time-variant trim
Limiter or change in average rotor-induced

velocity

Partial derivative increment for STAR

Minimum value for

correction limit

Minimum value for

correction limit

Maximum value for

main rotor

Maximum value for

tail rotor

main rotor flapping angle

tail rotor flapping angle

(deg)

(ft/sec)

(deg)

((ll‘é)

use of variable damper for

(re-11)

use of variable damper for

Starting valuc [or TRIM correction limit
Minimum value for TRIM correction limit
Maximum value for use of variable damper

in TRIM

Allowable
Allowuablc
Allowablc
Allowablc

crror
crror
crror
crror

moment balance

Allowablc
Allowablc

crror
crror

moment balance

Allowable

crror

moment balance

in
in
in
in

in
in

in

F/A force balance
lateral force balancec
vertical force balance
pitching and yawing

rolling moment b.lance
main rotor [lapping

tail rotor {lapping
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(ft-1b)
(deg)
(deg)

(1b or (t-1b)

(1b)
(1b)
(1b)

(ft-1b)
(ft-1b)

(ft-1b)

(ft-1b)



2.14 FLIGHT CONSTANTS GROUP

NOTE:

CARD 151

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

CARD 152

XFC (8)
(9)
(10)
(11)
(12)
(13)
(14)

CARD 153

XFC  (15)
(l6)
(17)
(18)
(19)
(20)
(2L)

CARD 154

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

NOTE :

There is no CARD 150 because there is no
Group Identification Card for Flight Con-
stants Group.

Forward velocity (ground reference)
Lateral velocity (ground reference)
Rate of climb (ground reference)
Altitude (geometric)

Euler angle yaw (heading angle)
Euler angle pitch

Euler angle roll

Collective stick position

F/A cyclic stick position
Lateral cyclic stick position
Pedal position

g level

Main rotor F/A flapping anglec
Main rotor lateral [lapping anglec
Tail rotor F/A flapping anglc
Tail rotor i1ateral flapping angle
Main rotor thrust

Tail rotor thrust

Maximum engine horsepower available
Engine RPM

Atmospheric logic switch (0.0 = Std, Day)
Pressure altitude

Ambient temperature

END OF TRIM OR TRIM-3TAB DECK.
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(kt)
(kt)
(ft/sec)
(ft)
(deg)
(deg)
(deg)

(%)
(%)
(%)
(%)

(deg)
(deg)
(deg)
(deg)
(1b)
(1b)

(hp)
(rpm)

(ft)
(°c or °F)



2.15 BOBWEIGHT GROUP

CARD 200 Bobweight Grovp Identification Card

CARD 201

XBW

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

Effectivity coefficient
Spring constant

Damping coefficient
weight of bobweight

g prcload

2-54

(includc cnly if NPART = 2 or 4 and IPL(14) # 0)

(deg/in,)
(1b/in.)
(lb-sec/in,)
(1b)

(g)



2.16 WEAPONS GROUP (include only if NPART = 2 or 4 and IPL(14) # 0)

CARD 210 Weapons Group Identification Card

CARD 211

XGN

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

Stationline

Buttline Location of weapon
Waterline

Azimuth (+ right)

Elevation (+ up)
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(in.)
(in.)
(in.)
(deg)
(deg)



2.17 SCAS _GROUP

(include only if NPART = 2 or 4 and IPL(14) # 0)

CARD 220 SCAS Group Identification Card

CARD 221

XSCAS

CARD 222

XSCAS

CARD 223

XSCAS

(1)

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

(8)

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

(15)

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

KH’ Roll response feedback gain

Y

Y
(8 I ~ N S

Roll channel

2

time constants

2

-3

K., Roll pilot feedforward gain

(]

KH' Pitch response feedback gain

A 4

Y
(S, Y R N

Pitch channel

time constants

K., Pitch pilot [eedforward gain

(]

KH, Yaw response fcedback gain

-3

1
TZ Yaw channel
73 time constants
Ty
i
KG’ Yaw pilot fcedforward gain
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(in., of stick-sec)

(deg)
(sec)

(sec)
(sec)
(sec)
(sec)
(in, of stick-sec)

(in., of stick)

(in. of stick-sec)

(deg)
(sec)

(sec)
(sec)
(sec)
(sec)
(in. of stick-sec)

(in. of stick)

(in. of pedal-sec)

(deg)
(sec)

(sec)
(sec)
(sec)
(sec)

(in. of pedal sec)

(in. of pedal)



CARD 224

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

Maximum Authority in Roll
Maximum Authority in Pitch
Maximum Authority in Yaw

Dead band for d/dt (Roll Moment)
Dead band for d/dt (Pitch Moment)
Dead band for d/dt (Yaw Moment)
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(%)
(%)
(%)
(ft-1b/sec)
(ft-1b/sec)
(ft-1b/sec)



2.18 STABILITY ANALYSIS TIMES GROUP (include only if NPART = 2, 4,
IPL(14) # 0)

CARD 230 Stability Analysis Times Group Identification Card

CARD 231
TSTAB (1) Time or azimuth angle for first analysis (sec
(2) Time or azimuth angle for second analysis (sec
(3) Time or .zimuth .ngle for third analysis (sec
(4) Time ur azimuth angle for fourth analysis (sec
(5) Time or azimuth angle for fifth analysis (sec
(6) Time or azimuth angle for sixth analysis (sec
(7) Time or azimuth angle for seventh analysis (sec
CARD 232
TSTAB (8) Time or azimuth angle for eighth analysis (sec
(9) Time or azimuth angle for ninth analysis (sec
(10) Time or azimuth angle for tenth analysis (sec
(11) Time or azimuth angle for eleventh analysis (sec
(12) Time or azimuth angle for twelfth analysis (sec
(13) Time or azimuth angle for thirteenth analysis (sec
(14) Time or azimuth angle for fourteenth analysis (sec

NOTE: 1If no stability analyses are to be performed, TSTAB(1)
must refer to time or rotor azimuth angle after the
end of the maneuver. A value of 9999, (seconds) is a
suggested input for this case.
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or

or
or
or
or
or
or
or

or
or
or
or
or
or
or

5 and

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

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



2.19 BLADE ELEMENT DATA PRINTOUT GROUP (include only if NPART = 2,

CARD 240 Blade Element Data Printout Group Identification Card

CARD 241

\()

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

TAIR

CARD 242
TAIR (8)
(9)
(10)
(11)
(12)
(13)
(14)

NOTE:

Time
Time
Time
Time
Time
Time
Time

Time
Time
Time
Time
Time
Time
Time

If no
refer

or
or
or
or
or
or
or

or
or
or
or
or
or
or

azimuth
azimuth
azimuth
azimuth
azimuth
azimuth
azimuth

azimuth
azimuth
azimuth
azimuth
azimuth
azimuth
azimuth

angle
angle
angle
angle
angle
angle
angle

angle
angle
angle
angle
angle
angle
angle

printouts are to

for
for
for
for
for
for
for

fo-
for
for
for
for
for
for

5 and IPL(14) # 0)

first printout
second printout
third printout
fourth printout
fifth printout
sixth printout
seventh printout

eighth printout
ninth printout
tenth printout
eleventh printout
twelfth printout
thirteenth printout
fourteenth printout

be made, TAIR(1l) must
to a time or rotor azimuth angle after

the end of the maneuver.
(seconds) is a suggested input for this case.

A value of 9999,
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(sec
(sec
(sec
(sec
(sec
(sec
(sec

(sec
(sec
(sec
(sec
(sec
(sec
(sec

or
or
or
or
or
or
or

or
or
or
or
or
or
or

or

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

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



2,20 MANEUVER TIME CARD (include only if NPART = 2, &, o. 3)

CARD 301

TCI

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

(6)
(7)

Start time of maneuver

First time or azimuth increment

Time to stop using first increment
Second time or azimuth increment

Time to stop using second increment and
return to first increment

Time to stop the maneuver
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(sec)
(sec or deg)
(sec)
(sec or deg)

(sec)
(sec)



2.21 VARIATIONS FROM TRIMMED FLIGHT (This card type may be included
only if NPART = 2, 4, or 5

CARD

CARD
CARD
CARD

CARD

CARD

CARD

311

312
313

314

329
330

331

Col.
Col.
Col,
Col.
Col.
Col,
Col.
Col.

Same
Same

Same

11

21 -

31
41
51
6l
as

as

as

- 20
3

- 40
- 50

CARD 311
CARD 311

CARD 3!:

NEXTJ ( = O for last card in group)
J, variation selector

Inputs which define the variations

for each value of J in 6F10.0
format
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2.22 PLOTTING OF MANEUVER TIME HISTORY DATA (This group may be included

only if NPART = 2, 4, or 5; otherwise it must be excluded)

CARD 401

Col., 2
4

CARDS 402A, 4028B,

Col., 3
8
13
20
25
31
41
51

5
10
15

40
50
60

NOP (Must equal 3 for plotting)
NPRINT Print Control

(One for each set of plots desired -
30 maximum)

KV1l, Code of variable 1

KV2, Code of variable 2

KV3, Code of variable 3

KEY (1 = plot on Printer only)
KEYS (0 = last 402-type card)
SCl, Minimum scale for KV1

SC2, Minimum scale for KV2

SC3, Minimum scale for KV3

Sce Section 6 for the code numbers to be used for KV1, KV2, and KV3,.
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2.23 HARMONIC ANALYSIS OF MANEUVER TIME HISTORY DATA (These cards may

be included only if NPART = 2, 4, 5, or 8)

CARD 501

11 -
210 =
26 -

31 -

41

15

25

30

35

45

CARDS 502A, 502B, etc.

NOP (must equal 9 for harmonic
analysis)

NVARA, Number of variables to be
frequency analyzed

AL(l), Start time for interval
to be analyzed

AH(1l), Stop time for iunterval

to be analyzed

NVARB, Print control for ampli-
tude function (0 = print only)
AL(2), Base frequency for analysis
(0.0 = M/R 1l/rev)

(sec)

(sec)

(cps)

Code numbers of variables to be analyzed (see Section 6 for

code numbers),

Format is up to 14 code numbers per card

in 5 column fields (1415 format).
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2.24 VECTOR ANALYSIS OF MANEUVEK TIME HISTORY DATA (These cards may
be included only if NPART = 2, &4, 5, or 8

CARD 601
Col. 1 - 2
11 - 15
26 - 30
31 - 35
41 - 45
51 - 55

CARD 602A, 602B, etc.

NOP (must equal 11 for curve fitting)
NVARA, Total number of curves to be
fit in Step 1

AL(1l), Baseline frequency ior Step 1 (cps)
NVARB, Total number of reference
curves for Step 2

AL(2), Totai number of curve fits

in Step 3

NVARC, Number of time points to

be skipped before step 1 curve

fit begins

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

1415 format)

CARD 603A, 603B, etc.

Col. 1 - 5
6 - 10
11 - 15
le - 20
21 - 25

(NV.RB sets cf these cards, 1415 for each card)

NX, Quantity of variables to be
compared to reference variables
Code number of reference variables

NX -ode numbers of variables to be
compared to reference variable

CARDS 604A, 604B, etc. (AL(2) cards of this type)

Col. 1 - 5
6 - 10
11 - 15

Code number for variabl. C
Code number for varial te D
Code number [or vari.ble E

See Section 6 for the code numbers of the variables,
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2.25 STORING MANEUVER TIME HISTORY DATA ON TAPE (This card may be
included only if NPART = 2, 4, or 5)

CARD 701
Col. 2 NOP (must equal 8 for tape file operations)

11-15 NOP! (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 Ol),
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3. USER'S GUIDE TO INPUT FORMAT

This section of the report presents a discussion of the inputs defined in
Section 2. It is primarily intended for the inexperienced user of the
program and for reference purposes. To simplify cross reference between
the two cections, the numbers of the subsections of this section corre-
spond to those in Section 2; e,g., the inputs for the Main Rotor given in
Section 2.6 are discussed in Section 3.6,

The units for each dimensional input are given at the right side of

the page throughout Section 2. Whenever possible, inputs which are
normally classified as nondimensional are given units to help explain
them. For example, the units for the pylon control coupling ratios on
CARDS 48, 49, 58, and 59 are given as deg/deg, indicating that the ratios
are degrees of control input per degree of pylon motion, rather than being
left blank to indicate a nondimensional input.

Most inputs are read into arrays. The first character in each array name
and most individual variables is a code for the general classification of

the array or variable. This relationship of first character and data type
is given below.

X For the most part, inputs which can be physically
measured, analytically determined, or defined and
which relate directly to the rotorcraft configura-
tion.

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

1 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 stability analysis

(3) Trim followed by maneuver with stability analysis during
maneuver.

(4) Trim followed by maneuver where maneuver time point data are
stored for a subsequent restart of the maneuver,

(5) Maneuver restart

(6) Trim followered by stability analysis; no maneuver.
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(7) Retrieval of maneuver data stored on tape.
(8) Sweeps of trim conditions with or without stability analysis.

These cight operations are shown in Figures l-1 through 1-8 respectively.
The implication of the statement '"one and only one" above is that data
decks which 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 stability
analysis at 100 knots and (2) a maneuver which starts from a 120-knot
trim condition., The two cases must be submitted separately. However, in
the first case the user may set it up as a parameter sweep so that the
100-knot trim with stability analysis is followed by a trim at 120-knots.
The data from the 120-knot trim can then be used ¢s 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 parameters swcep case with a
maneuver,

The AGAJ73 input deck is subdivided into input groups where each group
contains a set of related data (e.g., rotor, fuselage, and wing param-
eters; program and iteration logic specification; and data tables or
data blocks). The complete list of all possible input groups in the
order in which they must be input is presented in Table 2-1.

It is very rare that the user will need to use every group to define the
configuration which is to be simulated. Hence, as a user convenience,
the first data card of the first group of input data (the Program Logic
Group) contains fourteen switches which 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 which follow
are compatible, complete, and not contradictory. Obviously, the checking
procedure cannot correct or diagnose every possible input error, and the
user must exercise the normal amount of care in following the instructions

of this input guide,

In Section 2 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 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 number given in fection
2 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

The majority of the AGAJ73 input groups are headed by a Group Identifica-
tion (ID) Card. The use of this card is discussed in this section and is
not repeated for each group with an ID card.
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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 identification cards; Data Table
Group; Flight Constants Group; and the mancuver time specification and
data analysis cards) do not have ID cards. A secondary purpose of the ID
cards is 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 included in the
master version of AGAJ73. 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.

In terms of computer equipment, the data library is a magnetic disk stor-
age device. The stored data may 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 maximum number of
cards which may be required for the appropriate input group. The number
of cards in a Model Data Set is forty, where each card corresponds to a
particular input group and one element of the MODEL array in the program.
Setup and maintenance of the data library are generally assigned to a
programmer. Consequently, the technical details relating the establish-
ment of a data library are not presented in this volume.

Each Group and Model Data Set on library is assigned a unique 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 charac-
ters 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 library, IDEN on the ID cards may be used to call
a data set from the library. When 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 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 four characters
MODL) and is found, the corresponding data set is used as the input data
for that group. 1In this case, all remaining cards for that group must be
omitted from the card deck. The reading of each group ID card is com-

pletely independent of the reading of each other ID card. Hence, a card
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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 05 (the Program Logic Group ID Card). 1If the first four columns on
CARD 05 contain the characters MODL, the program will search the data
library for thc Model Data Set with the corresponding eight-character
name. If the name is not found, execution terminates. When the data

sct 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. The four/cards for the Flight Constants Group
then follow CARD 05.

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 library and/or to replace certain
groups in a Modcl Data Set with other 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.

The cards which arc used to exercise these features must conform 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 appropriate,

(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,

(5) After the last character of the last change items 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 ele-
ments listed in Table 2-2 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 2-2. 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 2-2. 1In the
Set of Constants the successive occurrences 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.

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&CHANGEbBXFS(1)=9500.0, XMR(44)=5.0,

Second Card: bIPL(20)=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 F/A mast tilt angle to 5 degrees, the rotor aerodynamic option to
steady-state only, and the first seven times for blade element data print-”
out 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),
the third for XFS(1), the fourth for IPL(17), 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:
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Column 1
)
First Card: b&CHANGEbXFS (1)=9500., XMR(44)=5.0, &END
)
Second Card: b&CHANGEbLIPL(20)=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.

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 27); the data for the elements of

the 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 (ele-
ment numbers are defined in Table 2-1). The symbol yyyyyyyy is 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&GROUPSbMODEL (3 )='CLCD0098"', &END

This example will cause the second airfoil data table (MODEL array ele-
ment number 3) to be replaced by the CLCD0098 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 after 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 Groups (Card 154).

The location of the &GROUPS and &C'ANGE cards in a deck which uses the

MODEL Option is shown in the sample deck listed in Figure 2-1. 1In the
example, the first ajrfoil data table (element 2) is to be replaced by
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the CLCD0090 table from library while the Iteration Logic Group (element
35) and the Blade Element Data Printout Times Group (element 40) 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) groups which precede the Flight Constants Group in & normal
data deck (elements 1 through 35) also precede the Flight
Constants Groups in the MODEL Option deck.,

(2) groups which follow the Flight Constants Group (elements 36
through 40) also follow the group in the MODEL Option,

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

(4) the ID card of the included group must not be included in
the deck,

Although it is possible in some cases to change the values on the first
card of the Program Logic Group (IPL(1-14), which spec!fy the groups that
must be in the deck), the procedure is complex, not recommended, and not
discussed in this report. If a Model Data Set needs to be changed that
drastically, the user should be entering data by individual groups, not
MODEL Option.
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3.2 IDENTIFICATION AND PROGRAM LOGIC GROUP

CARD 00 Message Card

The alphameric inputs on this card are printed six times on the first
page of printed output. The comments are intended to instruct the con-
trol section about the disposition of the input card deck and printed
output.

CARD Ol NPART Card

This card includes the primary program control variable, NPART, and is
relerred to as the NPART card. Permissible values of NPART on this
second card of the data deck are 1, 2, 4, 5, 7, and 8, The value of
NPART specifies the type of operation to be performed.

Trim only

Trim followed by maneuver (maneuver not to be restarted)
Trim followed by maneuver (maneuver to be restarted)
Maneuver restart

Trim followed by stability analysis

Retrieve maneuver data from tape for analysis

O~ WU N

Within a single computer run, only one of the above ope¢rations may be
specified, That is, only the second card of the data deck may be an
NPART card with NPART = 1, 2, 4, 5, 7, or 8; data decks must not be
stacked together into a single run. However, following the last card
(CARD 154) of decks with NPART = 1 or 7, an NPART = 10 card may be
included to initiate a parameter sweep,and additional NPART = 10 data
sets may follow to continue the sweep. A more complete explanation of
each NPART value is given below.

NPART = 1 Compute a trimmed {light condition only. e Figure 1l-1.
The NPRINT, NVARA, NVARB, and NVARC inputs are not used.
Subject to the IPL values, a data set of CARDS 02 through
and including 154 must follow. Only an NPART = 10 card
may follow CARD 154.

NPART = 2 Compute a trimmed flight condition followed by a maneuver.
See Figures 1-2 and 1-3. Subject to the IPL values, a data
set of CARDS 02 through 301 (the time card) plus at least
one 3ll-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 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 respec-
tively, Since each operation is an option, the
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appropriate card sct 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; otherwise
the last card of the last card set is the final card of
the deck,

The NVARA input is not used. The interpretations of NPRINT,
NVARB, and NVARC follow,

NPRINT

Determines frequency of printout of maneuver data. Pro-
gram prints data showing initial conditions for maneuver
(maneuver time t = 0) and every NPAINTth time point
thereafter, A blank or zero input is reset to unity,

NVARB Controls use of Wagner function for time delay of 1lift
buildup on wing (see Section 5-7 of Reference 6),

= 0 function is inactive

=1 function active only for first value of time
increment on CARD 301

= 2 function active only for second value of time
increment on CARD 301

NVARC Controls printout of blade element air-load data at the
times specified by TAIR(1-14)

= 0 printout for main rotor only
=1 printout for both rotors

= 2 printout for tail rotor only

NPART = 4 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 l-4. The use of
this option will require the assistance of the local
programmer to set up the restart tape,

NPART = 5 This 1s a maneuver restart case following the initial
NPART = 4 case. See Figure 1-5. The local programmer
should be consulted at least for the first case of this
type. The complete data set for a maneuver restart is
as follows:
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NPART = 7

NPART = 8

CARD 00 Message Card

CARD 01 NPART Card: enter 5 in Column 2,
CARD 02, 03, 04 IPSN and Comments
CARD 230 Stability Times Group: if the TSTAB

group is not called from library,
CARDS 231 and 232 must also be included.

CARD 240 BEA Data Printout Times Group: if the
TAIR group is not called from library,
CARDS 241 and 242 must also be included.

CARD 301 Time Card: start time is the time at
which the maneuver is to be restarted;
it must be greater than zero or less
than the last time point of maneuver
being restarted. The time for restart
need not be jdentically 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,

All program and iteration logic specified in the initial
NPART = 4 run remains unchanged except that the two groups
(TSTAB and TAIR) or at least their identification cards
must be included regardless of the value of IPL(14) on the
initial run. No &CHANGE cards are permitted.

Compute a trimmed flight condition followed by a stability
analysis. See Figure 1-6. The cards required are the same
as for NPART = 1. An NPART = 10 card may follow CARD 154.
Note that if the time-variant rotor analysis is activated
for either rotor, a stability analysis cannot be performed,

This value of NPART causes data stored on tape to be loaded
on the plot disk. See Figure 1-7, The local programmer
should be consulted prior to its use. The value of NVARA
on this card must be not 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 vec-
tor analysis of the data. CARD 70l is used to store on
tape the data which the NPART = 8 card retrieves,

Following a data set for trim only or trim and stability analysis (NPART
= 1 or 7), the parameter sweep option may be exercised by including an
NPART = 10 card after CARD 154.

NPART = 10

This value of NPART permits the changing of user-selected
inputs and retrimming the configuration, See Figure 1-8.
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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 stability analysis (equivalent 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): CARD(S) NAMELIST input as described
be:low.

An NPART = 10 data set may be followed onl by another
NPART = 10 data set.

The &CHANGE cards can be used to change the value of any
input or inputs on CARDS 06 through 154 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(122) and IPL(6~14) 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.,

The number of rotor mode shapes, IPL(3) and IPL(4), may
be decreased, which will simply reduce the number of mode
shapes used in the computations by ignoring the higher
order ones, However, IPL(3) and IPL(4) must not be
increased.

If the switch for reading the rotor-induced velocity,
IPL(5), is zero, it must not be c(hanged. 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 changes made should be reason-
able, e.g., less than 20 to 30 knots in airspeed, 10 to
20 feet per second in rate of climb, less than 3 to 5
degrees in aerodynamic surface incidence, etc. 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

3-11



and XFC(5-11) and XFC(11-20) are not updated by the user,
the chances of achieving a new trim are slim,

CARD 02 (Comment Card No. 1)

IPSN is a numeric title to the data set for identification purposes. It
is printed in the output heading, The remainder of the card contains
alphanumeric identifying comments which are printed in output headings
as data set identification. 1Include it only when NPART = 1, 2, &4, 5,

or 7.

CARD 03 (Comment Card No. 2)

This card also contains alphanumeric comments which are included in the
output headings. Include it only when NPART =1, 2, 4, 5, or 7,

CARD 04 (Comment Card No, 3)

The card also contains alphanumeric comments. Include it only when
NPART = 1, 2, 4, 5, or 7.

CARD 05 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 library, and CARDS 06, 07,
and 08 m:-t then be omitted.

Cards 06, 07, and 08 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 and the program options
to be used, such as unsteady aerodynamics, time-variant rotor analysis,
etc, The logic has been chosen so that for the simplest cases most
inputs are zero. In general, nonzero inputs activate 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 operates in the fcllowing
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,
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CARD 06 Input Group Control Logic

IPL/ 1) can be used to reduce the number of input data groups to only

thoie normally required for a wind tunnel simulation. If IPL(l) = O,
the required number of groups is not affected by IPL(1l). If IPL(1l) #
0, the data deck may include only the following groups:

CARDS 00 through 08 (Identification and Program Logic)

Data tables specified by IPL(2), (3), (4), and (5)

Rotor Aerodynamic Group (with IPL(6) subgroups)

Main Rotor Group

Rotor Controls Group

Iteration Logic Group

Flight Constants Group

Five Maneuver-Only Groups (i.e., Bobweight, Weapons, SCAS,
STAB Times, and Blade Element Data Times Groups)

If NPART = 1 or 7, the five maneuver-only groups must be omitted; if NPART
= 2 or 4, IPL(14) controls the reading of these five groups. IPL(l) # 0
overrides the inputs for IPL(7?) and (9) through (12).

IPL(2) specifies the total number of airfoil data tables included in the
Data Table Group. 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 from the Data Table Group, the corresponding table must be
input, (See the Data Table Group, Section 3.3.1, and the Rotor Aero-
dynamic Group, Section 3.5). Also note that if IPL(2) = IPL(3) =

IPL(4) = TIPL(5) = O, the Data Table Group has no data in it.

IPL(3) and (4) control the reading of the aeroelastic blade data sets
included in the Data Table Group for the main rotor and tail rotor
respectively, If IPL(3) = 0, all main rotor aeroelastic blade data
(weight, inertia, and mode shape distributions on CARDS 16, 16A, etc.)
must be omitted from the Data Table Group. Similarly, if IPL(4) = O,

all tail rotor aeroelastic blade data (CARDS 17, 17A, etc.) must be
omitted. For positive, nonzero inputs, the values of IPL(3) and IPL(4)
specify the number of mode shapes which must be included in the Data Tabie
Group for the main and tail rotor respectively. Up to six modes may be
input for each rotor. If aeroelastic blade data are included, the blade
weight and inertia inputs, e.g., XMR(11) and XMR(12), in the corresponding
rotor group(s) are ignored.

IPL(5) controls the reading and use of the Rotor-Induced Velocity Distri-
bution (RIVD) tables which are described in Section 3.3.3. It is a 0-1-2-3
type switch. That is, if IPL(5) = 0, both the main rotor and tail rotor
RIVD tables must be omitted; if IPL(5) = 1, the main rotor table must be
input and tail rotor table omitted; if IPL(5) = 2, the tail rotor table
must be input and the main rotor table omitted; if IPL(5) = 3, both tables
must be input. If a table is not input for a particular rotor, an empir-
ically derived equation is used to compute the distribution for that rotor.
This default equation is given in Section 3.26.2.
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IPL(6) specifies the total number of rotor airfoil aerodynamic subgroups
included in the Rotor Aerodynamic Group. Permissible inputs are 0 to 5
inclusive. As long as the input data includes at least one rotor group,
an input of O is reset to 1 and one subgroup must be input. If both
rotors are deleted (IPL(7) = 3), IPL(6) may be input as zero to delete
the reading of the Rotor Airfoil Aerodynamic Group in its entirety.

IPL(7) deletes the reading of specified rotor groups. It is a 0-1-2-3
type switch; e.g., O requires input of both rotor groups (none deleted)
and 3 requires deletion of both groups. When a group is deleted, its
ID card must also be deleted.

IPL(8) controls the reading of the rotor pylon cards (XMP(l-1i4) on
CARDS 48 and 49 for the main rotor and XTP(1-14) on CARDS 58 and 59
for the tail rotor). It is a 0-1-2-3 type switch; e.g., 0 requires
both sets of cards be omitted and 3 requires both sets be included.

IPL(9) controls the reading of the basic and aerodynamic inputs to the
Wing Group (CARDS 60 through 6A) and the Wing Control Linkages Subgroup
(CARDS 6B and 6C). 1If IPL(9) = 0, both the Group and Linkages Subgroup
must be omitted; if IPL(9) > O, both must be included. 1If IPL(9) <O,
the CARDS 60 through 6A must be included and CARDS 6B and 6C omitted,
i.e., the wing incidence and control surface deflection are independent

of the flight controls.

IPL(10) controls the reading of the basic and aerodynamic inputs to the
Stabilizing Surface Groups (CARDS 70 through 79, 80 through 89, 90
through 99, and 100 through 109) and the Stabilizing Surface Control
Linkages Subgroups (CARDS 7A, 7B, 8A, 8B, 9A, 9B, 10A, and 10B). If
IPL(10) = 0, all Surface Groups including ID cards and Linkages Sub-
groups must be omitted. If IPL(10) > 0, exactly IPL(10) Surface Groups
with their corresponding Linkages Subgroup must be included. If IPL(10)
< 0, exactly the magnitude of IPL(10) Surface Groups must be included,
but all Linkages Subgroups must be omitted; i.c¢., both incidence angle
and control surface deflection of each stabilizing surface are independent
of the flight controls. When a surface is omitted, its ID card must also

be omitted.

IPL(11l) controls the reading of the Jet Group. If IPL(1l) = 0, the
entire Jet Group including ID card must ve omitted; otherwise it must
be included.

IPL(12) controls the reading of the External Store/Aerodynamic Brake
Group and Subgroups (CARDS 120 through 12C) and is equivalent to the

number of store/brake subgroups which are to be included. If IPL(12)
= 0, the entire group, including the identification card, must be omitted.

1f 1PL(12) > 0, the group must include the identification card and the
specified number of subgroups; e.g., if IPL(12) = 3, the group must
consist of ten cards (one identification card plus three subgroups of
three cards each).
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IPL(13) controls reading of the Supplemental Rotor Control Subgroups
(CARDS 135 through 138). If IPL(13) = 0, the subgroup must be omitted;
otherwise it must be included.

IPL(14) controls the reading of the Bobweight, Weapons, SCAS, Stability
Times, and Blade Element Printout Groups when NPART = 2 or 4. If
IPL(14) = 0, all five groups must be omitted; if # 0, all five must be
included. If NPART does not equal 2 or 4, all five groups must be
omitted, This input does not affect the reading of the last two groups
when NPART = 5.

CARD 07

IPL(15) defines the flight condition to be trimmed in conjunction with
the specified g-level, XFC(12), and the input Euler roll angle, XFC(7),
as described below.

IPL(15) | XFC(12) Flight Condition

0,0 Unaccelerated Flight

%0 # 0,0 Coordinated turn at g-level of XFC(12)
40 21,0 Zero turn rate pullup at g-level of XFC(12)
<1,0 Zero turn rate pushover at g-level of XFC(12)

In addition, the following applies to coordinated turns:

(1) Regardless of the TRIM procedure specified by IPL(16), the
program will iterate on pitch and yaw,

(2) The "fixed" roll angle for each iteration is determined from
the previous iteration by solving the following relationship
for roll angle:

ncos ¢ = cos © cos2 $ + (cos © sin2 ¢ + tanS siné sin@)/K

where K =14+ (tan © tana)/cos?

® = Euler pitch angle

L]
it

Euler roll angle

=
[}

g level, XFC(12)

o

B

(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.

angle of attack

angle of sideslip
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IPL(16) controls the Euler angle held constant during the TRIM procedure.
If IPL(16) = O, the TRIM procedure holds the yaw angle constant, It is
necessary to hold yaw for low speed or hover cases, since the force and
moment derivatives with yaw angle all go to zero in hover. If IPL(l6) #
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. If IPL(15), the TRIM type indicator, specifies
a coordinated turn, the TRIM procedure iterates on pitch and yaw regard-
less of the value of IPL(le),

IPL(17) controls the computation of the partial derivative matrix during
trim, Permissible values are 0, 1, 2, 3, 4, and 5. If IPL(17) =0,

the matrix is computed every fifth iteration, i.e., iterations 1, 6, 11,
eees €tc,, and uses the most recently computed matrix for iterations in
which the matrix is not computed. If IPL(17) # O, the matrix is computed
every IPL{]17)th iteration., Computing the matrix for every iteration
rather than every fifth iteration will increase the run time for trim

by a factor of approximately three. Computation at every iteration is
normally nec. ssary only when there is difficulty getting a case to trim
with IPL(17) = O,

IPL(18) controls the steady-state aerodynamics used for the main rotor.
If IPL(18) =1, 2, 3, 4 or 5, the IPL(18)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(18) = 0, it is reset to 1. If IPL(18) < 0, the

main rotor blade airfoil distribution card, CARD 4G, is read and used to
assign the RAA subgroups to Blade Stations No. 1 through No. 20. CARD
4G must be omitted if IPL(18) > 0 and must be included if IPL(18) < O,

IPL(19) controls the steady-state aerodvnamics used for the tail rotor
in the same manner as IPL(18) controls the main rotor aerodynamics,
However, the sign of IPL(19) controls the reading of only the tail
rotor airtoil distribution, CARD 5G, and has no effect on CARD 4G, just
as IPL(18) has no effect on reading CARD 5G. Note that both IPL(18)
and (19) must be less than or equal to IPL(6), the number of RAA sub-
groups,

IPL(20) controls which option is to be used for rotor unsteady aero-
dynamics. It is a 0-1-2-3 type switch with the added feature that
positive values activate the UNSAN unstecady aerodynamic 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(20) = O, unsteady aerodynamics are ignored in the rotor computa-
tions. If an option is activated, it is activated for all blade seg-
ments not included in the rotor hub., Even if activated, neither option
will affect computation unless the time-variant rotor analysis discussed
below is used.
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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

IPL(21) specifies the rotor(s) for which the time-variant rotor analysis
can be used and operates as a 0-1-2-3 type switch. If IPL(21) = O, the
time-variant analysis (Types IIA and IIB) cannot be used in any part

of the program and the value of IPL(22) 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 aeroelastic blade data
are input (IPL(3) or (4) = 0) and Type IB will be used for a rotor if

the blade data are input. If IPL(2l1) =1 or 2, the Type II analysis will
be used for the specified rotor and Type I will be used for the other
rotor. If IPL(21) = 3, the Type II analysis will be used for both rotors.
As with IPL(21) = 0, the choice between Type I/ and IB and between Type
IIA and IIB depends on the availability of aeroelastic blade data. Note
that if IPL(21) # O, the stability analysis cannot be performed. 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 is discussed in Section 3.18; also see IPL(14).

If IPL(21) # O, then IPL(22) controls the portion of the program in which
the time-variant analysis is to be used for the rotor(s); specified by the
IPL(21). Table 3-1 shows the type of rotor analysis used for each rotor
as a function of the values of IPL(21) and (22). The azimuth increment
to be used in the time-variant portion of a trim is input on CARD 141,
XIT(2). See Section 3.13. 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 3.20.

The time-variant portion of a quasi-static trim followed by a time-variant
trim (a QS-TV trim; IPL(22) = 1) is in essence a time history of five rotor
revolutions with the fuselage and control position 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 five-
rotor-revolution maneuver.

For a fully time-variant trim (IPL(22) = 2), each trim iteration will
require about 3 to 6 times the run time of an equivalent 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 less iterations than a
corresponding quasi-static trim.
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TABLE 3-1. ROTOR ANALYSIS USED DURING TRIM AND MANEUVER

Inputs

Analysis Used

Rotor
IPL(21) IPL(22) In Trim In Maneuver
1 (Main) Qs QS
0 (ignored) 2 (Tail) QS Qs
0 1 QS-TV v
2 Qs Qs
1 1 1 Qs v
2 Qs Qs
2 1 TV v
2 Qs Qs
0 1 Qs Qs
2 QS-TV v
1 Qs Qs
2 : 2 es es
2 1 Qs Qs
2 TV TV
0 1 QS-TV v
2 QS-TV v
1 Qs v
3 ! 2 Qs v
2 1 ™v v
2 TV v
QS = Quasi-static rotor analysis
TV = Time-variant rotor analysis
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. If
both rotors are time-variant, they are trimmed independently

of each other.
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IPL(23) and IPL(24) 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. If IPL(23) and IPL(24) = O, the fully
coupled 10 x 10 system of trim equations i{s used for each trim iteration.
For the quasi-static rotor analysis (IPL(21) = 0) this means that the
F/A 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(23) and IPL(24)
must both be zero. IPL(23) = IPL(24) = 0 is considered 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 valiues of
IPL(23) and TPL(24) 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 3-2,

| TABLE 3-2. SYSTEMS OF EQUATIONS USED IN TRIM ﬁ
* :
IPL(23) IPL(24) 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 rotor)
One 6 x 6 system (airframe)
— |

When IPL(23) or IPL(24) 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 is 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, i.e., rotor
iterations within the trim iteration, which are permitted to trim the
appropriate rotor, A system of decoupled rotor equations is 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
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rotor). Note that IPL(23) and (24) 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(25) controls the printout of the trim iterations. If IPL(25) = O,
only the last force and moment summary and the last partial derivatives
matrix computed before trim are printed. If IPL(25) = 1, the summary
and matrix are printed out for each trim iteration. Since each trim
iteration uses one page of computer paper, IPL(25) = O can significantly
reduce the volume of printed output when many trim cases are being run.

IPL(26") controls the printout of the optional trim page. It is a 0-1-2-
3 type switch; e.g., O omits the optional page for both rotors and 3
prints one of the optional trim pages for each rotor.

IPL(27) controls printout of blade element aerodynamic (BEA) data for
both rotors as follows:

IPL(27) = 0 or 1 No BEA data is printed

=2 BEA data is printed along with bending moment data
at the maneuver time points specified in the Blade
Element Data Printout Group. (See Section 3,19.)
If no maneuver is computed, IPL(27) = 2 has no
effect.

=3 BEA data is printed after trim and along with bending
moment data at the maneuver time points specified in
the Blade Element Data Printout Group,

WAKNING: 1IPL(27) should never be set larger than 3 for a normal run.
IPL(27) inputs of 4 and 5 are intended only fcr 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 refer-
ence only, the effects of values of 4 and 5 are as follows:

IPL(27) = 4 BEA data is printed after trim and at every time
point in a maneuver regardless of the value of
NPRINT on CARD Ol and the values in the Blade Ele-
ment Data Printout Group.

