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Block 20.    Continued 

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

(1) Fuselage aerodynamic forces and moments (revised) 

(2) Aerodynamic surfaces (revised with two surfaces added) 

(3) External stores/aerodynamic brakes (new) 

(4) Rotor blade airfoil section distribution (new) 

(5) Rotor-Induced velocity distribution (alternate) 

(6) Rotor unsteady aerodynamic« (alternate) 

(7) Rotor wake effect at aerodynamic surfaces (alternate) 

(8) Method for numerically Integrating rotorcraft equations of 
motion (alternate) 

This volume. The User's Manual,  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. 
Sectlrn 4 describes the progtam'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 Programmer's Manual, 
Includes cross-references of FORTRAN COMiON BLOCK variables, a catalog of 
subroutines, and a discussion of programming consIderstions.    The listings and 
related softwsre for the computer programs documented in this report are 
unpublished data which ar^ on file at the Eustls Directorate, U. S. Any Air 
Mobility Research and Development Laboratory (USAAMtDL), Fort Eustls, Virginia. 
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PREFACE 

This report and its accompanying computer program were developed under 
Contract DAAJ02-/2-C-0098 awarded in June 1972 by the Eustis Directorate 
of the U. S. Army Air Nobility Research and Development Laboratory 
(USAAMRDL).  In 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 DAAJ02-73-C-0086. 
The contractor and USAAMRDL have agreed that the computer program docu- 
mented herein is the new 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 USAAMRDL. 
Principal Bell Helicopter personnel associated with the current contract 
were Messrs. B. L. Blankenship, J. M. Davis, and P. Y. Hsieh, and 
Dr. B. T. Waak.  In addition. Dr. R. L. Bennett and Mr. B. J. Bird 
assisted in coordinating the work and documentation prepared under the 
two previous contracts noted above with that prepared under this contract. 
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. 
1.     INTRODUCTION 

The purposes of this volume of  the report are  to inform the reader of the 
capabilities of the current master version of the Rotorcraft Flight Simu- 
lation Program C81 and to provide  the information necessary for assembling 
an  input viata deck and successfully executing the program.    With respect 
to  the most recently documented version of the program (ASAJ01) 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 ASAJUi hab 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 documentation of  the pro- 
grammed mathematical models  and   to Volume  III  for detailed   information 
regarding the computer program hardware  requirements anc'  software. 

Section 2 of  this report  lists   the  input data  to  the  program  in a sequence 
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 
tames were chosen  to be very abbreviated acronyms  for  the  title  of  the 
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    ontain 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 let%ter 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 tha 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 to 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 intvrpreting 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 * he 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 'wiven.  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 are 
appropriate to the rotorcraft configuration, are used.  All rotor names 
fall into two groups: 
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(1) Rotor I, 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 PROGRAM 

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 illus- 
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 

1 

Figure 1-1.    Tvim-Only Operation. 
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ZREAD DATA / 
DECK   / 

(NPART-2)/ 

CALCULATE 
PROBLEM 

CONSTANTS 

I 
FIND 
TRIM 
POINT 

I 
DO 

MANEUVER 

I 
OPERATIONS ON 
MANEUVER TIME 
HISTORY DATA 

i 
END 

Figure 1-2.    Trim Followed by Maneuver. 
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ZREAD DATA    / 
DECK / 

(NPART-2) / IT 
CALCULATE 
PROBLEM 

CONSTANTS 

1 
FIND 
TRIM 
POINT 

I 
DO 

MANUEVER 

I 
OPERATIONS ON 
MANEUVER TIME 
HISTORY DATA 

X 
f END ) 

DO 
STABILITY 
ANALYSIS 

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

/READ DATA7 
DECK        / 

(NPART»4) / 

I 
CALCULATE 
PROBLEM 

CONSTANTS 

I 
FIND 
TRIM 
POINT 

DO 
MANEUVER 

OPERATIONS ON 
MANEUVER TIME 
HISTORY DATA 

I 
END 

STORE 
EACH TIME 
POINT ON 

RESTART TAPE 

Figure 1-4. First Maneuver in Restart Procedure, 

* - 
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L READ DATA DECK 
(NE 

CALCULATE 
PROBLEM 

CONSTANTS 

I 
COPY OLD 

RESTART TAPE 
TO RESTART 

POINT 

DO 
STABILITY 
ANALYSIS 

I 
DO 

MANEUVER 

I 
OPERATIONS ON 
MANEUVER TIME 
HISTORY DATA 

T END J 

STORE EACH 
TIME POINT ON 
NEW RESTART 

TAPE  

Figure 1-5. Second end Later Restart Maneuvers. 
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ZREAD DATA / 
DECK   / 

(NPART«7)/ 

CALCULATE 
PROBLEM 

CONSTANTS 

FIND 
TRIM 
POINT 

DO 
STABILITY 
ANALYSIS 

(jmj 

Figure 1-6. Trim and Stability Analysis. 
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READ DATA 
DECK 

(WPABT'S) 

PLOT 
DISK 

OPERATIONS ON 
MANEUVER TIME 
HISTORY DATA 

END 

Figure   1-7.     Retrieving Maneuver Data Stored  Permanently. 
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NO 

READ DATA 
DECK 

^NPART=1 or 7 

CALCULATE 
PROBLEM 

CONSTANTS 

FIND 
TRIM 
POINT 

DO 
STABILITY 
ANALYSIS 

READ NEW 
DATA 

(NPART-IO) 

Figure 1-8. Trim or Trim and Stability Analysis 
Followed by Parameter Sweep. 
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JUS. 

NO 

PLOT DATA 
HARMONIC 
ANALYSIS 

u 
VECTOR 
ANALYSIS 

1 
END 

STORE TIME 
HISTORY 
DATA ON 
TAPE 

I 

Figure 1-9. Block for Operation! Performed on 
Maneuver Time Hiitory Data. 
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L RSAD 
CARO SET 
(NOP-3) 

I 
CALCULATE 
PROBLEM 

CONSTANTS 

/READ MANEU-   / 
/    VER TIME     / 
/ HISTORY DATA/ 

/ 

PRINT 
PLOTS 

C 
I 

CONTINUE 3 

I Figure  1-10.    Plotting Operation. 
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READ 
CARD SET I 
(N0P=9)  / 

PERFORM 
HARMONIC 
ANALYSIS 

READ MANEU- 
VER TIME 

HISTORY DATA 

/PRINT \ i   YES   _ 
PRINT 

N.  OUTPUT   / TABULAR 
FUNCTION 

^NO j 

i    VES    fc 
yCALCOMP\ MAKE 

CALCOMP 
PLOTS 

N.   PLOTS    y 

JO 
1 

CONTINUE J 

Figure l-II.  Harmonic Analysis Operation. 
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READ 
CARD SET 
(N0P=11) 

'READ MANEU- 
VER TIME 

HISTORY DATA 

DO LEAST- 
SQUARES 

ANALYSIS 

DO 
COMPARISONS 

LINEARIZE 

(       CONTINUE   J 

Figure 1-12.  Vector Analysis and Data Reduction Operation. 
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READ 
CARD SET 
(N0P=8) 

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  the 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  1-1  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) in practice,  the need to run more  than one maneuver  in a single 
job rarely,  if ever,  occurs. 

The second step in several of the  flow charts is "Calculate Problem 
Constants."    In each operation containing this step, a number of 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 
case.     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 given 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 1,0  knots is the most that should normally be used between 
40 and 130 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.  Various 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 Seconflary Operations 

During the course of running all maneuvers, the values of a large number 
of time history variables 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 viriables. For example, the 
user may select any of the saved variables to be 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.  In this case, the vector analysis 
operation can be very useful.  This analysis uses the least-squared-errors 
technique to fit the saved data to a curve of the form 

F.(t) = A.sin(a;t + 0.) + B. 
i      i        i    i 

Then, any amplitude ratios, A./A., and phase angle differences, 0, - 0.; 
may be computed.  Lastly, linear combinations of the variables may be 
derived in the following form: 

F.(t) = C. F.(t) + D. 
i      i  j      i 

Fk(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 ma'^e the program as user-oriented as 
possible.  For example, many of the program 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 C81, 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 on the card is specified by the column or field of columns for 
the Input. Unless otherwise noted, all formats start in Column 1 with 
Columns 71 through 80 reserved for 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 

Group Title 

Sequence 
Number of 
ID Card * 

Element Number 
in MODEL Data 
Set Array ** 

Discussed in 
Section 

Deck Identification & 
Program Flow Cards 

Program Logic Group 

Data Table Group 

Airfoil Data Table No. 1 

Airfoil Data Table No. 2 

Airfoil Data Table No. 3 

Airfoil Data Table No. 4 

Airfoil Data Table No. 5 

M/R Aeroelastic Blade Data 
Block 

T/R Aeroelastic Blade Data 
Block 

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

T/R RIVD Table 

RWAS Table No. 1 

RUAS Table No. 2 

RWAS Table No. 3 

RWAS Table No. 4 

RWAS Table No. 5 

RWAS Table No. 6 

RWAS Table No. 7 

RWAS Table No. 8 

RWAS Table No. 9 

RWAS Table No. 10 

RWAS Table No. 11 

RWAS Table No. 12 

Fuselage Group 

Rotor Aerodynamic Group 

None N/A 2.2 

05 1 2.2 

None N/A 2.3 

11 2 2.3.1.1 

12 3 2.3.1.2 

13 4 2.3.1.3 

14 5 2.3.1.4 

15 6 2.3.1.5 

16 7 2.3.2.1 

17 8 2.3.2.1 

18 9 2.3.3.1 

19 10 2.3.3.2 

wP9Pn 11 2.3.4 

wCJTK 12 2.3.4 

www 13 2.3.4 

fckfe 14 2.3.4 

yrßtw 15 2.3.4 

^nWr 16 2.3.4 

fCVTR 17 2.3.4 

www 18 2.3.4 

www 19 2.3.4 

fckic 20 2.3.4 

inrw 21 2.3.4 

WwW 22 2.3.4 

20 23 2.4 

30 24 2.5 
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TABLE 2-1. Continued 

Group Title 

Sequence 
Number of 
ID Card • 

Element Number 
in MODEL Data 
Set Array ** 

Discussed in 
Sec.ion 

Main Rotor Group 40 25 2.6 

Tall Rotor Group 50 26 2.7 

Wing Group 60 27 2.8 

Stabilizing Surface No. 1 
Group 

70 28 2.9.1 

Stabilizing Surface No. 2 
Group 

80 29 2.9.2 

Stabilizing Surface No. 3 
Group 

90 30 2.9.3 

Stabilizing Surface No. 4 
Group 

100 31 2.9.4 

Jet Group no 32 2.10 

External Store/Aerodynamic 
Brake Group 

120 33 2.11 

Rotor Controls Group 130 34 2.12 

Iteration Logic Group 140 35 2.13 

Flight Constants Group Nor.. 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 
Group 

230 39 2.18 

Blade Element Data Printout 
Times Group 

240 40 2.19 

Maneuver Time Card None N/A 2.20 

Maneuver Specification Cards None N/A 2.21 

Maneuver Analysis Cards None N/A 2.22^ 
2.25 

* 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. 

*** No specific sequence numbe r on RWAS Tab! .e ID Cards.  1 
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The format for each of these ID cards Is as follows: 

Field Description of the Input 

Col. l-»8 
Col. ll-*70 
Col. 71-»80 

IDEN, Data library name for the Group 
Alphanumeric identifying comments (optional) 
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 

IPL( l-»35) 

XMH(l->63) 

XTHd-^) 

XFS(l-»98) 

YRR(l-»35,I) 

YRR(H35,2) 

YRR(l-*35,3) 

YRR(l-»35,4) 

YRR(l->35,5) 

XMR(l-»49) 

XMP(1-»I4) 

XMC(l-»20) 

XMT(I-»20) 

IDTABM(l-»20) 

XTR(l-»49) 

XTP(1-*I4) 

XTC(l-»20) 

XTT(H20) 

IDTABT(H20) 

XWG(H42) 

YWG(H28) 

XCWG(1-»14) 

XSTB1(H35) 

YSTBl(l-»28) 

XCSI(1-»14) 

XSTB2(I-»35 

YSTB2(l-»28) 

XCS2(1-»14) 

XSTB3(H35) 

YSTB3(H28) 

Description of Array 

Program Logic Group 

Main Rotor Weight & Inertial Distribution 

Tall Rotor Weight & Inertial Distribution 

Fuselage Group 

RAA Subgroup No. 1 

RAA Subgroup No. 2 

RAA Subgroup No. 3 

RAA Subgroup No. 4 

RAA Subgroup No. 5 

Main Rotor Group 

Main Rotor Dynamic Pylon 

Main Rotor Chord Distribution 

Main Rotor Twist Distribution 

Main Rotor Airfoil Distribution 

Tall Rotor Group 

Tall Rotor Dynamic Pylon 

Tall Rotor Chord Distribution 

Tall Rotor Twist Distribution 

Tall Rotor Airfoil distribution 

Wing Group (Basic) 

Wing Aerodynamics 

Wing Control Linkages 

Stabilizing Surface No. 1 Group (Basic) 

Surface No. 1 Aerodynamics 

Surface No. 1 Control Linkages 

Stabilizing Surface No. 2 Group (Basic) 

Surface No. 2 Aerodynamics 

Surface No. 2 Control Linkages 

Stabilizing Surface No. 3 Group (Basic) 

Surface No. 3 Aerodynamics  
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TABLE  : 1-2.    Continued. 

Array Name and 
Range of Subscr Ipts Description of Array 

XCS3(1->14) Surface No.   3 Control  Linkages 

XSTB4(l-05) Stabilizing Surface No.  4 Group (Basic) 

YSTB4(H28) Surface No.   4 Aerodynamics 

XCS4(H14) Surface No.   4 Control  Linkages 

XJET(H14) Jet Group 

XSTl(l-»21) 

XST2(1-*21) 

XST3(l-2l) 

XST4(l-»2l) 

Store/Brake  No.   1     v 

Store/Brake   No.   2      |        EXternal St0re/ 

Store/Br.k.   No.   3     (       Aerodynamic 
/»it.       /       1        Brake Group Store/Brakt   No.   4-   /                            F 

XCON(l-»28) Rotor Controls Croup (Basic) 

XCRT(l-»28) Supplementary Rotor Controls 

XIT(1-*21) Iteration Logic Group 

XFC(l-»28) Flight Constants Group 

XBW(1-14) Bobweight Group 

XGUN(l-»7) Weapons Group 

XSCAS(H28) SCAS Group 

TSTAB(1-»14) Stability Analysis Times Group 

TAIR(1-»14) Blade Element  Data Printout Times Group 

The following sets of inputs 
specification statement: 

are specifically excluded  from the NAMELIST 

(1) All airfo il data tables 

(2) All mode shapes  j for both rotors 

(3) Both  RIVD tables 

(4) All RWAS tables 

 1 
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— ....    -      :   

2.2 IDENTIFICATION AND PROGRAM LOGIC CROUP 

CARD 00   Message card. Columns 1-30, alphanumeric. 

CARD 01 

CARD 02 

CARD 03 

CARD 04 

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

Col.  4 - b  NPRINT 
Col. U - 15 NVARA 
Col. 31 - 35 NVARB 
Col. 51 - 55 NVARC 

Col.  3 - 10 IPSN 
Col. 11 - 70 Identifying Comments 

Col. 1-68 Identifying Comments 

Col.  1-68 Identifying Comments 

CARD 05   Program Logic Identification Card 

CARD 06   Input Group Control Logic (1415 format) 

IPL  (1) Switch for reading reduced data deck (0 = off) 
(2) Number of airfoil data tables ( - 0, 1, 2, 3, 4, or 5) 
(3) Number of M/R mode shape inputs (0 " none) 
(4) Number of T/R mode shape inputs (0 * none) 
(5) Switch for reading rotor-induced velocity distribution 

table (0 = o.l) 
(6) Number of Rotor Airfoil Aerodynamic Subgroups 

( - 1, 2, 3, 4, or 5) 
(7) Switch for deleting rotor groups (0 ■ off) 
(8) Switch for reading rotor pylon cards (0 ■ off) 
(9) Switch for reading wing inputs (0 * off) 

(10) Switch for reading Stabilizing Surface inputs (0 
(U) Switch for reading Jet Group (0 « off) 
12) Number of Store/Brake subgroups ( = 0, 1, 2,  3,  or 4) 
3) Switch for reading Supplemental Rotor Controls subgroup 

(0 - off) 
(iV Switch for reading maneuver input groups (0 ~ off) 

off) 
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CARD 07  Analysis Logic (1415 format) 

IPL  (15) Flight condition Indicator (0 = turn or unaccelerated 
flight) 

(16) Euler angle Iteration selector for TRIM (0 = holds yaw 
angle constant) 

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

(18) Control variable for main rotor steady-state aerodynamics 
(19) Control variable for tall rotor steady-state aerodynamics 
(20) Switch for activating unsteady rotor aerodynamic options 

(0 = off) 
(21) Switch for specifying which rotor can use the time- 

variant (TV) analysis (0 = none; both rotors use quasi- 
static (QS) analysis) 

(22) Switch for activating TV analysis in TRIM and MANU 
when IPL(21) ^ 0 (0 = QS trim followed by TV trim and 
maneuver) 

(23) Control variable for rebalancing main rotor in TRIM 
(0 = off) 

(24) Control variable for rebalancing tail rotor in TRIM 
(0 = off) 

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

(0 = none) 
(28) Switch for locking fuselage degrees of freedom in 

maneuver (0 = unlocked) 

CARD 08 

IPL 

:ability 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) = 0 
(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 for reading Rotor Wake at Surfaces (RWAS) tables 
(0 = off) 

Rotor fold indicator (0 = unfolded) 
Switch for shifting eg with ro^or folding (0 no shift) 
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2 . 3  DATA TABLK GROUP 

This group docs not have an .il1 - inclusive Group Identification Card; each 
set of tables has its own.  Hence, CARD 10 is not included in the deck. 

2.3.1  Ait-foil n ta Table Sets (omit if 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 1I/A Title and Control Card (7A4, A2, ol2 format) 

Col   l-»30 Alphanumeric title for the sets of tables 
3H32 NXL, number of Mach number entries in C  table 

Li 

33->34 NZL, number of angle of attack entries in C  table 

35-'36  NXD, number of Mach number entries in C  table 

3>»38  NZD, number of angle of attack entries in C  table 

30-^40 NXM. number of Mach number entries in C., table M 
41—42     NXM,   number  of   angle  of  attack  entries   in CM   table 

2.3.1.1.1    Lift Coefficient Table 

CARD  11/B1  Mach  number  entries   for C     table   (7X,   9F7.t  format) 

Col 8-n4 M. 

15-^21 M, 

22-*." M, 

29-»35 M. 