=5 BEA data is printed every trim iteration and every
time point in a maneuver. You'll need a wheel-
barrow to haul away the output generated by this
value of IPL(27).

IPL(28) controls the fuselage degrees of freedom in maneuvers. If
IPL(28) = 0, the fuselage has the conventional six degrees of freedom,
I1f IPL(28) # 0, all fuselage degrees of freedom are suppressed (locked
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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(1), IPL(23), or IPL(24) # O,
CARD 08 Stability Analysis and Miscellaneous Logic

IPL(29), (30), (31), and (32) provide the user with control over the
coupling in the stability analysis subroutine, STAB. Some graphical
examples of the effect of IPL(29), (30), and (31) on the matrix used

in STAB are shown in Figure 3-1, These three switches are completely
independent of each other. IPL(29) controls the coupling between the
three longitudinal fuselage equations and the three lateral fuselage
equations, 1If IPL(29) = O, the fuselage is represented by two 3 x 3
matrices. If IPL(29) # O, the fuselage is represented by a 6 x 6 matrix.

IPL(30) controls the rotor dynamic pylon degrees of freedom in STAB.

It is a 0-1-2-3 type switch; e.g., zero locks the pylon (F/A and lateral
both) of each rotor and three frees both rotor pylons (F/A and lateral),
IPL(30) must be compatible with the pylon data read in by IPL(8); i.e,,
do not attempt to unlock a pylon for which there is no data. As a safe-
guard, the program resets IPL(30) to zero if IPL(8) # 3 and IPL(30) #
IPL(8).

IPL(31) controls the rotor flapping degrees of freedom in STAB. It is a
0-1-2-3 ' --e switch; e.g., zero locks both rotors and three frees both

rotors,

1f, for a teetering or gimbaled rotor (XMR(16) or XTR(16) = 0), the
flapping degrees of freedom are locked out by IPL(31), these degrees of
freedom can be included in the stability derivatives by changing the
flapping angles to rebalance the rotors, If IPL(32) = O, the rotor(s)
will be rebalanced; if IPL(32) ¥ 0, no rebalancing takes place, For
rigid or articulated rotor (XMR(16) or XTR(16) # 0), no rebalancing
takes place when the flapping degrees of freedom are locked out and
the value of IPL(32) is ignored.

IPL(33) controls the option to print or punch on cards the mass, damping,
and stiffness matrices used in the stability analysis. The punch option

is useful when the user plans to input these matrices to another computer

program,

IPL(33) = O to print only
1 to punch only
2 to print and punch
3 to suppress print and punch

The form of the punched output is explained in Section 4.11.4.

IPL(34) should always be zero. It is intended for diagnostic use by the
programmer only and is discussed in detail only in Volume III.
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IPL(35) is currently inactive.

IPL(36) controls the formal printout of input data which normally pre-
cedes the start of the first TRIM iteration. Increased values of IPL(36)
progressively suppress more and more data as indicated below:

Value of IPL(36) Printout Suppressed
= 0 None
>1 All data tables (airfoil, aeroelastic blade,

RIVD, and RWAS tables)

22 All group ID cards (except Program Logic
Group) and all input groups (printout of
&CHANGE Cards is not suppressed)

>3 Problem heading and identifying comments
(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 printout
the tables in these cases, IPL(36) musc be reset to zero in the &CHANGE
Card of each case for which the printout is desired,

IPL(37) specifies the number of RWAS (Rotor Wake at Aerodynamic Surfaces)
Tables which must be included in the deck. The permissible number of
tables is 0 to 12 inclusive. Note that tie tables are numbered sequen-
tially on input, and that these sequence numbers are later used to call
specific tables. The format for each table is given in Section 3.3.4,
and their use is discussed in Section 3.8.1 for the wing and Section
3.9.1.1 for the stabilizing surfaces.

IPL(38), (39), and (40) are currently inactive.

IPL(41) controls the position of the rotor blades for side-by-side fold-
ing rotor configurations. It should be input as zero for all other rotor
configurations. If IPL(41) = 0, both rotors are defined to be unfolded
and turning at the rpm determined by XMR(i3) and XFC(25) for Rotor 1 and
XTR(13) and XFC(25) for Rotor 2. If IPL(4l) # O, 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:
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(1) 1PL{41) # 0.0

(2) Controls are locked by setting XCON(4), XCON(11), XCON(18),
and SCON(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 >0

IPL(42) controls the cg shift with rotor folding. If IPL(42) = 0, no

shift is computed; # 0, cg shift is computed. This single switch applies
to both rotors,
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3.3 DATA TABLE GROUP

The Data Table Group does not have a group identification card of its own,
i.e., no CARD 10. Rather, each data set included in the group has its own
identification card. The data sets which may be included in this group
are the Airfoil Data Tables, the Rotor Aeroelastic Blade Data Blocks, the
Rotor-Induced Velocity Distribution Data Tables, and Rotor-Induced Veloc-
ity Acting at the Aerodyuamic Surface Tables.

3.3.1 Airfoil Data Table Sets

The number of airfoil data table sets to be included is specified 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 airfoil data
tables are read in, i.e., IPL(2) = 0, 1, 2, 3, or 4. If not overlaid,
the 0012 table or any table which is input can be assigned to any one

of the five rotor airfoil aerodynamic subgroups or the five aerodynamic
surfaces by use of the 18th aerodynamic input, e.g., YRR(18,1), YRR(18,3),
YWG(18), YSTB1(18). 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 3.5,2

and 3.8.2 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) 1Identification 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 is 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 increas-
ing order of magnitude. Note that if the computed Mach number exceeds the
highest Mach number in the table, the table routine extrapolates the data
tc 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 card sets for these two
angles, the card sets for other angles must be in increasing value of
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angle of attack. It 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 airfoil data tables are the angles of attack of the
chord line of the airfoil section or surface. This assumption should 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 NZM) 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 + NZL < 500
Drag Table: NXD*NZD + NXD + N2D < 1100
Pitching Moment Table: NXM*NZM + NXM + NZM < 575

For example, if the lift table is to have 10 Mach number entries

(NZL = 10), then the number of angles of attack must be less than or equal
to 44 (44 * 10 + 44 + 10 = 494). The minimum size table (2 by 2) is fre-
quently 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. 11-20 0.0 (lowest Mach number)
21-30 1.5 (or any Mach number greater than the
expected maximum)
Second Card:
Col. 1»10 -180.0 (minimum angle of attack)
11-20 0.0 (C, at @ = -180°, M = 0)
2130 0.0 (Cy at @ = -180°, M = 1.5)
Third Card:
Col. 1»10 180.0 (maximum angle of attack)
11-20 0.0 (C, at a = 180°, M = 0)
21230 0.0 (Cy, at a = 18C°, M = 1.5)
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3.3.2 Rotor Aercelastic Blade Data Block

This data block consists ~f two data sets: one for the main rotor aero-
elastic blade and one for t."e tail .otor aeroelastic blade. If IPL(3) = O,
the main rotor set must be om.%ted; if IPL(4) = 0, the tail rotor set must
be omitted. If IPL(3) or IPL(4, # 0, the corresponding data set must be
input, Each data set consists of four distributions for the blade:

weight, beamwise inertias, chordwise inertias and mode shapes. The distri-
butions are for a blade of twenty equal-length segments, and all distribu-
tions are root to tip. All blades of the same rotor are assumed to have

identical properties.

The main rotor data set is described below. The tail rotor set is identi-

cal in format, differing only in the nomenclature of the arrays, e.g., XTW

instead of XMW and XTRMS instead of XMRMS, and the number of mode shapes to
be read in, i.e., IPL(4) instead of IPL(3),

The first card of the data set is the identification card. If the data
library option is available, the ID card can call a data set from library
and the remaining cards must be omitted, If the data library is not used,
the ID card must be followed by the four distributions.

CARDS 16/A1, 16/A2, 16/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 twenty equal-
length blade segments. The tip weight, XMW(21), is concentrated at the
tip of the blade (x/R = 1,0),

CARDS 16/Bl, 16/B2, 16/B3, 16/Cl, 16/C2, 16/C3

The beamwise mass moments of inertia, XMW(22) -XMW(41), are about the chord
line of the airfoil section while the chordwise mass moments of inertia,
XMW(43) -»XMW(62), are about a line perpendicular to the chord line and lo-
cated at the half chord of the segment. Normally, the chordwise inertias
are much larger than the corresponding beamwise inertias, The units on
both are in.-lb-lecz/in.

CARD SETS 16/D, 16/E, 16/F, 16/G, 16/H, 16/1

These ..ards contain the coupled blade mode shapes. Exactly IPL(3) sets of
mode shape data must be input, Each mode shape (card set) requires twelve
cards, The first eleven cards contain 66 numbers with ten columms per
number and six values per card (6F10,0 format)., These inputs are the out-
of-plane, inplane, and torsional components of the normalized mode shape at
each of the twenty-one blade stations which are equally spaced from the
root to the tip of the blade. (Station No, 0 is the blade root; Station

No., 20 is the blade tip.)
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The twelfth card contains the data which change the blade natural fre-
quencies as a function of rotor rpm and pitch angle. There are 8 inputs
on this card, The first 6 are in 10 column fizlds, and the last 2 are
in 5 column fields (6F10.0, 2F5.0 format), If this card is blank, the
natural frequency remains constant at the value input on the eleventh
card, As used here pitch angle refers to the pitch angle at zero radius;
this is the reference point for all blade pitch angles in C8l1. The set
of data for Mode 1 (CARDS 16/D1 through 16/D12) is detailed in Section
2,3,2,1,4, The sets of data for additional modes use the same input
sequence and format as Mode 1., Note that neither mode shape array
(XMRMS or XTRMS) is included in the NAMELIST specification statement,
Hence, mode shape parameters cannot be changed either when called from
the data library or during a sweep case (NPART = 10).

The mode type indicator, XMRMS(65) for Mode 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 mode types,

Input Value Mode Type
-2 Independent
-1 Cyclic
o Scissor
1 Collective

An incdependent mode responds to all forcing frequencies, Th~ 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 modal damping ratio is the ratio of the damping to the critical damp-
ing., Good data for this input are difficult to find, but the range is
generally accepted to be around 0.005 to 0.02.

The input data on the twelfth 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 some central reference point. The
central or reference rpm and pitch angle should be those at which the
basic mode shape and frequency were calculated. The high and low values
of pitch must be equidistant from the reference value, The same is true
of the rpm.

NOTE: It is imperative that the first mode entered be the primary beamwise
(flapping) mode characterized by a natural frequency close to one-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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3.3.3 Rotor-Induced Velocity Distribution Tables

The induced velocity distribution over each rotor can be computed from

either the equation given in Section 3.26.2 or a Rotor-Induced Velocity
Distribution (RIVD) table. 1IPL(5) controls the read-in of RIVD tables

and the option of using a table or the equation.

Value of RIVD Table(s)
IPL(5) Required Effect

0 None Both rotors use equation
Main rotor table Main rotor uses table; tail
only rotor uses equation

2 Tail rotor table Main rotor uses equation;
only tail rotor uses table

3 Both main rotor Each rotor uses its respective
and tail rotor table
table

When 2 table is used, the local induced velocity is computed from the
following summation:

NHH
vi(ﬂ»", t/R,y) = Vi [a(l) 4+ z {a(Zn)*sin(nv)+a(2n+ 1)*cos(nv)§
n=]

where

v, = local induced velocity, ft/sec

Vi = average induced velocity over the rotor disc, ft/sec

b = advanced ratio (velocity in plane perpendicular to rotor
shaft/flight path velocity)

A = average inflow ratio (based on V,, parallel to rotor shaft)

i’

r/R = radial blade station (nondimensional)
¥ = blade azimuth angle

a(i) = coefficient: of the harmonics (nondimensional)

NHH

order of the highest harmonic

n = suymmation variable
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The coefficients a(i) are computed from the table as functions of p, A,
and r/R of the appropriate rotor. Note that these coefficients are in
effect velocities which have been normalized by V , and that p and A are
defined in shaft reference.

An RIVD table itself consists of sets of Fourier coefficients which are
derived from a curve fit of the above equation to data generated by a
rotor wake analysis of the user's choosing. It is emphasized that in
preparing a RIVD table the coefficients must be normalized by value of Vi
which is computed in this program. See Section 3.3.1 of Volume I of

this report for the programmed definition of Vi. The programmer is

referenced tc Subroutine VIND in the main program where this parameter
is computed. Also note that each table must be defined in terms of the
#, A, and Vi of its associated rotor.

Each set of coefficients in the table corresponds to data at specific
values of p, A, and r/R. 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 (CARD 18/A or 19/A). The permissible values of
the integer inputs on these cards are:

A

Number of advance ratios: 1< NMU < 10

Number of inflow ratios: 1< NM <5

Number of radial stations(NRS): 4, 5, 10, or 20

Number of harmonics: 0 < NHH < 16
If NMU or NLM is input as zero, it is reset to unity. If NRS is input as
zero, it is reset to 20, Inputs other than zero which are outside these
ranges will terminate execution of the program.
The number of coefficients in a set (NCA) is then

NCA = 2%NHH + 1
which implies

1 < NCAK 33

Hence, one RIVD table may then consist of 4 to 1000 sets of 1 to 33
coefficients each (4 to 33,000 total entries).

As indicated above, the number of radial stations (NRS) must be 4, 5,
10, or 20. The radial stations which correspond to these values of
NRS are defined in Table 3-3. No other distribution of stations is
provided. The program interpolates or extrapolates the input data as
required to obtain data at 20 equally spaced radial stations (r/R =
0.05 to 1.0). There are no restrictions on the values or increments
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between values which are input to either the advance ratio (WKMU) or
inflow ratio (WKLM) array.

TABLE 3-3. RADIAL STATIONS FOR INDUCED VELOCITY DISTRIBUTION T/BLE

Radial Stations: WKRS(1l) - WKRS(NRS)

MRS 0.0 = root 1.0 = tip
4 .25, .50, .75, 1.0
5 .20, .40, .60, .80, 1.0
10 .10, .20, .30,... .80, .90, 1.0
20 .05, .10, .15, .20,..., .80, .85, .90, .95, 1.0

—

Once an RIVD table is read into the program and the radial station
initiation is performed, the table can be considered to be 20 independent
tables where each table is bivariant in g and l|and corresponds to a
particular radial station.

During the rotor computations, a table look-up procedure is then used to
obtain the set of coefficicnts a(i) from the appropriate radial station
table, This table look-up procedure performs bivariant interpolation
using the computed values of i+ and A whenever both values are within the
range of their respective inputs. If a computed value is outside the
range of its input, che procedure uses the input value which is closest
to the computed 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 p-A plane 28 a rectangle (when both NMU and NLM

are greater than unity), a line (when either NMU or NLM is unity, but

the other is not), or a point (when both NMU and NLM are unity). Hence,
in the trivial case (NMU = NLM = 1), the coefficients are dependent on
radial station but independent of p and A. 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 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 ten-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, seventh, eleventh,
thirteenth and sixteenth pairs of harmonic components start on a new

card in the second ten-column field (columns 11 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 = 8, the fourth
through sixth cards described in Section 2,3,3.1.3 must be omitted.
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3.3.4 Tables for Rotor Wake at Aerodynamic Surfaces

The wake from each rotor which acts at each aerodynamic surface can be
computed from either individual inputs or Rotor Wake at Aerodynamic Sur-
face (RWAS) Tables., Exactly IPL(37) RWAS Tables must be input where

0 < IPL(37) < 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 inputs are XWG(29) through XWG(32); for the ith sta-
bilizing input the controlling inputs are XSTBi(29) and XSTBi(32). See
Sections 3.8.1 and 3.9.2 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) + jz a(Zn)*sin(nvk) + a(2n + 1)*cos(ntk)

n=1

where = superimposed velocity on the jth surface due to the

(vi)jk th
k™ rotor, ft/sec
v.), = average induced velocity across the disk of the kth

1k rotor, ft/sec

a(i) = coefficients of the harmonics (nondimensional
functions of 1 and A of the kth rotor)
*k = 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 quasi-static rotor analysis, only the con-
stant 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 an. 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 twelve possible tables allow input

of a separate table for each combination of the two rotors and the six
surfaces (two wing panels and four stabilizing surfaces).
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It is emphasized that in preparing an RWAS Table the input coefficients
must be normalized by the value of V, which is computed in this program
for the appropriate rotor. Since 1n$uts 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 V., of the tail
rotor, and the p and A inputs must be for the tail rotor.

The composition of an RVA’ 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. 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: 1<NMU <10
Number of inflow ratios: 1< NIM< 5
Number of harmonics: 0O <NHH < 7

If NMU or NLM is input as zero, it is reset to unity. Hence, each RWAS
Table may consist of 1 to 50 sets of 1 to 15 coefficients (1 to 350
entries). 1In all other ways, the format and use of the RWAS Tables are
identical to the RIVD Tables.
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3.4 FUSELAGE GROUP (include this group only if IPL(1l) = 0)

3.4.1 Basic Inputs

CARD 21

Gross weight, XFS(1l), is the total weight of the baseline configuration
being simulated, i.e., includes the fuselage, pylons, empennage, rotors,
fuel, crew, etc. However, this number must not include the weight of ex-
ternal 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 application of
body lift, drag, and side force. When the inputs on CARDS 23 through 2E
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 location is for the total weight of the baseline configuration to be
simulated, i.e., XFS(1l), with O 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 rotor nacelle weight,
store weights greater than zero, and rotor folding. Note that the longi-
tudinal centerline of the airframe must be buttline zero to be compatible
with the aerodynamic surface and jet thrust models. Hence, lateral cg
location must be with respect to this line.

CARD 22

Inertias are for the gross weight and cg location input on CARD 21, i,.e.,
the total aircraft less stores. They are internally recalculated when ex-
ternal 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 Nominai 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.

With the equation-use-indicator, XFS(12), 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 transitions from the NAE model to the phasing region to
the HAE model. This option allows the user to obtain the more precise
simulation provided by the NAE model in the flight regime for which the
most accurate data is available.
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The program calculates a complex angle of attack, a., which includes both
angle of attack and sideslip, In forward flight it is defined as

A, = cos~1 (u/v)
where

the body axis X velocity
the free-stream (flight path) velocity

u
\

nn

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
@, is less than 15 degrees; the HAE model will be used only when a. is
greater than 35 degrees; and the two models will be phased together when
a. is between 15 and 35 degrees,

When both XFS(13) and (l4) are input as zero, the program resets them to
15 and 35 degrees respectively as indicated above. For the case of for-
w.:d flight inputs to the NAE model, it is only necessary that XFS(12) =
0.C and XFS(13) be less than XFS(l4), not that all three be zero. 1If 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.

If test or analytical data is available for rearward or sideward flight,
it is possible to specify that the NAE model inputs are from one of these
flight regimes and that the model should be used in that flight regime.

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)] 2 |XFS(14)]

When XFS(12) = 0.0, the definition of @, is as above:
@, = cos'l(u/V)

However, when XFS(12) # 0.0, the definition is
H= cos'l(-v/V)

where v is the body axis Y velocity.
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In other words, for XFS(12) = 0.0 (forward or rearward flight), a, is with
respect to the positive body X axis while for XFS(12) ¢# 0.0 (sideward
flight), a. is with respect to the negative body Y axis,
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 magni-
tudes of XFS(13) and XFS(14).
1f |XFS(13‘ < |XFS(14)I, then only the NAE model is active when
0< a >|xrs(13)]
while only the HAE model is active when
[xFs(14)] < @, -7 180
and the models are phased together when
IxFs(13)] < o, < |xFs(14)
If XFS(13) > XFS(14) , then only the NAE model is active when
180 > o, > |xrFs(13)]
while only the HAE model is active when
escia)] 2 o >0
and the models are phased together when
[xFs(13)] > o, > |xFs(14)f
The Nominal Angle Equation (NAE) and High Angle Equation (HAE) for a spe-
cific force or moment are phased together in the appropriate region by the
following relationship:
(Force or moment) = (NAE)*cosz(aph) + (HAE)*sinz(ap

where ah = 0.511[@:c - XFS(13)])/[XFS(14) - XFS(13)]

»)

3.4.2 Aerodynamic Forces and Moments

CARDS 23 through 2E contain the coefficients of the High Angle and Nominal
Angle Equations, As shown in the input guide (Section 2,4,2), the coeffi-
cients 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 respsct to 6, and/or ¥y The
remaining inputs are angles and semiimensional forces and moments. Since
rotorcraft do not have a generally accepted reference area and volume for
completely nondimensionalizing fuselage force and moment data, the co-
efficients are left in units of square feet of force and cubic feet of
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roment per degree to a specificd power. The per-degree units are used only
to give as much physical meaning to the inputs as possibie, All inputs
~#ith per-degree units are actually coefficients of a sinusoid and are con-
verted to per-radian units by the prcgram. The angles 8, and ¥y are the
fuselage acrodynamic pitch and yaw angiss respectively and are defined as

6, tan”\(w/u)
Vo == sin-l(v/V)

where u, v, and w are respectiv vy the x, y, and z body axi; components of
the free-stream (flight path) ve.ocity V. These are txe angles normally
recorded from a pyrimidal balance during a wind tunnel test, Note that

%, is not sideslip angle. The parameter q in the coefficient descriptions
1s dynamic pressure

q=0.5p v2

where P is the air density.

Tables 3-4 through 3-9 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 simulation of wind
tunnel data, The user is not expected to be able to define all 83 inputs
without such test data. 1In particular, a complete set of inputs for the
Nominal Angle Equations requires test data, If wind tunnel data are
available, the digital computer program AS812A described in Section 3,26.3
can be used to reduce the test data to coefficients which can be input
directly to the program. If such data are not available, the eleven inputs
with an asterisk beside them in Section 2,4,2 are considered the minimum
necessary inputs. These inputs are XFS(15), (23), (2¢), (36), (37), (40),
(43), (51), (64), (78), and (92). Each is a coefficient in one of the
Nominal Angle Equations. By using only these cieven inputs, the user has
in effect assumed that all aerodynamic angles in the simulation will be
small, i.e., less than 10 to 15 degrees, and that aerodynamic 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 3-4 through 3-9)., The resulting
equation is labeled as the Small Angle/Uncoupled Equation, These six
equations are basically the same equations used in the AGAJ71 and earlier
versions of C81,

When using the Small Angle/Uncoupled Fquation, all other inputs to the
Nominal Angle Equations may be zero, and XFS(13) should be about 10 to 15
degrees, i.e., “‘e accuracy limit of the input data. If the user is quite
certain that @; will not exceed XFS(13) during any simulation, the inputs
to the HAE model may also be zero.
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TABLE 3-4, FUSELAGE LIFT EQUATIONS

High Angle Equation

2 2
= ofL * *si
L ; L1 cos g + L2 sin ww)

| wein2 . :
XFS(15) + I,*sin‘g_+ L,*sin(28 ) if [v | € 90°

where L1 = 2
) * = %S i i O

XFS(19) - L5 cos ew L4’51n(26w) if |*w| > 90
Lé = rXFS(ZO)*cosew + XFS(57)*sinew
L3 = XFS(19) - XFS(15)

[XFS(17) - XFS(15) - L3*Sin2(XFS(18)/RTD)]

L=
4 sin (2%XFS(18)/RTD)
L5 = XFS(19) - XFS(16)

Nominal Angle Equation

L = q{[Ly/q + XFS(21)*RTD*siny  + XFS(22)*RTD2*sin2ww]
+ 0.5%[XFS(23)*RTD + XFS(ZA)*RTDZ*sinww

+ XFS(ZS)*RTD3*sin2¢w]*sin(ZQW)

2

+ 0.25%[XFS(26)*RTD” + XFS(27)*RTDB*sinww]*sinz(Zew)

+ 0. 125%KFS (28)#RTD *sin” (28 )}

nd XFS(13)< XFS(14)

XFS(15) if XFS(12) 0.0 a
0.0 and XFS(13) > XFS(14)
0.0

where Lo/q = XFS(16) if XFS(12) =
XFS(20) if XFS(12) #

Small Angle/Uncoupled Equation

L ~ q(L,/q + XFS(23)*€ )
where LO/q is defined above

ew is in degrees

L = Lift in pounds
XFS(15) through XFS(28) are the inputs on CARDS 23 and 24
RTD = 57,296 (radians to degrees conversion) q = dynamic pressure
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TABLE 3-5, FUSELAGE DRAG EQUATIONS
High Angle Equation

- L . o2
D = q[Dl%cos v, * XFS(31)*sin 'w]

where D D *cosze +D *sinze
1 2 w v w

%XFS(Z‘)) if lwwl < 90°

(=}
n

XFS(30) if I.;wl > 90°¢

{sz(32) if € <0
\’

XFS(33) if ew >0

Nominal Angle Equation

e . 2, .2
D = qf[Dy/q + XFS(35)%RTD*siny + XFS(36)%RTD“¥sin®y ]

+ [XFS(37)*RTD + XFS(38)*RTDZ*Sinww + XFS(39)9fRTD3frsin2¢wJ*sin€w

+ [XFS(40)%RTD® + XFS(AI)*RTD3*sinww]*sinzew

+ XFS(42)%RTD s in3ew]

il

XFS(30) if XFS(12) 0 and XFS(13) 2 XFS(1l4)

XFS(31) if XFS(12) # 0

XFS(29) if XFs(12) 0 and XFS(13)<XFS(14)
where D,/q =

Small Angle/Uncoupled Equation

= . . 2 =
D = q[D)/q + XFS(37)¥%g + XFS(40)%G © + XFS(36)%y ]

where DO/q is dcfined above
Ew and v, are in degrees

D = Drag in pounds
XFS(29) through XFS(42) are the inputs on CARDS 25 and 26

RTD = 57.296 (radians to degrees conversion) q = dynamic pressure
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TABLE 3-6. FUSELAGE PITCHING MOMENT EQUATIONS

High Angle Equation

2 2
M= q[Ml*cos y + My*sin®y]
2 .2 o
where y - {x»‘s(u) + M ksin®6 + M *sin"e if lvwl <90
1 2 2 o
XFS(47) - Ms*cos B Ma*sm &, if val>90
M, = )(I~‘S(85)'l‘rsin6w + XF‘S(ZoS)*cosZSw
M3 = XFS(47) - XFS(43)
[XFS(45) - XFS(43) = M ¥sin®(XFS(46)/RTD)]
M =]
4 sin(2*Y.fS(46)/RTD)
M5 = XFS(47) = XFS(44)

Nominal Angle Equation

) , 2.2
M= q{LMO/q + XFS(49 )*RTD*smww + XFS(50)*RTD *sin Ww]

+ 0.5%[XFS(51)%RTD + XFS(SZ)*RTDZ*sinww + XFS(53)*RTD3*sin2ww]*sin(ZGw)

2

+ 0,25%[XFS(54)*RTD" + XFS(SS)*RTD3*sinww]*sin2(2(lw)

+ 0,125%KFS(56)+RTD *sin>(2¢ )|

XFS(44) if XFS(12) 0 and XFS(13)>XFS(14)

XFS(48) 1if XFS(12) # 0

XFS(43) if XFS(12) 0 and XFS(13) <XFS(14)
where MO/q

Small Angle/Uncoupled Equation

M = q(M)/q + XFS(51)*c )

where ¢, is in degrees and No/q is defined above

M = Pitching Moment in foot-pounds
XFS(43) through XFS(56) are the inputs on CARDS 27 and 28

RTD = 57,296 (radians to degrees conversion) 'q = dynamic pressure
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TABLE 3-7, FUSELAGE SIDE FORCE EQUATIONS

High Angle Equation

2 2
Y = q[Y,%*cos €&, - XFS(20)*sin Qw]

<
[}

where 1 XFS(S?)*sinvw + Yz*sin(de)

[XFS(58) - XFS(57)*sin(XFS(59)/RTD)]

sin(2*XFS(59)/RTD)

Nominal Angle Equation

Y = q{[XFS(60) + XFS(61)*RTD*sing
+ sz(ez)*Rmzasrsinze.w + XFS(63)*RTD3*sin3Qw1
3

+ 0.50%[XFS(64)*RTD + XFS(65)*RTD2*sinQw + XFS(66)*RTD
2

*sinzew]*sin(2¢w
+ 0,25%[XFS(67)*RTD" + XFS(68)*RTD3*sinqw]*sin2(2Vw)

+ 0.125%[XFS(69 )*RTD” + XFs(70)*RTD“*sinew]*sin3(sz)}

Small Angle/Uncoupled Equation

Y = q(XFS(64)*y )

where by is in degrees

Y = Side Force in pounds
XFS(57) through XFS(70) are the inputs on CARDS 29 and 2A

RTD = 57.296 (radians to degrees conversion) q = dynamic pressure
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TABLE 3-8, FUSELAGE ROLLING MOMENT EQUATIONS

High Angle Equation

l = q[ll*c°szew + XFS(71)*sinzaw]

where 1 XFS(71)*sin¢w + lz*sin(va)

[XFS(72) - XFS(71)*sin(XFS(73)/RTD)]

sin(2*XFS(73)/RTD)

Nominal Angle Equation

{ = q{[XFS(74) + XFS(75)*RTD*sing

2

+ XFs(76)#RTD?*sin’g + XFS(77)#RTD’sin’ ]

+ 0,5%[XFS(78)*RTD + XFS(79)*RTDZ*sin€w + XFS(80)*RTD"

2

*sinzaw]*sin(2¢w)

+ 0,25%[XFS(81)*RTD* + XFS(SZ)*RTD3*sin%]*sinz(wa)

3

+ 0.125%[XFS(83)*RTD™ + XFs(sa)*RTD"*sinew]*sin3(sz)[

Small Angle/Uncoupled Equation

1= q(XFs(78)*vw)

where Yy is in degrees

l = Rolling Moment in foot-pounds
XFS(71) through XFS(84) are the inputs on CARDS 2B and 2C

RTD = 57,296 (radians; to degrees conversion) q = dynamic pressure
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TABLE 3=9, FUSELAGE YAWING MOMENT EQUATIONS

High Angle Equation

2 2
N = q[N *cos"g = XFS(48)*sin €,

where N, = XFS(85)*sln¢w + N

1 *sin(wa)

2

[XFS(86) = XFS(85)*sin(XFS(87)/RTD)]

N2-

sin(2*XFS(87)/RTD)

Nominal Angle Equation

N = qf[XFS(88) + XFS(89)*RTD*sing
+ XFS(90)#RTD ¥sin’c. + XFS(91)*RTD ¥sin’¢ ]

+ 0.5%*[XFS(92)*RTD + XFS(‘)J)*RTDZ*sinew + XFS(94)*RTD3*Sin3§w]sin(2¢w)

2

+ 0,25%[XFS(95)*RTD" + XFS(96)*RTD3*singw]sin2(2¢w)

3

+ 0.125%[XFS(97)*RTD> + XFS(98)*RTD “¥sing, Jsin>(2y )|

Small Angle/Uncoupicd Equation

N = q(XFS(92)%y )

where ¥y, is in degreces

N = Yawing Moment in foot-pounds
XFS(85) through XFS(98) arc the inputs on CARDS 2D and 2E

RTD = 57.296 (radians to degrecs conversion) q = dynamic pressure




When the HAE model is needed, the inputs should be based on wind axis test
data where the model was yawed to ¥, = 180 degrees at 8, = O and pitched
to 8, = 290 degrees at ¥, = 0. If such data are not available, most of the
inputs can be determined Ly estimating the fuselage drag and aerodynamic
center location for sidewuard and vertical flight, The drag times the mo-
ment arms of the aerodynamic center about the data reference point will
provide reasonable 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.
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3.5 ROTOR AERODYNAMIC GROUP

This group is composed of not more than five Rotor Airfoil Aerodynamic (RAA)
subgroups, which are numbered sequentially on input. IPL(6) in the Program
Logic Group specifies the number of subgroups to be input. If both rotor
groups all deleted (IPL(7) = 3), it is not necessary to read any RAA sub-
groups (IPL(6) = 0); however, if IPL(7) # 3, at least one subgroup is
required and a zero input for IPL(6) will be reset to one.

Each subgroup consists of five cards which contain the YRR inputs. 1In 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 = 1
through 5). The data sequence for Subgroup No. 1 is given in Section 2.5.1.
Inputs for other subgroups are in the identical sequence and format as for
Subgroup No. 1. Each subgroups represents one airfoil section and is inde-
pendent 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(18) and (19) 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(18) and (19) on CARD 07 and IDTABM(1-20)
on CARD 4G 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.

3.5.1 Aerodynamic Options

The inputs to the RAA subgroups are used by the CDCL subroutine to compute
the steady-state coefficients of airfoil section lift, drag, and pitching
moment at Blade Stations No. 1 through No. 20 as functions of the local
angle of attack, @, and Mach number, M. The program also includes two
independent models for computing the effects of yawed flow. Each model is
associated 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(33).

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(33).
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Y(33) acts as a switch for the UNSAN model only and is interpreted as
follows:

= off
= active for lift only

= active for drag only

w NN = O

active for both

The program includes logic which prevents both yawed flow models being
activated simultaneously when the unsteady aerodynamic options are off
(IPL(20) = 0). When one of the unsteady 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 3-10.

TABLE 3-10. RELATIONSHIP OF UNSTEADY AND YAWED FLOW MODELS
Effect of Unsteady Model on Yawed Flow Model
Unsteady | Value of BUNS Model UNSAN Model Description of
Model IPL(20) Y(28) Y(33) the Effect
BUNS <0 None Y(33) reset | UNSAN model turned
to zero off; BUNS model
may be on or off
None =0 Y(28) reset to None Either model may
zero if Y(33)p>0 be used; BUNS
model turned off
if UNSAN model
turned on
UNSAN >0 Y(28) reset to None BUNS model turned
zero off; UNSAN model
may be on or off

The BUNS and UNSAN unsteady aerodynamic models and the UNSAN yawed flow

model are discussed in Section 3.3.5 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 describes how the CDCL computes the steady-state coef-

ficients using the BUNS yawed flow model,

3.5.2 Steady-State Aerodynamic Coefficientc

The steady-state aerodynamic coefficients may be either 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 look-up

procedure are angle of attack and Mach number.
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Y(18) is found at the end of this section. It is mentioned here pri-
marily to caution the user that even though a table look-up 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
which fall into this category are Y(l) 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 and shift of the aerodynamic center are
accounted for in the following manner,

The tip sweep angle input, X(29), is used to modify the radial and tan-
gential velocity components impinging on the outermost 57 of the rotor
blade. The sweep angle is the amount the leading edge is swept back with
respect to the blade pitch-change axis. Tip sweep may cause the blade
aerodynamic center to be shifted aft by an amount X(30). The pitching
moment caused by lift force is then modified by the revised moment arm.

A more complete explanation of the tip sweep equations is given in
Section 3,3,4,3 of Volume I of this report,

The equations and logic checks used for all other blade segments are
given below. The initial step is to determine the effective Mach number
and angle of attack.

Let the local velocity components UT’ UP’ and U, be the tangential,

R
perpendicular, and radial velocities, respectively, Then the yawed flow
angle is

A = [ Min {Y(28), Itan-l(UR/UT)“] * sign [tan-l(UR/UT)]

and an effective Mach number is defined as

s Y(21)
M -(V/Vsound)[cos Y(20) A)
where
= 2 2 241/2
V—[UR + U, +UP_]
and
Vsound = Speed of sound as computed from XFC(26), (27), and (28)
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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 3.3,4.,1 of Volume I.

The angle of attack of the plade segment, «, is defined by
x=0+a +9
o

and it is assumed that

-180° > a > 180°

In the equation for @, 6 is the local pitch, or feathering, of the chord
line of the appropriate blade station. It is determined from control
system geometry, blade geometry, and elastic blade deflections, from the
equation given in the discussion of CARD 47.

The term ao is the angle between the chord line and the zero lift line

of the segment, When equations are used to compute the aerodynamic
coefficients,

@, = ¥(29) + Y(30) + Y(3M2 + Y(32)M

When data tables are used, ao is defined as zero since the data tables

are assumed to be a function of chord line angle of attack, However, if
the UNSAN unsteady aerodynamic option is activated (IPL(20) > 0) and
data tables are used, the values of Y(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.
® = tan-l(U /U.)
PPT

Hence, when equations are used, @ is the angle of attack of the zero lift
line and when data tables are used, it is the angle of attack of the air-
foil section chord line,

For rotors with cambered airfoils where the chord line and zero lift line
are not coincident, it is advisable to use data tables rather than equa-
tions to compute the aerodynamic coefficients, The mathematical model
described by the equations was originally developed for symmetric air-
foils exclusively., In most cases it is 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 varia-
tions of coefficients with Mach number associated with cambered
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rotor airfoil sections. Hence, i1f the user wishes to model cambered
airfoil sections vith equations, the flight conditions should be
restricted to those where rotor stall is not significant and the reversed
flow region is small, e.g., low blade loading coefficient (t ) and low
advance ratio (p). ¢

A modified angle of attack is then computed from

a cos A if|a|< 90°
o =
« if ||> 90°
If Y(18) indicates that the table look-up procedure is to be used, the
procedure is entered at this point with the above values of al 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 subroutine which called CDCL,

If Y(18) indicates “hat equations are to be used, the = . step is to
determine the lift curve slope of the airfoil at the . rent Mach number.

The input value of tihie Mach number at the lower boundury of the super-
sonic region, Y(2), is checked against a calculated value, Msc’ to deter-

mine the value of the lower boundary to be used, Ms.