36-^42 M5 

43-^49 M, 

5(H56 M7 

5^63 M0 8 
64-»70 M„ 

lowest Mach number 

ncx;. highest Mach number 

next highest Mach number 

aext highest Mach number 

next highest Mach number 

next highest Mach number 

next highest Mach number 

next highest Mach number 

next highest Mach number 

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

Same format as CARD 11/R1; include additional cards as required 
with the same format to input NXL values of Mach numbers 
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Card Sets for Angle of Attack/Lift Coefficient Data 

NZL card sets follow the Mach number entries. Each set has the 
following format; 

First Card: 

Col  l->7  Angle of attack, degrees 
8^14 Coefficient at M = M, 

15-*21 Coefficient at M = M2 

22-»28 Coefficient at M = M3 

29-»35 Coefficient at M = M. 
H 

36-»42 Coefficient at M = Me 5 
43-*49 Coefficient at M = M, 

o 
50->56 Coefficient at M = M- 

57-^63 Coefficient at M = M- 

64r>70 Coefficient at M = M» 

Second Card: (include only if NZL > 10) 

Col  l-»7  (Not used) 
8-^14 Coefficient at M = M,- 

15^21 Coefficient at M = M,, 

22-»28 Coefficient at M = M.» 

29-»35 Coefficient at M = M.. 

36-'42 Coefficient at M = M,, 

43^49 Coefficient at M = M,, 

5(^56 Coefficient at M = Mw 

57-»63 Coefficient at M = M-., 

64^70 Coefficient at M = M.« 

Third Card:  (include only if NZL > 19) 

Same format as Second Card; include additional cards as required to 
input NXL values of C . 

2.3.1.1.2 Drag Coefficient Table 

CARDS U/Cl, 11/C2, etc. Mach number entries 

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

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

2.3.1.1.3 Pitching Moment Coefficient Table 

CARDS 11/Dl, 11/D2, etc. U/Dl, 11/D2, etc. 

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

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

CARD 12    Table Identification Card 

CARD 12/A Title and Control Card 

CARDS 12/Bl Lift Coefficient Table 

CARDS 12/Cl Drag Coefficient Table 

CARDS 12/Dl 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/B1 Lift Coefficient Table 

CARDS 13/Cl Drag Coefficient Table 

CARDS 13/Dl 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 14A Title and Control Card 

CARDS 14/Bl Lift Coefficient Table 

CARDS 14/CI Drag Coefficient Table 

CARDS 1.4/Dl 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/B1 Lift Coefficient Table 

CARDS 15/C1 Drag Coefficient Table 

CARDS 15/Dl Pitching Moment Coefficient Table 

Note:  A set of tables for an NACA 0012 airfoil 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 Atroelastic Blade Data Block Identification Card 

2.3.2.1.1  Average Weight of Blade Segments 

CARD I6/Al 

XMW (1) Blade Segment No. 1 
(2) Blade Segment No. 2 
(3) Blade Segment No. 3 
(4) Blade Segment No. 4 
(5) Blade Segment No. 5 
(6) Blade Segment No. 6 
(7) Blade Segment No. 7 

CARD lb/A2 

XMW (S) Blade Segment No. 8 
(9) Blade Segment No. 9 

(10) Blade Segment No. 10 
(11) Blade Segment No. 11 
(12) Blade- Segment No. 12 
(13) Blade Segment No. 13 
(14) Blade Segment No. 14 

CARD lfe/A3 

XMW (15) Blade Segment No. lr) 
(16) Blade Segment No. lb 
(17) Blade Segment No. r 
(IS) Blade Segment No. 18 
(10) Bladt Segment No. 10 
(20) Blade Segment No. 20 
(21) Tip Weight 

(root) 

(Lip) 

(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 

(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 

(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 
(lb/in.) 

(lb) 

2.3.2.1.2    Ave r.igt   Be.imwise  Mass  Moment   of   Imrti.i  oi   Blade   Segments 

CARD 16/31 

XMW (22) Blade Segment No. ! 
(23) Blade Segment No. 2 
(24) Blade Segment No. 3 
(25) Blade Segment No. A 
(26) Blade Segment No. 5 
(27) Blade Segment No. 0 
(28) Blade Segment No. / 

(root) (in.-lb-sec'/ 
(in.-lb see / 
(in.-lb-sec,/ 
(in.-lb sec,/ 
(in.-lb-sec^/ 
(in.-lb-sec,/ 
(In.-lb-sec V 

n.) 
n.) 
n.) 
n.) 
n.) 
n.) 
n.) 
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CARD 16/B2 

XMW (29) Blade Segment No. 8 
(30) Blade Segment No. 9 
(31) Blade Segment No. 10 
(32) Blade Segment No. 11 
(33) Blade Segment No. 12 
(3A) Blade Segment No. 13 
(35) Blade Segment No. 14 

CARD 16/B3 

XMW (36) Blade Segment No. 15 
(37) Blade Segment No. lb 
(38) Blade Segment No. 17 

■ 

(39) Blade Segment No. 18 
■ (40) Blade Segment No. 19 
i (41) Blade Segment No. 20 

(42) 
(tip) 

(in.-lb-sec^/in.) 
(in.-lb-secVln.) 
(in.-lb-secj/ln.) 
(in.-lb-sec JJ/in.) 
(in.-lb-sec?/in.) 
(in.-lb-sec,/ln.) 
(in.-lb-sec Vin.) 

(in.-lb-sec^/in.) 
(in-lb-secVin.) 
(in.-lb-sec«/in.) 
(in.-lb-secf/ln.) 
(in.-lb-sec2/in.) 
(in.-lb-sec /in.) 

2.3.2.1.3 Average Chordwise Mass Moment of Inertia of Blade Segment 

CARD Ib/Cl 

XMW    (43) Blade Segment No. 1 (root) 
(44) Blade Segment No. 2 
(45) Blade Segment No. 3 
(46) Bladt Segment No. 4 
(47) Blade Segment No. 5 
(48) Blade Segment No. 6 
(49) Blade Segment No. 7 

(in.-lb-sec^/in.) 
(in.-lb-sec./in.) 
(in.-lb-sec2/in.) 
(in.-lb-sec,/in.) 
(in.-lb-secVin.) 
(in.-lb-sec Vin.) 
(in.-lb-sec /in.) 

CARD 16/C2 

XMW   (50) Blade Segment No. 8 
(51) Bladt Segment No, 9 
(52) Blade Segment No. 10 
(53) Bladi Segment No. 11 
(54) Bladt Segment No, 1.'; 
(55) Bladt Segment No. 1 
(56) Bladt Segment No. K 

(ln.-lb-secj/ln.) 
(in.-lb-secVin.) 
(in.-lb-sec-/in.) 
(in.-lb-sec_/in.) 
(in.-lb-sec^/in.) 
(In.-lb-scc./in.) 
(in.-lb-sec /in.) 
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CARD 16/C3 

XMW (57) Blade Segment No. 15 
(58) Blade Segment No. 16 
(59) Blade Segment No. 17 
(»0) Blade Segment No. 18 
(bl) Blade Segment No. 19 
(62) Blade Segment No. 20 
(63) 

2.3.2.1.4 Rotor Mode Shapes 

2 
(in.-lb-sec2/in.) 
(in.-lb-sec./in.) 
(In.-lb-sec-Zln.) 
(In.-lb-sec./in.) 
(in.-lb-sec«/in.) 

(tip) (in.-lb-sec /in.) 

Format for first eleven cards of each set of mode shape data is bPlO.O; 
the twelfth (last) card of each set has a bPlO.O, 2F5.0 format. 

2.J.2.1.4.1 Mode 1 

CARD 16/D1 

XMRMS  (1) Out-of-plane component at Station No. 0 (root)    (ft) 
(2) Inplane component at Station No. 0 (ft) 
(3) Torsional component at Station No. 0 (deg) 
(4) Out-of-plane component at Station No. 1 (ft) 
(5) Inplane component at Station No. I (ft) 
(6) Torsional component at Station No- 1 (deg) 

CARD 16/D2 

XMRMS  (7) Out-of-plane component at Station No. 2 (ft) 
(8) Inplane component at Station No. 2 (ft) 
(9) Torsional component at Station No. 2 (deg) 

(10) Out-of-plane component at  Station No. 3 (ft) 
(11) Inplane component at Station No. 3 (ft) 
(12) Torsional component at Station No. 3 (deg) 

CARD I6/D3 Component data for Stations No. 4 and 5 

CARD lb/D4 Component data for Stations No. 6 and 7 

CARD 16/05 Component data for Stations No. 8 and 9 

CARD 16/D6 Component data for Stations No. 10 and 11 

CARD 16/D7 Component data for Stations No. 12 and 13 

CARD 16/D8 Component data for Stations No. 14 and 15 

CARD 16/D9 Component data for Stations No. 16 and 17 

CARD 16/D10 Component data for Stations No. 18 and 19 
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CARD 16/D11 

XMRMS    (61) Out-of-plane component at Station No. 20 (tip)          (ft) 
(62) Inplane component at Station Mo. 20 (ft) 
(63) Torsional component at Station No. 20 (deg) 
(64) Natural frequency of Mode  1 at baseline rpm (/rev) 

and pitch angle 
(65) Node  type Indicator 
(66) Modal damping ratio 

CARP  16/012 

XMRMS  (6 7) Natural frequency at low rpm and low pitch 
angle 

(68) Natural frequency at low rpm and high pitch 
angle 

(69) Natural frequency at high rpm and low pitch 
angle 

(70) Natural frequency at high rpm and high pitch 
angle 

(71) Difference between reference pitch angle and 
high or low value 

(72) Difference between reference rpm and either 
high or low value 

(73) Reference pitch angle (in Col. 61-»65) 
(74) Reference rpm value (in Col. 66-»70) 

2.3.2.1.4.2 Modes 2 through 6 

CARDS lb/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/G1 through 16/G12 (include only if IPL(3) > 4) 

XMRMS(223) -» XMRMS(296) Mode 4 data; same input sequence and 
format as Mode 1. 

(rpm) 

(rpm) 

(rpm) 

(rpm) 

(deg) 

(rpm) 
(deg) 
(rpm) 
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CARDS  16/H1  through  16/H12  (Include only if IPL(3) > 5) 

XNRMS(297) -* XMRMS(370) Mode 5 d.Ua;  same  Input sequence and 
format as Mode  1. 

CARDS  16/11  through  16/112  (Include only  if  IPI(3) = 6) 

XMRNS(371) -* XMRMS(444) M< de 6  data;  same  input  sequence and 
format as Mode   1, 

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  17 Tail  Rotor Aeroelastic Blade Data  Block Identification Card 

CARD 17/A1        JXTW(l) -» XTW(20) Average blade weight (lb/in.) 
CARD  17/A2        > distribution   (root   to  tip) 
CARD 17/A3       JXTW(21) Tip weight (lb) 

CARD 17/B1        | XTW(22)-» XTW(41) Average blade beamwise mass moment 
CARD 17/B2        > of  inertia distribution  (root to 
CARD 17/B3        J tip) (in.-lb-sec /in.) 

CARD 17/C1   JXTW(43)-XTW(62) Average blade chordwise mass 
CARD 17/C2   > moment of inertia distribution     _ 
CARD 17/C3   ) (root to tip) (in.-lb-sec /in.) 

CARDS 17/D1 through 17/D12 

XTRMS(l) -» XTRMS(74) Mode 1 data 

CARDS 17/E1 through 17/E12 (include only if IPL(4) > 2) 

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

CARDS 17/Fl through 17/F12 (include only if IPL(4) > 3) 

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

CARDS 17/01 through 17/G12 (include only if IPL(4) > 4) 

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 b  data 
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2.3.3    Rotor-Induced Velocity Distribution Tables  (omit If IPL(5) » 0) 

A rotor-induced velocity distribution (RIVD) table may be input for each 
rotor. If a table is not input for a particular rotor, the distribution 
is computed from the  equation  in Section 3.26.3 

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

CARD 18 Main Rotor RIVD Table Identification Card 

CARD 18/A Title and Control Card  (8A4,  8X,  413  format) 

or 20) 

WKMU (1) Lowest advance ratio 
(2) Next highest advance ratio 
(3) Next highest advance ratio 
(4) Next highest advance ratio 
(?) Next highest advance ratio 
(6) Next highest advance ratio 
(7) Next highest advance ratio 

CARD 18/B2 (include only if NMU > 8; 3F10.0 format) 

WKMU (8) Next highest advance ratio 
(9) Next highest advance ratio 

(10) Next highest advance ratio 

2.3.3.1.2 Inflow Ratio Inputs 

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

WKLM (1) Lowest inflow ratio 
(2) Next highest inflow ratio 
(3) Next highest inflow ratio 
(4) Next highest inflow ratio 
(5) Next 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 (NMU*NLM*NRS set» required) 

Each set of coefficients corresponds tc 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  1-»10 Constant (zero  harmonic) 
IH20 Sine component of first harmonic 
2H30 Cosine component of first harmonic 
3H40 Sine component of second harmonic 
41->50 Cosine component of second harmonic 
5H60 Sine component of third harmonic 
6H70 Cosine component of third harmonic 

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

Col  1-*10 (Not used) 
ll-»20 Sine component of fourth harmonic 
21->30 Cosine component of fourth harmonic 
31-»40 Sine component of fifth harmonic 
4l-*50 Cosine component of fifth harmonic 
5H60 Sine component of sixth harmonic 
6H70 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) 

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

Sixth Card (include only if NHN = 16) 

Col 1-*10 (Not used) 
Col ll-»20 Sine component of sixteenth harmonic 
Col 21-*30 Cosine component of sixteenth harmonic 
Col 3H70 (Not used) 
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Array name for corresponding 
value of tx,  X, and x 
(WKMU(I), WKLM(J),  and 
WKRS(K),  respectively) 

WKMU(2) 

WKMU(l) 

WKLM(3)  thwt 
/ 

WKLM(NLM-1)/ 

FA 
WKMU(2)/ 

(NLM-2)*NRS 

Sequence Number of a 
Card Set in the Deck = 

(I-1)*NLM*NRS + (J-1)*NRS + K 
e.g., the card set for \x  ■ 

NRSWKMU(2), X = WKLM(3) and 
x » WKRS(18) Oiere NMU = 
6, NLM = 3 and NRS = 10 is 
(2-l)*3*10 + (3-l)*10 + 18 
or the 68^ set of coeffi- 
cients in the 180 rets 
included in the table 

Number 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 Tall 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 Tablt Identification Card 

CARD 19/A     Title and Control Card 

CARD 19/B1    Advance ratio inputs 
19/B2 

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 for Rotor-Induced Velocity Acting at Aerodynamic Surfaces 
(omit 'f IPL(37) = 0) 

If IPL(37) ^ 0, exactly IPL(37) tables must be input.  The format rur 
each table is Identical to cdch other and similar to the RIVD tables 
discussed in Section 2.3.3.  The rorinat for an example table follows: 

First Card:  Table Identification CarJ 

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

Col  1—32 Alphanumeric title for table 
41->4J NMU, Number of advance ratios (1 < NMU < 10) 
44 -46 HIM,   Number of inflow ratios (1 < NLM < 5) 
4"-»4r>  NHH, Order of highest harmonic (0 < NHH < 7) 

Next Card(s):  Advance ratio inputs; 7F10.0 format; include if and 
only if NMU > 2; use one card if 2 < NMU < 7; con- 
tinue on a second card if NMU > 8. 

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

Next Cards;   Set of coefficients; NMU-'-NLM sets required; one to 
three cards for each set; sane forr.a. as for sets 
of coefficients in RIVD Tables (see Section 2.3.3.1.3); 
see Figure 2-3 for input sequence of the sets. 
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Array name for corresponding 
value of ^i and X (WKMU(l) and 
WKLM(J) respectively) 

Third 
RWAS Table 

Second 
RWAS Table 

First 
RWAS 
Table 

Number of sets of coefficients 
included 

Length 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(l) = 0) 

CARD 20     Fuselage Group Identification Card 

2.4.1  Basic Inputs 

CARD 21 

XFS   (1) Gross weight 
(2) Stationline 
(3) Buttline 
(4) Waterline 
(5) Station line 
(b) Buttline 
(7) Waterline 

Location of fuselage 
data reference point 

Location of center 
of gravity 

CARD 22 

XFS (8) Aircraft rolling inertia, Ixx 
(9) Aircraft pitching inertia, lyy 

(10) Aircraft yawing inertia, Izz 
(11) Aircraft product of inertia, Ixz 
(12) Force and moment equation use indicator, LGF 
(13) Phasing Angle (Nominal/Phasing) 
(14) Phasing Angle (High/Phasing) 

2.4.2    Aerodynamic  Inputs   (Wind Axis) 

(lb) 
(in.) 
(in.) 
(in.) 
(in.) 
(in.) 
(in.) 

(slug-ftZ) 
(slug-ft2) 
(slug-ft2) 
(slug-ftZ) 

(deg) 
(deg) 

Cards  23  through  2E contain  the  coefficients   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   for  Lift  Equations 

CARD  23 

XFS *(15)     L/q at  i|f     =6    =  0°   (Fwd.   Fit.) M w        w 
(16) L/q at *     =   180°,   b     =  0°   (Rwd.   Fit.) 

^ w w 
(17) Approx.   peak L/q  for  0°  < Ö    < 90°,   f     -   0 

w w 
(18)    Value  of 6     for XFS(17) 

w 
(19) L/q at  *     =  0°,   0     =  90°   (Vert.  Fit.) 

w w 
(20) L/q at if     =  90°,   6    =0°   (Sideward Fit.) 

w w 
(21)     b(L/q)/ö1l w 

(ft2) 

(ft2) 

(ft2) 

(deg) 

(ft2) 

(ft2) 

(ft2/deg) 
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CARD 1U 

XFS (22) 

*(23) 

(2A) 

(25) 

(26) 

(27) 

(28) 

b(L/q)/Ö(*  ) w 
&(L/q)/öt1

w; lift curve slope at iji 

ö(ö(7q)/öiiw)6ew 

?)(6a/q)/ö(1iiw
2))/ö6w) 

b(L/q)/ö(ew
2) 

b(ö(L/q)/öi|iw)/b(ew
2) 

w 

ö(L/q)/b'.eJw) 

2.A.2.2 Coelficients "or Drag Equations 

(ft2/deg2) 

(it2/deg) 

(ft^/deg2) 

(ft2/deg3) 

(ft2/deg2) 

(ftVdcg3) 

(ft2/deg3) 

CARD 25 

XKS ••(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

D/q at *„ = 6  = 0° (Fwd. Fit) 

D/q at ♦w = 180°, ew = 0° (Rwd. Fit) 

D/q at % 90°, e -.   nO 
W 

0° (Sideward Fit) 

D/q at 9W = -90 (Ascending Vertical Fit) 

D/q at ö = +90° (Descending Vertical Fit) 

B(D/q)/ö*w 

Ct') 

(ft2) 

(ft2) 

(ft2) 

(ft2) 

(ftVdeg) 

CARD 2b 

XFS *Oh) ö(D/q)/ö(il(  ); variation of drag with 

♦ 2 at 9  =0° w    w 
*(3"') ö(D/o)/ö6w; variation of drag with 6 at 

w = 0 

(38) 

(39) 

*(40) 

(41) 

(42) 

Ö(b(D/q)/öV/öew 

ö(Ö(D/q)/b(* ^Vöe^ 
2 2 

Ö(D/q)/ö(6 ); variation of drag with 9 

at * = 0oW 
w 

ö(b(D/q)mw)/Ö(e
2
w) 

fe(D/q)/ö(e 3 ) w 

(ft2/deg2) 

(ftVdeg) 

(ft2/deg2) 

(ftVdeg3) 

(ft2/deg2) 

(ft2/deg3) 

(ft2/deg3) 
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2.4.2.3 Coefficients for Pitching Moment Equations 

CARD 27 

XFS *(43)  M/q at 11  =9  =0° (Fwd Fit) 

(44) M/q at ♦ = 180°, 6=0° (Rwd. Fit) 

(45) Approx. peak M/q for 0° < 6 < 90°, ^ = 0' 
— w       w 

(46) Value of 6  for XFS(45) 
w 

(47) M/q at ♦  = 0°, ö = 90° (Vertical Fit) 

(48) M/q at i|l  = 90°, 0=0° (Sideward Fit) 

(49)     Ö(M/q)/Ö* 
w 

CARD 2: 

XFS     (50)     ö(M/q)/ö(*      ) w 
*(51)    ö(M/q)/öu   ;   static   longitudinal  stability 

(52) Ö(ö(M/q)/Ö*w)fc6w 

(53) b(ö(M/q)/ö(*w
2))/öew 

(54) ö(M/q)/ö(üw
2) 

(55) ö(ö(M/q)/Ö* )/C(0w
2) 

(56) ö(M/q)/ö(ew*) 

2.4.2.4 Coefficients fov Side Force Equations 

CARD 29 

XFS  (57) Y/q at ♦ = 90°, 6=0° (Sideward Fit) 

(58) Approx. peak Y/q for 0 < f < 90°, 9 = 0C 

(59) Value of 1  for XFS(58) 
w 

(60) Y/q at ♦ =9 =0° (Fwd Fit) 

w (61)  ö(Y/q)/ö9 

(6 2) 6(Y/q)/ö(9w
Z) 

(63)  B(Y/q)/ö(ew
3) 

(ft3) 

(ft3) 

(ft3) 

(deg) 

(ft3) 

(ft3) 

(ft3/deg) 

(ft3/rteg2) 

(ffVdeg) 

(ft'Vdeg2) 

(ft3/deg3) 

(lt3/deg2) 

(ft3/deg3) 

(ftVdeg3) 

(ft2) 

(ft2) 

(deg) 

(ft2) 

(ft2/deg) 

(ft2/deg2) 

(ft2/deg3) 
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CARD 2A 

L 

Xf'S *(64 

(65 

(66 

(67 

(68 

(69 

(70 

Coef 2.^.2.5 

CARD 2B 

XFS     (71 

(72 

(73 

(74 

(75 

(76 

(77 

CARD 2C 

XFS *(78 

(79 

(80 

(81 

(82 

(83 

(84 

b(V/q)/ö*   ;  slope  of Y vs.  f    at 6    ' 0° w w w 
ö(ö(Y/q)/ö8w)/ö*w 

ö(ö(Y/q)/ö(ew
2))/öYw 

ö(Y/q)/ö(*w
2) 

ö(ö(Y/q)/ö6w)/ö(*w
2) 

ö(Y/q)/ö(^) 

ö(ö(Y/q)/öew)/ö(fw
3) 

iclents  for Rolling Moment Equations 

1/q at ♦    ■ 90°, 6    « 0°  (Sideward Fit) 

Approx. peak 1/q  for 0 < ♦    < 90°, 9    • 0° 

Value of ♦     for XFS(72) 
w 

1/q at ♦    -  6    » 0°   (Fwd Fit) M w        w 

w Ö(l/q)/ö6 
ö(i/q)/ö(ew*) 

ö(i/q)/ö(ew
3) 

ö(l/q)/öi|i  ;   slope of RM curve  for * 

at ew = 0° 
ö(ö(i/q)/öew)/ö*w 

ö(ö(i/q)/b(ew
2)/ö*w 

ö(l/q)/ö(*w
2) 

ö(ö(i/q)/öe )/ö(*w
2) 

ö(l/q)/D(*J) 
b(ö(i/q)/öew)/M*w

3) 

(ftVdeg) 
2        2 [ftVdeg^) 

[ftVdeg3) 
2 2 

[ftVdeg3) 

.ftVdeg3) 

;ft2/deg4) 

(ft3) 

(ft3) 

(deg) 

(ft3) 

(ft3/deg) 

(ft3/deg2) 

(ft3/deg3) 

(ftVdeg) 

'ftVdeg2) 
:ft3/deg3) 

'ftVdeg2) 
[ftVdeg3) 
[ftVdeg3) 
[ftVdeg4) 
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2.4.2.6 Coefficients for Yawing Moment Equations 

CARD 2D 

XFS  (85) N/q at ^ » 90°, ew - 0° (Sideward Fit.) 

(86) Approx. peak N/q for 0 < * < 90°, 6=0° 

(87) Value of * for XFS(86) 

(88) N/q at ♦„ - ^ - 0° (Fwd Fit) 

(89) ö(N/q)/öew 

(90) Ö(N/q)/ö(6w
2) 

(91) ö(N/q)/ö(e J) 

(ff) 
(ft3) 

(deg) 

(ft3) 

(ft3/deg) 

(ft3/deg2) 

(ft3/deg3) 

CARD 2E 

XFS *(92) ö(N/q)/5* ; Slope of YM curve for ♦ at 

e   = 0° 
w 

(93) ö(ö(N/q)/öew)/Mw 

(94) Ö(ö(N/q)/ö(6w
2))/Ww 

(95) ö(N/q)/&(*w
2) 

(96) Ö(ö(N/q)/be )/b(*w
2) 

(97) ö(N/q)/ö(^) 

OS)  ö(ö(N/q)/ö6w)/e(*w
3) 

(ftJ/deg) 

(ft3/deg2) 

(ft3/deg3) 

(ft3/deg2) 

(ft3/deg3) 

(ft3/deg3) 

(ftVdeg4) 
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2.5 ROTOR AERODYNAMIC GROUP (omit only if IPL(6) = 0 and IPL(7) 

CARD 30 Rotor Aerodynamic Group Identification Card 

2.5.1 Rotor Airfoil Aerodynamic (RAA) Subgroup No, 1 

CARD 31A 

YRR     (1.1) Drag divergence Mach number for a = 0 
(2,1) Mach number for lower boundary of 

supersonic region 
(3,1) Maximum CL» normal flow, M = 0 
(4,1) 1 Coefficients of Mach number in 
(5,1) > maximum C^ equation, normal 
'6,1) ' flow 
(7,1) Maximum C. , reversed flow, M = 0 

= 3) 

CARD 3IB 

YRR 

CARD 31C 

YRR 

CARD 3 ID 

YRR 

(8,1) 
(9,1) 

(10,1) 

(H.l) 
(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 

Slope of lif*. curve for M = 0 
Coefficients of M for 
lift curve slope in sub- 
sonic region 

: for a = 0, M = 0 
I Coefficients of a  in non- 
f divergent drag equation 

Coefficient in supersonic drag equation 
Maximum nondivpegent Cn 
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 a  for Mach 
Critical in steady C^ 
equation 

Cj. for a = 0, M = 0 

Maximum value of yawed flow angle 

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

(/deg) 
(/deg2) 

(/deg) 

(/degZ) 
(/deg) 

(deg) 
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CARD 3IE 

YRR (29,1)    Zero  lift line orientation at M = 0, (deg) 
normal flow 

(30,1)     • Coefficients for  zero  lift  line orientation     (deg) 
(31,1)     I 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.^.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 34E 

CARD 34C }     YRR(1,4) - YRR(35,4) 
CARD 34D 

2.5.5 RAA Subgroup No. 5 (include only If 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 if 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) Station line | Location of mast pivot            (in.) 
(9) Buttline   > point for mast tilt and            (in.) 

(10) Waterline  I conversion maneuvers (in.) 
(11) Blade weight (ignored if IPL(3) +  0) (lb) 
(12) Blade inertia (ignored if IPL(3) +  0) (slug-ft2) 
(13) Rotor to engine gear ratio (Rotor RPM/Engine RPM) 

CARD 43 

CARD 44 

(14) 

XMR  (15) Station number for blade moments (0.0 = hub) 
(16) Hub-type indicator (0.0 = gimbaled) 
(17) Flapping stop spring rate (ft-lb/deg) 
(18) Flapping spring rate (ft-lb/deg) 
(19) Reduced rotor frequency for UNSAN option (/rev) 
(20) Lead-lag damper (lb-sec/ft) 
(21) Hub extent (ft) 

XMR  (22) Precone (deg) 
(23) Pitch change axis location (0.0 = 25% chord)   (chords) 
(24) Pitch-flap coupling angle, 63 (deg) 
(25) Drag coefficient for hub 
(26) 
(27) Coefficient for tip-vortex effect (0.0 ■ off) 
(28) 
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CARD 45 

XMR 

CARD 46 

XMR 

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) 
Shift in ac at tip (+ aft) 
Moment arm of pitch-link attach point (+ fwd) 
Distance from hub to pitch-horn attach point 

(deg) 
(in.) 
(in.) 
(in.) 

Rotor nacelle weight 
Stationline \   Location of rotor nacelle 
Buttline >   center of gravity 
Waterline     ) 
Rotor nacelle differential flat plate drag area 
Distance from mast pivot point to rotor nacelle 
aerodynamic center 

(lb) 
(in.) 
(in.) 
(in ) 
(ft2) 
(ft) 

Control phasing 
F/A mast tilt (+ fwd) 
Lateral mast tilt (+ right) 
Mast length (+ up) 
Incremental  torsional  inertia  of mast 
Torsional spring constant of mast 
Torsional  damping ratio for mast 

(deg) 
(deg) 
(deg) 
(") 

(slug-ft2) 
(ft-lb/deg) 

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

XMP   (1) Pylon inertia 
(2) Pylon damping 
(3) Pylon spring rate 
(4) Effective length of focused pylon 
(5) F/A cyclic coupling ratio 
(6) Lateral cyclic coupling ratio 
(7) Collective coupling ratio 

(slug-fO 
(ft-lb-sec/deg) 

(ft-lb/deg) 
(ft) 

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

CARD 49 Lateral Dynamic Pylon (include only if IPL(8) - 1 or 3) 

XMP   (8) Pylon inertia 
(9) Pylon damping 

(10) Pylon spring rate 
(11) Effective length of focused pylon 
(12) F/A cyclic coupling ratio 
(13) Lateral cyclic coupling ratio 
(14) Collective coupling ratio 

(slug-fO 
(ft-lb-sec/deg) 

(ft-lb/deg) 
(ft) 

(deg/deg) 
(deg/deg) 
(deg/deg) 
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CARDS 4A, 4B, 4C (include only if XMR(5) = 0.0) 

XMC(l) -* 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(l) -* XMT(20) Blade twist distribution; Blade Stations 
No. 1 to 20 (root to tip) 

XMT(21)        Not used (o^) 

CARD 4G (include only if IPL(18) < 0) 

IDTABM(l) -» IDTABM(20) Blade airfoil distribution; Blade 
Stations No. 1 to 20 (root to tip); 
2011 format 
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2.7 TAIL ROTOR GROUP (omit if IPL(n ^ n or if IPL(7) = 2 or 3) 

CARD 50 Tail Rotor Group Identification Card 

CARD 51 

XTR 

CARD 52 

XTR 

CARD 53 

XTR 

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

(8) 
(9) 

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

Number of blades 
Undersling 

Radius 
Chord  (ONLY  if constant) 
Total  twist   (ONLY if  linear) 
Flapping stop location 

Stationline )   Location of mast pivot 
Buttline        / point for mast  tilt and 
Waterline      /   conversion maneuvers 
Blade weight  (ignored if IPL(4) t 0) 
Blade  inertia  (ignored if  IPL(4) ^ 0) 
Rotor to engine gear ratio 

(in.) 

(ft) 
(in.) 
(deg) 
(deg) 

(in.) 
(in.) 
(in.) 
(lb) 

(slug-ft2) 
(Rotor RPM/Engine RPM) 

(15) Station Number for blade moments (0.0 = hub) 
(16) Hub-type indicator (0.0 = gimbaled) 
(17) Flapping stop spring rate (ft-lb/deg) 
(18) Flapping spring rate (ft-lb/deg) 
(19) Reduced rotor frequency for UNSAN option (/rev) 
(20) Lead-lag damper (lb-sec/ft) 
(21) Hub extent (ft) 

CARD 54 

XTR (22) Precone 
(23) Pitch change axis location (0.0 = 257. chord) 
(24) Pitch-flap coupling angle, 63 
(25) Drag coefficient for hub 
(26) 
(27) Coefficient for tip vortex effect (0.0 = off) 
(28) Sidewash coefficient 

(deg) 
(chords) 

(deg) 

(deg/deg) 
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CARD 55 

XTR 

CARD 56 

XTR 

CARD 57 

XTR 

(29) Tip sweep angle (+ aft) 
(30) Shift in aerodynamic center at tip (+ aft) 
(31) Moment arm of pitch-link attach point (+ fwd) 
(32) Distance from hub to pitch-horn attach point 
(33) 
(34) 
(35) 

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

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

(deg) 
(in.) 
(in.) 
(in.) 

Rotor nacelle weight 
Stationline  | Location of rotor nacelle 
Buttline     / center of gravity 
Water line    J 
Rotor nacelle differential flat plate drag area 
Distance from mast pivot point to rotor nacelle 

(lb) 
(in.) 
(in.) 

(ft2) 
(ft) 

Control phasing (deg) 
F/A mast tilt (+ fwd) (deg) 
Lateral mast tilt (= *90 for tail rotor) (deg) 
Mast length (ft) 
Incremental torsional inertia of mast (slug-ft*) 
Torsional spring rate of mast (ft-lb/deg) 
Torsional damping ratio of mast 

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

XTP   (1) Pylon inertia 
(2) Pylon damping 
(3) Pylon spring rate 
(4) Effective length of focused pylon 
(5) F/A cyclic coupling ratio 
(6) Lateral cyclic coupling ratio 
(7) Collective coupling ratio 

(slug-fO 
(ft-lb-sec/deg) 

(ft-lb/deg) 
(ft) 

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

CARD 59 Lateral Dynamic Pylon (include only if IPL(8) = 2 or 3) 

XTP   (8) Pylon inertia 
(9) Pylon damping 

(10) Pylon spring rate 
(11) Effective length of focused pylon 
(12) F/A cyclic coupling ratio 
(13) Lateral cyclic coupling ratio 
(14) Collective coupling ratio 

(it 
(slug-fO 

•lb-sec/deg) 
(ft-lb/deg) 

(ft) 
(deg/deg) 
(deg/deg) 
(deg/de'i) 
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CARDS 5A, 5B, 5C  (include only if XTR(5) = 0.0) 

XTC(l) -» XTC(20) Blade chord (root to tip) (in.) 

CARDS 3D, 5E, 5F  (include only if XTR(b) > 100.0) 

XTT(l)-» XTT(20) Blade twist (root to tip) (deg) 

CARD 5G  (include only if IPL(19) < 0) 

IDTABT(l) -> IDTABT(20) Blade airfoil distribution 
(root to tip); 2011 format 

2-37 



2.S WIN'G GROUP (omit if IPL(9) = 0 or IPL( I) / 0) 

CARD 60 Wing Group Identification Card 

2.8,1 Basic Inputs 

CARD 61 

XWG 

CARD 6 2 

XWG 

CARD 63 

XWG 

(1) Wing Area (including carry-through) 
(2) Stationline )   Location of center of 
(3) Buttline    >  pressure for right 
(4) Waterline   '  wing panel 
(5) Incidence angle 
(6) Effective dihedral angle (+ up) 
(7) Sveep angle of quarter chord line (+ aft) 

(8) Geometric aspect ratio 
(9) Spanwise efficiency factor 

(10) Taper ratio of wing 
(11) Coefficient in equation for dynamic pressure 

reduction at stabilizers due to wing 
(12) Dynamic pressure reduction at wing dm to 

fuselage 
(13) Coefficient in equation for wing wake 

centerline deflection 
(14) Control surface (flap) deflection 

(15) | Coefficients for change in lift coefficient 
(16) (as a function of control surface deflection 
(17) j Coefficients for change in maximum lift coef- 
(18) | ficitnt as a function of control surface 

deflection 
(19) |Coefficients for change in profile drag coef- 
(20) Ificient as a function of control surface 

deflection 
(21) 

(ft2) 
(in.) 
(in.) 
(In.) 
(deg) 
(deg) 
(deg) 

(deg) 
(deg) 

(/dee) 
(/deg?) 
(/dee) 
(/deg2) 

(/dee) 
(/deg2) 
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CARD bU 

XWG 

CARD 6 5 

XWG 

(22) I Coefficients for change in wing 
(23) f pitching moment as a function 

of control surface deflection 
(24) | Coefficiti ts for downwash at 
(25) / the right wing panel due 
(26) 'to the fuselage 
(27) ^Coefficients for sidewash at 
(28) ( the right wing panel due to 

fuselage 

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

(34) 

(35) 

(/dee) 
(/deg2) 

(deg) 
(Ceg/deg) 

(deg/deg2) 
(deg/dee) 

(deg/degJ) 

Effect of Rotor 1 wake on R/H w? / panel 
Effect of Rotor 1 wake on L/H w' 6 panel 
Effect of Rotor 2 wake on L/H wing panel 
Effect of Rotor 2 wake on R/H wing panel 
Coefficient of sideslip in roll 
moment equation 
Coefficient of sideslip and C in 
roll moment equation 
Coefficient of yaw rate and C 
in roll moment equation 

CARD bb 

XWG (3b)    Coefficient of roll rate in roll 
moment equation 

(37) Coefficient of sideslip in yaw 
moment equation 

(38) Coefficient of sideslip and C  in 
yaw moment equation 

(39) Coefficient of yaw rate and C      in 
yaw moment equation 

(40) Coefficient of yaw rate and C 
i'i yaw moment equation       o 

(41) Coefficient of roll rate and C. in 
yaw moment equation 

(42) Coefficient of roll rate and dCn/da in 
yaw moment equation 

(deg) 
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2.8.2 Aerodynamic Inputs 

CARD 67 

YWG 

CARD 68 

(1) Drag divergence Mach number for a * 0 
(2) Mach number for lower boundary of supersonic region 
(3) Maximum C. normal flow, M (Mach number) • 0 

(4) \ Coefficients of Mach number 
(5) > in maximum C. equation, normal 
(6) | flow      L 

(7) Maximum C. , reversed flow, M * 0 

YWG (8) 
(9) 

(10) 
(ID 
(12) 
(13) 
(14) 

Slope of lift curve for M = 0 
! Coefficients of M for lift 

curve slope in subsonic 
region 

0, M » 0 
of or in a non- 

CD for Q 
i Coefficients 
divergent drag equation 

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

(/dee) 
(/deg?) 