M, = Max {v(2), M_ |
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 M,
sc

The equation for the slope of the lift curve takes one of three forms,
depending on whether the Mach number is subs~1ic, transonic, or super-
sonic,

Y(8) + Y(O)M + Y(10)M% + Y(11)M° (subsenic)

Y]
]

2
2 BO + BIM + BZM (transonic)

)
[}

4/(57.3VM° - 1) (supersonic)

[
(]
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Since the critical Mach number is subsonic, the slope of the lift curve
at M = Y(1) is

(al)CR = Y(8) + Y(9)*Y (1) + Y(lO)*Y(1)2 + Y(ll)*Y(1)3

If M = Msc in the equation for the supersonic lift curve slope, g and

ay = (a1 CR’ then

_ 2
Msc = \/1 + (0.0698/(a1)cR)

Then the final selection for the slope of the lift curve, a, is made:

a if M<Y(1l)

a= azifY(1)§M<M
a, if M <M
3 s =
The coefficients BO, Bl’ and B2 in the equation for a2 are computed
internally by matching end points with a, and a, and the slope of e
a, =a, at M = Y(1)
a = a
2
3 ) at M = Ms
dM dM

Next a test is made on & to see if the airfoil is in normal or reversed
flow. Several intermediate variables in the calculation of lift coeffi-
cient are set according to the results. The angle of attack, &, is
further resolved to be between plus and minus ninety degrees in either
case,

If |a1| < 90°,

o

O

o
[} ]
X7
[
~ —

YOO + Y(5)M2 + Y(o)M

20

R
n

. [(cLo + K )/al + 5%
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¥

If I°’1| > 90°,

Q
a = 180" - Iall
(e ()
LO
Kp =90
= o
ap = [c /al+5
0
The CL versus @ curve has the form shown in Figure 3-2, At the point
P1 in Figure 3-2,
GL®G *R
0
@ = =
CL/a a
At P2 in Figure 3-2,
o = oy

Linear interpolation is used to evaluate C. for points between P1 and PZ.

L

For ay < a < 90°,

¢, = [11.876 sin @ - (.581)} K + 0.81] cos «

where

‘1 + 0,254 ifM<1

0.85 + 0.082/[M-0.8] if M > 1

The form of the CD versus ¥ curve is shown in Figure 3-3, At the point

. . - o = = i = <
P3 in Figure 3-3, ay and CD CDX, where either @y =@ and CDx

< =
Y(l6), or ax as and CDx Y(1l6),

For M < Y(2), i.e., below the supersonic region, the drag coefficient
expression used depends on the value of «,
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P2

E
P gpo
Figure 3-7 General Lift Coefficient Versus
Angle of Attack Curve,

Figure 3-13,

General Drag Coefficient Versus
Angle of Attack Curve,
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+ Max {0, Y(19)a - 1(1) + Max[M, 0.35]})

NOTE: 1In this drag cquation, @ is the angle of attack with respect to
the airfoil section zeroc lift line. Hence, for cambered airfoil sections
where chord line and zero lift line are not coincident, care should be
taken that the coefficients Y(12), (13), and (l4) are referenced to the
zero lift line rather than the chord line.

The drag rise coefficient, Y(19), was formerly included in the computer
program with a constant value, 0.0332 per degree. If Y(19) is input
as zero, it is reset to 0.0332,

< o]
For ax <a< 90" or CD < CDX,

C._ =K sin2 o + (CD - K sin2 &X) cos a/cos ax

D 4 X 4

where Ké S/

In the supersonic region, M 2 Ms

C, = Min ;Y(lb),(Y(12)-+ 41(a/57.3)2 + Y(15)1// M 1):

The calculation of steady-state pitching moment coefficients is best
understood by following the logic flow chart in Figure 3-4, which is
repeated from Volume I, The procedure was developed in order to curve
fit C versus o curves at various Mach numbers such as those sketched
in Figure 3-5. 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 section are listed in brackets,

Ay = Y(22) 1 -.002488]
A, = Y(23) _-.009456 |
Ay = Y(24) [.82]
A, = Y(25) [0.0]

The inputs Y(22), Y(23), and Y(24) arc cocfficients for a quadratic func-
tion of o determining the corresponding value of Mach number at which

the CM curve breaks sharply away from the input constant value, Y(25).
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COMPUY(S A‘:::ll’\’leS m INPUT CONSTANTS
el A R Ay Ry Ay

(6 0 s(c' C0Sa- C,SINa)

YES

C - 3(A -a
mo 5 B)

Cp® Cp— 0.00646{(al - A,)

J

Cn -a(la.-as)

ol

$
Cm -Cm sign la)
Cm-CmoA‘

C.- Ssgn [cm}_ YES

L 0

RETURN

Figure 3-4. Flow Chart for Steady-State Pitching Moment Calculation,
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Figure 3-5. Typical Curves of Pitching Moment Coefficient

Versus Angle of Attack at Various Mach Numbers,
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For |al'< 90°, the first series of calculations and tests is to determine
the relative sizes of |a], the angle of attack, QB, corresponding to

Meff = M on the "break" curve mentioned previously, and A5, the critical

value of the @ defined by the '"break" curve for M = 0. The evaluation of

Cy is different for 0 <o < ap, o <a <A, and A, < a < 90°.

M B 5

For a less than QB’

CM = Y(25)

For & between @p and Ao, a slope, d, is computed for the C, line between

o and A.. This slope depends on M and an input critical value,

B 5 eff
Y(24), which is the point on the "break" curve for @ = 0, The pitching
moment coefficient is calculated from

i (|a|-aB)E sign(a) + Y(25)

If Ial is greater than AS’ a second slope included in the program is
used.

Cy = (Ag - ap)d - 0.00646 (|a| - Ag) sign (a) + ¥(25)

For |a| 2> 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,

C, = -O.S(CL cos @ + C_ sin @) + Y(25)

M D
As shown in the flow diagram (Figure 3-4), the absolute value of CM is
limited not to exceed 0.5 in all cases.
NOTE: The control variable for use of CL’ CD, and C,, tables, Y(18),

operates as follows: M

(1) 1f Y(18) = 0, the aerodynamic coefficients are computed
from the above equations using the YRR inputs,

(2) 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 aero-
dynamic coefficients. Note that a set of data tables for the
NACA 0012 airfoil is stored permanently in Airfoil Data Table
No, 5. These tables are shown in Figure 3-6. See Data Table
Group for additional details.
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3.6 MAIN ROTOR GROUP

This entire group must be omitted if IPL(7) = 1 or 3. This rotor always
rotates counterclockwise when viewed from above, i.e., the standard direc-
tion of rotation for main rotors of American-made helicopters.

CARD 41

The number of blades, XMR(1), must be in the range from 2 to 7 inclusive.
The geometric and physical properties of each blade 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/axes and the pitch-change axis at the center of the hub
(r=0). 1t is positive if the pitch-change axis is below the flapping
axis/axes. See Section 3,26.4 for additional details.

If the chord is constant over the blade radius, this single value may be
entered as XMR(5), and the chord distribution on CARDS 4A, 4B, and 4C
must be omitted. If XMR(5) = O, the chord distribution must be input.

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. 1In this case, CARDS 4D, 4E, and 4F must be omitted. 1If
XMR(6) 2 100, these twist distribution 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 is the maximum amount the hub can flap without
hitting the flapping stop spring. The normal input is positive, See
also XMR(17), CARD 43,

CARD 42

The location of the shaft pivot point as specified by XMR(8), (9), and
(10) is primarily intended for use with tilt-rotor configurations, These
inputs in conjunction with the mast tilt angles and length (XMR(44), (45),
and (46), respectively, on CARD 47) are used to determine the stationline,
buttline, and waterline of the rotor hub, the point 2t which the summa-
tion of the rotor forces acts. For other than tilt rctor 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, XMR(1l), is the weight of a single blade in pounds. Each
of the XMR(1) blades is assumed to weigh the same,

Blade inertia is the inertia of a single blade about the line which

passes through the centerline of the rotor shaft and is perpendicular

to the blade feathering axis and the shaft., For a teetering or gimbaled
rotor with no pitch-flap coupling (XMR(24) = 0.0), this line is equivalent
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to the flapping axis. These two inputs are used only for the case of
rigid blade (iPL(3) = 0). If the main rotor aeroelastic blade data set
is input (IPL(3) # 0), the blade weight and inertia are internally com-
puted from the blade weight distribution, XMW(l) through XMW(21), in the
aeroelastic blade data set; in this case, the input values of XMR(1l)
and (12) are ignored.

CARD 43

XMR(15) is used to select the blade station at which the beamwise, chord-
wise, and torsional moments are calculated at each time point in a
maneuver for an elastic rotor. There are 21 blade stations located at

5% intervals and numbered sequentially from O at the hub (zero radius)

to 20 at the blade tip.

XMR(16), the hub-type indicator, = 0,0 for gimbaled or teetering rotor;

# 0.0 for rigid 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.

The flapping stop spring rate, XMR(1l7), 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, XMR(18), generates a restoring moment whenever
there is any flapping.

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 un-
steady aerodynamic option is activated for the rotor. Otherwise, the
input is ignored. 1If the input is less than or equal to zero, it is
reset to unity (one per rev). See the discussion of UNSAN in Volume I
to aid in determining this input,

The lead-lag damper, XMR(20), is included primarily for simulation of
articulated rotors., It applies a concentrated force, at 10 percent radius,
proportional to the inplane velocity at that point. A zero input indi-
cates no damper,

If a blade segment is completely inboard of the hub extent, XMR(2l1), 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(18) or CARD 4G are used for the segment,
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CARD 44

The location of the pitch change axis, XMR(23), is the distance from the
quarter (25%) 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% chord aft of
the leading edge, XMR(23) should equal 0.05 (5% aft of the 257% chord
line). Similarly, if the axis is at 17% chord, XMR(23) should equal
-0.08 (8% forward of 257 chord line). A value of 0,0 (equivalent to 257%
chord) is the normal input. An accurate value for this input is partic-
ularly important when either of the unsteady aerodynamic options is
activated, i.e., IPL(20) # 0. Also, see Section 3,26.4,

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 3.26.4,

Drag coefficient for hub, XMR(25), is discussed with hub extent in CARD
43.

The coefficient for tip vortex effect, XMR(27), modifies 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. However, power and other
performance 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, 1If the
input is zero, the effect is removed.

CARD 45

Tip sweep angle and shift in the aerodynamic center at the tip, XMR(29)
and XMR(30), are described in Section 3.5.2 as X(29) and X(30), respec-
tively. See Section 3.26.,4 for definition of XMR(31l) and XMR(32),

CARD 46

The intended use of the rotor nacelle inputs on this card is to simulate
changes in aerodynamic forces and the cg location of a tilt-rotor air-
craft during conversion. Each rotor has its own nacelle, although for a
tilt-rotor aircraft all nacelle inputs are normally identical except that
the buttlines of the aerodynamic centers, XMR(38) and XTR(38), are
opposite in sign. For configurations other 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 is the total weight of the nacelle, dynamic pylon,

rotor hub, blades, etc., which contribute to a shift of the aircraft cg
with F/A mast tilt angle. If the F/A mast tilt angle is to remain
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constant at the input value of XMR(44) during the run, and the aircraft
cg input on CARD 2l 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 21 will be calculated as explained
below.

Nacelle cg inputs are intended to locate the cg of the moveable weight
(pylon, rotor, etc.) for zero degrees F/A mast tilt and XMR(45) degrees
lateral mast tilt. Since only the F/A tilt angle is variable during

a maneuver and F/A tilt is in the body X-Z plane, only shifts in cg
stationline and waterline are calculated. The shifts of cg station, ASTA,
and waterline, AWL, due to F/A mast tiit angle, Bm’ are given by the
following equations:

ASTA = ZsinBm + X(1 - cosﬁm)
AWL = Z(1 - cosBm) - XSian
where
X = [XMR(36)/XFS(1) J*[XMR(8) - XMR(37)]

[XMR(36)/XFS(1) J*[XMR(10) - XMR(39)]

N
(]

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 sideslip) as the F/A mast tilt
angle is changed from 90 degrees (horizontal) to O 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:

_ 3
DN = XMR(40)*cos™ ( oy )

where oy 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 distance XMR(4l) feet from the mast pivot
point. The direction for positive XMR(4l) is defined as up the mast when
the mast is vertical.
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CARD 47

Let y be the control phasing angle, XMR(43). Then the equation for rotor
feathering is as given below:

8(y) = &, + eTWIST - B(y)*tan 63

- tan-1<[.tan(Bl) + tan(Al)*tan(é3 - y) J*siny

+ [tan(AI) - tan(Bl)*tan(b3 - v) J*cosy )

where
'] = rotor azimuth location
& = blade geometric pitch
60 = root collective pitch
eTWIST = change in'blaQe pitch frov root to blade segment
dur to built-in and elastic twist
B, = control input from F/A cyclic stick
Al = control input from lateral cyclic stick
63 = pitch-flap coupling, XMR(24)
8 = blade flapping

The F/A and lateral mast tilt angles, XMR(44) and XMR(45) respectively,
are both zero for a mast which is vertical, i.e., parallel to the body
Z-axis. For nonzero mast angles, the angles are treated as Euler

angles where the F/A 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 42) to the rotor hub. The direction
for positive XMR(46) is defined as up the mast when the mast is vertical,
The mast length may be zero if the location of the hub is given by XMR(8),
(9), and (10).

The incremental torsional inertia of the mast is that inertia which is
not included in the blade weight distribution. This variable is also
used as a control switch on mast windup where a zero indicates a mast
which is rigid in torsion. The torsional spring constant of the mast
may be input as zero if XMR(47) = 0,0,
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CARD 48 (include this card only if IPL(8) = 1 or 3)

Fore-~.nd-aft dynamic pylon motion is coverned by the following differential
equation:

I a_+c¢

£°F FoF + kFaF = 1FSx - PMOM

where

IF is the total pylon inertia about the F/A pylon focal point which
equals the inertia of the blade being translated along its radial
axis plus XMP(1l), which is the inertia of the pylon with the rotor
off. NOTE: XMP(l) as well as IPL(8) acts as a switck for F/A
pylon motion. If XMP(1) = 0.0, there is no F/A pylor. motion,

If XMP(1) # 0.0, the pylon equation will be used even if a zero
spring rate is input.

c. is the pylon damping, XMP(2).
k., is the pylon spring rate, XMP(3).

1_ is the effective length of pylon, XMP(4); positive for focal
point below rotor hub.

aps éF’ and a_ are the pylon angular deflection, velocity, and
acceleration, respectively; positive forward.

Sx is the net rotor shear force in the shaft reference x direction.

PMOM is the net pitching moment transmitted from the rotor to the
top of the mast.

The coupling ratios define the degree change of the specified swashplate
angle or blade angle per degree change of F/A pylon angle.

Sign Conventions: Positive pylon motion for both main and tail rotors
is in the same direction as positive mast tilt. The hub moves forward
and down. Positive coupling ratios will give the following inputs with
positive fore-and-aft pylon motion:

(1) Forward cyclic (both rotors)

(2) Right cyclic (main rotor); left cyclic (tail rotor)
(3) Up collective (both rotors)
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CARD 49 (include this card only if IPL(8) = 1 or 3)

Lateral pylon motion is governed by the following differential equation:

ILaL + CLaL + kLaL = lLSy + RMOM

where

I. is the total pylon inertia about the lateral pylon focal point,
XMP(8) is the inertia of the pylon with the rotor off.
(1f XMP(8) = 0.0, there is no lateral pylon motion,)

c, is the pylon damping, XMP(9).
k. is thec pylon spring rate, XMP(10).

1. is the effective length of pylon, XMP(1ll); positive for focal
point below rotor hub.

ay A, and a, are the pylon angular deflection, velocity, and

L
acceleration, respectively,

Sy is the net rotor shear force in the shaft reference y direction,

RMOM is the net rolling moment transmitted from the rotor to the
top of the mast.

The coupling ratios define the degree change of the specified swashplate
angle per degree change of lateral pylon angle.

Sign Conventions: Positive lateral pylon motion moves the hub to the
pilot's right and down for the main rotor but left and down for the tail
rotor, Positive coupling ratios will give the following inputs:

1) Forward cyclic (both rotors)
2) Right cyclic (main rotor); left cyclic (tail rocor)
3) Up collective (both rotors)

CARDS 4A, 4B, 4C

These three cards may be used to input a nonuniform chord distribution for
the blade. The cards must be omitted if XMR(5) # O and must be included
if AMR(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 Statiun No. 6. The chord at Blade Station No. 0 is not input; it

is assumed equal to the chord at Blade Station No. 1. The distribution
must be root to tip.
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CARDS 40, 4E, 4F

These three cards may be used to input a nonlinear twist distribution

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(11) is the twist at Blade Station No. 11, The
twist angle at Blade Station 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.

CARD 4G

This card may be used to input a nonuniform aiifoil section distribution
for the blade. The caid must be omitted if IPL(18) > O and must be
included if IPL(18) < 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 BPlade Station. The subscript of each entry in the IDTABM array
specifies the Blade Station Number of the entry. For example, if 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(6), the total number of RAA
subgroups inpu:, 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).
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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 as
well as the main rotor mast is vertical, The inputs required and 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: 1PL(1), (4), and (19)
affect the tail rotor but not the main rotor; different valucs
of IPL(7?) and (8) are used for the tail rote: IPL(3) and
IPL(18) do not affect the tail rotor,

Hence, see the Main Rotor Group for all except:

CARD 50

If IPL(1) # O or if IPL(?) = 2 or 3, omit the entire tail rotor group.
CARD 52

The blade weight and inertia inputs, XTR(1ll) and (12), are ignored if
IPL(4) # O; i.e,, when a tail rotor aeroelastic blade data set is input,

CARD 54

Tail rotor sidewash coett .ient, K, is used to simulate the effect of the
fuselage on the wind vector at the tail rotor as follows:

vT=vF (1. - K)

where Vo and V_ are the lateral components of the wind vector, in body
reference, re1t by the fuselage and the tail rotor, respectively.

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, 1If XTR(45) = +90 (tilted to the right), the advincing
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
(counterclockwise rotation when viewed from the right side of the
aircraft),

CARDS 58 and 59

These cards, the pylon inputs, are to be included only if IPL(8) = 2 or 3.
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CARD 5G

IPL(19) rather than IPL(18) specifies tail rotor steady-state aerodynamics
and causes read-in of CARD 5G if less than zero.
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3.8 WING GROUP (omit entire group if IPL(9) = 0)
3.8.1 Basic Model

CARD 61

Wing area should include carry-through area if any. The program 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 3-7.

The sweepback angle, XWG(7), is positive aft,

CARD 62

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-2
plane,

The spanwise efficiency factor, XWG(9), relates the geometric aspect
ratio to the effective aspect ratio. See Section 3.8.2 for further

details,

The taper ratio of the surface, XWG(10), is equal to the surface tip
chord divided by the root chord; e.g., 1.0 is a parallelogram, 0.0 is
a triangle.

XWG(1l) 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 XSTB1(ll), the
tail bending coefficient. Although similar in use, XWG(13) and XSTB1(13)
are not necessarily equal,

Control surface deflection, XWG(14), is positive for trailing edge down,

CARD 63

The model for changing surface lift coefficient, maximum lift coefficient,
drag coefficicat and pitching moment coefficient with control surface,

or flap, deflection is based on analysis and data from Reference 8 and
Chapter 6 of Reference 9. The change in lift coefficient due to flap
deflection, bf, is

(ACL)f = XHC(IS)*bf + ch(16)*6f* éfl
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and the change in maximum 1ift coefficient is
2
(ACL)max - XHG(I?)*Gf + XHG(IB)*&f + (ACL)f

The input XWG(17) and XWG(18) account for the situation where the
maximum lift coefficient is increased more or less than the change in
1ift coefficient,

The change in profile drag coefficient due to flap deflection is
2
(ACD)f = ch(l9)*6f + XWG(ZO)*bf

CARD 64
The change in pitching moment coefficient due to flap deflection is

(3¢ = XWG(22)%b . + XHG(23)*6f*|6f|

CARD 65

XWG(29) through (32) control the effect of the wake from each rotor on
the flow field at each wing panel., These effects are represented by
superimposing two velocity vectors (one from each rotor) on the flow
Zield at each panel. Each velocity vector is a function of the induced
velocity at specific 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 constents or
all be from RWAS tables; combinations of constants and tables are not
permitted.

The magnitude of these wake effect inputs controls which function will
be used, If the inputs are less than or equal to 100, a four velocity
vector will be computed using the input value as a constant factor:

(AV)IR = XNG(29)#(V ),
—. -—
(AV)IL = ch(:m)s'c(vi)l

- -
(8V), = XWC(3L)*(V,),

(47) 5 = XWG(32)% (V)

2
where AV is the velocity to be superimposed,
V, is the average induced velocity at the rotor disc.

i
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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 which 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 reprcacnited by a table, all must be represented by a
table. When using tables, care should be exercised to assure that the
proper table is used. See Section 3.3.4 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 aerodynamic surface.
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CARD 65 - 66

Inputs XWG(33) through XWG(42) are determined from Etkin (Reference 2,
pp 486-495), They are used to calculate the wing contribution to static
and dynamic stabilitv. The static derivatives (those which are coeffi-
cients of B) may be included in the fuselage group aerodynamics or simu-
lated with appropriate values of wing sweep and/or dihedral., If 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 coeffi-
cients 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 increments to
the rolling and yawing moments calculated from the equations below is
added to each wing panel,

A F[a (XWG(33) + ch(34)cL] + ts [ch(35)rcL + ch(36)p]J

and
N = F[s[ch(37) + ch(38)cL2]
+ ts[r{XWG(39)CL2 + XWG(40) C, cos Bl
o
+ p{XWG(41)C, + XWG(42) (ac /da) cos BIJ]
where
F = 0.5pSV’B
ts = 0.5 B/V
V = airspeed

B = wing span

S = wing Area

B = sideslip angle

a = wing angle of attack

p = roll rate of fuselage in the stability axis system
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
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AL, and ANw are computed in the stability axis system and are resolved
into the body axis system.

3.8.2 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 {rom equations
or obtained from data tables. In the following discussion, Y(I) refers
to the Ith aerodynamic 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 aero-
dynamic 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, data tables are
used to compute the coefficients 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
which describe the infinite aspect ratio, or two-dimensional, aero-
dynamic 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, Al/k; sideslip angle between the airfoil section and local

flow, B; change in maximum lift coefficient due to control surface
deflection; and change in 1ift, 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 the 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 degrees, it
is suggested that data tables rather than equations be used.

The geometry and effectiveness of the surface are defined from the
following inputs,

; = buttline of surface center of pressure = X(3)
A

= sweepback of quarter chord = X(7)

1/4

A

e

geometric aspect ratio = X(8)

spanwise efficiency factor = X(9)

taper ratio of surface = X(10)
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The spanwise efficiency factor, e, should be unity for the ideal case
where the surface has an elliptical lift distribution and uniform down-
wash. 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., 8 T-tail, may have a value of e as high as 1,5
or more. A stralght untapered, unswept surface may have a value of e

as low as 0.6 or less. A typical value of e for un-end-plated aero-
dynamic surfaces on helicopters is about 0.7. The user should consult
such text reference books as Etkin, DATCOM, Perkins and Hage, or
Dommasch (References 2, 3, 4, and 5) to obtain a more intuitive feel

for the value which should be chosen for this spanwise efficiency factor.

Using the above parameters, the sweepback of the half chord, A1/2’ is

. s tan Y [ ean Ay, - (1= W/ + )]

1/2

%* *
and the effective sweepback angle, A, and effective aspect ratio, A,
are

AF = A1/2 - (sign ;")B

*
A

ek’ cos> w*y/ os = (AI/Z)

Let o be the angle of attack input to CLCD and assume that

-180° < o, < 180°

1

Then for urctalled flow the two-dimensional :ilsonic lift curve slope,
a_ s is defined as

a, = Y(8) + Y(9)M + Y(10)M? + y(11)M°

and the three-dimensional subsonic 1lift curve slope, a), as

a, = (2m A*/57.3)/[2 1 \ﬁz m A*/ao)z[ 1+ {tan’a%/(1-u%)} ]+ 4 J
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and the transonic lift curve slope, a,, as

2
azﬂBo+BlM+82M

and the supersonic lift curve slope, ay, as

a = (4/57.3)/\/M2 -1

The input value for the lower boundary of the supersonic region, Y(2), is

checked against a calculated value Msc=

M, = Max {Y(Z), Msc}

where

2
M, =\/1 + [(4/57.3)/(a)) g )

and (al)CR is a, evaluated at the drag divergence Mach number, Y(1).
The coefficients BO’ Bl’ and Bz are computed internally by equating

a, and ays and the slopes of a, and a, as follows:

3
a, = a, at M=Y(1), B =0
a2 = a3 at M = Ms
da da
2 _ 3 =
dM ~ dM ol al O s

Then the lift curve slope of the surface for unstalled flow, a, is
defined as

a if M<Y(1l)

1f Y(1) S M< M,

ifM <M
s—
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Having determined the unstalled lift curve slope, subroutine CLCD
establishes the curve of C, versus « for all angles of attack.,

If ' a1|~5 90°, i.e., forward flight,
a=|a1l
SG = al/lall
cLo =Y(3) + SG(ACL)max

Y(4) M+ Y(5) M% + Y(6) M

38

(c

Q
(1]

+ K. )/a
LO L
o

B as +5

R
"

where (ACL)max is the increment to the maximum lif coefficient due t»o

control surface deflection, as calculated in the aerodynamic surface
section.

If Iall > 90°, i.e., rearward flight or reversed flow,

a = 180 - |a1|

SG = - a,/ Iall

[@]
]

Y(7) + .‘c<AcL)max

R
"
[@]
~
o
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For 0 <a<a

B
C£ = ax
]
If ¢ <S¢ then.
0
C =

]
L CL + SG(ACL)f

where (ACL)f is the increment to CL due to flap deflection as calculated

in the aerodynamic surface section,

If Ci >'CL , then CL is determined by linear interpolation in the

following manner.

CL =C, +K + SG(ACL)f
max 0

CLB = CL at a = aB as discussed below.

Then
o
¢, =¢ +(c C, e ag)/5
max max B

In either case, the induced angle of attack, ai’ is

o:i = cL/n A%

For % <a< 90°, the 1i{t coefficient is calculated from the following

empirical expression for CL as a function of the equivalent two-dimen-

sional angle of attack, Ay

c, = [{2 ¢, sina, - .81}x3 + 0.81] cos a, + SG(AC

)
5 2 2 L’f
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’ 1+0.25M ifM<1
K, =
b 084+ 0.082/(M-0.8) if M> 1

The value of CL Is based on the magnitude of @, as described above, and

:FL is the lncrgment due to control surface deflection.

The angle &

2 is related to the angle @ by the induced angle of attack,
&, .
i

0'230’-01

%
where, as above, oy . CL/ﬂ A

The angle «_ represents the angle of attack needed on an infinite

2
aspect ratio surface to provide the same lift as the aerodynamic surface
in question,

Hence, CL and o, are functions of each other. Consequently, a small

angle assumption is used for @, and the above expressions for CL' @y
and @, are rearranged to defin= « 3

as a function of C, , @, and K
i L0

Then

%*
€y = TA Jo,

The form of the CL vs. @ curve is shown in Figure 3-2 for er:

control surface deflection. At point P, in the figure

1

e Wi |
0
= as = CL/a
At point P, in Figure 3-2
Q=QB

3-82



and C, is defined by the procedure discussed for ay <a< 90°. control

surface deflection shifts the curve vertically and may change the dif-

ference between €, at o = 0 and €, at o = o .
L L S

The form of the C vs. @ curve is shown in Figure 3-3, At point P3 in

D

Figure 3-3, a = a_ and C_ = C_ . The values of a_ and C_ are defined
X D Dx x Dx
from the maximum value for nondivergent drag, Y(16); the stall angle,

x_; and the equation Jor nondivergent drag, (C.) .
S C7ND

— 7 2 ]
((:D)ND =Y(12) + Y(13) o, + Y(14) @,” + (ALD)f
+ Max {O, Y(19) @, - Y(1) + Max [ M, O.35J}
where a2 = o - Gi. as in the nodel for lift coefficient,

(ACD)r = increment to profilc drag duc to control surface (flap) deflec-

tion and
LDS S (CD)ND cvaluatod at az = ag -(ui)s
If ¢. < Y(le)
D I
S
\-IX = G« -(ai)s
C = C
DX D>
I ¢ >Y(lo)
DS
C. = Y(le)
DX
ae = % for (CD)ND = Y(16)

Then, for 0 <o < OX
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= Cplyp
and for ax <a< 90°

_ 04,2 _ o2
CD = 2. + (oz2 - 90%) (CDx - 2.)/(01x 90°)

In the supcrsonic region, M > MS

C, = Minjy(le), (v(12) + a[(a2/57.3)2 + Y(15)]/\/$42 - 1)

The value usually used for Y(15) is 0.04. The supersonic lift and drag for
the wing and stabilizing surfaces is deemphasized because this computer
program was never intended to simulate such high speed flight. The super-
sonic functions arc included primarily because the CL and CD calculations

were originally developed for the rotors and later applied to the other
acrodynamic surfaces. A secondary reason for this inclusion is to main-
tain the similarity between the input and mathematical models used for the
acrodynamic surfaces (CLCD subroutine) and the rotors (CDCL subroutine).

Once dcterminea, the CL and CD coefficients are assumed to act in an
axis system which is pitched up ai degreces with respect to the wind
vector. Conscquently, before returning the value of CL and CD to the

acrodynamic surface scction of the program, they are resolved back to
wind axis:

= o} - i a ¥
CL . CL cos i CD sin ; SG
wind

C

C.cos v, +C, sin a,*5G
D . i
wind

D i L

The calculation of the acrodynamic pitching moment is performed in the
same manner as for the rotor cxcept chat the section pitching moment
cocfficicnt, Y(25), is modified for swzep and aspect ratio effects. That
is, suvstitute the following expression for Y(25) in the rotor discus-

sion:

v(25) A¥ cosz(Al/a)/(A* + 2 cosliny 1)) + (a0),
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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 aero-
dynamic coefficients as a function of @ 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 determine the

coefficients as functions of Gl and M.

CAUTION:

Coefficients obtained from tables are not corrected for aspect ratio

or sweep c¢tfects., Hencc, 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:

C = [(CL)Tuble + (ACL)f] don O (A*)/cos (A1/2)
Cp = L(Chpapye + (8G))]

2 *
Cy = [(CM)Table + (ACM)f] cos® (A)/cos (AI/Z)

NOTE:

If tables are used by the wing, the wing acrodynamic inputs should still
be input to provide a realistic value for the stall angle, Age

This angle is uscd in computing the effect of the wing on the flow
field at the stabilizing surfaces,
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3.8.2.1 Flow Field at Stabilizing Surfaces due to Wing

As mentioned in the discussion of Stabilizing Surface No. 1, the wing
can affect the flow field at the stabilizing surfaces. It does so in the
following manner.

A dynamic pressure reduction at each surface due to the wing is calculated
using XWG(1l) and (13). The equations used were .aken from NACA Report
Number 648, Reference 7. The general situ/ tion is shown in Figure 3-8.

The deflection of the centerline of the wing wake from the free-stream
direction, € ake’ is calculated from XWG(13).

= XWG(13) C
wing

¢
wake

The dynamic pressurc loss, T , is represented as a fractional part of the
free-stream value such that

qreduccd " qfree stream

(1-Tg)

The maximum value of T, occurs at the center of the wing wake and at the
trailing edge of the wing. The input XWG(1ll) is used to determine this
maximum reduction, T .

Imax
1/2

Ty = Xc(1L) [CD . ]
max wing

Then the dynamic pressure loss may be calculated at any point inside the
wing wake.

T =1 cos2 (m D/2h)

q e

(8 + 0.3)
wherc

D is the vertical distance from thc centerline of the wake to the
elevator (as shown in Figure 3-8),

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 (es shown in
Figure 3-8).
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C Stabilizer
Center of Pressure
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€
Local ¢‘————-‘-
Velocity i
Vector

Wing
Center of Pressure

¢ is the centerline of the wing wake,

The figurc is in the body X-Z plane,

Figure 3-8. Wing Wake Model,
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D, h, and § are internally calculated based on wing/stabilizing surface
geometry and aerodynamics,

In addition, a downwash angle at each surface due to 'he wing is computed
using the 13th input of the appropriate stabilizing surface, e.g.,
XSTB1(13) for Surface No. 1. The angle for Surface No. 1 is then

= XSTB1(13) C
wing

€
wash

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 €, and ﬂq, the flow field is then modified at the stabilizing

ash
surface in the same manner as was done for the wash and dynamic pressure
reduction at the surface due to the fuselage.

See Section 3.1.2 for the discussion of the wing aerodynamic computations,

3.8.3 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 controls subgroup is XCWG, while the correspond-
ing subgroups for the stabilizing surfaces are XCS1l, XCS2, XCS3, and XCS4
for the first, second, third and fourth surfaces, respectively. 1In the
following discussion, the term XCSj(I) refers to the Ith input of the

jth stabilizing surface linkage subgroup. The wing linkage subgroup

can be considered equivalent to the zeroth surface subgroup, i.e., XCSO(1)
is synonymous with XCSW(I). Similarly, XSTBj(K) refers to the Kth input

of 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 F/A 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(9). If IPL(9) > 0, the XCWG
inputs (CARDS 6B and 6C) must be included; if IPL(9) < 0, the two cards
must be omitted,

The read-in of the linkage subgroup for the stabilizing surfaces is
controlled by IPL(10). 1If IPL(10) > 0, then each of the IPL(l0) surface
groups input must include a linkage subgroup; if IPL(10) < 0, all
linkage subgroups must be omitted.

3-88



Each subgroup uses the identical input format and the same mathematical
modc! for calculating the increments to be added to the incidence or con-
trol 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 F/A cyclic stick lirkages, the increments

are added to each wing panel symmetrically; for lateral cyclic stick or
pedal position linkages, the increments for the left panel are the nega-
tive of those on the right, i.e., asymmetric 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 3,21.2,27), 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 which pro-
vide 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,

.th
If XCSj(3) = 0.0, the increment for the ] surface due to collective
stick displacement is

2

+ XCS§(2) * K,

(Ail)j = XCSj(1l) * K1

th
If XCSj(6) = 0.0, the increment for the j  surface due to F/A cyclic
stick displacement is

, + XCSi(5) * K22

th
If XCSj(10) = 0.0, the increment for the j surface due to lateral
cyclic stick displacement is

(Liz)j = XCSj(4) = K

2
(Ai3)j = XCSj(8) ¥ K, + XCSj(9) * Ky

3

If XCSj(13) = 0,0, the increment for the jth surface due to pedal displace-
ment is

. _ : . 2
(Ala)j = XCSj(1l) * K, + XCSj(12) * K,

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

3-89



Aij = (Ail)j + (Aiz)j + (A13)j + (Ai,.)j

The effect of a nonzero breakpoint for the collective stick linkage,

XCSj(3) # 0, is discussed below. The effect of nonzero XCSj(6), (10),
and (13) is identical.

If XCSj(3) > 0, then the control linkage is active only when the magnitude
of the stick position is greater than the breakpoint, i.e.,
=0, if ¢

(21)) < XCSj(3)

COLL
XCSJ(1) * k

j

+Xes3(2) * k%, 1f 6

1 COLL > Xcs3(3)

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 break-
point, i.e.,

- >
(81)), =0, if 6.0, > | xes3¢3)]

) 2

= XCSJ(1) * Kk, + XCs3(2) * k %, if 6c0LL'<| XCSj(3)|
where k1 = (LCOLL - IXCSJ(3)|) % XCON(1)/100,

For constant values of XCSj(l) and (2), the effect of *he breakpoint on
the increment is shown in Figure 3-9,

Similarly, the increment due to F/A cvclic with XCSj(6) # 0 is as
follows:

if XCSj(6) >0,

2 < X
F/a —

j «. e+ T * . £
XCSj(4) * e, > Xesj(e)

(Alz)j =0 if

and if XCSj(6) <0,

(sz)j = 0 if R ]xca s [

. . 2
XCSj(4) * k, + XCS}(5) * k,° if b, < IXCSj(b)I

2
where k, = (oF/A - IXCSj(b)I) * XCON(7)/100

For the stabilizing surfaces, the increments due to lateral cyclic,
(Ai3)j,are computed similarly by replacing XCSj(4), (5), and (6) with

XCsj(8), (9), and (10) plus replacing & and XCON(7) with 6LAT and

F/A
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XCON(15). For the increment due to pedal, (Aia)j’ Xcsj(1l), (12), (13),

éPED’ and XCON(22) are substituted.

For the lateral cyclic and pedal linkages to the wing angles, nonzero
breakpoints, XCWG(10) or (13), opcrate in a slightly different manner
from that discussed above. As shown in Figure 3-9 the linkage is
asymmetrical about the 507 control position, In equation form, the
increment added to the right panel is

: - 2
(A13)0 = XCWG(8) * ky + XCWG(9) * k,

5 - 3 if & >
where '()LAT 62 )% XCON(17)/100, if LAT 62

k.= (5LAT - °1) % XCON(17)/100, if 6 ,. <6

3 1

0, if &, <6 <&

and 51

50 - XCWG(10)
XCWG(10) > 0

&

2 50 + XCWG(10)

The increment added to the left wing panel is the negative of the incre-
ment added to the right panel. The increment to each panel due to pedal
position is handled in the identical manner,

An Incremcnt, Lim, can be added to the appropriate surface angle as a

function of the F/A mast tilt of Rotor 1,
(Lim)j = XCSj(14) * (F/A mast tilt angle)
The total increment to the appropriate angle of the jth surface is then
Lo L)+ (i " i)+ (2i), ).
Llj (All)J (Alz)j (.413)J (L.la)J + (Lxm)J

If XCSj(7) = 0, the geometric angle of incidence for the jth surface is
then

i, = 2i, + XSTBj(5)

J J

and the control surface angle is
cj = XSTBj(14)

If XCSj(7) # 0,

ij = XSTBj(5)
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and

o} =
[ Aij + XSTBj(14)

Increments due to J Cards (J = 36) are then added to the above values.
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3.9 STABILIZING SURFACE GROUPS

3.9.1 Surface No. 1 (inciude only if |IPL(10)| > 1)

CARD 71
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 deflection is zero.

If equations are being used, this angle should be the zero lift line
angle; if tables are used, it should be the chord-line incidence., Posi-
tive incidence is a right-handed rotation about the positive axis of inci-
dence 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-Z plane
which 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 XSTB1(6) = 0, the positive axis of incidence change is
parallel to the positive body Y-axis. 1If the surface is on the right
side of the aircraft, the diledral angle is positive for the right

hand, or outboard, tip up (i.e., if the cp buttline, XSTB1(3), is
greiter than zero, positive dihedral, XSTB1(6), is a left-handed rota-
tion about an axis paratlel to the positive body X-axis). If the sur-
face 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-handed rotation about an axis parallel to the
positive body X-axis), See Figure 3-7,

The sweepback angle of the quarter chord, XSTB1(7), is positive aft and
lies in the plane formed by the axis of incidence change and the zero
lift line.

CARD 72

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).

The tail-boom bending coefficient, XSTBL(1ll), reduces the lift coefficient
on the surface by the formula

= (04
C CL/[I + XSTBL(11)%q_%S _%C_/ ]
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where CL = lift coefficient from subroutine CLCD
qg = dynamic pressure at the surface
Ss = area of the surface
@ = angle of attack of the surface (in radians)
CL = lift coefficient used for the surface

XSTB1(12) and XSTB1(13) are discussed in Section 3.9.1.1.

Positive control surface deflection, XSTB1(14), is defined in the same
direction as positive zero lift line incid:nce, i.e., a right-handed
rotation about the positive axis of incidence change. For a horizontal
surface this corresponds to trailing edge down,

CARDS 73 and 74

The inputs for changing the lift, drag, and pitching moment of a stabiliz-
ing surface with control deflection are identical to these for the wing.
See CARDS 63 and 64 in Section 3.8.1, and substitute XSTBl for XWG. See
the following section for a discussion of XSTB1(24) through (28) which

are on CARD 74.

3.9.1.1 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 downwash angles at the surface due to the fuselage are defined
according to the type of fuselage equation which is being used, i.e.,
Nominal Angle, High Angle, or Phased.

If the Nominal Angle fuselage equations are teing used,

€ =€ = (XSTB1(24)*DTR + O.S*XSTBI(ZS)*sin(Zew)]*
[1 + 0.25%RTD*XSTBL(26)%s 1n2(2ww)]
op = O, = [XSTBL(27) + 0.25+RTD #XSTBL(28)¥sin’(28 )1%0.5%sin(2y )

where Gw and ww are the fuselage acrocynamic pitch and yaw angles

respectively, and ¢ and Of are in radians,

Note that the above equation can be approximated for small angles as
¢! = (XSTBL(24) + XSTBI(25)%€_)(1 + XSTBL(26)%¥_°)

; 2
of = (XSTBL(27) + XSTBL(28)%8 ")y

3-95



L are all in degrees,

where Sw, ww’ eL, and ©

In the phasing region

eL*cosz(a l)

€ = ph
c, =0 *cosz(a )
f L ph
where aph is the phasing angle defined in the fuselage discussion (Section
3.4.2).

If the High Angle fusclage equations are being used,

The body axis components of the free-stream velocity are assumed to be
acting in an axis system which is yawed O and pitched € with respect

to the body axis. These velocitics are resolved back to body axis and
multiplied by the dynamic pressure ratio factor V1 - XSTBL(12).

If the wing group is included, downwash and dynamic pressure loss at
the surface due to the wing will be computed as discussed in the Wing
Group section. If the wing is excluded, these calculations will be by-
passed, and the value of XSTB1(13) will be ignored.

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 65 in Section 3.8.1). 1In this case,
XSTB1(30), (31), (33), and (34) are ignored. If 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
XSTR1(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 3-10. As with the wing, both effects must be represented by
constants or both by tables.

3.9.1.2 Aerodynamic Inputs

See Section 3.8.2 for discussion of the aerodynamic computations,

3.9.1.3 Control Linkage Inputs (include only if IPL(10) > 1)

The stabilizing surfaces use the identical mathematical model and input
format as the wing for linking the surface incidence or control surface
deflection to the primary flight controls. See Section 3.8.3, and replace
XCWG with XCS1 in the discussion.
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(a) Computation of AV (b) Local Flow with Downwash
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V. = local velocity vector at stabilizer excluding rotor downwash
-

LV = change in VL due to rotor wake

Vo=V + av
Vo= V4 v

vV, = 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
Vl = 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: Vl must not be greater than VZ' Although it is permissible
for Vv, to equal Vs this is actually a contradiction: the surface

can't start to enter and be completely immersed in the downwash at
the same velocity. Hence, if V1 = VZ’ the following definition
applies:

2
I(SVi ifu>yv

av

0.0 if u<v
4 =

2

Figure 3-10. Effect of Rotor Downwash on the Flow
Field at the Stabilizing Surfaces.
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3.9.2 Surface No. 2 (include only if |IPL(10)| > 2)

The mathematical model for Stabilizing Surface No. 2 is identical to that
for Stabilizing Surface No. 1. Refer to the section on Surface No. 1,
and substitute XSTB2 for XSTBl in tlie discussion. Include the control
linkage inputs (XCS2) only if IPL(10) > 2.

3.9.3 Surface No. 3 (include only if |IPL(10)| > 3)

The mathematical model for Stabilizing Surface No. 3 is identical to

that for Stabilizing Surface No. 1. Refer to the section on Surface No.
1, and substitute XSTB3 for XSTBl in the discussion. 1Include the control
linkage inputs (XCS3) only if IPL(10) > 3.

3.9.4 Surface No. 4 (include only if |IPL(10)| = &)

The mathematical model for Stabilizing Surface No. 4 is identical to
that for Stabilizing Surface No. 1. Refer to the section on Surface
No. 1, and substitute XSTB4 for XSTBl in the discussion. 1Include the
control linkage inputs (XCS4) only if IPL(10) = 4.
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3.10 JET GROUP (omit entire group if IPL(1l1l) = 0)
CARD 111

The number of controllable jets, XJET(l), defines which of the two jet
thrusts can be linked to the flight controls., If 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 3.12.1) must be zero. If they are not, program exe-
cution will terminate during initialization.

1f XJET(1) = 1,0, only the right (first) jet thrust, XJET(2), can be
changed by control motion. If 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(1l) and the control linkages,
as discussed in Section 3.21.2.8. The location of the right jet is the
point of application of its thrust. The left (second) jet is located at
the same stationline and waterline as the right jet, but at Buttline
-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 location is always -XJET(5) and will always be
labeled as the left jet.

CARD 1i2

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 location and orienvation 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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3.11 EXTERNAL STORE/AERODYNAMIC BRAKE GROUP (omit entixe group if
IPL(12) = 0)

This group consists of exactly IPL(12) Store/Brake subgroups. The sc-
quence number of the subgroup is the same as the input sequence, Each
subgroup uses the same input format and mathematical model., A single
subgroup is intended to represent a single store/brake, and all subgroups
are mutually independent,

3.11.1 Store/Brake No. 1 (include only if IPL(12) > 1)

The weight input, XST1(1l), defines how the subgroup is to be used. This
weight must not be included in the afrcraft gross weight, XFS(1l). If
XST1(1) = 0, all calculations for this subgroup are bypassed. If XSTI(l)
> 0, the subgroup is defined to be an external store,

Prior te starting the TRIM procedure, the store weight and inertias
(XST!(E) and XST1(8) through XST1(11)) are added to the weight and
appropriate inertial inputs in the Fuselage Group, XFS(1) and XFS(8-11),
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 jetti-
son, Note that when using the sweep option (NPART = 10), the baseline
values of aircraft weight, cg, and inertias, XFS(1) 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(1), XFS(5) through XFS(11), XST1(1l) through
XST1(4), and XST1(8) through XST1(l1),

If XST1(1) < 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 Fusclage Group. Aircraft
weight, cg, and inertias are not recalculated,

In the mancuver 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

execcution,

The aerodynamic forces of both stores and brakes act at the center of
pressure, The cp is assumed to be at the same buttline and waterline
as the store/brake cg. The cp stationline is calculated by

(SL)_, = XSTL(2) + XSTI(5) + XSTI(6) * sinzasc

The dynamic pressure loss ratio, XST1(?), Is the ratio of local dynamic
pressure loss at the store/brake to free-strcam dynamic pressure neglecting
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rotor downwash. An input of zero indicates that the total free-stream
dynamic pressure acts at the store/brake,

The inertias are those of the store about its own cg and are not to be
included in the inertias in the Fuselage Group.

CARD 121B

Induced velocity factor is the fraction of the induced velocity at the
rotor disc which acts at the store/brake c.p. 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, non-
uniform 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, XST1(1l4) is reset to 100%.

CARD 121C

The wind axis aerodynamic forces on the store/brake are calculated from
the following equations. These forces are separate aerodynamic forces
and are not included in the forces generated by any other group (compon-
ent of the aircraft),

Lift = q [XST1(15)*cos ¥, + XST1(16)*sin(20 )*cos *s]
Drag = q_ [XSTI(I?)*(cos2 ts)*(cos2 Gs) + XSTI(IB)*sinz L
+ XST1(19)*(cos2 ts)*(sin2 Gs)]
Side Force = q_ (XST1(20)%cos? 6, + XSTl(Zl)*sin(Z's)*cos2 es]
where V_ = VTSI wv, 4 XSTL(12)%(V,), e

+ XST1(13) * (Vi)T/R

q, = 0.5p%V_%#XST1(14)/100
es = tan-l(ws/us)

-1
v " -sin (vs/Vs)

-1
a . sin (us/Vs)
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u_ = body axis X component of Vs at store/brake

<
[ ]

body axis y component of vs at store/brake

w_ = body axis z component of v, at store/brake

V. = average induced velocity at disc of specified rotor

3.11.2 Store/Brake No, 2 (include only if IPL(12) > 2)

CARDS 122A, i22B, and 122C contain the inputs for Store/Brake No. 2.
Refer to the section on Store/Brake No. l, and substitute XST2(I) for
XST1(1).

3.11.3 Store/Brake No. 3 (include only if IPL{12) > 3)

CARDS 123A, 123B, and 123C contain the inputs for Store/srake No. 3.
Refer to the section on Store Brake No. l, and substitute XST3(I) for
XST1(1).

3.11,4 Store/Brake No. 4 (include only if IPL(12) = 4)

CARDS 124A, 124B, and 124C contain the inputs for Store/Brake No. 4.
Refer to the section on Store/Brake No. 1, and substitute XST4(I) for
XST1(I).
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3.12 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(13)., This
optional subgroup is only necessary input for tandem and side-by-side
rotor configurations although it can also be used to simulate very com-
plex contr. . systems for single main rotor helicopters. Figure 3-11 is a
schematic diagram of the complete AGAJ73 rotor control system. The Con-
trols Group defines the linkages between the pilot controls and rotors for
a rigid pylon, no collective bobweight, and SCAS off, i.e., the blocks
labelled "BASIC RIGGING", "NONLINEAR RIGGING", and "CONTROL COUPLING/
MIXING BOX" in Figure 3-11. The outputs of the rotor controls mathemati-
cal model are the root collcctive 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 outputs 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.

3.12.1 Basic Rotor Controls Subgroup

The inputs on CARDS 131 through 134 are termed the Basic Rotor Control, or
XCON, inputs. These inputs define the basic linkages between each of the
four primary flight controls (collective, F/A cyclic and lateral cyclic
sticks, and pedal position) and control angles, All linkages are linear
and uncoupled and are normally the only Rotor Controls Group inputs needed
for a single-main-rotor helicopter. With these linkages the collective
stick controls only the root collective pitch of the main rotor (Rotor 1);
the F/A cyclic stick controls only the F/A swashplate and the lateral
cyclic only the lateral swashplate of the main rotor; and the pedals con-
trol only the root collective pitch of the tail rotor (Rotor 2). The
cyclic pitch on the tail rotor is defined to be zero.

The equations for the control angles computed from the XCON inputs are
given in Table 3-11, Note that the fourth input on each of the four
cards can be used to lock the appropriate control angle at the value of
the fifth input on the same card.

The sixth input on each card is the 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 3-11, 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 differ-
ence 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 propcrtional to a
change in control position, not the absolute value of that control posi-
tion,
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TABLE 3-11., BASIC ROTOR CONTROL RIGGING

Rotor 1

Rotor 2

Jets

XCON(2) + XCON(3)%d /100 if XCON(4) = O

©). = COLL
o1 XCON(5) 1f XCON(4) # O

XCON(9) + XCON(IO)*GF/A/IOO if XCON(11) = O

) =

(8)),

XCON(12) _ 1f XCON(11) # 0

XCON(16) + XCON(I?)*GLAT/IOO if XCON(18) = 0
(A)), =
XCON(19) if XCON(18) # 0

XCON(23) + XCON(24)%5___ /100 if XCON(25) = O

PED
XCON(26) if XCON(25) # O

8,),

= XCON(6 )*XCON(1)*[5 - XFc(8)]/100

(8T er)y COLL

(8T pn), = XCON(L3)*XCON(B)*[S ., - XFC(9)]/100

(AT = xcon(zo)*xcon(ls)*[bLAT - XFC(10)1/100

- XFc(11)]/100

JET)3

(at = XCON(27)*XCON(22)*[ 8

JET)Q PED

4

+ X (aT...)

Toer * Toer)mweor * 2] (4Tyer)y

JET

6COLL = Collective stick position in percent from full down

Ok /a

6LAT

bped = Pedal position in percent from full right

XFC(8) = Input value of 6COLL (%)

XFC(9) = Input value of 6F/A (%)

F/A cyclic stick position in percent from full aft

Lateral cyclic stick position in percent from full left

XFC(10) = Input value of 6LAT (%)

pep ()

(T...) = Thrust of controllable jet(s), XJET(2) and/or
JET” INPUT XJET(3)

XFC(12) = Input value of b
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Nomenclature

X)» Xy X5, and X, are respectively the intermediate

collective, F/A, lateral and pedal control angles,

ROl Q Stability anud Control Augmentation System input

(Main, points, P = Pitch SCAS; R = Roll SCAS; Y = Yaw SCAS.

Right, or

Forward

> (ep)l Rotor) (aF)i and (aL)i are the angular displacements oih

the F/A and lateral pylon respectively of the i
rotor (i = 1 or 2).
(90)i is the root collective pitch angle (in the
rotating system) for the i rotor.
(Bl)i and (Al)i are respectively the F/A and lateral
swashplate angles (nonrotating system) for the ith
rotor,

The switches G-\\—) near the Cyclic Mixing Block
indicate the point at which control angles may be
defined directly rather than by the control system.

-(Bp)2 Rotor 2
(Eaéi’ (ef)i is the feathering angle (in the rotating system)
€ or

Aft ’ of the blade root as a function of blade azimuth for

Rotor) the i*" rotor.
(etw)i is the twist angle (in the rotating system) from
the blade root to the appropriate blade station and
azimuth for the ith rotor.

/ (ep)i = (60)i + (ef)i + (B,,); and is the total pitch

angle at the appropriate blade station azimuth for the

i
1 L rotor.

The primes (/) on the collective pitch and swashplate
angles indicate the output of the Contxol Coupling/
Mixing Box {(i.e., the angles before SCAS, bobweight,
and pylon inputs are included).
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3,12.2 Supplemental Rotor Controls Subgroup: XCRT(1-28), omit if
IPL(13) = O

The inputs to this subgroup are primarily intended to provide control
linkages used in configurations other than single-main-rotor helicopters,
e.g., tandem or side-by-side rotor helicopters and tilt rotor or composite
aircraft, If the program decides that the configuration is not a single-
main-rotor helicopter (KONFIG ¥ 1, see Section 3.26.1), an error message
will be generated if XCRT inputs are not included.

The linkages defined in the Basic Controls subgroup are a subset of the
complete rotor control system model shown in Figure 3-11. To use the
complete model, both the Basic and Supplemental Rotor Controls subgroups
must be input.

In the Basic Controls subgroup discussed in the previous section, each
primary flight control is linked linearly to a single blade or swashplate
angle, 1In the complete model described below, each control is linked to
a single intermediate control angle. The linkage may be linear, para-
bolic, or cubic, and in the case of the collective stick the linkage can
be a function of the F/A mast tilt angle of Rotor 1. Then each inter-
mediate 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 F/A mast tilt angle of Rotor 1.

If XCRT(15) = O, no control linkages will change with F/A mast tilt angle.
If XCRT(15) # O, specified linkages will change with mast tilt. The value
of XCRT(15) will determine the value of certain variables used in the
control system model as shown in Table 3-12,

The following physical interpretations can be applied to the variables
in Table 3-12, DTMIN is the change in the minimum value of Rotor 1
collective pitch, XCON(2), with mast tilt. SBETA, CBETA, Cl9, and S20
are sinusoidal functions of mast tilt used to phase control linkages in
or out,

The control linkages defined by XCRT(1) through XCRT(14) on CARDS 135
and 136 are in units of degrees of blade pitch or swashplate angle per
degree of intermediate control angle., The controlled angle, controlling
angle and most common use of each linkage are described in Table 3-13.

The program then uses the XCON inputs and XCRT(22) through (28) to com-
pute the intermediate control angles (Xl, Xz, X3,_and XA) as shown in

Table 3-14, The first two terms in each equation correspond to the
blocks labeled "BASIC RIGCING" in Figure 3-11., The third term in the
equation for X1 and the third and fourth terms in the equations for

Xy X3, and X, correspond to the blocks-labeled '"NONLINEAR RIGGING" in

4
Figure 3-11,

Preceding page biank
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TABLE 3-12., DEFINITIONS OF CONTROL SYSTEM VARIABLES
Variable XCRT(15) # 0 if XCRT(15) = 0
DTMIN XCRT(16)%8, + XCRT(17)*BM2 0.0
DTRNG [XCRT(18) - XCON(3) 148 /(n/2) 0.0
SBETA or SB sinaM 1.0
CBETA or CB cosBM 1.0
cl19 cos[XCRT(l‘))*ﬁM] 1.0
520 sin[XCRT(20)%,, + XCRT(21)] 1.0
BM = F/A mast tilt of Rotor 1 degrees. ::J
TABLE 3-13. CONTROL COUPLING LINKAGES 1=J
Input Controlling Angle Primary
XCRT Controlled Angle (Intermediate Control Angle) Use
(1) Rotor 2 Collective Xl T, €
(2) Rotor 1 Collective Xz T
(3) Rotor 2 Collective X2 T
(4) Rotor 2 F/A Cyclic X, T, C
(5) Rotor 1 Collective X3
(6) Rotor 2 Collective X3
(7) Rotor 1 F/A Cyclic X,
(8) Rotor 2 F/A Cyclic X,
(9) Rotor 2 Lateral Cyclic X, T, C
(10) Rotor 1 Collective Xa C
(11) Rotor 1 F/A Cyclic X, C
(12) Rotor 2 F/A Cyclic Xa C
(13) Rotor 1 Lateral Cyclic X, T
(14) Rotor 2 Lateral Cyclic Xa T
C = composite (tilt-rotor) or co-axial configuration
T = tandem helicopter configuration
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TABLE 3-14. INTERMEDIATE CONTROL ANGLES

Collective

[XCON(2) + DTMIN] + [ XCON(3) + DTRNG )b 2

F/A Cyclic

/100 + xcar(23)*x22 + xcnr(za>*x23

>
(]

COLL/100 + XCRT(ZZ)*Kl

2 XCON(9) + XCON(IO)*GF/A

>
(]

Lateral Cyclic

< + XCRT(Zb)*K33

>
(]

XCON(16) + x00N<17)*6LAT/100 + xcar(zs)*x3

Pedal

2, xcn'r(zs)*xf

>
[}

XCON(23) + XCON(24)%d6__ /100 + XCRT(27)*K4

PED

K, = (6 - 50)%XCON(1)/100
COLL
K. = (& - 50)%XCON(8)/100 Control deflections in inches
2 F/A from the 507 positi
K, = (6LAT - 50)%XCON(15)/100 2 RLEEE RaV/isppleskiClan
= (6 - %*
K, ( - 50)*XCON(22)/100

The collective pitch and swashplate angles for each rotor are computed
from the equations shown in Table 3-15. These equations use the informa-
tion from Tables 3-11, 3-12, and 3-14 and inputs from bobweight, pylon,
and SCAS. The increments to the angles due to bobweight, pylon, and SCAS
are represented by (Aeo)l, (AGO)Z, (ABl)l, etc., in Table 3-15. Excluding

these increments and the control locks, Table 3-15 corresponds to the
block labeled "CONTROL COUPLING/MIXING BOX" shown in Figure 3-11 and
detailed in Figure 3-12,

If certain XCON inputs and one of the XCRT inputs are input as zero,

they are reset by the program during initialization. See Table 3-16 for
a list of these inputs and their reset values,
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SB, CB, S20, and Cl9 are
defined in Table 3-12.

Schematic Diagram of Control Coupling/Mixing Box,
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TABLE 3-15., COMPLETE MODEL FOR COLLECTIVE AND SWASHPLATE ANGLES

Collective Pitch

X, + X_¥XCRT(2)*CBETA + X

*
1 2 3 XCRT(5)*C19

8, = + X, *XCRT(10)*S520 + (48 ),

4
XCON(5)

Xl*XCRT(l) + XZ*XCRT(3)*CBETA

+ x3*XCRT(6)*C19 + X, *R2L + \AGO)Z

(8 )
o
XCON(26)

F/A Cyclic Pitch

2 3
(B1 1 + XA*XCRT(II)*CBETA + (ABl)l
XCON(12)
X #XCRT (4 )*CBETA + X *XCRT(8 )*SBETA ‘
(Bl)z = + X, *XCRT(12)%CBETA + (2B,),

{ X, *CBETA + X_*XCRT(7)*SBETA i
)., =

XCON(12)*TRIND

Lateral Cyclic Pitch

‘ X_*CBETA + X, *XCRT(13) + (AAI)2

(). = 3 4
1L xeon(19)
s [ X;¥XCRT(JXCBETA + X *XCRT(14) + (8A,),

12 | _xcoN(19)*TRIND

Increments Due to Pylon, SCAS, and Bobweight

if XCON(4) = O

if XCON(4) # O

if XCON(25) = 0

if XCON(25) # O

if XCON(11l) = 0

if XCON(11l) # O

if XCON(11) = 0

if XCON(11) # 0

if XCON(18) = 0

if XCON(18) # 0

if XCON(18) = 0

if XCON(18) # 0

(86,), = XMP(7)ka | + XMP(14)¥ka | + (88 )p

(Aeo)2 = XTP(7)ka, + xTP(la)*aL2 + TRIND*(26 ). + (88 )gcps
(8B,), = XMP(5)¥a_, + XMP(12)%a | + (8B))c.,\o

(Aal)2 = XTP(s)*aF2 + XTP(lZ)*aLZ
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TABLE 3-15 - Continued

(Ml)l = XHP(b)*aFl + xmp(l:a)m\L1 + (MI)SCAS

(Ml)z = XTP(b)*an + XTP(13)*aL2

Increments Due to Pylon, SCAS, and Bobweight (Cont'd)

Xl, Xz, X.,, and X

3 4
Table 3-14.
B, is F/A swashplate tilt angle.
Al is lateral swashplate tilt angle.

(...)1 indicates main rotor, i.e., Rotor 1.
(...)2 indicates tail rotor, i.e., Rotor 2.

XMP and XTP are the pylon inputs on CARDS 48, 49

are the intermediate control angles defined in

» 58, and 59.

aFi and aLi are the F/A and lateral displacements of the pylon for the
1th rotor.

0.0 if|XTR(45)|> 45° 1.0 if KONFIG = 1
TRIND = R2L =4 0.0 1f KONFIG = 2

1.0 if|XTR(45)|< 45° -XCRT(1)*S20 if KONFIG = 3
See Section 3.26.1 for discussion of KONFIG. —

3-1
ese
Input Value Input Description Units
XCON(1) 100. Collective stick range (inches)
XCON(3) 100, Rotor 1 collective range (degrees)
XCON(8) 100. F/A cyclic stick range (inches)
XCON(9) -50, Rotor 1 minimum F/A cyclic (degrees)
XCON(10) 100, Rotor 1 F/A cyclic range (degrees)
XCON(15) 100. Lateral cyclic stick range (inches)
XCON{(16) -50, Rotor 1 minimum lateral cyclic (degrees)
XCON(17) 100. Rotor 1 lateral cyclic range (degrces)
XCON(22) 100, Pedal position range (inches)
XCON(23) -50. Rotor 2 minimum collective pitch (degrees)
XCON(24) 100, Rotor 2 collective pitch range (degrees)
XCRT(18) 100, Rotor 1 collective pitch range at BM-90 (degrees)
All other XCON and XCRT parameters are used as input.
=
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3.13 ITERATION LOGIC GROUP

CARD 141

The program is permitted up to XIT(l) iterations to converge to a trimmed
flight condition. If the force and moment summations are not less than
the allowable errors, XIT(15) through XIT(2l), execution terminates.

1f the time-variant trim option is activated (IPL(21) # 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. 1If the
input is not zero, the program examines the natural frequencies of the
modes of both rotors. It then checks that the value of XIT(2) will pro-
vide at least 10 points for each cycle of the highest frequency present
and, if necessary, resets XIT(2) to satisfy this condition. The value of
XIT(2) is then checked to see if it is less than 0.5 degree 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(20) # 0),
XIT(2) should be less than about 10 degrees for the numerical differenti-
ation to work properly. See Section 3,20 for additional 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 veloc-
ity iterations are made within each trim iteration in the TRIM portion
of the program. The sign of XIT(3) controls the application of the
limiter in these thrust-induced velocity iterations, and the absolute
value of XIT(3) is the maximum change allowed. If XIT(3) > 0.0, the
limiter is active only during the first and third passes through this
loop, If XIT(3) < 0.0, the limiter is active during all three passes.

If XIT(3) = 0,0, 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 limit applied within the program is determined by the pro-
gram. This option allows the user to bctter regulate the numerical
bounce problem sometimes encountered when performing a TRIM.

XIT(4) is a nondimensional factor used to compute the increments 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.

CARD 142

The partial derivative increment for TRIM is computed from the correction
limit. XIT(8) through (11) define variable dampers for balancing the
rotor flapping moments in the rotor analysis. The starting value for the
correction limit is computed from the minimum value input.

XIT(12), (13), and (14) are the inputs for a variable damping procedure in
TRIM. At each iteration, a delta is computed for each of the 10 trim

’
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variables. These deltas are then compared to a correction limit. If any
of the deltas are larger than the limit, they are ratioed down such that
the largest one is equal to the limit. The starting value of the limit
is input as XIT(12). If at the start of any iteration the force and
moment errors are all less in absolute value than XIT(14), then the limit
is halved with the restriction that the limit is never less than XIT(13).
If XIT(12) < 0.5 degrees or > 10 degrees, the program resets it to .05
degiee. If XIT(14) < 40#XIT(15), the program resets it to 4O*XIT(15).

CARD 143

XIT(15) through XIT(2l), the allowable errors, are the maximum magnitudes
of the force and moment imbalances permitted for a trimmed flight condi-
tion. That is, the trim iteration procedure continues until XIT(1l)
iterations are exceeded, or the absolute values of force and moment im-
balances are less than the corresponding allowable errors. 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),
2) the three angular accelerations about the cg (p, q, r), and

3) the flapping acceleration of each (BH/R’ BT/R)
at which the particular flight condition can be considered to be trimmed.

With these maximum desirable accelerations in units of t't:/sec2 and deg/secz,
reasonable values for the allowable errors are then

XIT(15) < (ax)*XFs(l)/32.17

XIT(16) < (ay)*XFs(l)/32.17

XiT(17) < (az)*XFS(l)/32.17

XIT(18) < (a)*XFS(9)/57.3 and < (r)*XFS(10)/57.3

XIT(19) < (p)*XFS(8)/57.3

XIT{20) < ('QWR)*(total M/R flapping inertia)/57.3

XIT(21) < (a',r /R)*(total T/R flapping inertia)/57.3

For wind tunnel simulations (IPL(l), IPL(23), or IPL(24) # 0), the first
five allowable error inputs should be very large, 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
which are less than the allowable errors when the only requirement is

that the rotor flapping moment imbalance be within the specified error
limits.
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3.14 FLIGHT CONSTANTS GROUP

CARD 151

The input velocities are with respect to the ground, The forward velocity
is not necessarily the total velocity.

Altitude is the height above ground. It is used in the calculations for
ground effect., If altitude is negative, the program stops. This input
has no relationship to the pressure altitude, XFS(27); see CARD 154,

The Euler angles are the angles from the ground coordinate system to the
body coordinate system., Yaw is positive nose right; pitch is positive
nose up; roll is positive down right.

CARD 152

The collective and cyclic stick and pedal positions are the initial set-
tings on which the program bezins its TRIM iterations,

The g level, XFC(12), Is the acceleration in g's along the body Z-axis.
(See TRIM type indicator, IPL(15) on CARD 07).

CARD 153

The flapping angles and rotor thrust inputs are used as initial values in
TRIM iteration procedure,

CARD 154

If the sum of main rotor and tail rotor power required exceeds 0.9 times
the maximum engine horsepower available, XFC(24), when the TRIM page is
printed, a message will be printed to that effect, and execution will
terminate. It is suggested that during preliminary design analysis with
the program this input equal approximately 1.25 to 1.5 times the trans-
mission power limit to avoid being terminated at high power conditions
when the data may definitely be valid and of interest. The program does
not establish a sink rate once XFC(24) horsepower is attained.

XFC(26), the atmospheric logic switch, is used in conjunction with the pres-

sure altitude, XFC(27), and ambient temperature, XFC(28), to compute the

density ratio, ¢'; density altitude, h,; and speed of sound, Vg If XFC(26)
= 0, standard day conditions are assumed, XFC(28) is ignored, and the param-

eters are calculated from the following equations:

8 = 1 - (.687535 x 10"°) XFC(27)

TA = 288,16 Gs - 273,16
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o = (gy)" 25!
V, = 65.811366 /T, + 273.16
hy = XFC(27)

1f XFC(26) # 0, non-standard-day conditions are assumed. If XFC(26) > o,
the ambient temperature is defined to be in degrees Fahrenheit and

T, = S(xFc(28) - 321/9
If XFC(26) < v, then XFC(28) is defined to be in degrees Centigrade and
T, = XFC(28)

then
5 = (35)5.2561

D
[}

(’I‘A + 273,16)/288.16
c' =0/8

. 65.811366 / TA + 273,16

(¢ )0.231096

<
[ ]

5

)/(.687535 x 10°°)

)
=2
"

p= (-

If the speed of sound and density ratio are the known quantities rather
than pressure altitude and temperature, set XFC(26) to a negative number
and compute XFC(27) and (28) from the following equations:

2 0.190255
XFC(27) = 145447.14]1 - (o' [Vs/65.811366] /288.16)

XFC(28) = [Vs/65.811366]2 - 273.16

NOTE: For TRIM or TRIM-STAB input decks (NPART = 1 or 7), CARD 154
must be the last card of the data set. A card with NPART =
10 is the only card which nay follow CARD 154 of a TRIM or

TRIM-STAB data set.
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3.15 BOBWEIGHT GROUP (include only if NPART = 2 or 4 and IPL(14) # 0)

CARD 201
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 increasing 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 Z,
axis, The equation of motion for the weight in the system is

1 : 4
13 md + CO + Kb = FBw

where

6 = the linear displacement of the bobweight from its
position at 1.0 g, positive down (in.)

Ome
n

linear velocity (in./sec)

linear acceleration (in./secz)

On
n

Fou = bobweight forcing function described below (1b)
K = XBW(2), the spring constant (1b/in.)
C = XBW(3), the damping coefficient (lb-sec/in.)
W = XBW(4), the weight of the bobweight (1b)
ms= w(32.17, the mass of the bobweight (slugs)
Other symbols used are
nP = XBW(7), the system preload (g)

n= load factor (g)

4 0° = {increment to collective pitch due to bobweight
displacement (deg)

N= XBW(1), linkage of & to & 90 (deg/in)

The forcing function is defined as a function of W, n, and n_ at each time
point during the maneuver., At time t = O, P
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5= 6= 8= 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 ccntrol 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 n_ , whether at or following the
start of the maneuver, the forcing function is defined there and at sub-
sequent time points as

FBW = w(n-np)

That is, once n exceeds np, the forcing function can be negative if n later
drops below nge This definition of FBw applies as long as

§>0.0 or §> 0,0
at each subsequent time point,

If at any time point the computations yield § < 0.0 and § <. 0.0, the boh-
weight parameters for the next time point are reinitialized to

8= 48=06=0

and

Fow = Max (0, w(n-np)]

i.e., the same values as at t = 0, Subsequent computations proceed as
from t = 0,

The increment added to collective pitch is then

4 60 = -T6
i.e,, positive bobweight displacement and positive linkage reduces col-
lective 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 increment is also added to the Rotor 2 collective pitch.
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3.16 WEAPONS GROUP (include only if NPART = 2 or 4 and IPL(14) # 0)

CARD 211

Stationline, buttline and waterline are used to locate the point of ap-
plication of the recoil 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 is alined parallel to the body
X-axis and is defined to be firing positive X-directional (forward).

The recoil force is prescribed on a 3ll-type card. See Section 3.21.2.10,
J = 16, For a weapon firing in the direction prescribed by the orienta-
tion angles, the sign of the recoil force should normally be negative
(i.e., opposite to the direction of firing).
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3.17 SCAS GROUP (include only if NPART = 2 or 4 and IPL(14) # 0)

The Stability and Control Augmentation System (SCAS) is programmed to
simulate an actual hardware system which provides improved stability and
response to pilot inputs. The system block diagram is shown below:

B+B 6, 6, G, &
R GR SM Aircraft <

where
B = control input (equal to appropriate output of Control Coupling/
Mixing Box; see Figures 3-11 and 3-12)

BG = SCAS feedforward added to pilot input to offset feedback
BH = SCAS feedback dependent on ship response

SM = B+ B, - B, = Total control input

GP = feedforward transfer function

H = feedback transfcr function

€ = ship response variable (roll, pitch, or yaw); dots

indicate time derivatives

The feedback transfer function has the following form:

BH KHS(TIS + 1) (Tzs + 1)

g - (T3s + 1) (Tas +1) (Tss +1)

H

where

LaPlace Transform Operator Qh and the other variables
are defined in terms of the inputs in Section 2.17.

7}
I
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The feedforward transfer function has the following form:

BG KGS

G = — -
P B (T3s+1)(74s+1)(15$+1)

In the program, these equatiuns are written and solved in the form of difa=
ferential equations:

che + 056 + KHG

cB. + CB + CB. + B

1"H 2'H 3°H H

By + CBg + Cg 4 B, = KB
where

C1 = Ty,

C2 = T3T, t T,Tst 3T

C3 Y + el + Ts

¢ = Mm%

Cg = (mp+ ™)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,

(~1cral Equation Roll Channel Pitch Channel Yaw Channel
K" XSCAS(1) XSCAS(8) XSCAS(15)
KC YSCAS(7) XSCAS(14) XSCAS(21)
" XSCAS(2) XSCAS(9) XSCAS(16)
T XSCAS(3) XSCAS(10) XSCAS(17)
T, XSCAS(4) XSCAS(11) XSCAS(18)
T XSCAS(5) XSCAS(12) XSCAS(19)
Te XSCAS(6) XSCAS(13) XSCAS(20)
6 roll angle pitch angle yaw angle
X
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CARD 224

The SCAS has three independent channels for roll, pitch, and yaw. See
Section 3,21, Variations from Trimmed Flight, J = 24, 25, and 26 for
procedure to activate the system,

The maximum change which the roll channel of the SCAS may make is * XSCAS
(22) percent of the full range of the lateral cyclic., The maximum authori-
ties in pitch and yaw are similarly defined.

The dead bands on the moment derivatives ares used to nega the numerical
noise which may be generated in the numerical differentiation process
necessaiy to obtain these quantities. A value of 100 has been satisfac-
tory for those cases run to date.
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3.18 STABILITY ANALYSIS TIMES GROUP (include only if NPART 2 or 4 and
IPL(14) ¥ O, or if NPART = 5)

The inputs to this group (the TSTAB array) specify the points during a
maneuver where a stability analysis is to be performed. This 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. 1If the
input is positive, its value is assumed to be time in seconds. If the
input is negative, its absolute value is 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 not necessary that the inputs be ull positive
(seconds) or all negative (degrees). However, it is mandatory that each
TSTAB input specify a point in the maneuver which 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, partic-
ularly if 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 sta-
bility analysis luring the first rotor revolution.

NOTE: 1If the time-variant rotor analysis is activated
(IPL(21) # 0), stability analyses cannot be
performed, and TSTAB(l) must consequently specify
a time or azimuth angle which occurs after the
end of the maneuver. A value of 9999, (seconds)
for TSTAB(l) is suggested in this case.
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3.19 BLADE ELEMENT DATA PRINTOUT GROUP (include only if NPART = 2 or 4
and IPL(14) # 0 or if NPART = 5)

CARDS 241 and 242

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 3,18 for a more complete discussion. The output obtained at the
specified points may be dynamic loads only, aerodynamic loads only, or
both a. discussed below.