CARD 69 

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

Coefficient in supersonic drag equation 
Maximum nondivergent C 
Thickness/chord ratio 
Control variable for using of data table 
Drag rise coefficient (/deg) 

CARD 6A 

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

\ Coefficients for o- for 
> Mach Critical in steady (L. 
) equation 
C„ for or = 0, M = 0 n 

(/degz) 
(deg) 

NOTE:  The descriptions for the aerodynamic inputs for the 
stabilizing surfaces (YSTBl, YSTB2, YSTB3, and YSTB4 
arrays) are identical to that for the YWG array. 
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2.8.3    Control Linkage Inputs    (include only if IPL(9) > 0) 

CARD 6B 

XCWG      (I) (Coefficients  for rigging wing angle to 
(2) (collective stick position 
(3) Breakpoint for collective rigging 
(4) tCoefficients for rigging wing to 
(5) JF/A cyclic stick position 
(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 
(9) (lateral cyclic stick position 

(10) 
(ID 
(12) 
(13) 
(14) 

Breakpoint for lateral stick rigging 
iCoefficients for rigging right wing panel 
(to pedal position 
Breakpoint for pedal rigging 
Coefficient for rigging wing anglt 
to F/A mast tilt 

(deg/in.) 
(deg/in.2) 

(7.) 
(deg/in.) 

(deg/in.2) 

(7.) 

(deg/in.) 
(deg/in.2) 

(%) 
(fig/in.) 

(deg/in.2) 

(7.) 
(deg/deg) 
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2.9    STABILIZING SURFACE GROUPS (omit all  four groups if IPL(IO)  - 0 or 
IPL(l) f< 0) 

2.9.1 Stabilizing Surface Group No. 1 (include only if |lPL(10)| > I) 

CARD 70 Stabilizing Surface Group No. 1 Identification Card 

2.9.1.1 Basic Inputs 

CARD 71 

XSTB1 (1) Stabilizing Surface Area 
(2) Stai-ionline  | Location of center 
(3) Buttline     > of pressure for the 
(4) Waterline    ) stabilizing surface 
(5) Incidence angle 
(6) Effective dihedral angle (+ up) 
(7) Sweep angle of quarter chord line (+ aft) 

(ft2) 
(in.) 
(in.) 
(in.) 
(deg) 
(deg) 
(deg) 

CARD 72 

XSTB1 (8) Geometric aspect ratio of surface 
(9) Spanwise efficiency factor 

(10) Taper ratio 
(11) Tail-boom bending coefficient 
(12) Dynamic pressure reduction at 

surface due to fuselage 
(13) Downwash at surface due to wing 
(14) Control surface deflection 

CARD 73 

XSTB1 (15) jCoefficients for a change in lift 
(16) Icoefficient as a function of 

control surface deflection 
(17) |Coefficients for change in maximum 
(18) | lift coefficient as a function of 

control surface deflection 
(19) |Coefficients for change in profile 
(20) |drag as a function of control 

surface deflection 
(21) 

(rad/lb) 

(deg) 
(deg) 

(/deg) 
(/deg2) 

(/deg) 
(/deg2) 

(/deg) 
(/deg2) 
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CARD 74 

XSTB1 (22) 
(23) 

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

CARD 75 

XSTBl (29) 
(30) 

(31) 

(32) 
(33) 

(34) 

(35) 

j Coefficients for change In surface 
i pitching moment coefficient as a 
function of control surface deflection 

| Coefficients for downwash at 
| surface due to the fuselage 

) Coefficients for sidewash at the 
t surface due to the fuselage 

Effect of Rotor 1 wake on the surface 
¥&£«!£lt]r at which surface starts to 
enter Rotor 1 wake 
Velocity at which surface is com- 
pletely in the Rotor 1 wake 
Effect of Rotor 2 wake on the surface 
Velocity at which surface starts to 
enter Rotor 2 wake 
Velocity at which surface is com- 
pletely in the Rotor 2 wake 

2.9.1.2 Aerodynamic Inputs 

YSTBI(1)-»YSTB1(28) 
CARD 76 
CARD 77 
CARD 78 
CARD 79 

(/dea) 
(/deg2) 

(deg) 
(deg/dee) 
(deg/deg2) 
(deg/deg) 
(deg/deg3) 

(KTAS) 

(KTAS) 

(KTAS) 

(KTAS) 

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

CARD 7A 

XCS1  (1)  | Coefficients for rigging stabilizer angle 
(2) | position to collective position 
(3) Breakpoint for collective rigging 
(4) /Coefficients for rigging stabilizer angle 
(5) |position to F/A cyclic stick position 
(6) Breakpoint for F/A cyclic rigging 
(7) Linkage switch (0.0 for incidence) 

(deg/in.) 
(deg/in.2) 

(7.) 
(deg/in.) 

(deg/in.2) 
(%) 
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CARD 7B 

XCS1  (8) \ Coefficient for rigging stabilizer angle 
(9) I position to lateral cyclic position 

(10) Breakpoint for lateral cyclic rigging 
(11) )  Coefficients for rigging stabilizer angle 
(12) f to pedal position 
(13) Breakpoint for pedal rigging 
(14) Coefficient for rigging stabilizer to 

F/A mast tilt 

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

CARD 80 Stabilizing Surface No. 2 Identification Card 

2.9.2.1 Basic Inputs 

(deg/in.) 
(deg/in.2) 

(7.) 
(deg/in.) 

(deg/in.2) 
(7.) 

(deg/deg) 

2) 

CARD 81 
CARD 82 
CARD 83 
CARD 84 
CARD 85 

XSTB2(1) -* XSTB2(35) 

2.9.2.2 Aerodynamic Inputs 

YSTB2(1) -* YSTB2(28) 
CARD 8b 
CARD 87 
CARD 88 
CARD 89 

« 
2.9.2.3 Control Linkage Inputs (include only if IPL(IO) > 2) 

^8B }XCS2(1)^XCS2(14) 

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

CARD 90 Stabilizing Surface No. 3 Identification Card 

2.9.3.1 Basic Inputs 

3) 

CARD 91 
CARD 92 
CARD 93 
CARD 94 
CARD 95 

XSTB3(1) -♦ XSTB3(35) 
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i 
• 

2.9.3.2 Agrodynaiic Inputs 

YSTB3(1) -» YSTB3(28) 

CARD % 
CARD 97 
CARD 98 
"ARD 99 

2.9.3.3 Control Linkage Inputs (include only if IPL(IO) > 3) 

SS« } XCS3(1) -. XCS3(14) 

2.9.4 Stabilizing Surface No. 4 (include only if |lPL(10)| « 4) 

^RD 100 Stabilizing Surface No. 4 Identification Card 

2.9.4.1 Basic Inputs 

CARD 101 
CARD 102 
CARD 103 
CARD 104 
CARD 105 

XSTB4(1) -♦ XSTB4(35) 

2.9.4.2 Aerodynamic Inputs 

I 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 
CARD 10B 

|XCS4(1) -» XSC4(14) 
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2.10 JET GROUP  (omit if IPL(ll) « 0 or IPL(l) i  0) 

CARD 110 Jet Group Identification Card 

CARD HI 

XJET 

CARD 112 

XJET 

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

(8) 
(9) 

(10) 
(ID 
(12) 
(13) 
(14) 

Number of controllable jets 
Thrust of right, or Jirst, jet 
Thrust of left, or second, jet 
Stationline  1 Location of right 
Buttline    | (first) jet thrust 
Waterline   » 

Yaw angle, body to right (first) jet 
Pitch angle, body to right (first) jet 

(lb) 
(lb) 

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

(deg) 
(deg) 
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2.11 EXTERNAL STORE/AERODYNAMIC BRAKE GROUP (omit entire group if 
IPL(I2) = 0 or IPL(l) +  0) 

CARD 120 Store/Brake Group Identification Card 

2.11.1 Store/Brake No. 1 (include only if IPL(12) > J) 

CARD 12IA 

XST1  (1) Weight of store (< 0 for aerodynamic brake)       (lb) 

CARD 121B 

CARD 121C 

(2) Stationline 
(3) Buttline 
(4) Waterline 

Location of store/ (in.) 
brake center of (in.) 
gravity (in.) 

(5) Distance from eg to center of 
pressure at a  = 0 (+ aft) (in.) sc 

(6) Distance from cp at a  = 0 to 
sc 

cp at Qrsc = ± 90°   (+ aft) (in.) 

(?)    Dynamic pressure  loss at  store 

XST1     (15) L0/q 

(16) L^q 

(17) Dfj/q \ CoeTficients  for store/ 

(18) DSIDE/q     ) brake  lift,  drag,  and side 

(19) DjQp/q        \ Torce equations 

(20) Y0/q 

(21) Yj/q 

XST1  (8) Store rolling inertia (t^t^i 
(9) Store pitching inertia (»i^-it?) 

(10) Store yawing Inertia («U^-.vf) 
(11) Store product of inertia (slut "I } 
(12) Induced velocity factor from 

main rotor 
(13) Induced velocity factor from 

tail rotor 
(14) Aerodynamic brake deployment (7.) 

(ft2) 

(ft2) 
(ft2) 

(ft2) 

(ft7 

(ft' 

(ft2) 
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2.11.2 Store/Brake No.  2    (include only if IPL(12) > 2) 

CARD 122A | 
CARD 122B [ XST2(1) -> XST2(21); same input sequence and 
CARD 122C ) format as XST1(1) -* XSTl(21) 

2.11.3 Store/Brake No. 3 (include only if IPL(12) > 3) 

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

2.11.4 Store/Brake No. 4 (include only if IPL(12) - 4) 

CARD 124A  i 
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 Subaroup 

CARD 131 

XCON 

CARD 132 

XCON 

CARD 133 

XCON 

(1) 
(2) 

(3) 
(4) 

(5) 
(6) 

(7) 

(8) 
(9) 

(10) 
(U) 

(12) 
(13) 

(14) 

(15) 
(16) 

(17) 
(18) 

(19) 
(20) 

(21) 

Range of collective stick (in.) 
Collective pitch for Rotor 1 with stick (deg) 

full down 0M = 0) 
Range of collective pitch for Rotor 1 (ß ■ 0)    (deg) 
Rotor 1 collective pitch lock indicator 

(t 0  for locked) 
Rotor 1 root collective pitch if XC0N(4) t 0 (deg) 
Change in Jet Thrust with collective stick     (lb/in.) 

position 

Range of F/A cyclic stick (in.) 
Rotor 1 F/A cyclic pitch with stick full aft      (deg) 
Range of F/A cyclic pitch for Rotor 1 (deg) 
Rotor 1 F/A cyclic pitch lock indicator 

(/ 0 for locked) 
Rotor 1 F/A cyclic pitch if XCON(ll) t 0 (deg) 
Change in Jet Thrust with F/A cyclic stick     (lb/in.) 

position 

Range of lateral cyclic stick (in.) 
Rotor 1 lateral cyclic pitch with stick (deg) 

full left 
Range of lateral cyclic pitch for Rotor 1        (deg) 
Rotor 1 lateral cyclic pitch lock indicator 

(^ 0 for locked) 
Rotor 1 lateral cyclic pitch if XCON(18) ^ 0      (deg) 
Change in Jet Thrust with lateral cyclic       (lb/in.) 

stick position 
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CARD 134 

XCON (22) 
(23) 

(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) +  0 
Change in Jet Thrust with pedal position 

(in.) 
(deg) 

(deg) 

(deg) 
(lb/in.) 

2.12.2 Supplemental Rotor Controls Subgroup (omit if IPL(13) 

CARD 135 

- 0) 

XCRT  (1) Change in Rotor 2 collective pitch angle due 
to change in intermediate collective angle    (deg/deg) 

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

(3) Change i" Rotor 2 collective pitch angle due 
to change in intermediate F/A cyclic control 
angle (deg/deg) 

(4) Change in Rotor 2 F/A cyclic pitch angle due 
to change in intermediate F/A cyclic control 
angle (deg/deg) 

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

(b) Change in Rotor 2 collective pitch angle due 
to change in intermediate lateral cyclic 
control angle (deg/deg) 

(7) Change in Rotor 1 F/A cyclic pitch due to 
change in intermediate lateral cyclic 
control angle (deg/deg) 
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CARD 136 

XCRT  (8) Change in Rotor 2 F/A cyclic pitch due Lo 
change in lateral cyclic control angle        (deg/deg) 

(f') Change in Rotor 2 lateral cyclic pitch due 
tu change in lateral cyclic control angle     (deg/deg) 

(10) Chang« in Rotor 1 collective pitch angle 
dut to change in pedal control angle (deg/deg) 

(11) Change in Rotor 1 F/A cxlic pitch dut to 
change in pedal contro  angle (deg/deg) 

(12) Change in Rotor 2 F/A cyclic pitch due to 
change in pedal control angle (deg/deg) 

(15) Change in Rotor 1 lateral evelic pitch due 
to change in pedal control angle (deg/deg) 

(14) Change   in Rotor 2 lateral cyclic pitch due 
to hange li. pedal control angle (deg/deg) 

CARD 13' 

XCRT  (15)  Switch to change rotor control linkages 
with F/A mast tilt (0.9 = no change) 

(16) \  Coefficients for changing XC0N(2) as a      (deg/deg) 
(l"7)  f function of F/A mast tilt (deg/'lcg-) 
(IB) Range of collective pilch for Rotor 1 

at F/A mast tilt = 00° (deg) 
(10)  Coefficient for modifying XCRT(5) and 

XCRT(6) r.s a function of F/A mast tilt (deg/deg) 
(20) I Coefficients for modifying XCRTT10) ..s      (deg/deg) 
(21) fa funcli'i of F/A mast tilt (deg) 

CARD 13B 

XCRT     (22)     Coefficient   for   nonlinear   rigging   of 
Rotor   1   collective   pitch (dtg,/in.   ) 

(23)      1 Coefficients   for  nonljncar  rigging  of (dtg/in.) I Coefficients   for  nonljncar   riggin 
f Rotor   1   F/A cyclic   p'tch (24) I Rotor   1   F/A cyclic   p;lch (deg/in.2) 

(25) I Coefficients for nonlinear rigging of (deg/in.) 
(20) ) Rotor 1 lateral cyclic pitch (deg/in.2) 
(2^) (Coefficients for nonlinear rigging of (,deg/in.) 
(28) 'Rotor   2 collective   pitch (oeg/in.   ) 
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2.M  ITERATION LOGIC GROUP 

CARD 140 Iteration Logic Group Identification Card 

CARD 141 

XIT 

CARD 142 

XIT 

CARD 143 

XIT 

(1) Iteration limit for TRIM 
(2) AY of rotor(s) for time-variant trim (deg) 
(3) Limiter for change in average rotor-induced 

velocity (ft/sec) 
(4) Partial   derivative   increment   for  STAP 
(5) 
(6) 
(7) 

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

(9) Minimum value for tail rotor flapping angle 
correction limit ('1'^) 

(10) Maximum value for use of variable damper for 
main rotor (i I -11 ) 

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

(12) Starting value for TRIM correction limit (<lcg) 
(13) Minimum value for TRIM correction limit (cleg) 
(14) Maximum value for use of variable damper 

in TRIM (lb or ft-lb) 

(15") Allowable error in F/A force balance 
(16) Allowable error in lateral force balance 
(1 ^  Allowable; error in vertical force balance 
(18) Allowable error in pitching and yawing 

moment balance 
(10) Allowablt error in rolling moment balance 
(20) Allowable error in main rotor flapping 

moment balance 
(21) Allowable error in tail rotor flapping 

moment balance 

(lb) 
(lb) 
(lb) 

(ft 
(ft 

-lb) 
-lb) 

(ft -lb) 

(ft -lb) 
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2.14    FLIGHT CONSTANTS GROUP 

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

CARD 151 

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

CARD 152 

XFC (8) 
(9) 

(10) 
(U) 
(12) 
(13) 
(14) 

CARD 153 

XFC (15) 
(16) 
(17) 
(IS) 
(10) 
(20) 
(21) 

CARD 154 

XFC (22) 
(23) 
(24) 
(25) 
(2b) 
(27) 
(28) 

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  angle 
Main  rotor lateral   flapping  angle 
Tail   rotor F/A   flapping  angle 
Tail   rotor uteral   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 

(kt) 
(kt) 

(ft/sec) 
(ft) 

(deg) 
(deg) 
(deg) 

(7.) 
(7,) 
(%) 
(%) 

(deg) 
(deg) 
(deg) 
(deg) 
(lb) 
(lb) 

(hp) 
(rpm) 

(ft) 
(0C or 0F) 

NOTE:  END OF TRIM OR TRIM-STAB DECK. 
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2.15 BOBWEIGHT GROUP  (include enly If NPART « 2 or 4 and IPL(14) +  0) 

CARD 200 Bobweight Grotp Identification Card 

CARD 201 

XBW   (1) Effectivity coefficient (deg/in.) 
(2) Spring constant (lb/in.) 
(3) Damping coefficient (lb-sec/in.) 
(4) Ueight of bobweight (lb) 
(5) 
(6) 
(7)  g preload (g) 
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2.16 WEAPONS GROUP  (include only if NPART = 2 or 4 and IPL(I4) +  0) 

CARD 210 Weapons Group Identification Card 

CARD 211 

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

Stationline 
Buttline 
Waterline 
Azimuth (+ right) 
Elevation (+ up) 

Location of weapon 
(in.) 
(in.) 
(in.) 
(deg) 
(deg) 
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2.17 SCAS GROUP  (include only if NPART - 2 or 4 and IPL(14) ^ 0) 

CARD 220 SCAS Group Identification Card 

CARD 221 

XSCAS (1) K , Roll response feedback gain 

(2)  T, 

(3) 

(4) 

(5) 

(6) 

Roll channel 

time constants 

(7) K-, Roll pilot feedforward gain 
u 

CARD 222 

XSCAS (8) Ku, Pitch response feedback gain H 

Pitch channel 

time constants 

(14) K_, Pitch pilot feedforward gain 
G 

(9) Tl 
(10) T? 
(11) T3 
(12) T4 
(13) Tc 

CARD 223 

XSCAS   (15)    FC-t  Yaw response  feedback gain 
H 

Yaw channel 

time constants 

(16) T1 

(17) T2 

(18) T3 

(19) TA 

(20) T5 

(21) K , Yaw pilot feedforward gain 
G 

(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) 
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CARD 22A 

XSCAS (22) Maximum Authority in Roll (7.) 
(23) Maximum Authority in Pitch (7.) 
(24) Maximum Authority in Yaw (7.) 
(25) Dead band for d/dL (Roll Moment) (ft-lb/sec) 
(26) Dead band for d/dt (Pitch Moment) (ft-lb/sec) 
(27) Dead band for d/dt (Yaw Moment) (ft-lb/stc) 
(28) 
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2.18 STABILITY ANALYSIS TIMES GROUP (include only if NPART = 2, 4, or 5 and 
IPL(14) / 0) 