If IPL(27) = O or 1, the beamwise bending moment, chordwise bending moment,
and torsional moment are printed for each of the 20 radial stations on
each blade of the rotor(s). These moments have been resolved through the
blade pitch angle so they really are beamwise and chordwise.

1f IPL(27) = 2, detailed aerodynamic data are printed for each radial
station on each blade of the rotor(s) in addition to the bending moments.

The value of NVARC on CARD Ol specifies the rotor(s) to be included in
the printout for both dynamic and aerodynamic loads.

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 which 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 rotor analysis which is active.
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3.20 MANEUVER TIME CARD (include only if NPART = 2, 4, or 5)

CARD 301

This card and subsequent cards are to be put into the data deck only when
running a maneuver; i.e., NPART = 2, 4, or 5 on CARD 0O1.

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 restarted; it must be greater than zero and less
than the last time point of the maneuver being restarted. See discussion
of CARD 0l for further details.

TCI(2) is used to specify the first base value of the time increment (At)
between calculation of maneuver time points., The At computed from TCI(2)
will be used during the interval of TCI(l) 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 increment
to be used is defined as

At = Tc1(2)/(601)

where 01 is the rotational speed of Rotor 1 in units of rpm and At is in

seconds.

To insure stability of the numerical integration technique during a time-
variant maneuver (IPL(21) # 0), the azimuth increment 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 requirements on
azimuth increment apply to time-variant trims as well as time-variant
maneuvers. If either unsteady aervdynamic option is activated (IPL(20)

# 0)., the azimuth increment for maneuver should not be yreater 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(5) 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 time and the other azimuth.

1f TCI(6), the time to stop the maneuver, is greater than TCI(5), the

program returns to using the At based on TCI(2) between TCI(5) and TCI(6)
seconds of maneuver time. If TCI(5) is the time to stop the maneuver, as
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well a, the time to stop using the At based on TCI(4), the TCI(6) input
may be zero or blank, Similarly, if a second time increment is not
desired, TCI(4), TCI(5). and TCI(6) may be zero or blank., TCI(3) is then
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 points, i.e., change the
value of NPRINT jinput on CARD Ol. This may be done with a J = 31 card.
See Section 3.21.2.22.
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3.21 VARIATIONS FROM TRIMMED FLIGHT (May be included only if NPART = 2,

4, or

CARD 311

5

NEXTJ = 0 This is the last card of the 311 type.

NEXTJ # O 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; in fact, there
may be several cards with the same value of J. It is necessary that

NEXTJ 7 O on all of these cards except the last one which must have NEXTJ

3.21,1 Summary of Permissible J Values

Permissible values of J are from 1 to 36. The type of variation which
occurs for each value of J is given in the following list,

SRS I SR PRy SFRY SV S
o nnnwnn
DI NN~

11
12
13
14
15
le6
17
18
19
20
21
22
23
24
25
26
27

L I I BRI ST ST SPR SRy SPRY SV SR S SN SN A S T

is
is
is
is
is
is
is
is

for
for
for
for
not
for
for
for

movement of collective stick

movement of F/A cyclic stick

movement of lateral cyclic stick

movement of pedal

currently used

folding rotors aft after tilting forward and stopping
a change in rpm governor setting

converting the tail rotor into a pusher prop., i.e.,

changing the tail rotor mast tilt angle in the horizontal plane

is
is
is
is
is
is
is
is
is
is
is
is
is
is
is

for
for
for
for
for
for
for
for
for
for
for
for
for
for
for

a vertical ramp gust; ramp length may be zero

a vertical sine-squared gust

a horizontal ramp gust; ramp length may be zero
a horizontal sine-squared gust

a change in engine torque supplied

a change in auxiliary thrust supplied
activation of a "yaw pilot"

weapon fire

change of F/A mast tilt angle and rpm on both rotors
rotor brake

pitch Automatic Stabilization Equipment
sinusoidal movement of controls or mast

a flat tracker for the main rotor

a flat tracker for the tail rotor

rpm dependent hub springs

SCAS roll channel

SCAS pitch channel

SCAS yaw channel

is for folding cotors horizontally after stop
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28 is
29 is
30 is
31 is
32 is
33 is

LT ST ST ST &)
[ B I BN I |

for rpm dependent flapping stops

for connecting and disconnecting helicopter cortrols

for rotor moment balancing mechanism

for changing NPRINT on CARD Ol

for simplified Automatic Pilot simulation

for the G-Tracker option with the Automatic Pilot simula-

tion

34 is
35 is
= 36 is

LT &
[}

for deployment of aerodynamic brake
for dropping external store
for changing incidence or control surface deflection angles

of aerodynamic surfaces

3.21.2 Inputs

for J-Cards

The input forma

t 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 otherwis

e noted.

3.21.2,1 J=1,2, 3,4 (Control Movements)

Col. 11-20
21-30
31-40
41-59
51-60
61-70

1f the computed
is reset to 100

Start time for input rate 1 (sec)
Input rate 1 (in./sec)
Stop time for input rate 1 (sec)
Start time for input rate 2 (sec)
Input rate 2 (in./sec)
Stop time for input rate 2 (sec)

control position is greater than 1007 or less than 0%, it
or 0% respectively. Hence, if a control is put on a stop

by rate and time inputs which would normally put the control past its stop,

subsequent rate
the imaginary p

3.21.2.2 J =6

and time inputs should be with respect to the stop, not
osition beyond the stop.

(Folding Rotors Aft)

Col. 11-20
21-30
31-40
41-50
51-60
61-70

3.21.2.3 J =17

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)

(Governor RPM Setting)

Same format as

for J = 1, except rates are in rpm/sec.

3.21.2.4 J = 8 (Tail Rotor to Pusher Progz

Same format as

for J = 1, except rates are in deg/sec.
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3.21.2,5 J = 9 and 11 (Vertical and Horizontal Ramp Gust, Repsectively)

Col.

3.21,2.6

Col.

11-20
21-30
31-40
41-50
51-60
61-70

(1) Starting distance (in ground X-Y plane) (ft)
(2) 1st max. velocity (positive down or north)  (ft/sec).
(3) 1lst 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)

|
ibtz){ﬁ}il-
— i — “Hl“Hd
(1) (3) %) (5)
Ramp Gust

J = 10 and J = 12 (Vertical and Horizontal Sine-Squared Gust
Respectivelys

11-20
21-30
31-40
41-50
51-60
61-70

(1) starting distance (ft)
(2) 1st max. value (positive down or north) (ft/sec)
(3) 1lst gust length (ft)
(4) Distance between gusts (ft)
(5) 2nd gust length (ft)
(6) 2nd max. value (ft/sec)

e . e e O —
(1) 3) (4) (5)

Sine-Squared Gust
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3.21.2,7 J = 13 (Main Engine Torque)

Col, 11-20 Start time for rotor torque supplied

variation (sec)
21-30 Ratio of torque desired to torque

required at trim point (£t-1b/ft-1b)
31-40 Start time for rotor torque supplied

recovery to torque required (sec)
41-50 (Inactive)
51-60 Engine accel. lag, zero to full power (sec)

3.21,2.8 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 (1b/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 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 spec-
ified 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,

3.21.2.9 J = 15 (Yaw Reactions by Pilot)

Col, 11-20 Start time (sec)
21-30 Acceptable sideslip not requiring

correction, B, (deg)

31-40 Pedal rate per sideslip, X, ((in./sec)/deg))

41-50 Pedal rate per sideslip rate, Xjs ((in./sec)/(deg/sec))
51-60 Rate of acceptable yaw velocity

to maximum yaw velocity, Rp
61-70 Stop time (sec)
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This feature was developed before the automatic pilot feature discussed in
Section 3,21.2,23 (J = 32) and should not be used in conjunction with it.
If this feature is used, the pedals will be moved to minimize sideslip
angle and rate during the specified time period. During this period, the
“pilot" will be placed on "alert" under the following conditions:

Ial 2 aA or 'Bl 2 RAlém‘axl

where

T

= the largest sideslip rate experienced while the "pilot”
has been on "alert;" initially equal to zero

When the "pilot" is on "alert", the rate of motion is

If the "pilot"” is not on "alert", the rate is zero.

3,21.2,10 J = 16 (Machine Gun Fire, Ramp Only)

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{:38 } (Inactive)

o2 +
L]
s (1) (4)
[+)] I —
g l
o (3) time, sec
e
[«] =
'B —————m N m——
& (2)
@
o~

For the normal case of a weapon firing forward, the reaction force should
be negative. See the Weapons Group (Section 3,16) for additional details.
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3.21.2.11 J = 17 QFZA Mast Tilt on Both Rotorlz

Col.

where

3.21.2.12

Col.

11-20 Start time for mast tilt

21-30 Rate of mast tilt

31-40 Stop time for mast tilt

41-50 (inactive)

51-60 o, mast tilt angle at which rpm change is
activated

61-70 OH o QA’ change in rpm in converting from

airplane mode to helicopter mode

0. Q, + (OH > QA)*cos[9O(Bm-d)/90-a)] 18 >o
Q, 1ifp <a

F/A mast tilt angle
current rotor rpm
rotor rpm in helicopter mode (Bm = 0°)

rotor rpm in airplane mode (Bm = 90°)

J = 18 (Rotor Brake)

11-20 Maximum brake torque
21-30 RPM at which brake engages, QB

31-40 Target azimuth position for stop
41-50 Time to stop applying brake

51-60 | .
61-70 ‘(Inacuive)
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3.21,2,13 J = 19 (Pitch A.S.E.

Col, 11-20 Start time (activate A.S.E,) (sec)

21-30 F/A cyclic stick displacement/pitch displace-
ment from reference pitch angle, xz (in./deg)

31-40 F/A cyclic stick displacement/pitch (in./deg/sec)
velocity, x3

41-50 F/A cyclic stick displacement/pitch (in./deg/sec?)
acceleration, xa

51-60 Reference pitch angle, x5 (deg)

61-70 Lag factor for mechanism, Xe (sec)

Let 6 = change in cyclic pitch for one time increment At
6, = value of & for the previous time increment

® = fuselage Euler angle pitch
q = fuselage pitch rate

then
= = *
8 = [X,(X;-0) + X,q + X, q + 61X6/At] [(1/7¢1 + xb/At)]
3.21,2.14 J = 20 (Sinusoidal Movement of Controls or Mast)
Col, 11-20 Start time (sec)
21-30 Frequency (cps)
31-40 Amplitude (in. or deg)
41-50 Stop time (sec)

51-60 Control to be moved
61-70 (Inactive)

Amplitude is in inches for controls or degrees for mast tilt. The cocde
for the control to be moved is

1,0 = Collective stick

2,0 = F/A cyclic stick

3.0 = Lateral cyclic stick
4.0 = Pedal

5.0 = F/A mast tilt

Note that if the control code is 5.0, the F/A mast tilt angle of bcth
rotors is varied.
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3,21.2.15 J = 21 -and 22 (Flat Tracker for Miin Rotor and Tail Rotor,

Respectively)

Col, 11-20 Start time (sec)
21-30 Acceptable deviation (deg)
31-40 Rate (deg/sec)
41-50 F/A reference angle (deg)
51-60 Lateral refercnce angle (deg)

61-70 Angle selector

The Flat Tracker makes control inputs to maintain the F/A and lateral
flapping angles at desired angles. If the Angle Selector = 0.0, these
desired angles are the Reference Angles input in columns 41-50 and 51-60.
If the Angle Selector = 1.0, the desired angles are the flapping angles
at TRIM. If the diffcrence between the reference angles and the current
flapping angles is less than the Acceptable Deviation, no control input
is made,

3.21.2,16 J = 23 (RPM Dependcnt Hub Springs)

Col, 11-20 Rotor number (1.0 or 2.0)

21-30 KB iwwh spring value in lower rpm range (ft-1b/deg)
31-40 Ql top of lower rpm range (rpm)
41-50 Q, bottom of upper rpm range (rpm)
51-60 )

61-70 | (Inactive)

Let { be the rpm of Rotor 1, KI be XMR(18) or XTR(18), as appropriate, and
Kh be the rpm dependent value of the appropriate hub spring. Then
K if Q>0

1 2
K. - K
- B I ] . g
K, (QT _Qz)(rz Q,) + ¥ ifq <a<aq,
( Ky if 0 <0,

in other wourds, the extreme values for the hub springs are Kg, and the in-

put in the appropriate rotor group, K_. Linear interpolation is used in
the transition region., L

3.21.2,17 1 = 24, 25, 26 (SCAS Channcls)

Col, 11-20 Time to activate SCAS Channel
21-30 Time to turn off SCAS Channel

31-40 )

41-50 o
51-00 s(]nuctive)
61-70
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3.21,2,18 J =

27 (Horizontal Fold, for Main Rotor Only)

Col. 11-20
21-30
31-40
41-50

51-60
61-70

Start time (sec after 1=0)
Rate (deg/sec)
Stop Lime (sec after Q=0)
Blade number (each blade moves inde-

pendently)

}(Inactive)

3.21.2.19 J = 28 (RPM Dependent Flapping Stops)

Same as for J = 23 except that mechanism affected is flapping stops and

K. is in degrees.

B

3.21,2.20 J = 29 (Control Changer - to Lock or Unlock Swashplate)

Col. 11-20
21-30
31-40

41-50

51-60

61-70

Start time (sec)
Stop time (sec)
Indicator: = 0.0 if start time is in maneuver

seconds, #0.0 if start time is in seconds after

(=0.0

Indicator: = 0,0 if stop time is in maneuver

seconds, #0.0 if stop time is in seconds after

=0.0

Indicates which controls to lock or unlock;

1.0 is for rotor 1 collective; 2.0 is for rotor 1

F/A cyclic; 4.0 is for rotor 1 lat. 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.,

(Inactive)

If this mechanism is switched off during a maneuver, swashplate
settings will immediately assume the value dictated by the con-
trol positions. Care should be taken to set the controls so
that there are no discontinuities.

3.21.2.21 J = 30 (Mechanism for Balancing Main Rotor Force and

Col. 11-20
21-30
31-40
41-50

51-60

61-70

Moments During Horizontal Fold)

Start time (sec after Q=0)
Stop time (sec after (=0)
dZ-force/Bcollective (1b/deg)
dF/A flapping moment/

d F/A cyclic (ft-1b-deg)
d Lat [lapping moment/

d Lat cyclic (ft-1b-deg)
Maximum rate of change of controls

(collective and cyclic) (deg/sec)
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3.21.2,22 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, i.e., punch a decimal point on
the data card, The use of NPRINT is as described for CARD Ol, 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 increments on CARD 301, consider
the following hypothetical situation.

A maneuver was run in which a pitch divergence occurred. Analysis of the
output indicated that the divergence started between 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 Ol was changed from 5 to 70,
An additional 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 rest of the
card blank.

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.

3.21,2,23 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 computed 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 simulta-
neous solution of the three moment equations and the Z-force equation with
the moment and force imbalances as the coefficient terms. The dependent
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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.

3.21.2,24 J = 33 (G-Tracker)

Col, 11-20 Time to start variation of target g-level (sec)
21-30 First rate of change of target g-level (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 target g-level (g/sec)
61-70 Time to stop second rate (sec)

The G-Tracker is designed to do a cyclic only, symmetrical pull-up or
pushover to a specified g-level., 1In order to use this option, the Auto-
matic Pilot must be turned on, and a J card for the collective stick
should be included with zero inputs to lock the collective pitch.

3.21.2.25 J = 34 (Aerodynamic Brake Deployment)

Col, 11-20 Time to start change in deployment (sec)
2i-30 Rate of deployment change (%/sec)
31-40 Time to stop change in deployment (sec)
41-50 Brake Number
Zi:gg { (Inactive)

The Br- . 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/Aero-
dynamic Brake Group (CARDS 121A-124C). If the Brake Number specified
corresponds to a subgroup which is supposed to be an external store,
i.e., weight greater than zero, execution is terminated. Deployment is

stopped at O or 1007 deployment regardless of the rate and time inputs.

3.21.2.26 J = 35 (External Store Drop)

Col. 11-20 Time to drop store (tp) (sec)
21-30 Sequence number of store to be dropped
31-40 Duration of jettison reaction forces (Atgp) (sec)
41-50 X-Reaction force (+ forward) (1b)
51-60 Y-Reaction force (+ right) (1b)
61-70 2-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 subgroup which is not used or is an
aerodynamic brake rather than a store (weight < 0 instead of > 0), execu-
tion will terminate. The jettison reaction forces start acting at the
drop time (tp) and stop at tp + AtjF seconds of maneuver time. The reac-
tion forces are defined in body axis. For example, if a store is
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jettisoned straight down, the reaction force will be up and the Z-direction
reaction force (Col., 61-70) should be negative.

3.21.2.27 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.

1, 2, 3 or 4 for Stabilizing Surface No. 1, No. 2, No. 3,

0 or 5 for wing
SI =
or No. 4 respectively

The type of change indicator, CI, specifies the angle to be changed.

= 0,0 for change of incidence angle

U # 0.0 for change of control surface, or flap, angle

For the wing, the angle change is symmetrical. For all surfaces, positive
incidence change is leading edge up; positive control surface deflection
is trailing edge down.
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3.22

PLOTTING OF MANEUVER TIME HISTORY DATA

Whenever maneuver data are available, i.e., following runs with
NPART = 2, 4, or 5, or when data have been called from tape storage
by NPART = 8, 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 programmer for the proper setup of jobs which write a
tape for CALCOMP plotting.

CARD 401

CARDS

Column 2 must contain the integer 3 to call the plotting routine,
NPRINT specifies that the first and every NPRINTth data point follow-
ing are to be plotted. If NPRINT = 0, it is reset to unity,

402A, 402B, etc.

One 402-type card is required for each plot, A maximum of 30 of
these cards is permitted. 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. 1If 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 controls where the plotting is done

= 0 for CALCOMP only
= |1 for printer only
= 2 for both

KEYS controls the reading of additional 402-type cards

= ] 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 i{uternal minimum scale may be overridden 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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3.23 HARMONIC ANALYSIS OF MANEUVER TIME HISTORY DATA

When maneuver data are available, the 500-series cards may be used to per-
form harmonic analysis of specified variables., This prucedure is an
option, If it is not to be used, simply omit the 500-series cards. Con-
sult 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.

CARD 501

NOP in Column 2 must contain the integer 9 to call the harmonic analysis
routine,

AL(l) is the start time and AH(1l) is the stop time for the analysis. Both
times are measured in seconds from the start time of the maneuver. The
difference between the two times is referred to as AtA, the time interval
for analysis:

at, = AH(1) - AL(1)
NVARA is the total number of variables which are to be analyzed. NVARA
must be less than or equal to 30 and an integer input.
AL(2) specifies the baseline frequency (w) for the analysis., If AL(2) >
0.0, the input is taken to be w in hertz (cycles per second). If AL(2) =

0.0, w is set equal to the main rotor one-per-rev frequency

w = u1/60 hz
where Ol is the rotation speed of Rotor 1 in rpm. If AL(2) < 0.0,
w = 02/60 hz

where QZ is the Rotor 2 rpm., If AL(2) < 0.0 and the rctor rpm changes
during AtA’ the appropriate one-per-rev frequency at AL(l) seconds

maneuver time will be used for the analysis,

If AL(2) < 0.0, it is necessary that

At;A 21l

1f AL(2) > 0.0, this condition should also be met; otherwise, the data
generated will be meaningless.
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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 At, b2 an integer multiple of 1l/w.

The analysis computes a function of amplitude versus frequency, A(kw),
for each of the NVARA variables whose code number is input on the 502-
type cards discussed below. In the analysis, each variable is assumed
to be a function of time, f(t).

N

f(t) =a + £ [a, cos(2mkwt) + b
o K=l k

o Sin (2nkwt) ]

The summation variable N is defined as

N =((n-1)/2] +1

where n equals the number of time points in the AtA interval or 500,

whichever is smaller. The brackets ([ ]) in the equation for N indicate
that the enclosed term is truncated to be an integer. The amplitude
function is then

A(kw) = a " +b

NVARB controls the output of A(kw). If NVARB = 0, the data are tabulated
on the printer only; if NVARB = 1, the data are stored on magnetic tape
for CALCOMP plotting (use 10357, centimeter paper); if NVARB = 2, the
data are both tabulated on the printer and stored on tape.

CARDS 502, 502B, etc.
These cards contain the code numbers of the variables to be analyzed. A

total of NVARA code numbers must be included ir 1415 format using as many
cards as required. No completely blank cards are permitted.
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3.24 VECTOR ANALYSIS OF MANEUVER TIME HISTORY DATA

When maneuver data are available, the 600-series cards may be used
to perform a vector analysis of selected variables. This procedure
is an option which uses the technique of least-squared-errors curve
fitting. If it is not to be used, simply omit the 600-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.

CARD 601

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 independent 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 602-type card(s) are curve fit to the
equation

f(t) = A + B sin(wt + @)
where w is the baseline frequency, AL(1l), 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

R

B Bi/Bx amplitude ratio

Ry = ¢i-¢x

phase angle difference

where the subscript x indicates one of the NVARB reference variables
and the subscript i indicates one of the NX variables which is to be
compared to that reference value. The code numbers are input on
603-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 setting NVARB = 0 and omitting all 603-
type cards. Permissible values of NVARB and NX are 0 to 100.
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CARDS

CARDS

CARDS

Step 3:

The curve fits from Step 1 can themselves be fitted to an equation
of the following form:

C = KD*D + KE*E + F

where C, D, and E are the f(t) corresponding to the 3 code numbers
input on 604-type cards. Substituting each f(t) into the above
equation, expanding the sin(wt + @) term to (sinwt cos$ + coswt
sin®), 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 604-type cards must be included, AL(2) curve fits
of the coefficients from Step 1 will be made. Mote that, as in
Step 2, o...y 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 604-type cards. Permissible values of AL(2) = 0.0 to
100.

602A, 602B, etc.

The 602-type cards contain the NVARA code numbers for the variables
to be curve fit by Step 1. Up to 14 code numbers may be input on
each card in integer fields of 5 (14I5 format). Blank cards are
not permitted.

603A, 603B, etc.
NVARB sets of the 603-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.

604A, 604B, etc.

AL(2) cards of the 604-type must be included. These cards contain
the code numbers of the variables to be used in Step 3.
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3.25 STORING MANEUVER TIME HISTORY DATA ON TAPE

CARD 701

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 10 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 in-
structions on retrieving the data that a CARD 701 stores.
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3,26 MISCELLANEOUS

3.26.1 Configuration Determination

The program examines several inputs to determine the configuration 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

(1x)R1 = (XMR(8) - XFS(5))/12
(1x)r2 = (XTR(8) - XFS(5))/12

and the following logic
TRIND = O
TRINDL = 0
IF | XTR(45)] < 45°, TRIND = 1
If TRIND ¥ 0 and [(1x)g;-(lx)rz| < 5 feet, TRINDL = 1
The value of the configuration variable KONFIG is then defined as

1. + TRIND + TRINDI

KONFIG

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 3-17,

TABLE 3-17. ROTOR NAMING CONVENTION ﬁ
Walue of Defined Names Assigned by Program
KONFIG 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

| =

The value of KONFIG is then used as follows:

(1) To determine if the Supplemental Rotor Controls Subgroup should
be input, i.e., if KONFIG f 1 an error message is generated, since
the other two configurations cannot be controlled without the XCRT

array.
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(2) To eliminate numeric "noise" in the partial derivatives for a
particular configuration; e.g., if 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 countcerclockwise 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.
The same situation applies to the RIGHT and LEFT rotors of side-by-side
configurations. A coaxial configuration is treated like a side-by-side;
its rotors are named RIGHT and LEFT rather than indicating which rotor is
on top or bottom.

Note, however, when swapping rotor groups that the sign conventions 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,

3.26.2 1Induced 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 pro-
gram. The equation is

v, = Vi [‘% x[1+ fl(p)*cos v)

2 4 = .2 ]
+ £,0x, WI%E (W)¥K,, \/O.S*VN /o.zs*vN + (V)
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where v, is the local induced velocity

<l

is the average induced velocity across the rotor disc
x is nondimensional blade station (0 = root, 1 = tip)
¥ is the blade azimuth angle

K is,fﬁR(Z?) or XTR(27) as appropriate

27
VN 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 ¢, are defined as follows:

0.5 if 0 <1 rad/sec

11.25p, if Q > 1 and u < 0,1067
£,0) =
1.36 - 1.5 4, if Q> 1 and 0.1067 <y < 0.5733
0.5 , if Q> 1 and p > 0,573
0.0 , if (x < .7)or (105° < y < 255°)
or (315° < y < 360°) or (0° < y < 45°)
fz(x"b) =

1.0 , if (x > 0.7)and if (45° < y < 105 or
(225° < y < 315°)

The f2 function is intended to account for tip vortex effect as discussed

in Section 3.6. The calculation of Vi is described in Section 3,3,.,1 of
Volume I of this report.

3.26.3 Data_for Fuselage Aerodynamic Inputs

When wind tunnel data are available, the digital computer program AS812A
can be used to reduce the data to the AGAJ73 input format, The program
was written in the PL/1 computer language. The input formats were chosen
so that either fixed or floating point numbers may be input for any
numeric data, It is not necessary to right-justify fixed point inputs.,

The input data to the program consists of two cards of identifying com-
ments and program logic variables and up to 300 data points of force and
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moment wind tunnel data.

The ASS12A is not an integral part of AGAJ73.

for input to AGAJ73.

Each data point is input on one card and in-
cludes data point identification and the values of the pitch and yaw
angles and the six force and moment vectors at those angles.

AS812A only prepares data

3.20.,3.1 1Input Format for AS812A
Card |
Col 1 - 70 Alphanumeric identifying comments
Col 71 - 80 SC, Scale Correction factor
Card 2
Col 1 - 70 Alphanumeric identifying comment.
Col 71 - 75 NPTS, Number of cards (data points) in the foll . ag

data set
Col 76 » 80 10, Output selector switch (# 1 print only; =

and punch)
Card 3 Through (NPTS + 2)
Col 1= 5 The test (or run) number, or other numeric identification
Col 6~ 11 Pitch Angle (deg)
Col 12 » 17 Yaw Angle (deg)
Col 18 » 25 Lift/(Dynamic Pressure) (ft2)
Col 26 » 33 Drag/(Dynamic Pressure) (ft2)
Col 34 - 41 Pitching Moment/(Dynamic Pressure) (ft3)
Col 42 - 49 Side Force/(Dynamic Pressure) (£t2)
Col 50 @ 57 Rolling Moment/(Dynamic Pressure) (ft3)
Col 58 » 65 Yawing Moment/(Dynamic Pressure) (ft3)

Col 76 » 77 Sequence number of test point in data run, or
other numeric identification

Card NPTS + 3 Col 1= 10 CODE

3.26,3.2 User's Guide to AS812A Input Format

This pr- -vram performs least-squared-erior curve fits of wind tunnel force
and momen -ata in order to determine the inputs to the Nominal Angle
Fuselage Fui.ce and Moment Equations of the Rotorcraft Flight Simulation
Computer Program AGAJ73.

Card 1

The alphanumeric identifying comments are the first line of the printed
output and, if punched cutput is selected, the first card of the punched
output.
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SC is the ratio of the desired scale of the output data to the scale of
the input data; e.g., if full-scale data (scale = 1) is desired and the
input data are from a 1/8 scale model where the data are still in model
scale, then SC = 1/(1/8) = 8 1If the input data has already been con-
verted to full scale, then SC = I, If SC is deleted, or zero, the program
sets SC = 1,

Card 2
The alphanumeric identifying comments are the second line of the printed
output and, if punched output is selected, the second card of the punched
output,
NPTS is the number of data points, It is equal to the number of cards in
the data set which follow Card 2. The value of NPTS must be less than or
equal to 300,
The value of I0 determines the type of output from the program,
I0 # 1 Only printed (on-line) output is to be provided.
I0 = 1 1In addition to the printed output, the coefficients calcu-
lated are punched on cards in the format required for Cards
23 through 2E of AGAJ73, the Rotorcraft Flight Simulation

Program.

Card 3 Through (NPTS + 2)

The input format used is based on the format in which test data on punched
cards has generally been provided. If the user finds that his data is
generally provided in a different format, the program can be modified

to accept another format without too much difficulty. AS812A does not
have the capability of resolving data from one coordinate system to
another, Hence, input data to AS812A must be in the same system as

AGAJ73 inputs (i.e., the wind-axis reference system).

Card NPTS + 3

The input CODE specifies the type data which follows:

0 All new data follows; a new Card 1 follows this card.

CODE

1 Data points are to be added to the data previously computed}
a new Card 2 follows (Card 1 is deleted); NPTS on the new
Card 2 is only the number of data points (cards) added to
the data set, not the new total number of points in the set.

CODE

If CODE % 0 or # 1, the program assumes all data has been processed,
and the run is terminated.
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3.26.3.3 Output Guide for ASS8I2A

The user may sclect printed output only or printcd and punched output,

The printed output includes the cocfficlients of the fitted equations and
comparison of the calculatad ana input diata points, If punched output

is selected in addition to the printced cutput, fourteen cards are punched,
The first two cards contain the identifying comments from AS812A Cards 1
and 2, The remaining twolve cards contain all the cocefficients for the
Nominal Anglc Equations in the scquence and format required for AGAJ73,
l.¢ey Cards 23 through 2F of the Fusclage Group. The data are fitted to
the following cquations:

Lift (L) and Pitching Moment (M):

2
M = C i ! i
L or M LOO + C10 sin g + CZO sin ww

, .2 .
+ LCOl + C11 sin ww + C21 sin ww] sin (26w)

l Qe o . 2
+ LGy, + C12 sin Lw] sin (29w)

+ C sin3(25 )
w

03
Drag (D):
D = COo + ClO sin ww + C20 sin2 ww
+ [COI + C11 sin ¢w + C21 sin2 ww] sin Gw
+ CCOZ + C12 sin ww] sin2 Gw
+ CO3 sin3 ew

Side Fooce (Y), Rolling Moment (1), and Yawing Moment (N):
. 2 .3
sin 6w + C30 sin ew

Y, 1, or N=C + C sin Gw + C

00 10 20

+[{c_+cC . sing +C sinze]sin(zw)
\Y W w

01 11 12

d . 2
+ [COZ + C12 sin Gw] sin (ZWW)

. 3 ;
+ [C03 + Cpq sin ewj sin (ZVW)
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wind tunnel pitch angle

where §
w

wind tunnel yaw angle

)

w

Cij = coefficients of equations

In the output data the coefficients, Cij’ are identified by the subscript,

ij. The coefficients are printed out in "nondimensional" and "dimen-
sion21" form, "Nondimensional" indicates that the coefficients are in

units of ft2 or ft3, which are the units of Cij in the above equations.

"Dimensional"” indicates that the coefficients are in units of ftz or ft
per degree to the appropriate power. The "dimensional" coefficients are
those that would be used if the above equati%ns were redefined for small
angles, e.g., sin ww ~ ww, sin (Zew) s 4(ew) , and Gw and ww were defined

to be in degrees, The '"dimensional" coefficients are the inputs to
AGAJ73, 1Initialization routines in AGAJ73 convert the coefficients to
their "nondimensional’ values prior to using them in calculations. The
sequence number of the coefficient in the AGAJ73 XFS array is given at
the far right, e.g., for lift data, Cog is imput to XFS(15).

Following the coefficient data is a tabulation of the input and calculated
data, The first five columns are the wind tunnel input data:

RUN = Wind tunnel run number

PT = Number of the data point in the run

PITCH = Pitch angle, deg

YAW = Yaw angle, deg 2

INPUT = Force or moment (corrected to full scale), ft~ or ft

The next three columns are calculated data:
CALCULATION = Value of force or moment calculated using the
appropriate equation and coefficients
DELTA = Input value minus calculated value (INPUT-CALCULATION)
REL-DEL = Delta divided by input value (DELTA/INPUT)

At the end of these data are two parameters useful in judging the quality

o, the curve fit:
(X DELTA ;(NPTS
/EZ(DELTA)Z/NPTS

A printout of the inputs to AGAJ73 in the format of AGAJ73 follows the
parareters,

SUM OF ABS (ERRORS)/POINTS
RMS ERROR/POINTS

See Figurc 3-13 for a sample printout from AS812A.
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3.26,4 Rotor Hub and Control System Geometry

The sketch below is a top and side view of the geometry of the main rotor
hut and control system and includes the sign conventions for the XMR
inputs that define this geometry. The sketch may also be used for the
second (or tall) rotor by interpreting it as a view from the bottom of
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 1 and an angle greater than 90 degrees for
See Section 8.1 and Figures 8-5, 8-6, and 8-7 in Volume I for ad-

8.
d%tional details.

25% Chord h = XMR(2)
Pitch Horn PC = XMR(23)
;!' 3 6, = XMR(26)
f +'l|rbh
*?3 L 1, = XMR(31)
| /V 1 1, = XMR(32)
Pitch Link | Y = XMR(43)
\ | 1, = XMR(46)
T L M
i
<
+1,
L Swashplate Location Defined by XMR(8),
— - - -——.-_gi‘;'“: XMR(9), and XMR(10)
oin

Point P is the pitch-link attach point on the pitch horn, Point S is
the pitch-link attach point on the swashplate. The distance from Point P

to Point S is the length of the pitch link.

The lengths 1 and 1, are used to compute pitch-link loads in the fol-
lowing manner, The torsional moment at 1 inches from the hub is
divided by 1, the moment arm of the pitch-link attach point. (The
torsional moment inboard of 1, is set to zero). The resulting force,
or pitch-link load (in pounds), "is printed in the 0% radius (root)
location on the torsional loads page.
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4, OUTPUT GUIDE

For the purpose of identification, the output available to be printed is
divided into several groups, These groups are listed in Table 4-1 with a
statement as to when cach group can, cannot, or may be printed, The se-
quence of the groups in the table corresponds to the sequence in which

they are printed in the output and 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 input deck (aeroelastic blade data,
airfoil data tables, etc.), and the program options activated by the input
data (time-variant trim, blade element data, etc.). Following a discussion
of the reference systems and sign conventions used for the input and output
data, the printout for each of the groups in Table 4«1 is discussed,

4,1 REFERENCE SYSTEMS

All of the basic analyses in C81 were developed and programmed in Cartesian
coordinate systems. The coordinate systems which are of most importance to
the user include the ground, fuselage, body, aerodynamic, surface, rotor-
shaft, 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., The most common example of this method
of orienting reference systems is the method of Euler angles. C81 uses
Euler angles to orient the body reference system with respect to the ground
reference, See Figure 4-1, Both reference systems are right-handed co-
ordinate systems with positive rotations defined by the right hand rule,
Hence, the three rotations in order are:

(1) Psi (y): a positive rotation about the ground reference Z axis;
a yaw rotation,

(2) Theta (¢): a positive rotation about the Y axis which has been
rotated through y previously; a pitch rotation, and

(3) Phi (3): a positive rotation about the X axis which has been
oriented by the ¥y and ¢ rotations; a roll rotation.

Although all reference systems in C81 are oriented by ordered rotations,
not all the ordered angles and their sign conventions are truly Euler
angles. This point will be made clear in the following discussion of the
seven reference systems mentioned above.

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 Z axis pointing down through the

center of the gravitational field, its X axis pointing due north, and its i
Y axis pointing due east, The gravitational constant is defined to be
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I TABLE 4-1. OUTPUT GROUPS

Value of NPART
4 5 7

Output Groups 1 2 10
Input Data
Data Deck Listing Yes Yes Yes Yes Yes Yes No
Problem Identification Norm Norm Norm Norm Norm Norm Norm
Basic Data Groups Norm Norm Norm No Norm  No Norm
Aeroelastic 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
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) (c) 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
Time-Point Page(s) No Norm Norm Norm No No No
Rotor Elastic Response No (p) (D) (D) No No No
Time History Plots No (c) (c) (c) No (C) No
Output of Vector and Harmonic No (c) (c) (c) No (C) No
Analysis '
Output of Stability Analysis No (€) (c) (C) Yes No (c)
Blade Aerodynamic Data () () () () () No (c)
Blade Bending Moment Data No (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 appropriatﬂ
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.
(D) : The group is printed only if aeroelastic blade data are available.




32,17 feet per second squared in C81, During trim and at time zero of all
maneuvers, the ground ‘2ference 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 input format of C81 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 fixed 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 AGAJ73, it must lie in the verti-
cal plane of symmetry of the fuselage if certaln program features such as
locating the jets and orienting aerodynamic surfaces are to work properly,
For the SBW (Fuselage) Reference System, the positive stationline (X) axis
is pointed toward the rear of the airframe, the positive buttline (Y) axis
is pointed to the pilot's right, and the positive waterline (Z) axis is
pointed toward the top of the airframe, 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 C8l. It serves as the reference system in which total
rotorcraft forces and moments are summed during both trim and maneuver and
is the system for which the 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 System. The axes of the
system are oriented with respect to the Ground Reference System by Euler
rotations of ¥, @ and ¢ as discussed previously.

If the Fuselage Reference System is rotated + 180 degrees about its Y axis,
and its origin moved to the rotorcraft cg, the rotated and translated system
is defined to be coincident with the Body Reference System, Hence, the Y
axes of both the Fuselage and Body Reference Systems point to the pilot's
right, while the Body Reference X axis points toward the nose and Z axis
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 rotorcraft, 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 4-1, If the cg
location is recomputed prior to trim or during maneuver because of store
input or drop(s), the origin of the Body Reference System moves to the new
cg location. Moment arms from the cg to the rotor hubs, wing, etc., are
recomputed each time the cg moves,
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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 system 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: a positive rotation about the body X axis; a dihedral angle
rotation, and

(2) 1i: a positive rotation about the Y axis which has been rotated
through I' previously; an incidence rotation.