CARD 230 Stability Analysis Times Group Identification Card 

CARD 231 

TSTAB (1) Time or azimuth angle for first analysis 
(2) Time or azimuth angle for second analysis 
(3) Time or izimuth .^ngle for third analysis 
(U) Time or azimuth angle for fourth analysis 
(5) Tirte or azimuth angle for fifth analysis 
(6) Time or azimuth angle for sixth analysis 
(7) Time or azimuth angle for seventh analysis 

CARD 232 

TSTAB   (8) Time or azimuth angle 
(9) Time or azimuth angle 

(10) Time or azimuth angle 
(11) Time or azimuth angle 
(12) Time or azimuth angle 
(13) Time or azimuth angle 
(14) Time or azimuth angle 

for eighth analysis 
for ninth analysis 
for tenth analysis 
for eleventh analysis 
for twelfth analysis 
for thirteenth analysis 
for fourteenth analysis 

(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 

(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 
(sec or deg) 

NOTE:  If no stability analyses are to be performed, TSTAB(l) 
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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2.19 BLADE ELEMENT DATA PRINTOUT GROUP (Include only If NPART - 2, 4, or 
5 and IPL(14) t  0) 

CARn 740 Blade Element Data Printout Group Identification Card 

CARD 241 

TAIR  \(l) Time or azimuth angle for first printout (sec or deg) 
(2) Time or azimuth angle for second printout (sec or deg) 
(3) Time or azimuth angle for third printout (sec or deg) 
(4) Time or azimuth angle for fourth printout (sec or deg) 
(5) Time or azimuth angle for fifth printout (sec or deg) 
(6) Time or azimuth angle for sixth printout (sec or deg) 
(7) Time or azimut i angle for seventh printout (sec or deg) 

CARD 242 

TAIR    (8) Time or azimuth angle fo*. eighth printout (sec or deg) 
(9) Time or azimuth angle ror ninth printout (sec or deg) 

(10) Time or azimuth angle for tenth printout (sec or deg) 
(11) Time or azimuth angle for eleventh printout (sec or deg) 
(12) Ti.rae or azimuth angle for twelfth printout (sec or deg) 
(13) Time or azimuth angle for thirteenth printout (sec or deg) 
(14) Time or azimuth angle for fourteenth printout (sec or deg) 

NOTE:  If no printouts are to be made, TAIR(l) must 
refer to a 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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2.20 MANEUVER TIME CARD (include only if NPART « 2, 4( «r 5) 

CARD 301 

TCI  (I) Start time of maneuver (sec) 
(2) First time or azimuth increment (sec or deg) 
(3) Time to stop using first increment (sec) 
(4) Second time or azimuth increment (sec or deg) 
(5) Time to stop using second increment and 

return to first increment (sec) 
(6) Time to stop the maneuver (sec) 
(7) 
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2.21 VARIATIONS FROM TRIMMED FLIGHT (This card type may be included 
only if NPART » 2, 4, or 5) 

CARD 311 

CARD 312 

CARD 313 

CARD 314 

CARD 329 

CARD 330 

CARD 331 

Col. 1 
Col. 2 - 5 
Col. 11 - 20 
Col. 21  30 
Col. 31 - 40 
Col. 41 - 50 
Col. 51 - 60 
Col. 61 - 70 

Same as CARD 311 

Same as CARD 311 

Same as CARD 31i 

NEXTJ ( « 0 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  - 

NOP (Must  equal  3  for plotting) 
NPRINT Print  Control 

CARDS 4Ü2A,  402B, (One  for each  set  of plots  desired 
30 maximum) 

Col, 3 - 5 
S - 10 

13 - 15 
20 
25 
31 - 40 
41 - 50 
51 - 60 

KV1, 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) 
SCI, Minimum scale for KVl 
SC2, Minimum scale for KV2 
SC3, Minimum scale for KV3 

St-e Section 6 for the code numbers to be used for KVl, 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 

Col.  2 

11 - 15 

.1 - 25 

26 - 30 

31 - 35 

41 - 45 

NOP (must equal 9 for harmonic 
analysis) 
NVARA, Number of variables to be 
frequency analyzed 
AL(1), Start time for interval 
to be analyzed (sec) 
AH(1), Stop time for interval 
to be analyzed (sec) 
NVARB, Print control for ampli- 
tude function (0 = print only) 
AL(2), Base frequency for analysis 
(0.0 = M/R 1/rev) (cps) 

CARDS 502A, 502B, etc. 

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 MANEUVER TIME HISTORY DATA (These cards may 
be included only if NPART » 2, 4, 5, or 8) 

CARD 601 

Col. 1 - 2 
U - 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(1), Baseline frequency for Step 1 (cps) 
NVARB, Total number of reference 
curves for Step 2 
AL(2), Total 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.  (NVARB sets cf these cards, 1415 for each card) 

Col.  1 - 5 

6 - 10 
11 - 15 
16 - 20 
21 - 25 

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

NX code 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 varia' ie D 
Code number for vari ible E 

See Secti-n 6 for the code numbers of the variables. 

2-64 



2.25 STORING MANEUVER TIME HISTORY DATA ON TAPE (This card may be 
Included only if NPART = 2, A, or 5) 

CARD 701 

Col.  2 NOP (must equal 8 for tape file operations) 
ll^15        N0P1 (must be blank or all zeros 

to store data) 

NOTE: Maneuver time history data which has been stored on tape can be 
retrieved with NPART = 8 (see CARD 01). 
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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 sections, 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 nondlmenslonal 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 nondlmensional 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. 

I 

T 

Integer inputs which control program logic. 

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. 

3-1 



(7) Retrieval of maneuver data stored on tape. 
(8) Sweeps of trim conditions with or without stability analysis. 

These eight operations are shown in Figures 1-1 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 cs 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 sweep 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 arc 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 maneuver 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. In 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 

3-3 



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).     If the first  four columns on 
CARD 05 contain  the  characters MODL,   the program will  search  the data 
library   for  the   Model   Data  Set with  the corresponding eight-character 
name.     If  the  name   is not   found,   execution  terminates.     When  the data 
set   is  found,   the program then uses  the  library groups whose names are 
in  the Model  Data Set  as  the  source of  input data   for all   input groups. 
In  this case,   the cards  for all groups  included  in the data set must be 
omitted  from the card deck.     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 Model  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 are  used  to exercise  these  features must conform to a 
special  format: 

(1) Column  I  of  all  cards must be blank, 

(2) Columns  2  through 8  of  the  first card must  contain  the 
seven characters &CHANGE  or &GR0UPS,  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 comnas) 
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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.  In 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: 

First Card; 

Column 1 
i 
b&CHANGEbXFS(l)=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(l), 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 
i 

First Card:   b&CHANGEbXFS(l)-9500., XMR(4A)>5.0, &END 
1 

Second Card:  b&CHANGEbIPL(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 
i 
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 &GR0UPS and &C 'ANGE cards in a deck which uses the 
MODEL Option is shown in the sample deck listed in Figure 2-1. In the 
example, the first airfoil 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 &GR0UPS card are: 

(1) groups which precede the Flight Constants Group in a 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 specify 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 01  NPART Card 

This card includes the primary program control variable, NPART, and is 
referred to as the NPART card.  Permissible values of NPART on this 
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, 

1 = Trim only 
2 * Trim followed by maneuver (maneuver not to be restarted) 
4 = Trim followed by maneuver (maneuver to be restarted) 
5 ■ Maneuver restart 
7 • Trim followed by stability analysis 
8 3 Retrieve maneuver data from tape for analysis 

Within a single computer run, only one of the above operations 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 flight condition only,  f^e Figure 1-1. 
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 trinmed 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 311-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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NPRINT 

appropriate card sot 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. 
NVARB, and NVARC follow. 

The interpretations of NPRINT, 

NVARB 

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

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

NVARC 

= 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 

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

a 0 printout for main rotor only 

■ 1 printout for both rotors 

» 2 printout for tail rotor only 

NPART 

NPART 

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 1-4». The use of 
this option will require the assistance of the local 
programmer to set up the restart tape. 

This is 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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CARD 00 

CARD 01 

CARD 02, 03, 04 

CARD 230 

CARD 240 

CARD 301 

CARD 311, etc. 

Message Card 

NPART Card: enter 5 in Column 2. 

IPSN and Comments 

Stability Times Group:  if the TSTAB 
group is not called from library, 
CARDS 231 and 232 must also be included. 

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

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 identically equal to a 
previous time point. 

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. 

NPART = 7      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. 

NPART ■ 8      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 701 is used to store on 
tape the data which the NPART = 8 card retrieves. 

Following a data set for trim only or trim and 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 retrinming the configuration. See Figure 1-8. 
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NVARA     If NVARA ■ 0, the program will attempt only to iterate to 
*  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 

bfjlow. 

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(l-»2) and IPL(6r»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 changed. If it is not 
zero, it may be changed to any permissible value, i.e., 
0, 1, 2, or 3. All other IPL values may be changed as 
desired. 

When using NPART = 10 the 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 
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and XFC(5-11) and XFC(ll-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.  Include it only when NPART = 1, 2, 4, 5, 
or 7. 

CARD 03 (Comnent 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 (Conment 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, O"1, 
and 08 tm'-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 following 
manner: 

0 turns the option off for both rotors; 

1 turns the option on for the main rotor only; 

2 turns the option on for the tail rotor only; 

3 turns the option on for both rotors. 
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CA.1D 06 Input Group Control Logic 

IPL'.l) can be used to reduce the number of input data groups to only 
those normally required for a wind tunnel simulation.  If IPL(I) ■ 0, 
the required number of groups is not affected by IPL(I).  If IPL(l) ^ 
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., Bobwelght, 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) = IPL(5) = 0, the Data Table Group has no data in it. 

IPL(3) and (4) control the reading of the aeroelastlc 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) = 0, 
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 Table 
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(ll) 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 0 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., 0 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-i4) 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 switchj 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).  If IPL(9) » 0, both the Group and Linkages Subgroup 
must be omitted; if IPL(9) > 0, both must be included.  If IPL(9) < 0, 
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, 83, 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.e., 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(ll) controls the reading of the Jet Group.  If IPL(ll) =0, the 
entire Jet Group including ID card must be 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. 
If IPL(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(I4) 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 t  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 
- 0.0 Unaccelerated Flight 

^ 0.0 Coordinated turn at g-level of XFC(12) 

t  0 > 1.0 Zero turn rate pullup at g-Ievel 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 ehe 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: 

2 2 
n cos * ■ cos tt  cos * + (cos 8 sin * + tanß sin* sinÜ)/K 

where     K = 1 + (tan 0 tana)/cos* 

0 ■ Euler pitch angle 

* ■ Euler roll angle 

n = g level, XFC(12) 

a = angle of attack 

ß ■ angle of sideslip 

(3) The turn direction is selected by use of the sign on the input 
roll angle, XFC(7). A positive or zero value gives a right 
turn, a negative value a left turn. 
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IPL(lb) controls the Euler angle held constant during the TRIM procedure. 
If IPL(lb) ■ 0, 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(l6). 

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, 
... etc., and uses the most recently computed matrix for iterations in 
which the matrix is not computed. If IPL(17) ^ 0, 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 nee. ssary only when there is difficulty getting a case to trim 
with IPL(17) =0. 

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) < 0. 

IPL(19) controls the steady-state aerodynamics 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 unsteady 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) ■ 0, 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) * 0, 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(21) * 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 IA and IB and between Type 
IIA and IIB depends on the availability of aeroelastic blade data. Note 
that if IPL(21) / 0, 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) / 0, 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 uyed 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-vatiant 
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 
Rotor 

Analysis Used 

IPL(21) IPL(22) In Trim In Maneuver 

0 (ignored) 
1 (Main) 
2 (Tail) 

QS 
QS 

QS 
QS 

1 

0 QS-TV 
QS 

TV 
QS 

1 QS 
QS 

TV 
QS 

2 TV 
QS 

TV 
QS 

2 

0 QS 
QS-TV 

QS 
TV 

1 QS 
QS 

QS 
QS 

2 QS 
TV 

QS 
TV 

3 

0 QS-TV 
QS-TV 

TV 
TV 

1 QS 
QS 

TV 
TV 

2 TV 
TV 

TV 
TV 

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 wlndup 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) - 0, the fully 
coupled 10 x 10 system of trim equations is used for each trim iteration. 
For the quasi-static rotor analysis (IFL(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 values of 
IPL(23) and IPL(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             j 

IPL(23) IPL(24) Systems of Equations 

= 0 - 0 One 10 x 10 system (both rotors and airframej 

+  0 « 0 One 2x2 system (main rotor) 
One 8x8 system (tail rotor and airframe) 

- 0 / 0 One 2x2 system (tail rotor) 
One 8x8 system (main rotor and airframe) 

* o t o Two 2x2 systems (one for each rotor) 
One 6x6 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 suimnary, 
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) ■ 0, 
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) = 0 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., 0 omits the optional page for both rotors and 3 
prints one of the optional trim pages for each rotor. 

IPL(27) controls printout cf 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. 

WARNING; IPL(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) s 4     BEA data is printed after trim and at every time 
point in a maneuver regardless of the value of 
NPRINT on CARD 01 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. 
If IPL(28) f  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(l), IPL(23), or IPL(24) +  0. 

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. If IPL(29) = 0, the fuselage is represented by two 3x3 
matrices.  If IPL(29) / 0, 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) t  3 and IPL(30) i 
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. 

If, 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) - 0, the rotor(s) 
will be rebalanced; If IPL(32) +  0, no rebalancing takes place. For 
rigid or articulated rotor (XMR(16) or XTR(16) f 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) » 0 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 Vo!'ime III. 
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Figure 3-1.  Schematic of Matrices Used in the Stability Analysis. 
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Figure 3-1.  Continued. 
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Figure 3-1. Concluded. 
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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) 

> 2 All group ID cards (except Program Logic 
Group) and all input groups (printout of 
&CHANGE Cards is not suppressed) 

> 3 Problem heading and identifying comments 
(from CARDS 02, 03, and 04) when NPART - 10; 
&CHANGE Carcl(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) muse 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(4I) ■ 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(41) / 0, the rotors are defined 
to be stopped and folded; in this case, the data should be set up as if 
the rotors were unfolded and at normal RPM except that: 

3-25 



(1) IPL(41) t  0.0 

(2) Controls are locked by setting XC0N(4), XCON(ll), XC0N(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, n_ > 0 

B 

IPL(A2) controls the eg shift with rotor folding.  If IPL(42) = 0, no 
shift is computed; f  0, eg shift is computea.  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 Aerodynamic 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(1&),  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) Identification Card 
(2) Title and Control Card 
(3) Lift Coefficient Table (at least 3 cards) 
(4) Drag Coefficient Table (at least 3 cards) 
(5) Pitching Moment Coefficient Table (at least 3 cards) 

The specific format for the first two cards of each set is identical 
while the general format for each of the three tables in any set is the 
same.  Note that angle of attack 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 
to the computed Mach number. 

The card set for the first angle of attack in each table must be for -180 
degrees and the last for +180 degrees.  Each card set for an angle of 
attack starts on a new card.  In between the card sets for these two 
angles, the card sets for other angles must be in increasing value of 

3-27 



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 + KZD < 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 (C„ = 0 

M 
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. ll-»20        0.0 (lowest Mach number) 
21->30        1.5 (or any Mach number greater than the 

expected maximum) 

Second Card: 

Col.  H10      -180.0 (minimum angle of attack) 
1H20        0.0 (C at a = -180°, M = 0) 
2H30        0.0 (C„ at o = -180°, M = 1.5) 

M 

Third Card: 

Col.  1-»10       180.0 (maximum angle of attack) 
1H20        0.0 (C at a = 180°, M = 0) 
21-»30        0.0 (cjj at a = 180°, M = 1.5) 
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3.3.2 Rotor Aeroelastic Blade Pat« Block 

This data block consists ->f two data sets:  one for the main rotor aero- 
elastic blade and one for tl-« tail lOtor aeroelastic blade.  If IPL(3) = 0, 
the main rotor set must be oauttcd; 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 foor distributions for the blade: 
weight, beamwise inertias, chordwist 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(I) -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/B1, 16/B2, 16/B3, 16/C1, 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)-*XNW(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 art in.-lb-sec^/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 columns 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 fields, 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 C81. The set 
of data for Mode 1 (CARDS 16/DI 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 
0 Scissor 
1 Collective 

An independent mode responds to all forcing frequencies.  Tb" independent 

mode type is Intended to be used for torslonal 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.  IPL(5) controls the read-in of RIVD tables 
and the option of using a table or the equation. 

Effect 

Both rotors use equation 

Main rotor uses table; tail 
rotor uses equation 

Main rotor uses equation; 
tall rotor uses table 

Each rotor uses its respective 
table 

When o  table is used, the local induced velocity is computed from the 
following sunmation: 

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

0 None 

1 Main rotor table 
only 

2 Tall rotor table 
only 

3 Both main rotor 
and tall rotor 
table 

^(M.r/R^) • Vj ' 
NHH 

a(l) + 2 ja(2n)*sin(n*) + a(2n+l)*cos( 
n»l 

n*)! 

where 

v, ■ local Induced velocity, ft/sec 

V, ■ average induced velocity over the rotor disc, ft/sec 

\i. *  advanced ratio (velocity in plane perpendicular to rotor 
shaft/flight path velocity) 

^ ■ average inflow ratio (based on V., parallel to rotor shaft) 

r/R = radial blade station (nondimensional) 

V ■ blade azimuth angle 

a(l) « coefficients of the harmonics (nondimensional) 

NHH ■ order of the highest harmonic 

n - sunmation variable 
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The coefficients a(i) are computed from the table as functions of ti. ^» 
and r/R of the appropriate rotor.  Note that these coefficients are in 
effect velocities which have been normalized by V., and that M- and X are 
defined in shaft reference. 

An R1VD 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 V. 
which is computed in this program.  See Section 3.3.1 of Volume I of 
this report for the programmed definition of V,.  The programner 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 
M., \,  and V. of its associated rotor. 

Each set of coefficients in the table corresponds to data at specific 
values of M', \,  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; 

Number of advance ratios: 1 < NMU < 10 

Number of inflow ratios: 1 < NLM < 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 < NCA < 33 

Hence, one RIVD table may then consist of A 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 TABLE 

MRS Radial Stations: WKRS(l) -» WKRS(NRS) 
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 |i and A and corresponds to a 
particular radial station. 

During the rotor computations, a table look-up procedure is then used to 
obtain the set of coefficients a(i) from the appropriate radial station 
table. This table look-up procedure performs bivariant Interpolation 
using the computed values of M1 and A whenever both values are within the 
range of their respective Inputs. If a computed value is outside the 
range of its input, die 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 (i-X plane es 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 ^ and X. 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 1th sta- 
bilizing Input the controlling Inputs are XSTB1(29) and XSTB1(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: 

(Vjks (Vk 

NHH 

i(l) + S       a(2n)*sln(nO + a(2n + l)*cos(nt. ) 

n-1 

where      (v*)«v = superimposed velocity on the j  surface due to the 
1 J*   th 

k  rotor, ft/sec 

(V.). = average induced velocity across the disk of the k 
rotor, ft/sec 

a(i) - coefficients of the harmonics (nondlinensional 
functions of IA and A of the k^1 rotor) 

ill. = azimuth angle of Blade 1 of the k  rotor 

NHH = order of the highest harmonic 

n = summation variable 

Note that if the k  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 inputs 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 ii and X inputs must be for the tail rotor. 