Dihedral angle, ', is always defined to be positive in the direction which
displaces the outboard tip of a surface upward with respect to a Fuselage
Reference X - Y plane, That is, for a surface whosc center of pressure is
on or to the left of the fuselage plane of symmetry (Buttline < 0), posi=-
tive dihedral is a right-handed rotation about the body ¥ axis. 1f the cen-
ter of pressure is to the right (Buttline > 0), positive ditedral angle is
a left-handed rotation. The implications of thesc definftions are that
horizontal stabiliziag surfaces with dihedral or anhedral should be modeled
as two separate surtaces and that a vertical fin with sweepback and 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 angle 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 4-2,

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 Systems

The program uses two independent Rotor Shaft Reference Systems: one for
Rotor 1 and one for Rotor 2, 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 criented with respect to the Body
Reference System by the following two ordered rotations: F/A mast tilt
angle and lateral mast tilt angle.

The most convenient means of describing the positive directions of the rota-
tions 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 Shaft Reference Systems and the
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Body Reference System are parallel and point in the same direction, How-
ever, the Y axis of the Rotor 2 Shaft Reference System points in the oppo-
site direction of the other two Y axes. The origins of both Shaft Refer=
ence Systems are fixed with respect to the Body Reference System during
both trim and maneuver. The orientation is fixed during trim, but the

F/A mast tilt angle can be changed during the maneuver, which does reorient
the system,

Note that if the F/A mast tilt angle changes in maneuver, and the lateral
mast tilt is nonzero, the F/A rotation will in effect 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 Reference System, not by one rotation from the initial Shaft Reference
orientation., Figure 4-3 shows the relationship of the two Shaft Reference
Systems to the Body Reference System,

4,1.6 Rotor Analysis Reference Systems

The program uses two independent Rotor Analysis Reference Systems: 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 Ref-
erence System, The origin of each system is located at the hub of its
respective rotor, i.,e., the Rotor Shaft Reference X and Y coordinates of
the origin of the Rotor Analysis System are zero and the Z coordinate is
the negative of the mast length, The Analysis Reference Systems are
oriented with respect to the Shaft Reference System by a single rotation
about the Shaft Reference Z axis. This angle is the rigid body azimuth
angle of the blade being analyzed, Hence, the Analysis Reference Systems
are rotating reference systems with respect to the Shaft and Body Reference
Systems, For Rotor 1l the right-handed rotation vector points up (negative
Z direction) and for Rotor 2 the left-handed rotation vector points up
(negative Z direction)., Figure 4-4 shows the relationship of the Rotor
Analysis Reference Systems to the Rotor Shaft Reference Systems,

4,1,7 Wind Reference Systems

All aerodynamic coefficients 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 identically 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 Sur-
face, and Shaft Reference Systems) by one of two possible sets of two
ordered rotations, The first set of possible angles corresponds tc angles
commonly measured in flight test:
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Figure 4 4. Reference System for Rotor Analysis,
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(1) Negative Beta (-B): a rotation (equal to the negative of the
sideslip angle B) about the component Z axis, and

(2) Negative Alpha (=a): a rotation (equal to the negative of the
angle of attack a) about the component Y axis which has been
rotated through -8 previously, where a = ¢ ind®

The second set corresponds to angles commonly measured in wind tunnel tests
and is a set of inversec Euler angles with roll deleted:

(1) Negative Aerodynamic Pitch Angle (-6,): a rotation (equal to the
negative ot By) about the component Y axis, and

(2) Negative Aerodynan.c Yaw Angle (-yy): a rotation (equal to the
negative of yy,) about the Z axis which has been rotated through
-6y previously,

Each of these four angles is defined by trigonometric functions of X, Y,
and Z velocities in the component reference system, Actually, the defini-
tions of oyinq4 and 6y are identical, and the tweo angles can be used
interchangeably. However, 8 and ¥, are not identical. See Figure 4-5 and
Section 4,2.3.2 for the definitions 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 anglcs, i.e., azimuth (yaw) and elevation (pitch). How-
ever, the orientation of the Y and Z axes about the X cannot .o defined
without referring to one of the rotorcraft component referen.. systems.
This situation does not limit any analysis or computation since the point
of interest is the action of the air mass on a component, not the ground.

4.2 SIGN CONVENTIONS

The sign conventions of the most commonly used rotor related parameters
are summarized in Table 4-2. The conventions listed are for the condi-
tion where both rotor shafts are vertical (i,e., a tandem 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 4-3 gives the
rotor designation and sign conventions for four standard rotorcraft con-

figurations,

Additional discussion of some of these rotor related parameters and param-
eters mentioned in Section 4.1 is included below.

4,2,1 Rotor Flapping and Elastic Displacements

Rotor flapping can be defined with respect to either the Rotor Analysis
or Shaft Reference System of the appropriate rotor. Shaft reference
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TABLE 4-2.

SIGN CONVENTIONS FOR ROTOR RELATED PARAMETERS

POSITIVE DIRECTION OF PARAMETER

d ETER ROTOR 1 ROTOR 2
Shaft Reference System (origin at
shaft pivot point)
X-Axis Forward Forward
Y-Axis Right Left
2-Axis Down Down
Mast Tilt Angle
F/A (Sm)F Forward Forward
Lateral (Sm)L Right Right
Swashplate Angles
F/A (Bl) Forward Forward
Lateral (Al) Down right Down right

Control Phasing Angle (Y)
(measured from the projection on
the swashplate of tue pitch link
attach point to the pitch horn)

Pylon Motions
F/A (a)
F

Lateral (aL)

Direction of Rotor Rotation
(as viewed from above)

Pitch-Flap Coupling Angle (63)

(measured from 90° ahead of blade
fcathering axis)

Shaft Axis Flapping
F/A (11)
Lateral (bl)

B! W ¢« Rigid-Body Displacements
F'lapping (B)
Twist, Collective Pitch,
and Feathering (60, 6.,
1
and Gf

Blade Elastic Displacements
Out-of-plane
Inplane

Torsion

In same direc-
tion as blade
rotation

Forward
Right

Counterclock-
wise (right-
handed rota-
tion vector up)

Opposite to
direction of
blade rotation

Aft

Down right

Up

Blade leading
edge up

Up

Opposite to
direction of
blade rotation
Blade leading
edge up

In same direction
as blade rotation

Forward
Left

Clockwise (left-
handed rotation
vector up)

Opposite to direc-
tion of blade

rotation

Aft

Down left

Up

Blade leading
edge up

up

Opposite to
direction of
blade rotation
Blade leading
edge up
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TABLE 4-2, (Continued)

POSITIVE DIRECTION OF PARAMETER

EARAMELERS ROTOR 1 ROTOR 2
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 Fuse
Reference System,

lage

(2) Rotor hub is at or above shaft pivot point and pylon focal

points,
(3) The directions are with respect to a forward-facing pil

ot,

TABLE 4-3. CONVENTIONS FOR SPECIFIC CONFIGURATIONS

Prop-Rotor Prop-Rotor
Single- Tandem- Aircraft Aircraft
Rotor Rotor (Helicopter (Airplane
Helicopter Helicopter Mode) Mode)
(KONFIG=1) (KONFIG =2) (KONF1G=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 * Right Right Right

Directions noted are with respect to a forward-facing pilot

. + Up for + 90° lateral mast tilt
* = H
T LEHoEaE = forek + Down for -90° lateral mast tilt

For .ail rotor lateral mast tilt of

+ 90°: the blade above the rotor hub rotates
the front of the helicopter.

- 90°: the blade above the rotor hub rotates
the rear of the helicopter.

toward

toward




flapping is divided intv an F/A and a lateral component. Analysis refer-
ence system flapping (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,

B(v) = -a, cos § - b, sin y

where

o
L]

F/A flapping angle (shaft reference)

o
L}

lateral flapping angle (shaft reference)

blade azimuth location

-
L]

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
a, and bl are independent positive rcotations about the Shaft Reference

Y and X axes respectively as shown in Figure 4-6. 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 Z 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 b1 cannot be defined.
In this case, the values of a, and b1 are calculated from value of B at
the last two azimuth locations, i.e., solution of two equations in two
unknowns.,

Positive inplane displacements of a point on a blade indicate 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 a vertical shaft., This is the same direction as positive
geometric twist, collective pitch, and cyclic feathering.
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4,2.2 Control Positions

4,2,2.1 Position in Percent or Inches

4,2.2.1.,1 Collective Stick

Zero percent collective stick is full down. Positive stick motion in
percent or inches is upward.

4,2.2.1.2 Fore and Aft Cyclic Stick

Zero percent fore and aft 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 rotor-

craft 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 3-11 in Section 3). Hence, they are the control angles without
nonlinearities and control mixing. These units appear most frequently in
the partial derivative matrix printed during trim iterationms.

4,2.3 Miscellaneous Quantities

4.2.3.1 Climb and Heading Angles

The climb angle is the angle of the flight path relative to the X-Y plane
in ground reference. It is positive if the rotorcraft is climbing. The
heading angle is the direction of the flight path on the compass. Zero
heading is due north, along the ground reference X axis. A heading of

90 degrees is due east.

4,2.3.2. Aerodynamic Angles

The local wind reference systems arve 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 Z axes of
the appropriate reference system,
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Pitch Angle of Attack, 6 = % tan (ZLMX = tan s (%)

%eind X velocity

ifu=w=0, Qw = 0 by definition

Yaw Angle of Attack (or Aerodynamic Yaw Angle) = v,

-1 - S
- sin” (Tt vefoctry)"*% (7

if v=20, v, 0 by definition

Angle of Sideslip = B

tan” (Yveroeity) =t (3)

4,2.3.3 Gust Velocities

All gusts are defined with respect to the Body Reference System as follows:

(1) The forward component of 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 if the gust
is moving in the positive Z direction.

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 the pilot's left, in the nega-
tive Y directinn,

(3) Positive vertical g level is upward, in the negative Z direc-
tion. For straight and level flight, the vertical g level is
1.00.
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4.3 OUTPUT GROUPS FOR INPUT DATA

4.3.1 Data Deck Listing (Figures 4-7 and 4-8)

Following the printout of the computer operating system information (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 control section as to the disposition of the
printed output and card deck. After printing CARD 00, the program lists
the eatire 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 useful in locating input
data errors which may be fcund in the following output groups.

4.3.2 Input Data Printout

4.3.2,1 Problem Identification (Figure 4-9)

The value of the primary control variable, NPART, the problem identifi-
cation 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 aeroelastic blade data blocks,
airfoil data tables and the rotor-induced velocity distribution 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 library. If a group is called from library and
altered by an &CHANGE card, the &CHANGE card is listed and the group is
updated with the specified changes. However, during parameter 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 Aercelastic Blade Data

If aeroelastic blade data blocks are input, the sets of data within each
block are printed in the order of input with the main rotor block fol=-
lowed by the tail rotor block. All distributions are in the sequence of
most inboard blade station (No. O or 1) to the tip station (No. 20). The
printout of the weight and beamwise and chordwise inertias is followed by
the total weight, tip weight, and flapping inertia of each blade.

The printout of the mode shapes is followed by a number of constants, some
internally calculated, which are related to the elastic rotor modes. The
mode type, damping ratio, and natural frequency for each mode are printed
as input. The generalized i ertia and the bending moment and shear
coefficients are calculated data based on the input frequencies, mode
shapes, and inertial distributions as explained in Volume I of this report.
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The moment and shear coefficents represent the moments and shear forces
which would exist at the center of the hub and the selected radial sta-
tion for a unit deflection of each modal generalized coordinate., The
bending moment coefficients printed here are actually in the local beam-

wise and chordwise directions.

4,3.4 Check of Aerodynamic Inputs

Several of the inputs to the Rotor Airfoil Aerodynamic Subgroups and the
Wing and Stabilizing Surface Aerodynamic Groups are changed if their
input values do not satisfy certain criteria or are obviovusly unreason-
able. An error message is printed after the printout of any aeroelastic
blade data explaining 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 coordi-
nated turn, a pull-up, or pushover, information is printed concerning
these conditions following any corrections to aerodynamic inputs. No
message is printed for an unaccelerated flight condition.

4,3.6 Maneuver Specification (Figure 4-11)

The program prints the contents of the time card (CARD 301) and all
maneuver control cards (all 31l-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 prirted last, Each set consists of three independent tables

in the followirg order: lift, drag, pitching moment coefficients. The
values of Mach number are listed across the page, and those of angle of
attack are listed down the page. The inputs on the title card of each

set of tablcs precede the printout of each set. Each table in each set

is identified, See Figure 3-6 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 ANALYSIS" and is
followed by the table title, and a statement of the number of advance
ratios (NMU), inflow ratio, (NLM), radial stations (NRS), and harmonics
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(NHH) included in the set of tables., The sets of coefficients are then
printed in essentially 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 is "X/R MU= LAM= ", where X/R
is the radial station (0.05 to 1.0), MU is the advance ratio, and LAM is
the inflow ratio. For each table the NRS values of radial station are
listed in the far-left column. The first number to the right of the

first 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 printout of four pairs of coefficients per line continues until
all coefficients are printed for the first value of X/R. The succeeding
scts of coefficients for each value of X/R are printed in the same format.

4.4 TRIM ITERATION PAGE (Figure 4-12)

1f IPL(25) = 1, a trim iteration page is printed for each trim iteration
computed,

4,4.1 Parameters in Iterations

The VAR(I) array printed across thc top of the page gives the current values
of the ten variables which are changed during the trim procedure.

Collective Stick Position in Percent

VAR(1)
VAR(2) = Fore-and-Aft Cyclic Stick Position in Percent
VAR(3) = Lateral Cyclic Stick Position in Percent
VAR(4) = Pedal Position in Percent

VAR(5) = Fuselage Pitch Angle in Degrecs

VAR(6) = Fusclage Roll or Yaw Angle in Degrecs (choice of roll or
yaw is made by user, IPL(16))

VAR(7) = Main, Forward, or Right Rotor Fore-and-Aft Flappiné Angle
in Degrees (als)

VAR(8) = Main, Forward, or Right Rotor Lateral Flapping Angle in
Degrees (bls)

VAR(9) = Tail, Aft, or Left Rotor Fore-and-Aft Flapping Angle in
Degrees (als)

Tail, Aft, or Left Rotor Lateral Flapping Angle in
Degrees (bls)

VAR(10)
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4.4.2 Rotor Performance

The two rows below the VAR(I) array give the following quantities for the
two rotors:

- Thrust in shaft reference (1b)

- H-Force in shaft reference (1lb)

- Y-Force in shaft reference (1lb)

- 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 which is included 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.

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. If, 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

RIGHT WING

LEFT WING

STABILIZER #1

STABILIZER #2

STABILIZER #3

STABILIZER #4

JETS AND GUNS
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STORE/BRAKE #1

STORE/BRAKE #2

STORE/BRAKE #3

STORE/BRAKE #4

GROSS WEIGHT

M.R. TORQUE

TOTAL
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 torque. 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.

4.4,4 Partial Derivative Matrix

This matrix gives the partial derivative of each force and moment 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 negative of the force and the moment im-
balances at this iteration. 1If input IPL(17) = O or 5, this matrix is
computed and printed at every fifth iteration; otherwise, it is computed
and printed every IPL(17)th iteration.

4.4,5 Correction Array

The line labeled "CORRECTIONS" gives the computed changes in the iteration
variables 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 are greater than the maximum allowed by variable
damper procedures. If such a case occurs, the computed corrections are
multiplied by a ratio which will make all corrections within the allowable
range, and this ratio is printed along with the sequence number of the
iteration variable which determined it. The ratioed corrections are

then added to the iteration variables to determine the values for the next
iteration. It should be noted again that the "CORRECTIONS" are in radians
and not the same units as the VAR(I) printed. 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 converging to a trim
solution. The array is most useful when a case does not trim, since it
indicates which VAR(I) is preventing trim.
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4.5 TRIMMED FLIGHT CONDITION PAGES

Two types of printouts are possible for the data computed in the last trim
iteration., These printouts are the standard trim page and the optional
trim page., The standard trim page is always printed., If the optional
trim page is to be printed, it follows the standard trim page.

When performing a quasi-static trim followed by a time-variant trim, the
standard trim page will be printed 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, reflecting the effects of the time-variant
trim, If the switch to print the optional trim page is turned on, the
optional page will be printed after each of the standard trim pages. The
data printed out during a time-variant trim is discussed in Section 4,6,

4.,5.1 Standard Trim Page (Figure 4-13)

This page follows the final trim iteration, The final iteration occurs
either when all foruvcs arl moment imbalances are within their respective
allowable errors, X1T(15) through XIT(21), or after XIT(1l) iterations
have been performel, If the pape is printed because XIT(l) iterstion were
exceeded, the tilm page Is printed even though the rotorcraft is not
actually trimmed, Howrve-, prozram execution terminates immediately

after the printout, Whe: (he o ¢ Is printed because the imbalances are
within tne prescribed limit.. che program continues on to subsequent

operations or cascs.
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, 04,

4,5.1.2 Trim Condition Specification

A one-line message is printed stating whether or not the rotorcraft is in
a trimmed flight condition, the number of trim iterations used, the com-
puter CPU time used, and the value of NPART. As implied above, the rotor-
craft is termed trimmed when the imbalances are less than the allowable
errors, and not trimmed when XIT(l) iterations are performed without the
imbalances 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, The density altitude, density ratio, and spced
of sound are computed from equations which were empirically derived to
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simulate the atiosphere prescribed by the International Civil Aviation
Organization (ICAO)., This defined atmosphere is the same as the 1962
United States standard.

4.5.1.4 Physical and Power Parameters

Immediately below and at the left end of the atmospheric data, data on

the rotorcraft weight and center of gravity location are presented, 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 which are used during the trim pro-
cedure, 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 for each rotor and the engine, '"ENG' stands for
"supplied by engine." Note that while the sum of main rotor and tail
rotor horsepower equals the engine power required, the sum of main and
tail rotor torques will not equal the engine torque unless the rotational
speeds of all three are equal.

To the right of the power and torque data are rotor blade parameters.
Tip speed is In feet per second, and advancing blade Mach number is com-

puted 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 )ets
in pounds.

4.5.1.5 Body Reference Parameters

Immediatcly below the physical and power parameter printout, the linear
and angular velocicies of the rotorcraft in the Body Reference System

are printed. The sequence of outputs is X, Y, and Z 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/Aerodynamic Surface Parameters

Below and to the right of the body reference data are the parameters which
define and orient the rotorcraft with respect to the flight path. True
airspeed is the airspeed along the flight path and is equal to the ground
speed only when the rate of climb {s 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
respectively, Note that the three accelerations are in the Body Reference

System,
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To the right of the flight path conditions are the aerodynamic surface
parameters. 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 each of the four
stabilizing surfaces. The aerodynamic angles are defined like the fuse-
lage angles in Section 4,2,3.2 except that the velocities used in the
definition are in the aerodynamic surface reference system rather than
the body reference system,

4.5.1.7 Ground Reference Parameters

Below the flight path and aerodynamic surface data are the ground refer-
ence parameters, The location and rates of change of the three ground-to-
body Euler angles are printed in degrees and degrees per second, respec-
tively,

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 contributions of each of these con-
trols plus the pylon and SCAS to each of the swashplate angles of each
rotor., The entries in the bottom row of the matrix are simply the summa-
tion of the column above them, All entries are in degrees. The collective
pitch contributions are actually angles at the blade root since the swash-
plate does in truth have a collective pitch angle, The collective pitch
of the swashplate would be more properly expressed as a vertical displace-
ment of the swashplate or collective pitch sleeve., However, the control
system model is currently not 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 4-2, The hub-spring moments are in the Rotor Shaft Reference
System,

4.5.1.9 Rotor Parameters

Below the controls data are the rotor parameters, This output group con-
sists of the blade feathering, flapping, rotor forces, advance ratio,

power and thrust coefficients, and induced velocity for each rotor., All
parameters are in the Rotor Shaft Reference System, The blade feathering
angles are measured at the theoretical blade root (Station No, 0), The
mean blade feathering angle is identical to the collective pitch printed in
the controls matrix. The F/A feathering angle (PSI = 0) and lateral angle
(PST = 90) will differ from the F/A and LAT swashplate angles when the
value of the pitch-flap-coupling angle minus the control-phasing angle

(63 - v) is nonzero. Sign conventions for the flapping angles are
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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.

_ Velocity in the Shaft X-Y Plane
BDVANCERIILOAS! s & Rotor Tip Speed

and is dimensionless,
The power coefficient is defined as
3
CP = Power/(p m RZ(QR) )
and the thrust coefficient as
= 2 2
CT = Thrust/(p ™ R(QR)")
where p = air density, slug/ft3
R = rotor radius, ft

IR

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.

4.5.2 Optional Trim Page (Figure 4-14)

Printout of this page is controlled by IPL(26). The optional trim page is
most useful for presenting data from a wind tunnel simulation.

4.5.2.1 Problem Identification

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 identi-

fication: rotor controls, rotor parameters, (wind) tunnel parameters, and

program options, The items printed are generally either self-explanatory

or have been explained previously. The dimensions, if any, for all param-
eters are included in the printout.
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1f 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 angle between the root and the tip,

The solidity parameter, ¢, is defined as
g = nc/mMR
wh;;e n = number of blades
C = average chord
R = rotor radius

4.5.2.3 Forces and Moments

Below thz parameter listing, the rotor forces and moments are printed
in both the wind reference and shaft reference systems., Rotor power is
printed in shaft axis only. Each set of data consists of two non-
dimensional coefficients and the dimensional values for each force and
moment. The factors which are divided into the dimensional forces, mom-
ents, and power to give their nondimensional forms are given below:

Forces Moments Power
Helicopter Mvcl\(fl\)2 pbcR(m)ZR pl.u:l\(fll)3
Fixed Wing % QD0 qb2ov

+here
p = afr density (slugs/ft3)
b = number of blades
c = chord (ft)
R = rotor radius (ft)
Q = rotor speed (rad/sec)
V = wind velocity (ft/sec)
q = 1/2 p V¥ (1bg/ee?)
D = diameter of rotor disk = 2R (ft)

¢ = rotor solidity = bcR/ﬂR2
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4.5.2.4 Rotor Loads

A summary of the beam, chord, and torsional rotor loads is printed below
the forces and moments, Data are presented for Blade Stations No, 4,

7, 11, 13 and 16 (20, 35, 45, 65, and 80 percent of blade radius,
respectively), The higher the station number or percent radius, the
more outboard the station is, The data for 2ach of the three loads
consists of the mean and oscillatory values plus blade azimuth location
for the maximum and minimum loads. The loads are in inch-pounds; the
azimuth angles are in degrees.

4.6 TIME-VARIANT TRIM DATA

Using appropriate input values, it is possible to compute the trimmed
flight condition using only a quasi-static rotor analysis, or to compute
first a trim with the quasi-static analysis and follow it with a time-
variant trim (TVT) of the rotor. The output of the TVT following a
quasi-static trim is discussed below, '

4.6.1 The Time History (Figure 4-15)

Following the quasi-static trim, the program computes a time history of
five rotor revolutions for each rotor for which the time-variant analysis
is to be used. During the computations, the fuselage and flight control
degrees of freedom are locked out, the orientation and control positions
being held fixed at the values in the quasi-static trim condition,
However, all rotor, pylon, and mast-windup modes which are input are
free. The output of a TVT includes the complete time history for each
time-variant rotor with one line of output for each blade azimuth loca-
tion which is computed for Blade No. 1. For a TVT with an azimuth incre-
ment of 15 degrees and both rotors time-variant, this is 240 printed
lines of double-spaced output, or about eight pages of computer paper.

The time history is printed in columnar form with the variables identified
only at the beginning. The azimuth location in degrees of Blade No, 1

is the column headed "REF BLADE PSI." If the rotor(s) use the elastic
blade representation, up to six modal participation factors are listed
under "DEPENDENT PARTICIPATION FACTORS." 1If a rigid blade is used, only
the first factor is nonzero. The pylon motions and mast windup are in
degrees. If two elastic rotors are being used, the time history for

the second rotor follows immediately after the end of the first. . new
set of headings is not printed, so it is necessary to count the rotor
revolutions to find the dividing point.

4.6.2 Revised Trim Data

At the end of the time history printout(s), the VAR(I) values, rotor
performance data, and force and moment summary (see Sections 4,4,1,
4.4.2, and 4,4.3 respectively) are printed again for comparison to the
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quasi-static trim values. Note that the rotor flapping angles are not
printed with VAR(I) since they are not controlled variables. In addi-
tion to the normal force and moment summary, the rotor flapping moment
about the hub is printed at the end of the summary. As stated previously
the standard trim page is then printed again, this time with the rotor
parameters reset to the values at the end of the five revolutions.

4.6.3 Rotor Dynamic Analysis

If the rotor(s) use the elastic blades representation, a harmonic analysis
of the time history is performed, and a rotor bending moment summary is
printed.

4.6.3.1 Harmonic Analysis of Elastic Rotor Purameters (Figure 4-16)

The results of a harmonic analysis of the nine parameters shown in Figure
4-15 are printed in tabular form. From left to right, the nine columns of
data are the coefficients for the zero (constant) through eighth rotor
harmonic. The printout of all cosine components precedes that of the sine
components. The rows labeled 1 through 6 are for the first through sixth
modal participation factors respectively. Rows 7, 8, and 9 are for the
fore-and-aft and lateral pylon displacements and mast windup, respectively.

4.6.3.2 Rotor Bending Moment Summary for Elastic Rotor (Figure 4-17)

Following the harmonic analysis, a four-page summary of rotor bending
moments in blade reference is printed for each time-variant rotor.
Tables of the beam, chord, and torsional moments for the first eignt
rotor harmonics and at al twenty radial stations are shown on the first
three pages. A reprise of the minimum, maximum, and oscillatory moments,
with azimuth locations for the extreme values, is printed on the fourth
page. The oscillatory moment is defined as onc-half the difference of
maximum and minimum, regardless of frequency considerations. All imoments
are in inch-pounds.

4.7 MANEUVER-TIME-POINT PRINTOUT (Figure 4-18)

It is possible to print out data computed during a maneuver at specified
time points. The value of NPRINT on CARD Ol specifies that data is to be
printed each NPRINTth time point.

4.7.1 External Store Drop Printout

When an external store is dropped during the maneuver, a message is printed
stating which store was dropped. Also, the values for the gross weight,

cg location, and inertias of the rotorcraft following the drop are printed.
If two or more stores are dropped simultaneously, independent messages are
printed for each drop. The printout precedes the printout of the first
time point without the store(s).
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4.7.2 Time-Point Page

The format of and data on the maneuver-time-point page are identical to
those of the standard trim page with the following exceptions. The pro-
blem identification data, trim condition specification, and atmospheric
parameters are omitted; some data in the aerodynamic surfaces printout
are changed; and some data are added at the top of the page and to the
torque/power data, body and ground reference parameters, and rotor
parameter printouts. The added data are discussed below.

4.7.1.1 Identification

The first line of the maneuver-time-point page contains the current time
in the maneuver and the total elapsed computer CPU time,

4,7.2.2 Physical and Power Parameters

The first data group printed is identical to the physical and power
parameter printout of the standard trim page except that the engine power
and torque required to drive the rotor at that particular instant are
added in the row labeled "REQD." If rotor rpm is variable, a difference
between engine rower supplied and required will cause a rate of change of
the rotational speed of the rotors. If rotor rpm is held constant, a
difference petween these two powers indicates that the rotor power re-
quired has exceeded the maximum available engine power. Note that the
rotor torque is the air-load torque on the appropriate rotor and that the
rotor power is that required to drive the rotor at that particular
instant in the maneuver.

4.7.2.3 Body Reference Data

In the body reference data printout, the three body lineuar accelerations
in feet per second squared and the body angular accelerations in degrees
per second squared are added to the printout. Also, the velocity and
acceleration of the collective bobweight are included. Since the bob-
weight equation is written in terms of collective pitch angles, the
parameters are angular velocity and acceleration in degrees per second
and degrees per second squared, respectively.

4.7.2.4 Flight Path/Aerodynamic Surface Parameters

The printout of the flight path and aerodynamic surface parameters is the
same as on the standard trim page except that the body axis X, Y, and Z
aerodynamic forces acting on the aerodynamic surfaces are changed to non-
dimensional 1ift, drag, and pitching moment coefficients in the wind axis
reference system. The body axis X, Y, and Z forces are available from
the force and moment summary which immediately follows the time-point

page.
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4.7.2.5 Ground Reference Parameters

The ground reference parameter printout is the same as on the standard
trim page with the following data added: the X, Y, and Z displacement of
the rotorcraft center of gravity from the origin of the ground reference
system, the distance of the cg from the orizin of the ground reference
system as measured in the ground X-Y plane, and geometric altitude of the
cg (the negative of the ground reference Z location), All these added
data are in feet., Note that in the ground reference system, all maneuvers
start with X = Y = 0 and Z = -(geometric altitude).

4,7.2.6 Flight and Rotor Controls Parameters

The printout of the flight and rotor controls parameters is identical to
that on the standard trim page.

4.7.2.7 Rotor Parameters

The rotor parameters printout on the time-point page includes all data
shown on the standard trim page plus additional rotor and mast data and
the values of the gusts at the rotorcraft cg.

"PSI (DEG)" is the azimuth location of Blade No. 1 of each rotor. '"BETA"
refers to blade flapping at the hub with respect to the shaft reference
X-Y plane. "HUB" is the flapping angle at the hub for Blade No, 1 at

its present azimuth. [his number should correspond to a test measurement
of flapping. "LIMIT” is the present location of the flapping stop. The
"SHAFT AXIS DATA AT ROTOR HUB" are self-explanatory.

Mast windup and mast windup rate are given in degrees and degrees per
second, respectively, Positive mast windup is in the direction of posi-
tive rotor rotation,

The forward, lateral, and vertical components of the gust velocities at
the center of gravity are in body reference and have the units of feet
per second,

4.7.3 Force and Moment Summary

The maneuver-time-point page is followed by a force and moment summary
for that time point, The format of the summary is identical to the sum-
mary printed during trim iterations,

4,7.4 Rotor Elastic Response (Figure 4-19)

The azifwth location of each blade is given for reference. The
instantaneous values of the generalized coordinates for each blade and
each mode are available for detailed study. The three components of blade
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tip deflection provide the user with a clear indication of the overall
rotor behavior. The out-of-plane and inplane deflections are in feet,
and the elastic twist deflection is in degrees,

4.7.4.1 Blade Shear Forxces

The out-of-plane components of shear are given for each blade in pounds.
This shows how the blades share the total shear forces given above in the
rotor variables,

4.7.4.2 Bending Moments at User Selected Location

At one radial station selected by the user, XMR(15) or XTR(15), the
computer program calculates and prints the beamwise bending moment, the
chordwise bending moment, and the torsional moment for each blade in inch-
pounds. The beam and chord moments have been resolved through the geomet-
ric pitch from the out-of-plane and inplane directions so that the values

printed should correspond directly to test data.

4.8 TIME HISTORY PLOTS (Figure 4-20)

4.8.1 Problem Identification

The same problem identification used for the trim pages (CARDS 02, 03,
and 04) is used as the heading for the time history plots.

4.8.2 Variables Plotted and Their Scales

The plot symbols used are the numbers 1, 2, and 4. The variable corre-
sponding to each symbol and its units are printed as part of the plot
heading. If two or all three of the curves intersect at a sing.e point,
the symbol printed is the sum of the individual symbols. For example,
the symbol 7( = 1 + 2 + 4) means that all three curves pass through the
point where the 7 is printed.

The lower and upper limits on the plot scale are given for each variable
plotted. The scale in units per inch is also given,

4.8.3 General Comments

The user is again cautioned that the automatic plot scaling procedure
may expand small variations completely out of proportion to their true
importance, Be certain to check the scales on all plots.

The maneuver time is printed along the side of the plot to previde an
easy reference to the corresponding maneuver-time-point page. If the
time increment is changed at some point during a maneuver, there will be
a change in the time scale at this point. The resulting compression or
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expansion of the time scale may cause apparent discontinuities in the
data which are not actually in the data. The user should check the time

scale carefully.

Each plot card, Card 402, is independent of all other plot cards, Thus,
if desired, one variable may be plotted on more than one plot. One
example which has proved useful is rotor azimuth position. This variable
will help in pointing out any change in time scale,

The dots printed down the page are spaced at l-inch intervals to make

it easier to read the plot values by eye., They also provide reference
lines to help see slower variations on long time histories,

4.8.4 CALCOMP Plots

The nemes of the variables plotted appear at the top of each CALCOMP
page along with their respective plot symbols. The vertical scales and
the plots themselves are identified by the plot symbols.

4.9 OUTPUT OF HARMONIC ANALYSIS ROUTINE (Figure 4-21)

This program option gives a harmonic analysis (frequency vs. amplitude
function) for selected variables from a set of maneuver data.

4.9.1 Printed Output
4.9.1.1 Variable ldentification

At the head of each page of harmonic analysis data, an identifying phrase
and units for the variable analyzed are printed.

4.9.1.2 Frequency-Anplitude Table

The frequency and amplitude data are presented in three pairs of columns.
The frequency is given in cycles per second, and the amplitude is in the
units given ir the heading.

4.9.2 CALCOMP Output

An amplitude versus frequency plot generated by the harmonic analysis
routine consists of the tabulated points connected by straight-line seg-
ments, The zero value or steady component is always plotted as zero.

The actual value is then given at the bottom of the page unless it is too
big for the CALCOMP to handle, The variable identification with units
also is given at the bottom of the page.
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4,10 VECTOR ANALYSIS DATA (Figure 4-22)

This program option gives a vector analysis (least-squared-errors curve
fit) of selected variables from a set of maneuver data.

4.10.1 Curve-Fit Analysis

4.10.1.1 Problem Identification

This output is the same as the headings printed for the trim page(s) and
time history plots.

4.10,1.2 Curve-Fit Heading

The maneuver time at which the curve fit starts is given., All time
points prior to this time are disregarded by the curve-fit procedure,
The frequency used in the curve fit, OMEGA, is given in cycles per second.
The curve-fit function, F(T), is expressed in general form:

F(T) = AMPLITUDE * SIN(OMEGA * T + PHASE ANGLE) + CONSTANT
(where T is time as measured during the maneuver).

4.10.1.3 V-riable, Amplitude, Phase Angle, and Constant

Below the general equation are five columns as follows:

(1) Variatle: In this column the variable being curve fit is identi-
fied, and its units are given,

(2) Amplitude: This number may be substituted into the general equation
for AMPLITUDE, The units are those given under VARIABLE.

(3) Phase Angle: This number may be substituted into the general
equation for PHASE ANGLE, The units are degrees as labeled.

(4) Constant: This quantity may also be substituted directly into
the general equation, The units are those given under VARIABLE.

(5) Coef of Corr: This denotes coefficient of correlation and is a
measure of how well the variable considered is fit by a sinusoidal
variation at the frequency selected. A number greater than 0.95
in this column indicates a reasonably good fit. A number smaller
is generally caused by another frequency content or transient
condition,
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4.10.2 Amplitude and Phase Angle Comparisons
At the top of the following page the problem identification is repeated.

The magnitudes and phase angles between variable vectors are compared
for selected pairs of variables. The variables compared are labeled
as VARIABLE A/VARIABLE B. The variable identifications used are the
same as those used on the previous page and for the plot headings.

The amplitude ratio printed is AMPLITUDE A divided by AMPLITUDE 3. The
phase angle difference is PHASE ANGLE A minus PHASE ANGLE 8,

4.10.3 Variable "A" as a Linear Combiaation of Variables "B" and "C"

Following the amplitude and phase angle comparisons, the program skips
to the top of the next page and again prints the problem identification
heading.

If all the selected variables are viewed as vectors rotating at the same
rotational speed, OMEGA, any one variable may be expressed as a linear
combination of two other variables and a constant as long as the phase
angle between the two variables is not O or 180 degrees. This relation-
ship is given generally in the heading as "A = KB * B + KC * C + KD,"

Here A, B, and C are the variables concerned. The variable identifica-
tion phrase is printed for each in the output, KB, KC, and KD are con-
stants determined by the program and printed in the column labeled
"COEFFICIENT," 1In this row for variable B, the coefficient is KB; in
the row for variable C, the coefiicient is KC; and in the unlabeled
variable row, which has the woxd CONSTANT to the right of the row, the
coefficient is KD,

4,10.4 Time Used

At the completion of the vector analysis routine, the time used in the
vector analysis process is printed along with the total elapsed computing
time.

4.11 OUTPUT OF STABILITY ANALYSIS ROUTINE

The operation of the stability analysis routine (STAB) depends on tke
numerical evaluation of a number of partial derivatives., The partial
derivatives appear in the equations of motion for the rotorcraft. A
frequency analysis is made on the equations of motion with controls fixed
and following step inputs to the controls. As used here, "s" is the
Laplace operator.
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4.11.1 Control Partial Derivative Matrices (Figure 4-23)

4.11.1.1 Force and Moment Derivatives

The first version of the control partial derivative matrix is printed
with units of pounds per inch or foot-pounds per inch, The response

to each of the fourteen degrees of freedom available in STAB is evaluated
and ratioed to be the response to a l-inch step input from each of the
four controls. If the rotor degrees of freedom are not turned on and the
rotor hub is not rigid, the rotor flapping angles are changed to reduce
the rotor flapping moments to less than the allowable error.

4.11.1.2 Control Derivatives in Terms of Accelerations

The second version of the control partial derivative matrix contains

the same information as the first. In this matrix, the force and

moment derivatives have been divided by the appropriate masses or

inertias to give the units of linear or angular acceleration per inch

of control. These numbers may be thought of as the accelerations at the
instant immediately after a step input from the controls. The same labels
are used for the rows of the second matrix as for the first.

4.11.1.3 Conventional Fixed-Wing Nondimensional Derivatives

If the rotorcraft does not have a wing or the airspeed is less than

1.0 knot, this matrix is not printed. The reader is referred to
Etkin, Reference 2, for the nondimensionalizing factors and interpre-
tation of the first six rows of the third matrix. No attempt will be
made to interpret or explain the last eight rows of this matrix because
conventional fixed-wing concepts do not apply to helicopter rotors and
pylons,

4.11.2 Partial Derivatives for Statility Analysis Degrees of Freedom

The next pages of output contain detailed information used for the
calculation of the partial derivatives for each degree of freedom which
is activated in STAB, The partial derivatives are evaluated in the
same order as the variables are listed below. See Figure 4-24.

4.,11.2,1 Stability Analysis Degrees of Freedom

At the top of each partial derivative page is a list of the current
value of each of the possible degrees of freedom. All "FUS" (fuselage)
parameters are in the body reference system and all "M.R." and "T.R.”
(rotor) parameters are in the appropriate shaft reference system. By a
comparison of two successive pages, it is possible to tell which variable
is being perturbed and by how much, The 22 variables which may be per-
turbed are perturbed in the following order:
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= velocity in the X direction (feet per second)
= velocity in the Z direction (feet per second)
pitch rate (degrees per second)

= velocity in the Y direction (feet per second)

= roll rate (degrees rer second)

5
(=]
wn
o v < O K
"

= yaw rate (degrees per second)
M.R. F/A PYLON RATE = (degrees per second)
M.R, LAT PYLON RA%wu - (degrees 6er second)
T.,R. F/A PYLON RATE = (degrees per second)
T.R. LAT PYLON RATE = (degrees per second)
M.R. F/A FLAP. RATE = (degrees per second)
M.R. LAT FLAP, RATE = (degrees per second)
T.R. F/A FLAP, RATE = (degrees per second)
T.R. LAT FLAP, RATE = (degrees per second)
M.R. F/A PYLON DISP = (degrees)

M.R. LAT PYLON DISP = (degrees)

T.R. F/A PYLON DISP = (degrees)

T.R. LAT PYLON DISP = (degrees)

M.R. F/A FLAP, DISP = (degrees)

M.R. LAT FLAP, DISP = (degrees)

T.R. F/A FLAP, DISP = (degrees)

T.R. LAT FLAP, DISP = (degrees)

4,11.2.2 Rotor Perf~rmance

These two rows are identical to those described in the discussion of the
trim iteration page, Section 4,4,2

4.11.2.3 Force and Moment Summary

This block of output is the same as described in Section 4,4,3, The
forces and moments printed here are computed after the small increment in
the pertinent variable has been made. All data are in the body reference
system,
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4.11.2.4 Delta Force and Moment Summary

This block of output presents the changes in the force and moment con-
tributions in exactly the same format as the full force and moment summary.
Each number in this block is obtained by taking the corresponding value
from the force and moment summary immediately above less the corresponding
value at the trim condition or at the current maneuver time point,

4.11,3 Stability Partial Derivative Matrices

4,11,5,1 Rotor Partial Derivative Matrix (Figure 4-25)

On this page is printed a summary of the rotor partial derivatives
computed from the data on the previous pages. Each row gives the partial
derivatives of some force, moment, or flapping angle as labeled, with
respect to the linear and angular velocities U, W, Q, V, P, and R. The
units are feet, pounds, radians, and seconds.

4.11.3.2 Total Partial Derivative Matrix (Figure 4-25)

On this page is printed a summary of the partial derivatives computed
from the data on the previous pages. Each row gives the partial deriva-
tives of some force or moment, as labeled, with respect to the perturba-
tion variables used.

4.11.4 Mass, Damping, and Stiffness Matrices (Figure 4-26)

The mass, damping, and stiffness matrices which are used to calculate the
rotorcraft stability characteristics are printed on the next three pages.
The reader is referred to Volume I for the analytical background of these
three matrices.

1f IPL(33) = 1 or 2, these three matrices will be punched on cards. The
punched output is headed by an identification card which consists of the
IPSN input from CARD Ol, the date, plus rotorcraft gross weight, cg
stationline, ground speed, and ambient temperature. Since the matrices
are sparse, only the nonzero elements are punched. The format of the
matrix element card is:

Column
1 Matrix Indicator (Il)
7-8 Row Number of element (iI2)
9-10 Column Number of element (I2)
12-25 Value of the elemert specified above (El15,8)
27-28 Row
29-30 Column
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Column

32-45 Valye

47-48 Row

49-50 Column

52-65 _Value

66-80 Date and Ground Speed

Values of the matrix indicator are

= ( for stiffness matrix

= 1 for damping matrix

= 2 for mass matrix
The matrix indicator and each row and column number are integer inputs
(I-format)., The values of the elements are in scientific notation

(E-format). Each matrix begins on a new card. An end-of-data card
(I punched 20 times) follows the last card of the last matrix.

4,11.5 Stick-Fixed Stability Results (Figure 4-26)

The system characteristic equation, with controls fixed, is solved for
its complex roots and associated response modes. These results are pre-
sented in several ways as discussed below.

4.11.5.1 Roots
The real and imaginary parts of the roots of the characteristic equation
are printed under the headings REAL and IMAG, The units are radians per

second, If z is the response of some mode, the response expression may
be written directly in terms of the real &nd imaginary parts.

*
= Ae(REAL¥t) (IMAG*t) = A (REAL + IMAG¥*j)

z
where t = time
A = constant (dependent on initial condition)

In terms of the damping ratio, {, damped natural frequency, w4, and un-
damped natural frequency, w,, the printed roots are

REAL = Cw_

IMAG = wy = wy V1 - Ci
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The roots may also be used to form the denominator, d(s), of the frequency
response polynomial,

n
d(s) = 11 |(s - REAL1 + IMAGi*])(s - REAL1 - IMAGi*j)]
i=1

vhere s = Laplace operator
1 = continued product notation
)=V
N = number of roots printed
1 = sequence number of root in printout

Note that in the case of complex conjugate parts of roots, only the root
with the positive imaginary part is printed.

4.11.5.2 Terms in Denominator of Laplace Transfer Function

-

Each root or pair of roots generates the terms in one factor of the
denominator of the Laplace transfer function, D(s).
- 2
D(s) = T (TAUg*s™ + DAMP
i=1

i*s +1)

where

2

TAU {

- 1/(ReaL,? + muac. %) = 1/ 2

i

2

DAMP 1

- -2#REAL,/(REAL, % + IAG,%) = -2¢/u_

i
and [, N, and 1 are as defined in the previous section,
4.11.5.3 Period

For the oscillatory roots of the characteristic equation, the period of
the damped oscillation is given in seconds.

PERIOD = 21/IMAG

For the roots with a zero imaginary part, the period is a meaningless
concept, sn a zero appears in the output.
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4.11.5.4 Rate of Convergence or Divergence

The column headed "TIME TO HALF-DBL" depends only on the value of the real
part of the root. If the real part is negative, the time to half ampli-
tude, in seconds, is printed. 1If the real part is positive, the time to
double amplitude, in seconds, is printed.

TIME TO HALF-DBL = 1n(.5)/REAL

The column headed "CYCLES TO HALF-DBL" contains the number of cycles to
half or double amplitude based on tire damped natural frequency (IMAG) for
the oscillatory roots.

CYCLES TO HALF-DBL = (TIME TO HALF-DBL)/PERIOD
For aperiodic roots, a zero is printed.

4,11.5.5 Undamped Natural Frequency and Damping Ratio

The undamped natural frequency, mn, is based on the absolute value of
the complex root.

w, = v/&EALZ + IMAGZ

Thus, w, is defined even for an aperiodic root. The calculated value of

is given both in radians per second and cycles per second. The damping
ratio, {, in combination with the undamped natural frequency, completely
describes the root.

¢ = REAL/wn

For a stable aperiodic root, the damping ratio is one. For an unstable
aperiodic root, the damping ratio is minus one.

4,11.5.6 Stability Mode Shapes (Figure 4-27)

In the stability mode shape printout, each column represents one mode.

The first column on the left is associated with the first root printed,
the second with the second, and so forth. Each component of a mode shape
has a relative magnitude (MAGN) and a phase angle (PHASE). As implied by
the column heading, magnitude is the top number of the pairs printed out
and phase angle is the bottom. The normal printout provides for eight
columns (mode shapes of roots). If more than eight roots are computed,
the additional roots are printed in the same format on additional page(s).
Columns after the last root are set to zero.
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The mode shapes associated with the cotorcraft characteristic roots are
first printed as normalized with respect to THETA, then as normalized with
respect to PHI, and lastly as normalized with respect to the largest
participation factor (variable). 1In all three sets of normalized mode
shapes, the normalizing variable always has a magnitude of 1.000 (non-
dimensional) and a phase angle of 0.0 degrees. The fuselage degrees of
freedom used for the mode shapes are not the same as those used in the
rest of the stability analysis. The following variables are used:

U/VELOCITY = Au/V = perturbation velocity in X-direction
divided by total velocity (nondimensional)

ALPHA = Aw/77 = perturbation velocity in Z-direction
divided by total velocity (nondimensional);
aprroximately the same as angle of attack
(radians)

THETA = [ q dt = the integral of the pitch rate (radians);
approximately the same as pitch angle

BETA = Av/V = perturbation velocity in Y-direction divided
by total velocity (radians); approximately the same
as sideslip angle

PHI =.[p dt = integral of roll rate (1adians); approximately
the same as roll angle

PSI =_[r dt = integral of yaw rate (radians); approximately
the same as yaw angle

If activated, the pylon and flapping variables are all given as angular
displacements in radians.

4.11.6 Transfer Function Numerator (Figure 4-28)

Following the mode shapes, the numerators of the transfer function for
pitch, roll, and yaw as a function of their respective primary controls
are printed. In each of the three numerators printed, the value labeled
"GAIN" is the constant term in the frequency response polynomial; "“STATIC
GAIN" is the gain term to be used in the Laplace transfer function.

The complex roots of the frequency response polynomial are printed in two
pairs of columns labeled "ROOTS." To the right of the real and imaginary
roots are the corresponding values in the numerator of the Laplace transfer
function, "TAU" and "DAMP."” The numerator of the Laplace transfer func-
tion N(s), may be written as follows:

M

N(s) = STATIC GAIN * II (TAUk * 82 + DAHPk * s+ 1)
k=1

and the frequency response polynomial as
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M
n(s) = (GAIN) # kn1 [(s-REAL, + IMAG, * J)(s-REAL, - IMAG, * j)]

where k = sequence number of root
M = total number of roots printed

The complete transfer function, G(s), can then be formed as either
G(s) = N(s)/D(s)
or

G(s) = n(s)/d(s)

where D(s) and d(s) are the denominator of the transfer function and the
frequency response polynominal discussed in Section 4.11.5.2.

4.11.7 Frequency Response (Figure 4-29)

Following the transfer function numerator printout, the frequency response
of the three transfer functions is tabuisted. The data listed are the
frequency in Hertz and radians per second, the gain in the decibel equiva-
lent of a magnitude in degrees per inch of control, and the phase in de-
grees. The range of frequencies is 0.01 to 100 radians per second. With
these data, construction of a Bode plot for each transfer function is
greatly simplified.

4.12 BLADE ELEMENT AERODYNAMIC DATA

Blade element aerodynamic data are printed for the rotor(s) specified by
NVARC (CARD 01) at the points in the run specified by the value of IPL(27)
in conjunction with the times in the Blade Element Printout Times Group.

A set of aerodynamic data is composed of blocks of data where each block
presents data at twenty blade radial stations for one blade of one rotor

at a single blade azimuth location. The printout of the set of data blocks
precedes the maneuver time point page with which it is associated. When
NVARC specifies that data for both rotors are to be printed, the data for
the main rotor (Rotor 1) precedes that for the tail rotor (Rotor 2).

The number cf data blocks included in the printout for one rotor depends
on which rotor analysis (time-variant or quasi-static) is active for the
rotor in question at the time of printout. When the time-variant rotor
analysis is active, the number of blocks also depends on the number of
blades on the rotor while the format of each block depends on which, if
either, of the unsteady aerodynamic options is active.

If the quasi-static rotor analysis is active for a rotor when aerodynamic

data are to be printed, the set of data printed for that rotor consists
of a data block for each of twelve azimuth locations (30-degree increments)
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of a representative blade. If the time-variant rotor analysis is active,
the set of data for the rotor consists of one data block for each blade at
the azimuth angle corresponding to the maneuver time point, {.e., two to
seven data blocks.

The data blocks consist of six parameters which are independent of blade
radial station and nine or fourteen parameters which can vary with radial
station. The printout includes nine parameters when the unsteady aero-
dynamic options are turned off; when either unsteady option is active, five
additional parameters are included. Of these five additional parameters,
three are the same regardless of which option is active while the remaining
two are a function of the active option. All parameters are defined in
Table 4-4.

Figure 4-30 contains examples of blade element aerodynamic data printout.
The data are for a two-bladed time-variant rotor with the unsteady aero-
dynamic option off, the BUNS option on, and the UNSAN option on.

4.13 BLADE ELEMENT BENDING MOMENT DATA

When the time-variant rotor analysis is active, a tabulation of the instan-
taneous values of beam, chord, and torsional moments at each radial sta--
tion on each blade is printed at the times specified in the Blade Element
Printout Times Group. NVARC on CARD Ol specifies the rotor(s) to be
included in the printout. Data are printed at twenty radial stations with
Station 19 (95 percent radius) printed first and Station 0 {(the root)
last. Station 20 is omitted from the printout since all moments are
defined to be zero at the tip. The units for all three moments are inch-
pounds. Figure 4-31 is an example of the printout for one rotor. The
printout of this data follows rotor elastic response (Figure 4-19) of the
time point with which it is associated. If data for both rotors are to be
printed, the main rotor (Rotor 1) is printed first.

It is emphasized that this bending roment data is only printed for a rotor
which uses time-variant analysis; 1f NVARC specifies that data be printed
for a rotor which uses the quasi-static analysis, the program ignores the
input and does not print any moment data.
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TABLE 4-4. DEFINITIONS OF BLADE ELEMENT AERODYNAMIC PAIAH!TERS
| —— _— e ——
Parameters Which are Independent of Radial Station
(All six parameters included in each printout)
Name Description Units
PS1 Azimuth location of blade deg
U-~HUB Shaft reference X component of velocity at rotor ft/sez
hubd
V-HUB Shaft reference Y component of velocity at rctor hub | ft/sec
W-HUB Shaft reference Z component of velocity at rotor hub | ft/sec
GEO, Geometric blade pitch angle at Station 0 (root) for deg
PITCH. azimuth location PSI
BETA Flapping angle at the hub (i.e., th~ angle between deg
(HUB) the shaft reference X-Y plane and the blade pitch
change axis at Station 0) for azimutl location PSI
Parameters Which Are Dependent oﬁ~§id£al.8tation
Printout o
Name Code * Description Nﬁitrs
STA A Blade station number starting at tip -
{Station 20) and continuing to the 5%
radius (Station 1)
ut A Tangential component of the total local ft/sec
velocity, i.e,, component which is per-
pendicular to the local pitch change axis
and parallel to the local chord line
UP A Perpendicular component of the total ft/sec
velocity, i.e., component which is
perpendicular to both the local pitch
change axis and the local chord line
UR A Radial component of the total local velocd ft/sec
ity, i.e., component which is parallel
to the local pitch change axis
MACH A Local Mach number -
ALPHA A Local angle of attack deg
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TABLE 4-4. Continued,

Printout
Name Code Description Units
CL A Tota! local 1ift coefficient including S
unstcady acrodynamics effects if any
DCL B Increment to local steady-state lift -
coefficient from the BUNS option;
included in the value of CL
CDR U Radial component of drag coefficient =
from the UNSAN option
CcM A Total local pitching moment coefficient =
including unsteady aerodynamics effects
if any
DCM B Increment to local steady-state pitch- =
ing moment coefficient from the BUNS
unsteady aerodynamic option; included in
the value of CM
2
HVDD U Second time derivative of the vibratory ft/sec”
part of the local blade position (h );
equivalent to the first time derivalive
of the vibratory part of the local
heaving velocity
ALPHAD B&U Alpha dot, the first time derivative of deg/sec
ALPHA
THETAD B&U Theta dot, the first time derivative deg/sec
of THETA (the local blade pitch angle)
THETADD B&U Theta double dot, the second time deg/sec2

derivative of THETA (derivative of
THETAD)

% Printout code definition;:

A
B

B&U

variable

variable
dynamics

variable
dynamics

variable

always included in printout

included in printout only when BUNS unsteady aero-

option is active

included in printout only when UNSAN unsteady aero-

option is active

included in the printout only when one of the un-
steady aerodynamics options is active

—
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5. DIAGNOSTIC AND ERROR MESSAGES

5.1 GENERAL

All of the messages generated by the computer program itself rather than
the computer operating system and which are considered to be error mes-
sages are listed below. The messages are in alphabetical order with the
following words ignored: M.R., T.R., COLLECTIVE STICK, F/A CYCLIC STICK,
LAT CYCLIC STICK, PEDAL, MAIN, TAIL, WING, STBl, STB2, STB3, STB4, THE.

Two or more words or phrases enclosed in brackets, one above the other,
indicates that it is possible to have either word or phrase, but only
one, in the message when it is printed out. An underline in the message
indicates a place for numerical value in the message.

After each message is the name of the subroutine which printed it out.
The next statement is about the condition which caused the message to

be printed. Next is an indication of the consequences of the condition
followed by instructions to the user.

5.2 MESSAGES

5.2.1 Bypass of Wagner Function

ALLEVIATION DEVICE FOR WINGS BYPASSED BECAUSE WING CHORD IS
TOO SMALL FOR THIS TIME INCREMENT AND VELOCITY

From WAG
The analysis contained in WAG assumes a minimum number of data points
will be sampled in a distance traveled which is calculated from the wing

chord. This message indicates that the ratio, V(At)/(wing chord), is
too large.

WAG is bypassed for wing. Execution continues.

To eliminate the message make At, ZDELTl or ZDELT2, on data card 301,
smaller,

5.2.2 Error in Vector Analysis

AN ATTEMPT WAS MADE TO MANIPULATE A VARIABLE WHICH HAD NOT BEEN
INCLUDED IN THE GROUP TO BE FITTED., PROCESSING TERMINATED.

From CURVET

During the amplitude and phase angle comparison of the linearization por-
tion of the curve-fit section of the program, a request was made to use

a variable for which no prior request to fit that variable had been made.
Thus, the information necessary had not been computed and so the compari-
son or linearization could not be made.
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Comp~rison and Linearization terminates.
Check input data to curve-fit routine for error indicated.

5.2.3 Apparent Discontinuity During Maneuver

APPARENT DISCONTINUI'TY ENCOUNTERED AT TIME = WITH A TIME STEP OF

From HAMM

In the course of computing a maneuver using Hamming's method of numerical
integration, an apparent discontinuity was encountered in one of the
variables being integrated. The program switches to using Runge-Kutta
techniques used to start Hamming's method until the discontinuity is

passed.

This is a warning message only. Execution continues,

5.2.,4 Error in Jet Control Linkages

COLLECTIVE
CHANGE IN JET THRUST with )F/A CYCLIC{  oriek posiTION INPUT IS IN
LAT CYCLIC
PEDAL
ERROR
From JFBGIN

The number of controlled jets, XJET(l), was input as zero, but the change
in jet thrust with the specified control was not zero.

Problem step terminates.

Check the values of XJET(1l), XCON(1l), XCON(6), XCON(13), XCON(20), and
XCON(27) for errors.,

5.2.5 Error in Fuselage Inertias

CHECK INPUT FUSELAGE INERTIAS. THE NUMBERS INPUT ARE PHYSICALLY
IMPOSSIBLE AND CANNOT BE HANDLED BY THIS PROGRAM.

From MNEM or EXTORS

This message indicates that Ix I, -1 2 . 0, which is physically impos-

sible. ) Xz

Problem step terminates,
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Change the input data for Ix. Iz, or I,  for fuselage and stores.

X2

5.2.6 Error in J-<Card

CHECK PART 2 DATA CARD J CODE IS
From SIVAR or TIVAR

A value for J on 31l-type card has been input for which an operation is
not defined.

Problem step terminates,
Change the card indicated by the message.

5.2.7 Error in NPART

DATA ERROR . . NPART =
From MAIN
The control program, MAIN, read an illegal value of NPART on CARD 01,
401, 601, or 701. This error most commonly occurs after another error
has interrupted the normal sequence of events by terminating the problem
step.

Problem step terminates.

5.2.8 Problem in Numerical Integration

DIFFERENTIAL EQUATION SOLUTION FAILS TO MEET ACCURACY SPECIFIED

From HPCG

In the course of computing a maneuver using Hamming's method of numerical
integration, the solution of the differential equations was not within
the prescribed tolerance. The tolerance is doubled, the time step is
halved, and the solution is attempted again.

If the equations still fail to meet the prescribed accuracy after six
such attempts, the problem step is terminated.

If problem step terminates, reduce the initial maneuver time increment.
Otherwise no action is required.

5.2.9 Error in Drag Divergence Mach Number

DRAG DIVERGENCE MACH NUMBER INPUT FOR xxxx IS IN ERROR
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IT HAS BEEN RESET TO .

Where xxxx is SUBGROUP 1, SUBGROUP 2, SUBGROUP 3, SUBGROUP &, SUBGROUP 5,
WING, STBl, STB2, STB3, or STB4

From YSINIT or YRINIT

Y(1) for rotor or surface aerodynamic data was input greater than or
equal to 1. This is a warning message.

5.2,10 Excessive Rotor_Blade Angle of Attack
EXCESSIVE ANGLE OF ATTACK FOR N = { ; }

From CDCL

main

tail rotor exceeded

The angle of attack of a blade segment on the
20 radians,

Problem step terminates,

5.2.11 Excessive Angle of Attack on Aerodynamic Surface

STB1
STB2
STB3
STB4
RWG
LWG

EXCESSIVE ANGLE OF ATTACK ON =

From CLCD

Subrouting CLCD was entered with the angle of attack of the
Stabilizer No. 1

Stabilizer No. 2
Stabilizer No. 3
Stabilizer No. 4 { oreater than 20 radians.
Right Wind Panel
Left Wing Panel

Problem step terminates,
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5.2,12 1Induced Velocity Nonconvergent

INDUCED VELOCITY SET TO O.__ CALCULATIONS NONCONVERGENT.

From VIND

The iterative loop which calculates induced velocity for a constant veloc-

ity and rotor thrust has not converged in 100 iterations.
Warning message only. Execution continues.,

5.2.13 Error in IPSN

1PSN INDICATED NOT ON LIBRARY
From C81L

In an operation with NPART = 8, NVARA # O on Card 0l, the IPSN irput on
card 02 does not match any IPSN on the file tape.

Problem step terminates.
Check input IPSN and list of IPSN's on the file tape.

5.2.14 Error in Number of Advance Ratios

INPUT FOR NO, OF ADVANCE RATIOS, » IS IN ERROR,

From REDRWK

The input for the number of advance ratio entries in the rotor-induced
velocity distribution table is greater than 10, the maximum allowable.

Problem step terminates,

Check for mispunched input or reduce the input to 10 or less.

5.2.15 Error in Number of Inflow Ratios

INPUT FOR NO, OF INFLOW RATIOS, » LS IN ERROR,

From REDRWR

The input for the number of inflow ratio entries in the rotor-induced
velocity distribution table is greater than 5, the maximum allowable.

Problem step terminates.

e
Check for mispunched input or reduce the input to 5 or less.
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5.2.16 Error in Number of Radial Station

INPUT FOR NO, OF RADIAL STATIONS IS IN ERROR, IT SHOULD BE
4, 5, 10, or 20

From REDRWK

The input for the number of radial station entries in the rotor induced
velocity distribution table is not equal to one of the values specified.

Problem step terminates,

Check for mispunched input or change the input to one of the prescribed
values.

5.2,17 Error in Number of Harmonics

INPUT FOR THE HIGHEST HARMONICS IS IN ERROR,

From REDRWK

The input for the number of the highest harmonic in the rotor-induced
velocity distribution table is greater than 1le.

Problem step terminates.
Check for mispunched input or reduce the input to 16 or less.

5.2.18 Error in Program Logic Input
INPUT TO IPL( ) IS IN ERROR

From ERRCHK

IPL input indicated has an illegal value. Problem step terminates.

Check for mispunched input or refer to Section 3 to find the reason the
input interpreted as an error.

5.2.19 Error in Reading Controls Group

INPUT TO SWITCH FOR READING ROTOR CONTROL INPUTS IS IN ERROR

From XCONIN

The value of IPL(13) indicates that the rotor supplementary controls

group is not to be read. However, other data indicates that the configura-
tion being simulated is not a single-main-rotor helicopter. These situ-
ations are not compatible.

Problem step terminates.
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Add the specified controls subgroup, using blank cards if the inputs are
not to be used.

.

5.2.20 Error in Store Drop

INPUT TO WEIGHT OR TIME TO DROP EXTERNAL STORE NO, IS IN
ERROR

From SIVAR

The time to drop the referenced store on a 3ll-type card is less than
zero or the weight input, XSTi(l), for the referenced store (i) :s less
than or equal to zero., The weight input of a store/brake group must be
greater than zero for a store which is to be dropped.

Problem step terminates.

Check inputs for time to drop store (J = 35) and weight of store to be
dropped for input errors.

5.2.21 Error When Reading From Library

MEMBER NOT IN C8ILIB
From REDID

An attempt was made to read a data group from the data library, and the
group was not on the library. Problem step terminates.

Check data for a misspelled group name; or if the member printed in the
message appears to be data, check for extra or missing data cards.

5.2,22 Error in Partial Derivative Matrix

THE PARTIAL DERIVATIVE MATRIX IS SINGULAR., THIS IS PROBABLY
CAUSED BY ONE OF THE CONTROLS BEING UNCONNECTED,

From ITRIM

During the TRIM procedure, a singular partial derivative matrix occurred.
The usual cause is an error in the input data for one of the controls,
Previous matrices, if any, should be examined for a near-zero row or

column to help locate the cause,

Problem step terminates,
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5.2.23 Error in Fuselage Inputs
PEAK FORCE/MOMENT OR ITS CORRESPONDING ANGLE INPUT FOR FUSELAGE

LIFT
PITCH

SIDE FRC EQUATION IS IN ERROR,
ROLL

YAW ’

IT HAS BEEN RESET TO O.
From FUSINT

According to the inputs to the fuselage High Angle Equations, a nonzero

peak force or moment occurs at a zero aerodynamic angle or a zero peak

force or moment occurs at a nonzero aerodynamic angle. The peak force

or moment and the angle have been reset to zero. Based on the equation
indicated, check the following fuselage inputs:

LIFT: XFS(17) and XFS(18)
PITCH: XFS(45) and XFS(46)
SIDE FORCE: XFS(58) and XFS(59)
ROLL: XFS(72) and XFS{73)
YAW: XFS(86) and XFS(87)

Warning message only. Execution continues.

5.2.24 Error in Vector Analysis

THE PHASE ANGLE DIFFERENCE BETWEEN AND IS
A MULTIPLE OF 180 DEGREES. THEREFORE, NO VARIABLE CAN
BE EXPRESSED AS A LINEAR FUNCTION OF THEM.

From CURVET

The vector analysis section of the program where the coefficients in the
expression A = KB * B + KC * C + D are derived has failed because of
the linear dependency of B and C.

Program goes to next set of variables.
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5.2.25 Excessive Power

POWER REQD. FOR TRIM COND., EXCEEDS POWER AVAILABLE

From WRTMNV

The power required to maintain constant rpm at the trim condition is
greater than 0.9 times the maximum cngine power available, XFC(24).

Problem step terminates.

Check for rotor stall, practicality of flight conditions, or increase
engine power.

5.2.26 Error in Flapping Moment Computations

MAIN

TAIL i ROTOR FLAPPING MOMENT IS NOT IN BALANCE AFTER

ITERATIONS,

From ITROT

The iteration loop in the rotor analysis which balances the rotor flapping
moments was activated but could not balance the rotor in the number of
iterations allowed.

Problem step terminates,

Check configuration, flight regime, and spatial orientation for compati-
bility.

5.2,27 Error in Flapping Angles Computation

MAIN
TAIL

( ROTOR FLAPPING CORRECTION IS INFINITE.

From ITROT

The iteration loop in the rotor analysis which balances the rotor flapping
moments was activatea and could not compute a correction to the flapping
angles,

Problem step terminates,

Check configuration, flight regime, and spatial orientation for compati-
bility.
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5.2.28 Ground Contact

SHIP CONTACTS GROUND
rrom VIND
Altitude has become negative,
Problem step terminates.,
Find out why ship lost altitude and correct.

5.2.29 Aerodynamic Surface Stall

(STBI
STB2
STB3
STB4
RWG
LWG

ENTERING
STALL

LEAVING

From CLCD

The angle of attack of one of the fixed aerodynamic surfaces has just
crossed the stall point in the direction indicated.

Warning message only. Execution continues.

5.2.30 Error in Supersonic Mach Number

SUPERGONIC MACH NUMBER FOR xxxx IS IN ERROR, IT HAS
BEEN RESET TO .

Where xxxx is SUBGROUP 1, SUBGROUP 2, SUBGROUP 3, SUBGROUP &4, SUBGROUP 5,
WING. STBl, STB2, STB3, or STB4.

From YR* 1T or YSINIT.
Y(2) was input less than or equal to 1.

This is a warninrg message. Execution continues.
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5.2.31 Illegal Use of Time-Variant Rotor Analysis

TIME VARIANT ROTORS CANNOT BE USED IN A STABILITY ANALYSIS

From INSTAB

An attempt was made to enter the stability analysis routines with a time-
variant rotor(s). The stability analysis is predicated upon using
the quasi-static rotor analysis.

Program execution is terminated.

Either use the quasi-static rotor analysis, or eliminate the request
for a stability analysis.

5.2.32 Error in Partial Derivative Computations

WARNING, THE PARTIAL DERIVATIVE MATRIX MAY BE IN ERROR,

From ITROT

In the rotor analysis, the iteration loop which balances the rotor flap-
ping moments and the thrust-induced velocity iteration loop are both
activated. While each is able to converge separately, they have not
been able to converge together.

Warning message only. Execution continues,

Exercise care in use of the partial derivative matrix immediately follow-
ing this message.

5.2.33 Deactivation of Wagner Function

WAGNER FUNCTION IS TEMPORARILY TURNED OFF

From LIZE
The Wagner function for the time of lift buildup on the wing is turned
off since the function is not compatible with Hamming's method of

numerical integration. Hence, it is turned off when using Hamming's
method.

Warning message only. Execution continues.

5.2.34 Error in Pitching Moment Inputs

Y(ZZ) -10
Y(23) } FOR xxxx HAS BEEN RESET TU 0.
Y(24) 0.
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Where xxxx is SUBGROUP 1, SUBGROUP 2, SUBGROUP 3, SUBGROUP 4, SUBGROUP 5,
WING, STBl, STB2, STB3, or STB4.

From YRINIT or YSINIT

The data input for the pitching moment coefficient was inconsistent and
the adjustment indicated was inade to make the data consistent.

Warning message only. Execution continues.
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6. VARIABLES SAVED DURING MANEUVERS

During the computation of the time history of a maneuver, over 1300 vari-
ables are saved at each time point. At the end of the maneuver, the pro-
gram can perform one or more of the following operations on these data:

(1) Plotting (see Section 3,22)
(2) Harmonic Analysis (see Section 3,23)
(3) Vector Analysis (see Section 3,24)

As noted in the referenced sections, code numbers are used to identify the
variable(s) to be plotted or analyzed. The code number for each variable
saved is given in Table 6-1,

In the table, the first 521 code numbers are defined by the title which

is printed as part of the program output. These titles include a descrip-
tion of the variable and its units. The remaining code numbers (522
through 1351) are defined by a single equation and an example of the
associated title.

The variables saved can be grouped into the six general classifications
given below:

Range of Code Numbers Source or Type of Data
1 - 132 Force and moment summary
133 - 341 Maneuver time point page
342 - 446 Elastic response of Rotor 1
447 - 521 Elastic response of Rotor 2
522 - 971 Blade element moment data for Rotor 1
972 -1391 Blade element moment data for Rotor 2

Note that in the description of the code numbers for the first two groups,
there are a few entries labeled '"NOT USED." These code numbers are
reserved for future additions to the list of variables saved and do not
contain any meaningful data.
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TABLE 6-1. CODE NUMBERS FOR VARIABLES SAVED

Groyp Number Description
:3’:3:1-” 1 TOTAL X-FNRCE 0N CaGey LB
SUMMARY 2 X-FNRCE FROM R{GHT WING, LR

3 X-FIRCE FRNM LEFT wWING, LA
4 NOT USED
5  MCT USED
A X=FIRCE FALM FUSELAGF, L3
7  X=FIRCE FROM JeTS/GUN FIRELLS
] X=FUPCE FRLUA FOTOXL, LR
9 X-FORCE FRMM RITCOF2, L®
1< X=FOLCL FROM WEIGHT, LA
11 TUTAL Y-FOKCF ON CoGes LB
12 \01 USED
13 Y- FORCL FROUM FUSELAGE, LB
14  Y=FIQCE FRIM JETS/GUN FIRE,LS
15 Y-FNRCE FRIM RUTCRL, LK
16 Y-FIPCE FROM ROTDR2, LB
17 Y-FOKCF FROM WEIGHT, LA
18 TOTAL Z-FOPCE OM CeGey L3
19 Z-FORCF FROVM RIGHT WING, LB
2) I-FNRCE FREM LEFT wING, L3
21 NOT USED
22 I-FOFCE FROM FUSFLAGE, LE
23 I1-FORCE FKOM JETS/GUN FIRE,LB
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TABLE 6-1, Continued

__Groyp Number Description

FORCE AND 2% 2-FI2CE FROM IOTOF1, LY

MOMENT '

SUMMARY 25 I-F1JACF FROUM ROTQKZ2, LR

(Continued) :
20 1-FNRCF FRUM WFIGHT, LA
21 TuoTAL POLL "OM 0N Celies FT-LH
24 O LL M(M FPCM RJGHT WwINGy LD
2" FULL MCA FRTM LEFT WINGy FT=LD
39 NUT USED
31 NUT USED
32 Ri.LL MCYM FRZM FUSELAGRy FT=LDH
33 FOLL AIM FRLM JFTIS/UUL FIRFFT=LE
34 PLLL (M FROM ROTORL FORCESy FT-Lso
35 FLLL ACY FRTM KITOR2 FORCESy FT-=Lb
24h PCLL MCY FRUM UITukl TrRQUE, FT=Lo
37 ROLL MCM FRUM RIDNTNK2 TURJUIFy FT=Lb
33 TUTAL PITCH MM OGN CeGey HT-LDB
39 PITCH MUM FprOM RIuHT wWING, fFT-LH
40 PITCH MOM FEO¥ LEFT WINGy FT-LR
41 NECT USED
42 NCT UYSED
413 PITCH MOM FrYQ4 FUSELAGE, FT-L8
44 PITCH FOM FrOM JETS/ZGUN FIRC,,FT-LA
45 PITCH MULM FRCY RGOTURL FOCRCES, FT-LB
46 PITCH MUM FRUOM ROTOKRZ FURCES, FT-LB
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TABLE 6-1, Continyed

Groyp Nuymber Description
FORCE AND 41 PITCH VT Fin ™ R0TLRL TUHGQUEy FT=LE
MOMENT
SUMMARY 43 PITCH M(M FROM ROTURZ TukQUE, FT-L1
(Continued)
49 TCTAL YAWN MUM ON Cefhey FT=LA
P YAA MIM FQUM RIGHT wWING, FI-LH
51 YAWw MOM PROM LFFT WING, FT=-L4
52 NCT O LISEN
53 NAT HSLN
S4 Yiw Ak pCA FUSTLAGEy FT=L3
55 YAY ML FRUM JETS/GUN FIRYr yFT=LE
50 YAN A0M FRiM RETHRL FURCOS, FT-L3
57 YAaw POM FRUY RITORZ FURLFSy FT-LB
54 YAW MCM FOU¥ ROTukl TERGUD, FT=LL
&9 Yaq M0 FRiGA RUTTR?2 TCRGUE,y FT1-LJ
6L X=F. rCt FeliM STAoILIZtR 1y LK
ol X=FORCF f1e0M STASILIZER 2, L2
62 X=FORCE FRIM STAGILIZFKR 3, LR
€3 X=FIRCE FRUM STASILIZFF 4, LB
o Y=1 IRCE FrO™ STABILIZER 1, LB
65 Y=t IRCE FROM STASILIZER 2y LY
66 Y=FORCE FROM STABILIZE® 3y Lb
67 Y=FORCE FROM STABILILER 49 LA
68 2-FHRCL FOCGM STABILIZER 1, LB
69 2-FURCE FROM STABILIZER 2y LB
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E 6« ontinued

Description

RCL FROM RIGHT WING,

STAN
STAY
STAB
STAB
STAR
STAR
STAS3
STAR
STAQ
STAB
STAR

STae

STARILIZEF

Niig

D L

NU o

NO.