The composition of an RVA-'J 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 X 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 < NNU < 10 
Number of inflow ratios: 1 < NLM < 5 
Number of harmonics: 0 < NHH < 7 

If NMU or NLM is input as zero, it is reset to unity. Hence, each RWAS 
Table may consist of 1 to 50 sets of 1 to 15 coefficients (1 to 350 
entries). In 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(l) « 0) 

3.4.1 Basic Inputs 

CARD 21 

Gross weight, XFS(l), 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(l) 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(l), with 0 degrees mast tilt, stores off, and rotors 
unfolded. The eg 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 alrframe must be buttline zero to be compatible 
with the aerodynamic surface and )et thrust models. Hence, lateral eg 
location must be with respect to this line. 

CARD 22 

Inertias are for the gross weight and eg 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 Nominal Angle Equation (NAE) model and 
(2) the High Angle Equation (HAE) model. 

The NAE model provides very precise simulation of wind tunnel data over a 
limited range of aerodynamic angles while the HAE model is less precise, 
but provides simulation at all possible aerodynamic angles. 

With the equation-use-indicator, XFS(12), and low and high phasing angles, 
XFS(I3) 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, ac, which Includes both 
angle of attack and sideslip.  In forward flight it is defined as 

a- , —-1 ^c ■ cos * (u/V) 

where 

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

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 
ar is less than 15 degrees; the HAE model will be used only when ac  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 (14) 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) - 
O.C and XFS(13) be less than XFS(14), not that all three be zero.  If the 
test data input to the NAE model indicates that 15 and 35 are not the 
best phasing angles, the user should input better ones. 

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)| Z |XFS(14)| 

When XFS(12) = 0.0, the definition of ac is as above: 

<*c = cos"
1(u/V) 

However, when XFS(12) ^ 0.0, the definition is 

a
c  = cos'^-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), afc is with 
respect to the positive body X axis while for XFS(12) i  0,0 (sideward 
flight), ac 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). 

If |XFS(13)| < {XFS(14)| , then only the NAE model is active when 

0 < ac >(XFS(13)| 

while only the HAE model is active when 

|XFS(14)| < ac •_: 180 

and  the models are phased  together when 

|XFS(13)|   <   ac    < |XFS(14)| 

If XFS(13) > XFS(14) , then only the NAE model is active when 

180 > ^ > |XFS(13)| 

while only the HAE model is active when 

|XFS(14)| >  »c > 0 

and the models are phased together when 

|XFS(13)| >  a(c > |XFS(14)| 

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: 

2 2 
(Force or moment) ■ (NAE)*cos (a . ) + (HAE)*sin (a .) 

where a h = O.STTC^ - 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 respect to 6^, and/or fw. The 
remaining inputs are angles and semisimensional 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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moment per degree to a specified power.  The per-degree units are used only 
to give as much physical meaning to the Inputs as possible. All inputs 
with  per-degree units are actually coefficients of a sinusoid and are con- 
verted to per-radian units by the prcgram. The angles Q^  and ^  are the 
fuselage aerodynamic pitch and yaw angiss respectively and are defined as 

„1 
9   tan (w/u) 

♦ - - sin'^v/V) 
w 

where u, v, and w are respectiv y the x, y, and z body axij components of 
the free-stream (flight path) velocity V. These are the angles normally 
recorded from a pyrimidal balance during a wind tunnel test. Note that 
tyy  is not sideslip angle. The parameter q in the coefficient descriptions 
is dynamic pressure 

q » 0.5 P 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.  In particular, a complete set of inputs for the 
Nominal Angle Equations requires teat 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), (29), (36), (37), (40), 
(43), (51), (64), (78), and (92). Each is a coefficient in one of the 
Nominal Angle Equations. By using only these eleven 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 Equation, 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 a

c  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 
L =   r,<L.*cos  t     +  L *sin  ty   ) 

1                        W                ^                       W 

when Ll   = 
(  XFS(I5)  + I,*sin2e    + L 'Vsin(2e  )   if    Hi      < 90° 
;                                   « w        4              w              w 
/  XFS(19)   -   L,*cos   6     -  L/'Vsin(29  )  if    i      > 90° 

J                W           t»                   w                  w 

Li   = XFS(20)*cose    + XFS(57)*sine w                               w 

L3  = 
XFS(I9)   -  XFS(15) 

L4  = 

[XFS(P)   -  XFS(15)   -   L3*sin2(XFS(I8)/RTD)] 

sin(2*XFS(18)/RTD) 

L5  = 
XFS(19)   -  XFS(16) 

Nominal Angle   Equation 

L =   q   [L0/q + XFS(21)*RTD*sini|i     + XFS(22)*RTD2*sin2t|i   1 
w                                                w 

+  0.5*[XFS(23)*RTD + XFS(24)VfRTD2*sint|( 

+ XFS(25)*RTD3*sin2^  ]*sin(2e  ) 

+ 0.25v.-[XFS(26)vfRTD2 + XFS(27 )*RTD3v.-sinil(   ]^sin2(2e  ) 
w                   w 

+ 0.125-vXFS(28)^RTD3*sin3(2e  ) w 

where L0/q 
(   XFS(I5)     if XFS(12)  =  0.0  and XPS(13K XFS<14) 
J   XrS(16)     if XFS(12)   =  0.0 and  XFS(13)> XFS(14) 
|    XFS(20)     if  XFS(12) ^ 0.0 

Small Angle/Uncoupled  Equation 

L  * q(Ln/q + XFS(23)*e   ) 
u                                w 

where L0/q   is defined  above 

e      is 0w in degrees 

RTD 
XFS(15) 

=   57.296 

L =: Lift   in  pounds 

through XFS(28)  are   the   inputs  on CARDS  23 and  24 
(radians   to  degrees  conversion)         q  =  dynamic  pressure 

I                                                                                                                                                                      1 
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TABLE   3-5.     FUSELAGE DRAG  EQUATIONS 

where 

High AHRIC  Equation 

D =  qCD^'.-cos2^,    + XFS(31)*sin%  ] 

2 2 
D,  =  D *cos  6    + D *sin  G 12 w v w 

D2 = 

jXFS(29)   if L 1 <9üc 

(XFS(30)   if I j I >90c 

fxFs(32) if ew <0 

(xFS(33)   if 6 >0 

Nominal  An&Ie  Equation 

2.^..   2 
D = q|[D0/q + XFS(35)'VRTD*sinv    + XFS(36)*RTD *sin% ] 

w TW" 

+ [XFS(37)*RTD + XFS(38)ARTD2*sin^    + XFS(39)ARTD3*sin2^   j*sine 
w *w w 

+ [XFS(40)*RTD2 + XFS(41)*RTD3*sin^  ]*sin2e. 
VJ 'w 

+ XFS(42)*RTD3*sin3P  \ 

where D0/q 
!XFS(29) if XFS(12) = 0 

XFS(30) if XFS(12) = 0 
XFS(31)     if XFS(12) f  0 

and XFS(13)<XFS(14) 
and XFS(13) >XFS(K; 

Small Anftlc/Uncoupled   Equation 

D =  q[Dn/q + XFS(37)*e    + XFS(40)*fi 2 + XFS(36)*A  
2] 

u w w "w 

where Dn/q is  dc fined  above 

P    and   ill     are   in  decrees 
w *w 

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 

M = qCM^cos2^ + M2*sin%] 

where jXFS(43) + M3*sin26w + M4*sin2^  if   U 1 <90o 

(XFS(A7)  - M^cos2^ - M4*sin2^ if  1 *w| > 90°                            | 

M2  = XFS(85)*sine    + XFS(A8)Acos2e 

M    = XFS(47)   - XFS(43) 

[XFS(45)   - XFS(43)  - M *sin2(XFS(46)/RTD)l 

"4                                            sin(2*XFS(46)/RTD)                                                 | 

M5   = XFS(47)   - XFS(44) 

Nominal Angle  Equation                                                          i 

M = q [M0/q + XFS(49)*RTD*sin\i,w + XFS(50)*RTD2*sin2^  ] 

+ 0 5*[XFS(51)*RTD + XFS(52)*RTD2*sin^w + XFS(53)*RTD3*sin2^  ]*sin(2G.  ) 

j      + 0 25*[XFS(54)*RTD2 + XFS(55)*RTD3*siniK  ]*sin2(2c ) 
w                           w                                                            | 

1   + 0' 125*XFS(56)*RTD3*sin3(2P )j 

where 
(  XFS(43)     if XFS(12)  =  0 and XFS( 13) <XFS( 14)    j 

M /q                =          {  XFS(44)     if XFS(12)  =  0 and XFS( 13)>XFS(14) 
(  XFS(48)     if XFS(12) f 0 

Small Angle/Uncoupled  Equation 

M =  q(M0/q + XFS^Sl)*^) 

where V  is   in  deferefeS  and VQ/Q  
is  defined  above                                                    j 

M =  Pitching Moment  in  foot-pounds 

XFS(43)   through XFS(56)  are   the  inputs  on CARDS 27  and  28 

i      RTD =  57.296   (radians   to degrees  conversion)           q = dynamic  pressure      | 
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TABLE  3-7.     FUSELAGE SIDE FORCE  EQUATIONS 

High An§le Equation 

Y = qCY^cos2^    - XFS(20)*sin2^] 

where Y,   = XFS(57)*sin*    + Y1*sin(2^  ) 

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

sin(2*XFS(59)/RTD) 

Nominal Angle  Equation 

Y = q [XFS(60) + XFS(6l)*RTD*sin^ 

+ XFS(62)*RTD2*sin2e   + XFS(63)*RTD3*s -36w] 

+ 0 50*[XFS(64)*RTD + XFS(65)*RTD2*sin^ + XFS(66)*RTD3*sin2 y*sin(2,  J 

+ 0 25*[XFS(67)*RTD2 + XFS(68)*RTD3*sin^]*sin2(2i>w) 

+ 0 .125*[XFS(69)*RTDJ + XFS(70)*RTD *sinc ]*sin  (2^  ) 

Small Angle/Uncoupled Equation 

Y = q(XFS(64)*^  ) 

where I|I    is  in degrees 

Y =  Side  Force  in pounds 

XFS(57)   through XFS(70) are   the  inputs  on CARDS 29 and 2A 

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

High An^le Equation 

/ = qCl^cos2^ + XFS(71)*sin2^] 

where 1. = XFS(71)*sln^w + 1 *sln(2^ ) 

[XFS(72) - XFS(71)*sin(XFS(73)/RTD)] 
12 = 

sin(2*XFS(73)/RTD) 

Nominal Angle Equation 

I = qj[XFS(74) + XFS(75)*RTD*sin^ 

+ XFS(76)*RTD2*sln26    + XFS(77)*RTD3sin3G ] 

+ 0.5*[XFS(78)*RTD + XFS(79)*RTD2*sln^ + XFS(80)*RTD3*sln2e ]*sin(2^  ) 

+ 0.25*rXFS(81)*RTD2 + XFS(82)*RTD3*sint ]*sln2(2t  ) 

+ 0.125*[XFS(83)*RTD3 + XFS(84)*RTDA*sln^]*sln3(2^w) } 

Small Angle/Uncoupled Equation 

£ = q(XFS(78)**w) 

where &    is  in degrees 

/ = Rolling Moment  in  foot-pounds 

XFS(71)  through XFS(84) are  the  inputs  on CARDS  2B and  2C 

RID = 57.296  (radian,   to degrees conversion) q = dynamic  pressure 
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TABLE   3-9.     FUSELAGE YAWING MOMENT EQUATIONS 

where 

High Angle Equation 

N  = qCN^cos2^ - XFS(A8)*sin2p ] 

N1  = XFS(85)*sin^w + N *sin(21|tw) 

[XFS(86)   - XFS(85)*sin(XFS(87)/RTD)] 
N2 = 

sin(2*XFS(87)/RTD) 

Nominal Anfclc  Kquation 

N  = q)[XFS(88) + XFS(89)*RTD*sinC^ 

+ XFS(9ü)*RTD2Asin2c    + XFS(9I)*RTD:3*sin36 ] 
w w 

+ 0.5*[XFS(92)*RTD + XFS(93)*RTD2*sln^ + XFS(94)*RTD3*sin3ft ]sin(2^  ) 

+ 0.25*[XFS(95)*RTD2 + XFS(96)*RTD3*sinf  ]sin2(2uI   ) 

+ Ü.125*rXFS(97)*RTD3 + XFS(98)*RTD4*sinP ]sin3(2^  )( 

Small Angle/Uncoupled Equation 

N  =  q(XFS(92)*ü[   ) ^ 'w 

where lit     is   in  degrees 

N  =  Yawing Moment   In  foot-pounds 

XFS(85)   through XFS(9ä)  an   the   inputs  on CARDS  2D and  2E 

RTD = 57.296  (radians   to degrees  conversion) q  = dynamic pressure 
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When the HAE model is needed, the inputs should be based on wind axis test 
data where the model was yawed to ^w - -180 degrees at 9W ■ 0 and pitched 
to By, = *9ö degrees at ^w ■ 0.  If such data are not available, most of the 
inputs can be determined by estimating the fuselage drag and aerodynamic 
center location for sidewaid and verticil 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 availableitest 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) i  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. In the 
YRR(I,J) array, I is the sequence number of the inputs for one subgroup 
(1*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 airfofl 
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(l->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, a, 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 effect.ively 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: 

0 » off 

1 = active for lift only 

2 ■ active for drag only 

3 = 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 

Unsteady 
Model 

Value of 
IPL(20) 

|    Effect of Unsteady Model on Yawed Flow Model           I 
BUNS Model 

Y(28) 
UNSAN Model 

Y(33) 
Description of 

the Effect 

BUNS 

None 

UNSAN 

< o 

= 0 

> o 

None 

Y(28)  reset  to 
zero if Y(33>0 

Y(28)  reset  to 
zero 

Y(33) reset 
to zero 

None 

None 

UNSAN model  turnec 
off;  BUNS model 
may be on or off 

Either model may 
be  used;  BUNS 
model  turned off 
if UNSAN model 
turned on 

BUNS model  turned 
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 Coefficients 

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.    A complete  discussion of 
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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(ll),  Y(17)t  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 U-,  Up,  and UR be  the  tangential, 

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

A = [Min lY(28),   |tan'l(UR/UT)|j] * sign [tan'^U^)] 

and  an effective Mach number  is  defined as 

M=(V/V
SouJ[cOSY(20>   A] 

Y(21) 

where 

and 

v - [uR
2 + uT

2 + V
2]1'2 

V   , = Speed of sound as computed from XFC(26), (27), and (28) 
sound   r 
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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, a,  is defined by 

a = 6 + a   +0 
o 

and  it  is assumed that 

-180° > a > 1*0° 

In the equation for a, Q  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 a is the angle between the chord line and the zero lift line 
o        0 

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

a    = Y(29) + Y(30)M + Y(3I)M2 + Y(32)M3 
o 

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

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 0 is  the  local  inflow angle,   and  is normally negative. 

« = tan' (Up/UT) 

Hence, when equations are used, Ot 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 

3-50 



Or « 
1 

rotor airfoil sections. Hence, if the user wishes to model cambered 
airfoil sections t-'ith 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 (\x), 

A modified angle of attack Is then computed from 

a cos A if|a|< 90° 

a      If|a(> 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 Or. 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 r        step is to 
determine the lift r.urve slope of the airfoil at the  . rent Mach number. 

The input value of ths Mach number at the lower boundary of the super- 
sonic region, Y(2), is checked against a calculated value, M , to deter- 

sc 
mine the value of the lower boundary to be used, M . 

Ms - Max iY(2), M^} 

The expression for M  Is obtained by assuming that the slope of the lift 

curve at the critical Mach number, Y(l), 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 sub.c^ tic, transonic, or super- 
sonic. 

"1 
a, » Y(8) + Y(9)M + Y(10)M2 + Y(11)M3 (subsonic) 

a = B0 + B M + B M
2 (transonic) 

'3 = 4/(57.3>/M
2
 - 1) (supersonic) 
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I 

Since the critical Mach number is subsonic, the slope of the lift curve 
at M » Y(l) is 

(VcR ' Y(8) + Y(9)*Y(1) + Y(10)*Y(1)2 + Y(11)*Y(1)3 

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

a3 = ^iW then 

Msc = Wl + (0.0698/(a1)CR)
2 

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

a1 if M< Y(l) 

a if Y(l) < M < M 

a_ if M < M 3    s — 

The coefficients B«, B , and B. in the equation for a are computed 

Internally by matching end points with a. and a and the slope of a.. 

a2 = al 
at M = Yd) 

a2 = a3 1 at M = M 
da. ■ da. 

dM        dM ) 

s 

Next a test is made on Qf 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 [aj < 90°, 

C.  = Y(3) 
L0 

1^ = Y(4)M + Y(5)M2 + Y(6)M3 

% '  [(CL +KL)/a] + 50 
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■ 

If   [Ofj  >90o, 

a =  180°  -   loJ 

CT     - Y(7) 
L0 

h = 0 

a
n -  [C.   /a] + 5° B        Lo 

The CL versus or curve has the  form shown in Figure 3-2.    At  the  point 

P.   in Figure  3-2, 

CL = V + ^ 

a = C /a = a 

At  P2  in Figure  3-2, 

a = or. 

Linear  interpolation  is used  to evaluate  C.   for  points between P.   and  P». 
L 12 

For aR < o < 90u, 

where 

CL = [{1.876 sin a -   (.581)|  K + 0.81] cos a 

K = 
1 + 0.25MM if M < 1 

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

The form of the C versus a curve is shown in Figure 3-3. At the point 

P in Figure 3-3, a = a and C = C  , where either a    = a    and C  < 
J X     D    Dy A   S      D-- 

Y(16), or a    < a    and C  = Y(16). 
X   s     Dx 

For M<Y(2), i.e., below the supersonic region, the drag coefficient 
expression used depends on the value of a. 
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Figure 3-1  General Lift Coefficient Versus 
Angle of Attack Curve. 

Fik;urt J-3. General Drag Coefficient Versus 
Angle of Attack Curve. 
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For 0 < -< < u , 
A 

Y(16), (Y(12) + Y(13)a 4 Y(14)a2 

CD - Min 

-f Max JO, Y(19^ - \(l)  + MaxLM, 0.35]j)| 

NOTE:  In this drag equation, a  is the angle of attack with respect to 
the airfoil section zero lift line.  Hence, for cambered airfoil sections 
where chord line and zero lift line are not coinc ident, care should be 
taken that the coefficients Y(12), (13), and (14) 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. 

For a    < Q <  90° or C < C  , 
X D   Dx 

2 2 
Cn = K sin a +  (C  - K. sin a ) cos a/cos a 

A 

where K. = 2.1 K. 
4 

In the supersonic region, M > M 

CD = Min JY(16),(Y(I2) + 4L(&/57.3)
2
 + Y(15)]//M2 - l)) 

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 a  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. 

A = Y(22) [-.002488] 

A = Y(23) [-.009456] 

A3 = Y(24) [.82] 

A4 = Y(25) [0.0] 

The inputs Y(22), Y(23), and Y(24) are coefficients for a quadratic func- 
tion of a    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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COMfllUO ARGUMfNTS 
a     M .. 

etl 

C^ • ■ i(Cl COS a • Cd SINo) , 

vfS 

NO YES 

INPUT   CONSTANTS 
A,,    A2.   Aj.   A4.   A5 

a   .      VV^-^MV^,,) 

d •       M5 •   04?5 M 

Cmd("1'   aB) 

d   • -.01   -   .2  (Me)(   -   Aj) 

Cnlo-   <1(A5-«B' 

C
m-   C

m-   0 00646(|a|    A, 

1 
C    ■ Cm sign iai 

in      m    ' 

m      ID       4 

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 I a| < 90°, the first series of calculations and tests is to determine 
the relative sizes of | or| , the angle of attack, » , corresponding to 

M -r = M on the "break" curve mentioned previously, and A,, the critical 
ef f '      5 

value of the or defined by the "break" curve for M = 0.  The evaluation of 
CM is different for 0 < a < a , a < a < A-, and A. < o < 90°. 

For a less than or, 
o 

CM = Y(25) 

For a  between a    and A,, a slope, d, is computed for the Cu line between DJ M 
a and A,..  This slope depends on M ff. and an input critical value, 

Y(24), which is the point on the "break" curve for or = 0.  The pitching 
moment coefficient is calculated from 

If |a| is greater than A-, a second slope included in the program is 
used. 

CM = (A5 ' ^B^ ' 0-00646 (lal ' V Si8n (a) + Y(25) 

For |of | > 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.IKC, cos a + Cn sin a) +  Y(25) 
M        L D 

As shown in the flow diagram (Figure 3-4), the absolute value of C  is 
limited not to exceed 0.5 in all cases. 

NOTE: The control variable for use of C. , C_, and C„ tables, Y(18), 
operates as follows: 

(1) If 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(l), 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).  It 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) = 0, 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.  In this case, CARDS 4D, 4E, and 4F must be omitted.  If 
XMR(6) > 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 »t which the summa- 
tion of the rotor forces acts.  For other than tilt rotor aircraft, the 
shaft pivot point is normally located at the rotor hub, and the mast 
length, XMR(46), is set to 0,0. 

Blade weight, XMR(ll), is the weight of a single blade in pounds.  Each 
of the XMR(l) 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) t  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(ll) 
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 
57, intervals and numbered sequentially from 0 at the hub (zero radius) 
to 20 at the blade tip. 

XMR(lb), the hub-type indicator, = 0,0 for gimbaled or teetering rotor; 
t  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(17), is used in the dynamic model of 
the flapping stops. When flapping exceeds XMR(7), a restoring moment 
proportional to the displacement relative to the stop is applied. 

The flapping spring rate, 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.  If 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(21), the 
segment produces no lift or pitching moment and has a drag coefficient 
of XMR(25) based on the planform area of the segment.  If a blade segment 
is partially or completely outboard of the hub extent, the airfoil 
aerodynamics specified by 1PL(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 (257.) 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 307. chord aft of 
the leading edge, XMR(23) should equal 0.05 (57. aft of the 257. chord 
line).  Similarly, if the axis is at 177. chord, XMR(23) should equal 
-0.08 (87, 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) t  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.  If 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(31) 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 eg 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 eg 
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 
eg input on CARD 21 is the aircraft eg for the input mast tilt angles 
of both rotors, then nacelle weight should be input as zero.  Otherwise, 
a shift from the eg input on CARD 21 will be calculated as explained 
below. 

Nacelle eg inputs are intended to locate the eg 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 eg 
Stationline and waterline are calculated.  The shifts of eg station, ^STA, 
and waterline, AWL, due to F/A mast tiit angle, ßm, are given by the 
following equations: 

ASIA = Zsinß + X(l - eos(3 ) 
m m 

AWL = Z(l - cosß ) - Xsinß 
m       m 

where 

X = LXMR(36)/XFS(1)]*[XMR(8) - XMR(37)] 

Z = [XMR(36)/XFS(1)]*LXMR(10) XMR(39)] 

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 0 degrees (vertical). 
Note that the main rotor and tail rotor nacelle are modeled separately; 
hence, this differential flat plate drag area is for one nacelle only. 
From XMR(40), the nacelle drag area, DN, is computed by the following 
equation: 

DM = XMR(40)*cos
3( c* ) 

N N 

where a    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(41) feet from the mast pivot 
point.  The direction for positive XMR(41) 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: 

eu) -e0 + emST - ß(*)*tan ö3 

- tan'   ( LtanCB.) + tan(A1)*tan(6    - Y)]*sin\|t 

+ [tanCA^   -   tan(B1)*tan(6     - Y)]*cost j 

where 

ill     = rotor azimuth location 

5 = blade geometric pitch 

6 = root collective pitch 
o r 

^TWIST = cbange in blade pitch from root to blade segment 
du'- to built-in and elastic twist 

B. = control input from F/A cyclic stick 

A1 = control input from lateral cyclic stick 

6 = pitch-flap coupling, XMR(24) 

ß = 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 "»crverned by the following differential 
equation: 

I a„ + c  A    + k^a,, =   US     -  PMOM FF FF        FF FX 

where 

I  is the total pylon inertia about the F/A pylon focal point which 
equals the inertia of tht blade being translated along its radial 
axis plus XMP(l), which is the inertia of the pylon with the rotor 
off.  NOTEr XMP(l) as well as IPL(8) acts as a switch for F/A 
pylon motion.  If XMP(l) = 0.0, there is no F/A pylor. motion. 
If XMP(l) ^ 0.0, the pylon equation will be used even if a zero 
spring rate is input. 

c  is the pylon damping, XMP(2). 
F 

k is the pylon spring rate, XMP(3). 
F 

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

a , a , and a  are the pylon angular deflection, velocity, and 
acceleration, respectively; positive forward. 

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

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! 

ITa7   +  ciaT   + k-a,   =   1T S    + RMOM 
LL LL        LL Ly 

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. 
(If XMP(8) = 0.0, there is no lateral pylon motion.) 

c  is the pylon damping, XMP(9). 

k  is the pylon spring rate, XMP(IO), 

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

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

acceleration, respectively. 

S  is the net rotor shear force in the shaft reference y direction. 
y 

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,   AC 

These three cards may be used to input a nonuniform chord distribution for 
the blade.  The cards must be omitted if XMR(5) ^ 0 and must be included 
if XMR(5) = 0.  The subscript of each entry in the XMC array corresponds 
to the Blade Station Number of the entry; e.g., XMC(6) is the chord at 
Blade Station No. 6.  The chord at Blade Station No. 0 is not input; it 
is assumed equal to the chord at Blade Station No. 1.  The distribution 
must be root to tip. 
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CARDS AD, AR, 4F 

These three cards may be used to Input a nonlinear twist distribution 
for the blade.  The cards must be omitted If XMR(()) < 100.  The subscript 
of each entry In the XMT array corresponds to the Blade Station Number 
of the entry; e.g., XMT(ll) 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 airfoil section distribution 
for the blade.  The card must be omitted if IPL(18) > 0 and must be 
Included If IPL(18) < 0. The format for the IDTABM array is 2011 starting 
in column 1.  These integer inputs correspond to the sequence number of 
the Rotor Airfoil Aerodynamic (RAA) Subgroup which Is to be used at the 
specified Blade Station.  The subscript of each entry in the IDTABM array 
specifies the Blade Station Number of the entry.  For example, 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 tall 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), (A), and (19) 
affect the tail rotor but not the main rotor| different values 
of IPL(7) and (8) are used for the tall 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(l)  / 0 or  if  IPL(7)  = 2 or 3,   omit  the entire tail  rotor group. 

CARD  52 

The blade weight and inertia inputs, XTR(ll) and (12), are ignored if 
IPL(4) ^ 0; i.e., when a tail rotor aeroelastic blade data set is input. 

CARD 54 

Tail rotor sidewash coeii  lent, 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 V and V are the lateral components of the wind vector, in body 
reference, felt 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.  If XTR(45) = +90 (tilted to the right), the advancing 
blade is at the top of the rotor disc (clockwise rotation when viewed 
from the right side of the aircraft).  If XTR(45) = -90 (tilted to 
the left), the advancing blade is at the bottom of the rotor disc 
(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 .Tea 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-Z 
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(IO), 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(ll) 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 XSTBl(ll), the 
tail bending coefficient.  Although similar in use, XWG(13) and XSTBl(l3) 
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 coefficient 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, ft., is 

(ACL)f « XilG(l5)*6f + XWG(16)*6f* 
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(a) Rear View of Wing or Symmetrical Horizontal Stabilizer With Positive 
Dihedral. 

r = 
+90° 

Side View Rear View with 
CP at BL 0.0 

Rear View with 
CP to Right of BL 0.0 

(b) Three View of Swept Vertical Stabilizer With Center of Pressure on and 
to the Right of the Fuselage Plane of Symmetry, 

Figure 3-7. Aerodynamic Surface Dihedral and Incidence Angles. 
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and the change in maximum lift coefficient is 

CACL)mix - XWG(I7)*6f + XWC(l8)*6f
2 + (ACL)f 

The input XWG(17) and XUG(18) account for the situation %ihere the 
maximum lift coefficient is increased more or less than the change in 
lift coefficient. 

The change in profile drag coefficient due to flap deflection is 

UCD)f - XWG(19)*6f + XWG(20)*6f
2 

CARD 64 

The change in pitching moment coefficient due to flap deflection is 

(^CH){ = XWG(22)*6f + XWG(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 
field 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 (RUAS) 
Table.    It is necessary that the four functions all be constants or 
all be from RUAS 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)1R - XWG(29)*f(Vl)1 

UV)1L - XWG(30)*(V1)1 

(av)2L • XWG(31)*(V1)2 

(AV)2R - XWG(32)*(Vi) 

where AV is the velocity to be superimposed, 

V. is the average Induced velocity at the rotor disc. 
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1 

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 RMAS 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 
RUAS table will be used to compute the velocity vector at the left wing 
panel due to the main rotor wake. 

It is emphasised that if one effect is to be represented by a constant, 
all four effects oust be represented by a constant; similarly, if one 
effect is to be represented 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 Etkln (Reference 2, 
pp 486-495). They are used to calculate the wing contribution to static 
and dynamic stability-  The static derivatives (those which are coeffi- 
cients of ß) 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. 

AL = rfß [XWG(33) + XWG(34)CL] + ts [XWG(35)rCL + XWG(36)p]J 

and 

AN    = F B[XWG(37) + XWG(38)CT
2] 

+ ts[r{XWG(39)CL
2 + XWG(40) CD    cos    ß| 

o 

+ P{XWG(41)CL + XWG(42) (dCp/da) cos ßm 

where 

F = 0.5pSV2B 

ts = 0.5 B/V 

V = airspeed 

B = wing span 

S ■ wing Area 

ß ■ 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 AN are computed in the stability axis system and are resolved 

Into the body axis system. 

3,8,2 Aerodynamic Inputs for Stabllizitm Surfaces and Wing 

The last four cards of each aerodynamic surface input group are termed 
the aerodynamic inputs: YWG(l-28), ¥8X81(1-28), YSTB2(l-28), YSTB3(l-28), 
and YSTB4(l-28). These inputs are used in conjunction with inputs from 
the corresponding XWG or XSTBi (1*1 to 4) arrays to compute the lift, 
drag, and pitching moment coefficients of each surface.  The user has 
the option of specifying that the coefficients be computed from equations 
or obtained from data tables.  In the following discussion, Y(l) refers 
to the l^ aerodynamic input, YWG(l) 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, ß; 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, A. ,. ; sideslip angle between the airfoil section and local 

flow, ß; change in maximum lift coefficient due to control surface 
deflection; and change in lift, drag, and pitching moment coefficients 
due to control surface deflection.  Note that all angles of attack used 
in this model are zero lift line angles of attack. The model was 
developed to simulate the characteristics of 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. 

y = buttline of surface center of pressure = X(3) 

^1/A = sweePbac^ of quarter chord = X(7) 

A = geometric aspect ratio = X(8) 

e • spanwise efficiency factor = X(9) 

X = 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 plcite, e.g., a T-tail, may have a value of e as high as 1.5 
or more. A straight untapered, unswept surface may have a value of e 
as low as 0.6 or less. A 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 Kage, 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, A. . , is 

A1/2 » tan"
1 [tan A1/4 - (1 - X)/(A(1 + X))] 

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

A* = A1/2 -(sign7)ß 

A = eA cos (A )/ cos (^i/o^ 

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

-180° < a1 < 180° 

Then for unctalled flow the two-dimensional ..Masonic lift curve slope, 
a , is defined as 
o 

a = Y(8) + Y(9)M + Y(10)M2 + Y(11)M3 

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

a1 = (2 TT A*/57.3)/ 2 4 i/(2 n A*/ao)
2[ 1 + |tan2A*/(l-M2)| J+ ^ I 
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and the transonic lift curve slope, a., as 

a2 - B0 + Bl M + B2M
2 

and the supersonic lift curve slope, a., as 

'.3)/WM2 a3 - (4/57.3)A/M
2 - 1 

The Input value for the lower boundary of the supersonic region, Y(2), Is 
checked against a calculated value M : 

sc 

M = Max s {Y(2), M5C} 

where 

MS(:-^l + [(V57.3)/(a1)CR]
2 

and (ai)CR is a. evaluated at the drag divergence Mach number, Y(l), 

The coefficients B», B., and B? are computed Internally by equating 

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

a2 =al at M - Y(l),  ß  = 0 

a2 = a3 at M = M s 

da        da 

dM        dM at M = M s 

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

ai if M< Y(l) 

a =       /  a, if Y(l) < M< M l —    s 

a, if M < M 3    s — 
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Having determined the unstalled  lift curve  slope,  subroutine CLCD 
establishes  the curve of CL   versus a for all angles of attack. 

If I »J < 9o0.   i«e..   forward  flight, 

a=\ai 

SG = al/\o'1 

C¥     = Y(3) + SG(ACT) Ln L max 

1^    = Y(4) M + Y(5) M2 + Y(6) M3 

aS  =  \ + KL)/a 

a„ = cr„ + 5 
B        S 

where  (AC  ) is  the  Increment  to  the maximum li'     coefficient due  »"0 
L max 

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

If    a.I > 9CC,   i.e.,  rearward  flight  or  reversed flow, 

a ■  180 • lor. 

SG - - a,/ " i' N 
% " Y(7) + ■•G(ACL)max 

KL    »0 

5      Lo 

a0 = a0 + 5° 
B        S 
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For 0 < a < a 
-     —    B 

C'  - aa 

If    C.' < C.     then. 
L "   L0 

I CL * C[ + SG(&CL)f 

where  (ACJ),  is  the  increment to C.   due  to flap deflection as calculated 

in the aerodynamic  surface section. 

If C' > CT   ,   then C.   is  determined by  linear  interpolation in the 
L0 following manner. 

max 0 

CL  ■ C. at cr ■ or as discussed below. 
LB   L       B 

Then 

CL ' CL   + (CL   * CL )(a " ^S^50 
max     max    B 

In either case, the induced angle of attack, or, is 

ai = CL/TT A* 

For a < or < 90°, the lift coefficient is calculated from the following 
B —      "" 

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

sional angle  of attack, a., 

CL = I ^2 CL    Sin a2  '   •81^K3 + 0-81J cos a2 + sG(ACL)f 
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I I + 0.25 M
4 

if M < 1 

l ~ . 4 + 0 . 082/(M-0 .8) if M > 1 

Th v1lut or CL 1~ bls\ d on the magnll:ude of a 1 as described above, and 

·r i •he lncr~n nl du to control s ur face deflection . 
l. 

Th' ~n Lt a 2 i r( 1 t d lo the angl a by th induced angle of attack, 
0' • • 

l 

The angl a
2 

r~presents the ang l e of attack needed on an infinite 

as pec t raLio surfac to provide th~ same lift as the aerodynamic surface 
in question . 

Hence , CL and a
1 

are f unctions of each other . Consequently , a snwJll 

ang l assumption is used for ai and the above expressions for ~' a 2 , 

and 0' . arc; r earranged to def it. ·"' 0'. as a f unction of CL , et , and }{ 3• 
1 1 0 

Th<n 

The fo r m of the CL vs . a curve is shown in Figure 3-2 for ~:e~· 

c ontrol SLrface deflection. At point P
1 

in the figure 

CL = CL +~ 
0 

Ci = a = C Ia 
S L 

At poin t p2 ln Figure 3-2 

Q' = aB 
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and C  is defined by the procedure discussed for ^ ^ a 5 ^ * Control 

surface deflection shifts the curve vertically and may change the dif- 
ference between C  at Q = 0 and C at or = a  . 

Li Li O 

Th c   form of   the  C     vs.   a curve   is  shown   in  Figure   3-3.     At  point  P     in 

Figure   3-3,   :<  = Q     and  C    = CL   .     The  values  of  a     and C,      are  defined 0 x D D x L) 
x x 

from the maximum v^lue for nondivergent drag, Y(16); the stall angle, 
J ; and the equation for nondivergent drag, (Cr)Nn. 

(CD)ND = Y(12) + Y(13) c*2 + Y(14) a^ +  (ACD)f 

Max | 0, Y(19) Q  - Y(l) + Max [M, 0.35J > 

where Of.  - or  - or       as   in   tin   model   for   lift   coefficient, 

(uC  )f  =   Increment   to  profile   drag due   to control   surface   (flap)  deflec- 

L ion  and 

CDS  
=   ^D^D  -•■l1-'1"1  "   ^2   =aS  ■^i)S 

If   C      < Y(lb) 
S 

^x^s'^i^ 

X s 

Ii   C      > Y(lb) 

C       =  Y(16) 
X 

aX  -   a2   f0r   (CD)ND  =  Y(16^ 

Then,   for  0 < c« < a 
A 
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CD = (CD)ND 

and for or., < a < 90° 

CD = 2. + (a2 - 90Ü)2(CD  - 2.)/(*x " 90o)2 

In the supersonic region, M > M 

CD = Min JY(I6), (Y(12) + 4[(a2/57.3)
2 + Y(I5)]//M2 - l) 

The value usually used for Y(15) is 0.0A.  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 are included primarily because the C. and C calculations J L     D 
were originally developed for the rotors and later applied to the other 
aerodynamic surfaces.  A secondary reason for this inclusion is to main- 
tain the similarity between the input and mathematical models used for the 
aerodynamic surfaces (CLCD subroutine) and the rotors (CDCL subroutine). 