__Groyp Number
FORCE AND 10 L-F3ORCEC FROW
MOMENT
SUMMARY 71 2=-t"RCE FROM STASILIZeP
(Continued)
72 NNT USED
73 NCT USEDN
74 NOT USED
75 “OLL  MCH FrIM
16 ROLL MM FunM
77 ROLL  #rM FENMY
T ROLL  MOM FFR(M
79 PITCH "D FK(M
80 PITCH mOi FKH
Rl PITCH MOM FENM
82 PITCH Y4 FRIM
a3 YAn MOM FE(CM
bé YAk ¥OM FKRCM
35 YAw MOM F30M
86 YA MOM FR(M
87 NCY USPEOD
83 NCT USED
89 NCT USED
90 Y-F3
91 Y=FCRCE FROM LEFT WING,
92 NOT USED

3

LB

LY

LR

LR

FT-LE
FT-LB
FT-iLB
FT-Ld
+7-L8
FT-LH
FT-Lt
FT-Lb
FT-LB
FT-L8
FT-L8

FT-LB
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tinyed

Groyp Number Description

FORCE AND 93 NOT USED

MOMENT

SUMMARY 94 NCT USEN

(Continued)
95 NOT USED
96 NCT USED
97 N{T USED
99 NOT USED
39 NOT USED
100 NCT USED
101 NDOT USLD
192 NOT USED
103 NOT USED
104 X=F)PCLC FROM  STGRE NG,
125 X=FCRCF FRDOM  STCRE Nu.
106 X=FZRCE FRCM  STORE NGO,
107 X=+ORCE FROUM STORE NC.
108 Y-FOKCE FRCM STORE NO.
109 Y-FORCE FROM STORE NC.
110 V=FORCE FRCM STORE NG.
111 Y-SORCE FROM STORE NC.
112 I-FNORCE FROM STNRE NO.
113 I-FORCE FROM STORE NG.
114 Z-FORCE FROM STORE NO.
115 2-FORPCE FRCM STORE NC.

1,
2o
3

4,

2y
3
LT
1y
29
3

4y

L8
LB
L8
L3
L8
L8
L8
L8
L8
LR
L3

L8




__TABLE 6-], Continyed

__Groyp Nymber Description

FORCE AND 116 ROLL MOM FRGM STORE NC. 1y FT=LB

OMENT

(m:“d) 117 ROLL MOM FROM STORE ND. 2, FT-Lb
118  ROLL MCM FRGM STORE WO. 3, FT=LB
119  KOLL MOM EROM STORE NCe 49 FT=LB
120  PITCH MULM FP(d STCRE NOo 1y FT=LB
121  PITCH MOM FFCM STGRF NG. 2, FT=LB
122 PITGH “OM FROM STORE NCe 3, FT=LB
123 PITCH MOM FROM STORE NGe 4, FT-LB
124 YAW  MOM FRGM STORE NCo 1, FT-LB
125 YAW  MCM FROM STORE NCe 2y FT-LB
126 YA  MOM FNCM STORF AUe 3, FT-LB
127 YAW  MCM FROM STORE NCo 4, FT-LB
128 NNT USED
129 NOT USED
130 NOT USED
131  NOT USED
132 NOT USED

POWER, 133 ROTOR 1, HORSEPCWER

TORQUE, :

CG, AND 134  ROTPK 1, TOROUE, FT-LB

BLADE-ATA 135 FROTOR 1, RPM
136  ROTOR 14 TIP SPEED, FT/SEC
137 ROTOR 1, ADV BLADT MACH NUMRER
138 NOT USED
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TABLE 6-], Continued

__Groyp  Nymber Description
POWER, 139 RIGHY JET, LB
ORQUE,
G, AND 142  MGT USED
LADE DATA
(Concluded) 41 CoeGoe STATION LINE LUCATION, IN.
142 CeGe BUTT LINE LOCATION, IN.
143 CeGe WATER LINE LOCATICN, IN,
l44 FUTOR 24 HORPSEPCHER
145 FOTUR 2, TOSQUE, FT-LR
146  ROTIn 2y KPM
147 POTTR 24 TIP SPFEDy FT/SEC
149  KLTNF 2, ADV BLADE MACH NUMRER
149 NPT USED
150 LEFT JET THRUST, LB
151 HURSEPHWER SUPPLIFD
152 tNOIME TORQUF SUPPLIED, FT-Ld
153 ENGINF RPM
154 TUTAL HORSFPUAER KEQUILIRLED
155 TON QUE KEQUIRED, FT-Lb
154 U VELCCITY,, BOUY AXES, FT/SEC
X:ll).OCITIBs 1E7 v VELOCITY, RIDY AXES, FT/SEC
ot 158 W VELDCITY, ACOY AXES, FT/SEC
159 P VELNCITY, HKOODY AXES. DEG/SEC
160 d VELICITY, BOOY AXESs DEG/SEC
161 R VELOCITY, RUDY AXES, DEG/SEC

6-8




JABLE 6-], Continyed

Group Number _Description
X:WITIBS 162 COLLEC., BOBWT. VELOCITY, DEG/SEC
ACCELERATIONS 163 U-DOT ACCEL., BODY AXES, FT/SEC/SEC
(Concluded) .

lo4 V-DOT ACCEL «y» BODY AXES, FT/SEC/SEC

165 W-NOT ACCEL., BODY AXES, FT/SEC/SEC

166 P-DNT ACCEL, BODY AXESy DEG/SEC/SEC

167 0-DOT ACCEL, BODY AXESy DEG/SEC/SEC

1¢8 R-DOT ACCEL, BODY AXES, DEG/SEC/SEC

169 COLLEC. BOBWT. ACCEL.s CEG/SEC/SEC

170 TRUE AIR SPEED, KTS

171 GROUND SPEED, KTS

172 RATE OF CLIMB, FT/SEC
AERODYNAMIC 173 STAB NO. 1 ANGLE OF INCIDENCE, DEG
SURFACES

174 STAB ND. 1 FLAP ANGLE, DEG

175 STAB NO. 1 LIFT COEFFICIENT

176 STAB NO.' | DRAG COEFFICIENT

177 STAR NO. 1 PITCHING MOMENT COEF

178 STAB NO. 1 ANGLE OF ATTACK, DEG

179 STAB NO. 1 SIDFSLIP ANGLE, DEG

18) CLIMB ANGLE, DEG

181 STAB NO. 2 ANGLE OF INCIUENCE, DEG

182 STAB NO. 2 FLAP ANGLE, DEG

183 STAB NG. 2 LIFT COEFFICIENT

184 STAB NO. 2 DRAG COEFFICIENT
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__Groyp _Nymber

_TABLE 6-1, Continyed

Description

SURFACES

AERCDYNAMIC

(Continued)

185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
294
205
206

207

S1AB NO.
STAB NC.

STAB N,

2 PITCHING MOMENT CCEF
2 ANGLE OF ATTACK, DEG
2 SIDESLIP ANGLE, OEG

Ht ADING ANGLE, OEG

ANGLE OF
STAB NO.
STAB Nil.
STAB NC.
STAB NO,
STAB NQ.
STAB NO,
STAR N3,
ANGLE CF
STAB NU.
STAB NO.
STAB NC.
STA3 NO.
STAB NO.
STAB NO,
STAB NO.
ANGLE OF

VERTICAL

ATTACK, DEG

3 ANGLE CF INCIDENCE, DEG
3 FLAP ANGLE, DEG

3 LIFT COEFFICIENT

3 DRAG COEFFICIENT

3 PITCHING MCMENT COEF

3 ANGLE OF ATTACK, DEG

3 SINDESLIP ANGLE, DEG
SIDESLIP, DEG

4 ANGLE OF INCIDENCE, DeO6
4 FLAP ANGLE, DEG

4 LIFT COEFFICIENT

4 DRAG COEFFICIENT

4 PITCHING MCMENT COEF

4 ANGLE OF ATTACK, DEG

4 SIDESLIP ANGLE, OEG
AERO YAW, OtG6

ACCy G

RIGHT WING ANGLE OF INCIDENCE, DEG
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TABLE 6-1, Gontinyed

_Groyp Number Description
AERODYNAMIC 208 RIGHT WING FLAP ANGLE, OEG
SURPACES
(Concluded) 209 RIGHT WING LIFT COEFFICIENT
210 RIGHT WING DRAG COEFFICIENT
211 RIGHT WING PITCHING MOMENT COEF
212 RIGHT WING ANGLE OF ATTACK, DEG
213 RIGHT WING SIDESLIP ANGLE, DEG
214 FORWARD ACCy G
215 LEFT WING ANGLE OF INCIDENCE, DEG
216 LEFT WING FLAP ANGLE, DEG
217 LEFT WING LIFT COEFFICIENT
218 LEFT WING ODRAG COEFFICIENT
219 LEFT WING PITCHING MOMENT CCEF
220 LEFT WING ANGLE CF ATTACK, DEG
221 LEFT WING SIDESLIP ANGLE, DEG
222 LATERAL ACCy G
DISPLACEMENTS 223 YAW VELOCITY, FIXED/BOCY, DEG/SEC
AND EULER
ANGLES AND 224 PITCH VELOCITY, FIXED/BOCY, DEG/SEC
e 225 ROLL VELOCITY, FIXEC/BODY, OEG/SEC
226 X-COMP VELOCITY, FIXED AXES, FT/SEC
2217 Y-COMP VELOCITY, FIXEC AXE , FT/SEC
228 Z-COMP VELOCITY, FIXEC AXES, FT/SEC
229 TOTAL DISTANCE FLOWN, FT
230 YAW ANGLE, FIXED/BODY, DEG
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TABLE 6~ cntinyed

Group __teumber _Description

DISPLACEMENTS 2.1 PITCH ANGLE, FIXED/8OCYy CEG
AND EULER

ANGLES AND 232 ROLL ANGLE, FIXED/800Y, DEG
RATES
(Concluded) 233 X-COMP D[SP,y FIXEC AXES, FT

234 Y-COMP DISP.y FIXED AXES, FT
235 I-CUMP 01SP.y FIXEC AXES,y FT
236 ALTITUDE, FY

237 NOUT USFD

238 NOT USED

239 NOT JSED

240 NC1 USED

241 CCLLECTIVE STICK PCSITINN, PCT
FLIGHT AND

ROTOR CONTRQLS 24?2 KOTOR 1y CCLL FROM COLL STICK, DEG

AND ROTOR

PYLON 243 ROTUR 1y F/A FROM COLL STICK, CEG
244 ROTOR 1o LAT FROM COLL STICK, DFG
245 ROTOR 2, COLL FPOM COLL STICK, CFC
24¢ ROTOR 24 F/A FROM COLL STICK, DEG
247 ROTOK 2+ LAT FROM CCLL STICK, Dto
248 POTNR 1y HUB SPRING F/A MIMENT, FT-LE
249 ROTUR 2+ HUB SPRING F/A MOMENT, FT-Lt
250 F/A CYCLIC STICK POSITICN, PCT
251 ROTUR 1, COLL FRCM F/A STICK, DEG
252 KOTOR 1y F/A FROM F/A  STICK, DEG

253 ROTIP 1y LAT FROM F/A STICK, DEG




TABLE 6- ntin
|__Group Number Description
FLIGHT AND 254 ROTOR 2, COLL FROM F/A STICK, CEG
ROTOR CONTROLS
AND ROTOR 255 ROTOR 2, F/A FRUM F/A STICK, DEG
l(’(Y:::t:mued) 256 ROTUR 24 LAT FROM F/A STICK, DEG
2517 ROTOR 1, HUB SPRING LAT MOMENT, FT-Lb
258 ROTOR 2, HUB SPRING LAT MOMENT, FT-L®H
259 LATERAL CYCLIC STICK PGSITICN, PCT
269 ROTUR 1, COLL FRCM LAT STICK, DEG
261 ROTHOR 1y F/A FROM LAT STICK, DEG
262 ROTOR 1, LAT FROM LAT STICK, DEG
263 RITOR 2, COLL FROM LAT STICK, DEG
264 ROTIR 2, F/A FROM LAT STICK, DEG
265 ROTOR 2, LAT FROM LAT STICK, OEG
266 KATIR 1, F/A PYLIN OISPLACEMENT, DEC
267 ROTNR 2, F/A PYLON ODISPLACEMENT, DEGC
268 PEDAL POSITION, PCT
269 ROTAR 1, CAOLL FROM PEDAL
270 ROTN? 1, F/A FROM PEDAL
271 RITJR 1y LAT FROM PEDAL
272 ROTOR 2y COLL FROM PEDAL
273 ROTOR 2, F/A FRUM PEDAL
274 ROTNR 2, LAT FROM PEDAL
275 ROTOR 1y LATERAL PYLON DISPLACEMENT, DEG
217¢ ROTNR 2, LATERAL PY N DISPLACEMENT, DEG
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TABLE 6-1, Continued

|__Group Number __Description
FLIGHT AND 277 ROTOR 1, COLL FROM SCAS ¢ PYLON, DEG
ROTOR CONTROLS .
AND ROTOR 278  ROTIR 1y F/A FROM SCAS + PYLOCN, DEG
f&::mded) 279 ROTOR 1, LAT FROM SCAS + PYLON, DEG
280  ROTUR 2, COLL FROM SCAS ¢ PYLIN, DEG
281  RCTNR 2, F/A FROM SCAS + PYLON, DEC
282 ROTQOR 2, LAT FRCM SCAS + PYLON, DEG
283 ROTOR 1, F/A MAST ANGLE, DEG
234 ROTOR 2, F/A MAST ANGLE, DEG
285  ROTOR 1, TOTAL COLLECTIVE, CEG
286  KOTMP 1, TNTAL F/A CYCLIC, CEG
287  RUTOR 1, TOTAL LATERAL CYZUL ©y DEG
288  RNTOR 2, TOTAL COLLECTIVE, CEG
289  ROTOR 2, TUTAL F/A CYCLIC, CEG
290  RUTNR 2, TOTAL LATERAL CYCLIC, DEG
291  ROTOR 1, LAT MAST ANGLE, ODEG
292  KOTOR 2, LAT MAST ANGLE, CEG
ROTOR 293  ROTOR 1, BLADE MEAN FEATHERING, DEG
FEATHERING,
FLAPPING, 294  ROTNR 1, BLADE FEATHER AT PSI=0, DEG
:ﬂggﬁ:ggs’ 295  ROTOR 1, BLADE FEATFER AT PSI[=90, DEG
296  ROTOR 1, F/A FLAPPING, MAST/TPP, DEG
297  ROTNR 1, LATERAL FLAPPING, MAST/TPP, DEG
293  ROTOR 1, THRUST, LB
299  ROTOR 1, H-FORCE, LB
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TABLE 6-], Continued

|__Groyp Number Description

ROTOR 300 ROTNAR 1, Y-FOKRCE, LB

FEATHERING,

FLAPPING, 301 RCTOR 1. ADVANCE RATIO

AND FORCES,

AND GUSTS 302 ROTOR 1, POWER COEFFICIENT

(Continued)
303 FOTOR le THRUST COEFFICIENT
304 ROTOR 1. INDUCED VELOCITY, FT/SEC
305 xOTOR 24 BLADE MtAN FEATHERING, DEG
306 RNTOR 2, BLAVE FEATHER AT PSI=0, DEG
3907 ROTNR 2, BLADE FEATHER AT PSI=90, DEG
308 ROTOR 2, F/A FLAPPING, MAST/TPP, DEG
3009 ROTOR 29 LATERAL FLAPPING, MAST/TPP, DEG
31) ROTOR 2+ THRUST, LA
311 ROTOR 2+ H-FORCE,y LB
312 ROTOR 2, Y-FORCE, LE
313 ROTOR 2, ADVANCE RATIC
314 RITCR 2+ POWER COEFFICIENT
315 ROTOKk 2?4 THRUST COEFFICIENT
316 ROTOR 2, INDUCED VELOCITY, FT/SEC
317 X-COMP GUST VEL., BODY AXES, FT/SEC
313 ROTUR 1, AZIMUTH LOCATION, BLADE 1, DEv
319 ROTOR 1, FLAPPING,HUB/MAST,BLADE 1,DEG
322 ROTDR 1, FLAPPING LIMIT, DEG
321 ROTNR 1, U VELOCITY, MAST AXES,y FV/SEC
322 ROTOR 1y V VELOCITY, MAST AXESy FT/SEC
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_TABLE 6-], Continyed
Groyp Number Description

ROTOR 323 POTOR 1y W VELOCITY, MAST AXES, FT/SEC

FEATHERING,

FLAPPING, 324 ROTOR 1s¢ X SHEAR FORCE, LS

AND FORCES,

AND GUSTS 325 ROTOR 1y ¥ SHEAR FQORCE, L8

(Concluded)
326 ROTIR 14 Z SHEAR FOKCE, LB
327 ROTOR 1,y MAST WIND-UP, DEG
328 ROTNR 1y MAST WIND-UP RATE, DEG/SEC
329 Y-COMP GUST VELe.» BCCY AXESy FT/SEC
330 ROTIOR 29 AZIMUTH LOCATICN, BLADE 1, DEG
331 ROTOR 2, FLAPPING)HUB/MAST BLADE 1,0FEG
332 RATOR 2, FLAPPING LIMIT, REG
333 ROTOR 24 U VELUCITY, MAST AXES, FT/S5EC
334 ROTUR 2. YELOCITY, MAST AXES) FT/SEC
335 RUOTOR 29 W VFLOCITY, MAST AXESy FT/SEC
336 #OTIR 24 X SHEAR FORCE, LA
337 ROTOR 2, Y SHEAP FOKCE, LB
334 ROTIR 2o I SHEAR FORCE, LAY
339 ROTOR &' MAST WIND-UP, CEG
340  ROTOR 2, MAST wIND-UP RATE, CEG/SEC
341 2-C0P GUST VEL .y BODY AXES, FT/SEL

FIRST 342 AZIMUTH, ROTCOR 1, BLADE 1, DEG

OTOR .

ELASTIC 343 AZIMUTH, ROTOR 1, BLAUE 2, DEG

SPONSE

344 AZIMUTH, ROTOR 1, BLADE 3, DEG
345 AZIMUTH, RUTOR 1, BLACE 4y DEG
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TABLE 6-1, Continyed

Group _Number Description
— 340 AZIMUTH, ROTUR 1, 23LADE
:ﬁso"r‘:c 347  AZIMUTH. ROTOR 1, BLACE
?gg:‘:‘::ged) 348 AZIMUTH, ROTC2 1, BLADE

349 GENGCONRN.,POTOR 1,MUDE
269 GENGCIMPNDG g KOTIR 1 oMULE
3151 HI0eCUCRNG FUTAR 1 yMULE
362 GERGCONP ey RITAR 14MIDE
353 GEN oCUORM . RTOR 1oMUDE
154 GENGC 17RDepR0TUR 1eMCLE
355 GFM oCiIVIRD G 9 KT 30 ]9 MIIDE
357 GTl.eCUF N FOTIN 19MCDE
357 Grt oCICRL ek 7T Ik 1 oMELE
353 LEE oC.MRD e g RITEHN 1y MOUE
3160 GEP oCUUPDe o hUTHR 1y MUDE
360 GFRheCOMRD o RATOR 14MOLE
B01 GEN o«CIURUG s RUTHO 1y MUDE
362 GEM oCiUIKU .y KOTGR 1 4MODE
263 GEN oCNRNG, RITOR 1,MOPE
104 GFP oCOCRD L FITUR LeMOCE
56E  GENWRIORD . o RUTUR 14MADE
366 GERoCOTRDGFOTIR 14MCCE
367 GELeGUORD .y FOTOR 14MIGE
5e8 GENoCUNKNG o 0THR 1 ,MOLE

5y DEG
6¢ CEG
Ty DES
1yHLADF
1,BLACE
LyLACE
1, °LADE
1, "LACE
1.RLADE
1,4LADE
2)BLADE
29RLADE
2,3LA0E
2+3LADE
2,8LANE
2/ FLAGE
2+ LADE
3,RLANE
JyBLADS
34RLADE
3,2LADF
298LADE

3,RLADE
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TABLE 6-1, Gont{nyed

Group

Nymber

Pescription

FIRST
ROTOR
ELASTIC
RESPONSE
(Contirued)

369
379
71
372
313
374
375
375
37
374
379
389
331
1862
343
384
185
385
367
388
3389
390

391

OFN L KD o ROITNR ] oMUNE Z,0LADE 7
GENGCIUNNGp #ITOR LoeMUIDE 44 BLADE
GENGCIORN o FITOR LoeMCidE 44 3LACE ¢
OF! oC I RD GG FCTOR 1 4MODE 493LADE 3
CEMCIURI o ¥CTOR 1oMOCL 4yRLADE 4
GENGCIVIRDG ¢ ROTAR L oMOUE 44BLADE 5
GEM o€ IKD e o FOTOR L oMIut 4y 2LADE
GENSCUORN, pROTOF L yMOUF 49 BLADE 7
OFM o CMIRDGyPUTIAR L yMOLE S,BLADE 1
GEMeCHUDRNGyFITOR 1 yMIDE S,BLANE 2
GER CLORDL & NTUR L oMCUE SyBLADE 3
CFL.CONKDG oy kITCF 1 4MILF S,ALANE 4
CELoCtIIPD G yRUTTUP LoMOLE 5,2LADE S
GEM CTIJANGyPOTNR 1 oMU S.HLADE ¢
GFNGCTINT 4 o RNTIF LoMTLE SyHLARE 7
GEMeC YWRD 4o RIOTNR 1 9yMIWE 69 3LAUE 1
GFFoCNRNGWROTIR 1yMULE 69RLADE 2
GEMNSCONKN .y "UTOR 1 ,MUDE €,,RLADE 3
GENLCONEN, yRETOR 19YUuLLE 6o 3LAUE 4
GED o COORT: o g hUTiR LyMJOE 69HLADE 5
GENSCHINRD . ROTNR 1,MOLE €¢,3LADE &
GEP o “OCKD e o nUTUR 1oMOGE C9BLADE 7

TIP DEFL JOUT=NF=PLANE,RLTOR 14BLADF 1,4FT
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TABLE 6-1, Gontinyed

Pescription

VAL JUUT=0F=PLANE yRIITI 1 9BLADE 2oFT

DEFLOUT=0F=PLANEGRPTIIR 1,8BLADE 2,4FT

NEFLeGUT=UF=PLANF ¢RLTUK LlydLADE 4 oFT

CEFLJUUT=TF=PLANE kCTIR 1yBLADE SFT

DFFLOUT=F=PLANE ¢RLT IR LyBLADE €HFT

NEFLOUT=0F=PLANL)RCTHIR 1oBLADE 7,F 7T

TRPLANE JRLTUK Lo BLAJF 14FH1

INPLANE yRUTC

R 19RLACE 2,F1

INPLANE p%UTCR 19 0LANFE 3,FT

INPLANE oRLTUK 1 43LAGE 44F1

JNPLANE pRLTC

INFLANFRULTL

W 1yRLACE 5,F1

X 1oBLADE €FT

IrNPLANE gRLTCH 1o RLAVIE THFT

UFFL.oRLT(R
DEFLeyRITK
DEFLG W LCTCK
DEFLegRPITIR
DEFLe o RITER

CEFLeWRCTCR

1o ELAUE 1.0FG
1,82LACC 29DFG
1,BLACE 3,LEG
1oBLADE 4,0t06
LyPLADE 5,0tC
LoBLADE &50EG

1o#LADE T4CLG

VEFTICAL HUR SHEAR%CTULR LoPFLAY 1iLb

VFCTICAL HUB SHEARZPUICK LeBLANL 24LE

..Groyp Nymber

FIRST 192 TIP

ROTOR

ELASTIC 393 TI¢

RESPONSE

(Continued) 394 TIF
355 TIF
394 Tie
347 Tt
398 TIF NCHL.
369 TIP DFFL .
400 TIF DFFL,
401 TIE DZFL.
402 TIF DCFL.
%03 T.F OFFL,
404 Tip C:Fl.
%05 TIP TwlsST
40¢ TIfF TWIST
ol TIF TWIST
408 TIP THIST
409 TIP TwlST
41) TIP TulSTY
411 TIE TWIST DEFLWRCTCKR
412
413
414

VEF TICAL HUR SHEAR W UTUF 142LADF 3,L0R
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_TABLE 6-1, Continyed

__Group

Number

Description

FIRST
ROTOR
ELASTIC
RESPONSE
(Continued)

415
416
417
413
419
420
421
422
423
424
425
4206
427
423
429
439
431
432
433
434
435
436

437

VERTICAL HUB SHEAR,ROTUPR
VFRTICAL HUB SHEAR,ROUTLR
VEFTICAL HUB SHEAR,RITNR
VER TICAL HUR SHEAR,KCTOR
INPLANE HUB SHEARRCTOR
INFLANE HUR SHEAR,RUTCR
INPLANE HUB3 SHEAR,RUTOR
INPLANE HUB SHEARRCTUR
INFLANE HUB SHEAR,RCTOR
INPLANE HUB SHEAR,RCTCR
INPLANE HUR SHEAR,RCTCR
RCAM BEND MOMENT,ROTOR 1
BFAM REND,MOUMENT,FOTOR 1
RFAM REMD,MOMENTROTUR 1
BEANM 2ENDSMUNMENT,ROTOR 1
BFA? BEND.MUMEMTZROTOR 1
REAM BEND,MOMENT,ROTOR 1
BEAM BENN MOMENT,ROTOR 1
CHCRD BENDMUMENTRCTGR
CHCKD BEND+MOMENT ROTUR
CHCRD BENDMOMENT,,RCTCR
CHGRD BEND MIMENT  ROTOR

CHCRD BEND,MIMENT RCTOR

1y BLADE 4,L8B

1 +PLADE 5,LD

1, BLADE 64L8B

1yPLADE 74LE
1o 9LADE 14Lb
1+3LADE 24LE
1,ULADE 3,LB
1y8LAGE 44LE
1.8LADE SyLR
1o BLADE 6,LB

Lo BLADE 74L8B

o PLADE 1, IN-LB
v 3LADE 24IN~-LB
+»BLADE 34IN-LB
0 2LACE 44IN-LB
» 2LADE 5,IN-LB
v BLACE o6)IN-LB
+PLADE T7,IN-L8B
1oPLADE 1,IN-L8
19BLADE 2,IN-LB
1,8LADE 3,IN-L8
1oCLADE 4,IN-LB
19BLADE 5,IN~-LB
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R oot LT —

o R

6o t
FIRST 438 CHORD BEND.MOMENT,RUTCK 1,BLADE 649 IN-LB
ROTOR
ELASTIC 439 CHORD BEND.MOMENT ,ROTCK 1,BLAUE T7,IN-LB
RESPONSE
(Concluded) 44) TOKSIONAL MOMENT,RCTOR 1,BLACE leIN-LB
941  TCFSICNAL MCMENT,ROVOR 1,BLADE 2,IN-LB
442  TO; STUNAL MOMENT,PUTOk 142LACE 3,IN-LB
463  TORSIONAL MOMENT,ROTOR 1,BLANE 4,4 IN-LB
444  TORSTNNAL MCMENT,ROTOR 1,RLADE 54 IN-LP
445 TOKSIONAL MOMENT,ROTOK 1,B8LADE 6,IN-L3
446 TORSTINNAL MOMENT,ROTCR 1,BLAJE 7,IN-LB
SECOND @47  A2IMUTH, RCTOR 2, BLADE 1, DEG
ROTOR
ELASTIC 443 A2IMUTH, PCTOP 2, RLADE 2, VEG
RESPONSE
449 AZIMUTH, ROTDR 2, BLADE 3, CEG
«5) AZIAUTH, RUTMNR 2, BLADE 4, DEG
451 AZIMUTH, ROTUR 2, BLADE 5, CEG
452 AZIMUTH, ROTUR 2, BLADE 6, DEG
453  AZIMUTH, ROTOR 2, BLADF 7, CEG
454 GEN.COORD.,ROTOR 2,MODE 1,BLADE 1
455 GEN.CUORD,.,RITOR 2,MODE 1,BLADE 2
456 GEMoCOURDC ROTOP 2,MOGE 1,BLADE 3
457 GFN.CNNPRD,.,RCOTAR 2,MODE 1,BLADE 4
458 GEN.COORD.,KCTOR 2,MODE 1,BLADE S
459 GEN.COORDesRCTOR 2,MODE 1,BLADE 6
46) GEN.COORD.,ROTOR 2,MUDE 1,BLADE 7
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—TABLE 6-1, Continyed

—Group . Number Description
SECOND 461 GEN.COORD.yROTOR 2,MODE
ROTOR
ELASTIC 462 GEN,COORD«.»ROTOR 2)MODE
RESPONSE
(Continued) 462 GEN.COORD« ROTOR 2,MODE

464 GEN.COORD«+ROTOR 2,MODE
465 GEN.COORD.oRPOTOR 2,MODE
466 GENeCOORD.9yROTOR 2,MODE
467 GEN.COORD.»ROTOR 2,MODE
468 GEN.COORD. ¢yROTOR 2,MODE
469 GEN.CUOORD. 9y ROTOR 2,MODE
470 GEN.COORD.+ROTOR 29MODE
471 GEN,COORD. o ROTOR 2,MODE
472 GEN.COORD, ¢y kKOTOR 2,MODE
473 GEN.CDORD.ROTOR 2,MODE
474 GEN.,COORD.»ROTOR 2,MODE
4175 GEN.COORD.y»ROTOR 2,MODE
476 GEN.COORD, ¢ RUTOR ZoMOQE
477 GEN.COORD. ROTOR 2,MODE
478 GEN.COORD,9ROTOR 2,MNDE
479 GEN.COORD. s ROTUR 2,MODE
480 GEN.COORD.yROTOR 2,MODE
481 GENJ.CNORD, yROTOR 2,MODE
482 GEN.,CUOORD. s ROTOR 2,MODE
483 GEN.COORD. ¢ROTOR 2,MODE

29BLADE
2,.68LADE
2+8LADE
29BLADE
29BLADE
2+8LAOE
298LADE
3,BLADE
3,8LA0E
34BLADE
3+BLADE
3,BLADE
3.8LADE
3,BLADE
4,8LADE
4yBLADE
49BLADE
4+BLADE
4y8LADE
4.8LADE
4+8LADE
5,8LADE
S.8LADE

~ o Ww > W N

- e 0 WV & W N

-~ & wvw &» w N
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JABLE 6-1, Continyed

__Group Number —Description
SECOND 484 GEN.COORD.,ROTOR 2,MODE S,BLADE 3
ROTOR
ELASTIC 485 GENJ.CNORD.,ROTOR 2,MODE 5,BLADE 4
RESPONSE :
(Continued) 486 GEN.CCORDe,RUTCR 2,MODE 5,BLACE 5
487 GEN.COORD.,ROTOR 2,MUOE 5,8LADE 6
488  GEN.COORD.,ROTOR 2,MCDE 5,BLADE 7
489 GEN.COORD,.yROTOR 2,MODE 6,BLADE 1
490 GEN.COORD.,ROTOR 2,MCOE 6,BLADE 2
491 GENJCOORD.,ROTOR 2,MODE 6,BLADE 3
492  GEN.CNORD.,ROTCR 2,MODE 6,BLADE 4
493  GEN.COJRD.,ROTOR 2,MOCE 6,BLADE 5
494  GEN.COORD.,ROTOR 2,MODE 6,BLADE 6
495  GEN,COCRD,.,ROTOR 2,MODE 6,BLADE 7
496 TIP DEFL.OUT-OF-PLANE,ROTAR 2,BLADE 1,FT
497  TIP OEFL OUT=OF=PLANE,ROTOR 2,BLADE 2,FT
498 TIP NEFL .NUT-OF-PLANE,RCTOR 2,BLADE 3,F]
499 TIP DEFL.OUT-OF~-PLANE,RGTOR 2,BLADE 4,FT
500 TIP DEFL.OUT=-UF-PLANE,RCTOR 2,BLADE 5,FT
501 TIP DEFL.OUT-0F=-PLANE,RGTUR 2,BLADE 6,FT
502 TIP DEFL.OUT-OF=-PLANE,ROTOR 2,BLADE T7,FT
503 TIP DEFL. INPLANEROTCR 2/BLADE 1,F7T
504 TIP DEFL. INPLANE,ROTGR 2)BLADE 2,FT
505 TIP DEFL. INPLANE,ROTOR 24BLADE 3,FT
506 TIP DEFL. INPLANEJRGTOR 2,RLADE 4,FT
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—TABLE 6-1, Continyed

OEG
NEG
OEG
UFG
DEG
DLG

NEG

2sLB
3.LB
4yl ®
5¢LB
GoLB
7oL
lolb
2 L
3,L8
4.8
SeLP

Groyp Mer Description
SECOND 507 TIP DEFL. INPLANEJRUTCR 29BLADF 5yFT
ROTOR
ELASTIC 508 TIP DEFL. INPLANERUTCK 29y0LADE 64FT
RESPONSE
(Continued) T09 TIP DEFL. INPLANFRCTCR 2¢BLADE ToFT
510 TIF TWISY OCFLoyRUTEPR 248LADE 1,
511 TIP TWIST DFFLLPNTCR 2,RLADE 2,
512 TIP TWIST DEFL+¢RITLR 2,BLADE 3,
S13  TIP TWIST NEFLGyROTCR 2,BLADF &,
514 TIP TWIST DEFL.sRNOTCR 2,HLACE 5
515 TIP TWIST DtFL«)ROTCR 2,HBLAVE 6,
516  TIP TWIST DEFL.yRCTCR 2yRLADE 7,
517 VEFTICAL HUB SHEAF 4RITuk 29PLADE 1,L8B
518 VERTICAL HUB SHCAP,,ROTCR 2,PLADE
519 VEKTICAL HUP? SHFARLRQOTCR 2,BLADE
520 VEFTICAL HUB SHFAR,RCTCR 2,BLADF
521 VERTICAL HUB SHEAR,RUTCR 2,PLADEt
522 VERTICAL HUB SHEAR,FOTUGR 2,BLADE
523  VERTICAL HUB SHEAR,KCTUR 2,BLANE
524 INPLANE HUB SHEARRCT(.R 2,BLAODE
525 INPLANF HUB SHFEAR,,RCTOR 2,BLADE
526 IMPLANE HUB SHEAR,RCTOR 2,BLACE
5¢7 INPLANE HUR SHEAR,RCTOR 2,BLADE
528 INPLANF HUR SHEAR,RLTCKR 243LADE
529 INPLANE HUB SHEAR RUTCR 2.RLADE

6y9Lb
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- n d
__Group _  Number Description
SECOND 530 INPLANE HUR SHEAR2CTUR 2,BLADE 74L6
ROTOR
ELASTIC 6531 BFAM BENDoMUMENT  ROTOR 2,RLACE 1,IN=LH
RESPONSE
(Concluded) 532 BEAM BENDMUMENT RCTCR 298LADBE 24, IN-LR

33  BEAM RENDMUMFNT,ROTUR 2,BLADE 3,IN-LB
534  REAM BENDMOMENT ROTOR 2,8LACE 4, IN-LSB
535  BEAYM BENDOMGMENT,ROITCR 24BLADE 5,IN-LB
536  REAY BENUJICMENTyrOTCR 2,BLADE 69 IN-LB
537  REAM DEND,MOMENT sROTOF 2,BLADE T,IN-LS
538  CHCRD HBENDoMOMENT 4ROTOR 2,BLADE 1, IN-LE
539  CHU3D AFNDJMUMENT RCTCR 2,RLADE 2, IN-LE
540  CHCARD BEND JMOMENT 4PCTOR 2, PLADE 3,4 IN-LB
541  CHURD HENDeMOMENT yRLTUR 29 BLADE 44 IN=LA
542  CHURD RENDGMIMENTyRUTOR 29 ELAJE 54 IN-LB
543  CHLRI BEMNDMOMEMNT ¢RCTC'R 2,RLADE 64 IN-L B
544  CHORD HFMND MUMENT ¢RCTCR 2,PLADE 7, IN-L?
545  TURSIONAL MOMENT,KCTCR 2,2LACF 1,IN-LA
546  TORSIONAL YUMEMT,KOTCR 2,dLADE 29 IN-LR
547 TNt STUNAL MCMENT g ROTCR 2,RLADE 3, IN=LM
543  TORSIONAL MOMEMT,ROTCR 24BLADE 44 IN=-LB
549  TORSIONAL MOMENT,ROTGk 2,RLADE £,IN=-Lb
560  TCRSIOHAL 4CMFNT,PUTOR 24 2LADF €&, IN-LD

551 TORSTONAL MIMENT,ROTCK 2,20 A0L T7,1IN-LB
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TABLE 6-1, Cor :ludec.

The code numbers for the rotor bending moments (numbers 552 through 1391)
can be expressed by the following equation:

Code Number = 460 * x + y + 7%(20 - z) + 140%m - 16

where
x = Rotor number ( = 1 or 2)
v = Blade number ( =1, 2, ..., 6, or 7)
z = Blade station number ( = 0, 1, ..., 18, 19 where 0 is at the root
and 19 is at the 95% radius)
m = Indicator for type of bending moment ( = 1 fur beam, = 2 for chord,

= 3 for torsional)
The printed title for the moments has the general form of
RTR x, BLD y, STA z, mmmm MOM, IN-LB

where x, y, and z are integers as define! above and mmmm is BEAM BEND,
CHRD BEND, or TURS as appropriate.

For example, the code number for the torsional moment at Station 7 of
Blade 3 of Rotor 1 is

420(1) + 3 + 7(20 - 7) + 140(3) - 16 = 918
and the title is

RTR 1, BLD 3, STA 7, TORS MCM, IN-LB
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