Once determineci, the C  and C coefficients are assumed to act in an 

axis system which is pitched up a. degrees with respect to the wind 

vector.  Consequently, before returning the value of CT and C  to the 

aerodynamic surface section of the program, they are resolved back to 
wind axis: 

C     = C cos a. - r sin Q.-'fSG 
L .      L     i   D     i 
wind 

C     = CL os ^ . + C, sin Q.*SG 
D .      D     i   L     i 
wind 

The calculation of the aerodynamic Ditching moment is performed in the 
same manner as for the rotor except chat the section pitching moment 
coefficient, Y(25), is modified for sv*2ep and aspect ratio effects.  That 
is, suustitute the following expression for Y(25) in the rotor discus- 
sion: 

Y(25) A" cos2(AlA)/(A,V + 2 cosO-^)) + (4CM)f 
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where (ÄCM)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 or 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 a and M. 

CAUTION: 

Coefficients obtained from tables are not corrected for aspect ratio 
or sweep effects.  Hence, the data in tables to be used by aerodynamic 
surfaces must bt 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: 

CL = ^VTable + ^lA3 COS 2 (A*)/cOS <Al/2) 

S^VTable + ^Vfl 

CM = ^SlVable + ^Vf1 COs2  (A*)/C0S (Al/2) 

NOTE: 

If tables art used by the wing, the wing aerodynamic inputs should still 
be input to provide a realistic value for the stall angle, dfg. 

This angle is used 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(ll) and (13).  The equations used were laken from NACA Report 
Number 648, Reference 7.  The general situ, tion is shown in Figure 3-8. 

The deflection of the center line of the wing wake from the free-stream 
direction, e , . is calculated from XWG(13). 

wake 

C .  = XWG(13) CT wake L . 
wing 

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

— /1 T \ 
^reduced  qfree stream   q 

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

^max 

T| = XWG(1 
q max 

10 ^ ■  1 wmgj 

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

T,    =  r\           cos2 (n D/2h) 
"   %iax  

(§ + 0.3) 

whe re 

D is the vertical distance from the 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 

5 is the distance of the elevator behind the wing trailing edge 
normalized by the wit\g mean aerodynamic chord (as^ shown in 
Figure 3-8). 
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(^ is the centerline of the wing wake, 

The figure is in the body X-Z plane. 

Figure 3-S.  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 

e  . - XSTB1(13) C. 
wash L . 

wing 

Note that although XWG(i3) and XSTB1(13) are used in similar looking 
equations, they are different inputs and in most cases have different 
values. 

Using c  . and Tl , the flow field is then modified at the stabilizing 
wash     'q * 

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 XCS1, XCS2, XCS3, and XCS4 
for the first, second, third and fourth surfaces, respectively.  In the 

following discussion, the term XCSj(l) refers to the 1th input of the 
jth stabilizing surface linkage subgroup. The wing linkage subgroup 
can be considered equivalent to the zeroth surface subgroup, i.e., XCSO(l) 
is synonymous with XCSW(l).  Similarly, XSTBj(K) refers to the K^-h 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 öB 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(IO).  If IPL(IO) > 0, then each of the IPL(IO) surface 
groups input must include a linkage subgroup; if IPL(IO) < 0, all 
linkage subgroups must be omitted. 
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«**■•*(*■•!»-..-,  

Each subgroup uses the identical Input format and the same mathematical 
■'. model 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) 
t  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. 

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

(Ai,). = XCSj(l) * K1 + XCSj(2) * K^ 

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

(MV = XCSj(4) * K2 + XCSj(5) * l^
2 

If XCSj(IO) = 0.0, the increment for the j  surface due to lateral 
cyclic stick dispLicement is 

(Ai3). = XCSj(8) * K3 + XCSj(9) * K3 

If XCSj(13) = 0.0, the increment for the j   surface due to pedal displace- 
ment is 

Ui4). = XCSj(ll) * K4 + XCSj(12) * K 
2 

where K. , K», K,, and K. 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 
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Mj - (Al^j + (Al2)j + (Ai3). + (Al4)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 XCSJO) > 0, then the control linkage is active only when the magnitude 
of the stick position is greater than the breakpoint, i.e., 

^j-O. if 6C0LL^XCSJ(3) 

= XCSj(l) * kj + XCSj(2) * k^, if 6C0LL >XCSj(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., 

^Vj*0'   if 6COLL^IXCSJ(3)l 
= XCSj(l) * ^ + XCSj(2) * k^, if 6C0LL <| XCSj(3)j 

where k = (6    - lxCSj(3)|) * XCON(1)/100. 

For constant values of XCSj(l) and (2), the effect of »-he breakpoint on 
thr increment is shown in Figure 3-9. 

Similarly, the increment due to F/A cyclic with XCSj(6) ^ 0 is as 
follows: 

if XCSj(6) > 0, 

^Vj = 0if -F/A^10  % 

= XCSj(4) • k2 ♦ K     •  **   if i . > XCSj(6) 

and if XCSj(6) < 0, 

^Vj = 0if ':F/A^|XCS^^f 

= XCSj(A) * k2 + XCSj(5; * k2
2 if 6 . < |xCSj(6)[ 

where k2 = (6 . - [xcSj(6)[) * XCOND/lOO 

For the stabilizing surfaces, the increments due to lateral cyclic, 
(^i,,),,are computed similarly by replacing XCSj(4), (5), and (6) with 

XCSj(8), (9), and (10) plus replacing 6,,,. arid XC0N(7) with öT An, and 
r/A LAT 
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Figure 3-9.  Aerodynamic Surface Control Linkages. 
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XC0N(15).  For the increment due to pedal, Üi,)., XCSj(ll), (12), (13), 
önC-n» 

an(, XCON(22) arc substituted. FED 

For the lateral cyclic and pedal linkages to the wing angles, nonzero 
breakpoints, XCWG(IO) or (13), operate 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 

UOQ = XCWG(8)  * k3 + XCWG(9) * k.^ 

where 

k = m 

(6LAT-62).XCON(17)/100,   if ;LAT>62 

(6LAT-Cl),VXCON(17)/100'   if 6LAT<61 

0. if6l<6LAT^2 

and       6     =   50  -    XCWG(10)| 
}     XCWG(IO) > 0 

0     =  50 +    XCWG(IO); 

Tht increment added to the left wing panel is the negative of the incre- 
ment added to the right panel. The incement to each panel due to pedal 
position is handled in the identical manner. 

An incrtrunt, £,i , can be added to the appropriate surface angle as a 
m 

function of the F/A mast tilt of Rotor 1. 

(Li   ). = XCSj(14) * (F/A mast tilt angle) 
m j 

The total increment to the appropriate angle of the j   surface is then 

Li.   - (Li.). + (LiJ.  + (Ai,), + (Li.). + (Li   ). 
J     1 J     2 j     3 j     4 |     m j 

If XCSj(7) = 0, the geometric angle of incidence for the j   surface is 
then 

1. = Li.  +  XSTBj(5) 
J     J 

and   the  control   surface  angle   is 

6.   = XSTBj(I4) 

If  XCSj(7)  ^  0, 

i.   =  XSTBjO) 
J 
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and 

6 = M + 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 (include only  If  |lPL(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.  If the surface is on the right 
side of the aircraft, the dihedral angle is positive for the right 
hand, or outboard, tip up (i.e., if the cp buttline, XSTB1(3), is 
greater than zero, positive dihedral, XSTB1(6), is a left-handed rota- 
tion about an axis parallel 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(ll),   reduces  the   lift  coefficient 
on  the  surface  by  the  formula 

C.   = C./L1 + XSTBl(ll)*q *S *CI/
a] 
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where C. = lift coefficient from subroutine CLCD 

q = dynamic pressure at the surface 

S = area of the surface s 

&  = angle of attack of the surface (in radians) 

C. = lift coefficient used for the surface 

XSTB1(12) and XSTB1(13) are discussed in Section 3.9.1.1. 

Positive control surface deflection, XSTB1(14), is defined in the same 
direction as positive zero lift line incidence, i.e., a right-handed 
rotation about the positive axis of incidence change. For a horizontal 
surface this corresponds to trailing edge down. 

CARDS 73 and 74 

The inputs for changing the lift, drag, and pitching moment of a stabiliz- 
ing surface with control deflection are identical to those for the wing. 
See CARDS 63 and 64 in Section 3.8.1, and substitute XSTB1 for XWG.  See 
the following section for a discussion of XSTBl(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 being used, 

Cf = CL = [XSTB1(24)*DTR + 0.5*XSTBl(25)*sin(2ew) > 

[l + 0.25*RTD*XSTBl(26)*sin2(2Dfw)l 

a = a = [XSTB1(27) + 0.25*RTD2*XSTBl(28)*sin2(2e )]*0.5*sin(2f ) 
i   L w w 

where 6 and \|i are the fuselage aciocynamic pitch and yaw angles 

respectively, and C.. and 0    are in radians. 

Note that the above equation can be approximated for small angles as 

e' « (XSTB1(24) 4 XSTBl(25)Vfe )(1 + XSTBl(26)*i|( 2) 
L w w 

a' « (XSTB1(27) + XSTBl^)^2)*^ 
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where 9   ,   i|/  ,  e' ,   and a'   are all   in degrees. 

In  the  phasing region 

2 
€f  =   e *cos   (a i.) f L v  plr 

2, 
f L Pn 

where a       is  the phasing angle defined   in  the  fuselage discussion  (Section 
3.4.2).pfl 

If the High Angle  fuselage  equations are being used, 

ef = af = 0 

The body axis components of  the free-stream velocity are assumed to be 
acting  in an axis  system which  is yawed o    and pitched  ef with respect 

to the body  axis.     These velocities are  resolved  back to body axis and 
multiplied  by the  dynamic pressure  ratio  factor /l  - 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).     In 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 
XSTB1(29) and  (32) define the body axis X velocities at which the 
surface starts to enter the wake and is completely within the wake. 
See Figure  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. 

3-96 



1 '2 

(a) Computation of AV (b)  Local Flow with Downwash 

L 

-» 
LV 

V.     = 
i 

u 

K 

local velocity vector at stabilizer excluding  rotor downwash 

change   in V    due  to rotor wake 

average   induced velocity across  the  rotor disc,  parallel 
to the  rotor shaft 

body X axis component  of  flight path velocity V 

XSTB1(29),  main  rotor  induced velocity  factor 

V,     =    XSTB1(30),   the u velocity at which  the  stabilizer enters the 
rotor downwash 

V2    ■    XSTB1(31),   the u velocity at whld.  the  stabilizer  is completely 
immersed  in rotor downwash 

NOTE:    V.  must not be greater than V?.    Although it  is  permissible 

for V,   to equal V.,   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 V.   ■ V»,   the  following definition 
applies: 

0.0 If u < V2 I  -»   I (0.0 if u < V 

1        ! |KsViifu> 

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 the discussion. Include the control 
linkage Inputs (XCS2) only if IPL(IO) > 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. Include the control 
linkage Inputs (XCS3) only if IPL(IO) > 3. 

3.9.4 Surface No. 4 (include only if |IPL(10)| « 4) 

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.  Include the 
control linkage inputs (XCS4) only if IPL(IO) - 4. 
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3.10 JET GROUP (omit entire group if IPL(ll) - 0) 

CARD 111 

The number of controllable Jets, XJET(I), defines which of the two Jet 
thrusts can be linked to the flight controls.  If XJET(l) ■ 0.0, neither 
Jet can be controlled. In this case all four Jet control linkages In 
the Controls Group (I.e., XC0N(6), XC0N(13), XCON(20), and XC0N(27) 
described In Section 3.12.1) must be zero. If they are not, program exe- 
cution will terminate during Initialization. 

If XJET(l) - 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(l) 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 buttllne location is always -XJET(5) and will always be 
labeled as the left Jet. 

CARD 112 

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 orientation of the two thrust 
vectors are symmetrical about the body X-Z plane. 

For XJET(2) and XJET(3) positive and XJET(8) = XJET(9) =0.0, both vectors 
are parallel to the body X-axis and cause positive (forward) forces in the 
body reference system. A positive yaw angle will then cause a right 
(positive) body Y-force from the right Jet and a left (negative) body 
Y-force from the left Jet. Positive pitch angle will cause an upward 
(negative) body Z-force from both Jets. 
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3.11 EXTERNAL STORE/AERODYNAMIC BRAKE GROUP (omit entire group if 
IPL(12) =0) 

This group consists of exactly IPL(12) Store/Brake subgroups. The se- 
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, XSTl(l), defines how the subgroup is to be used.  This 
weight must not be included in the aircraft gross weight, XFS(l).  If 
XSTl(l) =0, all calculations for this subgroup are bypassed.  If XSTl(l) 
> 0, the subgroup is defined to be an external store. 

Prior to starting the TRIM procedure, the store weight and inertias 
(XSTl(ib) and XST1(8) through XSTl(ll)) are added to the weight and 
appropriate inertial inputs in the Fuselage Group, XFS(l) and XFS(8-»11). 
The aircraft eg and inertias are then recalculated for each external 
store subgroup. When a store is dropped in the maneuver section, the 
aircraft weight, eg, and inertias are recalculated to reflect the Jetti- 
son.  Note that when using the sweep option (NPART ■ 10), the baseline 
values of aircraft weight, eg, and inertias, XFS(l) and XFS(5) through 
XFS(ll), 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, eg, 
and inertias, i.e., XFS(l), XFS(5) through XFS(11), XSTl(l) through 
XST1(4), and XST1(8) through XST1(1U, 

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 Fuselage Group. Aircraft 
weight, eg, and inertias are not recalculated. 

In the maneuver section, only store subgroups can be dropped (J = 35), 
and only brake subgroups can be deployed (J = 34).  J-Card inputs which 
command otherwise, i.e., drop a brake or deploy a store, will terminate 
execution. 

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 eg.  The cp Stationline is calculated by 

(SL)  « XST1(2) + XST1(5) ■♦■ XSTl(6) * sin2a 
cp sc 

The dynamic pressure  loss  ratio,  XST1(7),   is  the  ratio of  local  dynamic 
pressure  loss at the store/brake to free-stream dynamic pressure neglecting 
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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 eg 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.  In 
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 XSTl(l) indicates that 
a store is to be simulated, XSTl(14) is reset to 1007.. 

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 [XSTl(15)*cos * + XSTl(l6)*sln(2e )*cos « ] 
S S SS 

Drag - q [XSTl(17)*(cos2 f )*(cos2 6) + XSTl(18)*sln2 « 
S 5 5 S 

+ XSTl(19)*(cos2 * )*(sln2 e )] s       s 

Side Force ■ q [XSTl(20)*cos2 6 + XSTl(21)*sin(2* )*cos2 6 ] s s Ts      s 

where Vs - JlWW)    * Vfree stream + XSTKU)*^)^ 

+ XST1(13) * (V^^H 

q - 0.5p*V *XST1(14)/100 1s       s 

6„ ■ tan' (w /u ) s        s s 

■shi (v /V ) 
5  S 

Qf  - sin (u /V ) sc      x s s 
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u • body axis x component of V at store/brake 
s s 

v • body axis y component of V at store/brake 
s s 

w    = body axis z component of V    at store/brake 
S 5 

7 * 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. 1, and substitute XST2(I) for 
XSTl(I). 

3.11.3 Store/Brake No. 3 (include only if IPL(12) > 3) 

CARDS 123A, 123B, and 123C contain the inputs for Store/Drake No. 3. 
Refer to the section on Store Brake No. 1, and substitute XST3(I) for 
XSTl(I). 

3.11.A 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(l) for 
XSTl(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 contra 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 collective blade angle and swashplate angles of 
each rotor. 

The models for the rotor controls, pylon coupling bobweight, and SCAS are 
mutually independent. That is, the value of any output of any one model 
does not affect the value of the 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 o. ly 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(l) 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 proportional to a 
change in control position, not the absolute value of that control posi- 
tion. 

3-103 



TABLE 3-11.  BASIC ROTOR CONTROL RIGGING 

Rotor 1 

Rotor 2 

Jets 

<9o)l 

<Vi 

<Vi 

(60>2 

<4Wl 

XC0N(2) + XC0N(3)*6„1I/100 If XC0N(4) - 0 

XC0N(5) if XCON(4) +  0 

XCON(9) + XC0N(10)*6  /100 if XCON(ll) - 0 

XCON(12) if XCON(ll) +  0 

XC0N(16) + XCON(17)*6  /100 if XCON(18) - 0 
uAL 

XCON(19) if XCON(18) +  0 

XCON(23) + XCON(24)*6D /100 if XCON(25) - 0 

XCON(2b) 

■ XCON(6)*XCON(l)*[6 
COLL 

if XCON(25) +  0 

XFC(8)]/100 

(ÄTJET)2 - XCON(13)*XCON(8)*C6F/A - XFC(9)]/100 

(ATJET)3 - XCON(20)*XCON(15)*[6LAT - XFC(10)]/100 

(ATJET)A - XCON(27)*XCON(22)*[6pED - XFC(11)]/100 

JET ^TJET^ INPUT + .J. (ATJEr i 

6    = Collective stick position in percent from full down 

6 .  ■ F/A cyclic stick position in percent from full aft 

6    ■ Lateral cyclic stick position in percent from full left 

6    > Pedal position in percent from full right 

XFC(8) - Input value of 6    (7.) 
wVPwu 

XFC(9) - Input valut  of 6F/A (7.) 

XFC(IO) - Input value of 6. „ (7.) 
LAT 

XFC(12) - Input value of 6 PED (%) 

(TT__)TMD|1T - Thrust of controllable Jet(s), XJET(2) and/or JET INPUT  XJPTO) 
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Figure 3-11. Schematic Diagram of Rotor Control System. 
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Nomenclature 

<eP)i 

<V2 

Rotor  1 
(Main, 
Right, or 
Forward 
Rotor) 

Rotor 2 
(Tail, 
Left, or 
Aft 
Rotor) 

Xl' X2' ^l*  and X4 are respectively the intermediate 

collective, F/A, lateral and pedal control angles. 

Q Stability and Control Augmentation System input 
points. P = Pitch SCAS; R = Roll SCAS; Y » Yaw SCkZ. 

(a ) and (aT). are the angular displacements of 
th 

the F/A and lateral pylon respectively of the i 
rotor (i = 1 or 2). 

(6 ). is the root collective pitch angle (in the 

rotating system) for the i   rotor. 

(B.). and (A.), are respectively the F/A and lateral 

swashplate angles (nonrotating system) for the i 
rotor. 

The switches (♦.\—) near the Cyclic Mixing Block 
indicate the point at which control angles may be 
defined directly rather than by the control system. 

(8f). is the feathering angle (in the rotating system) 

of the blade root as a function of blade azimuth for 

the i  rotor. 

(9 ). is the twist angle (in the rotating system) from 

the blade root to the appropriate blade station and 

azimuth for the i  rotor. 

(ep)i - (eo)i + (ef)i + (etw)i *"<* ^ the total pitch 

angle at the appropriate blade station azimuth for the 
. th 
i  rotor. 

The primes (') on the collective pitch and swashplate 
angles indicate the output of the Control 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; 
IPL(13) = 0 

XCRT(l-28), omit if 

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 previ 
primary flight control is linked linearly to a single 
angle.  In the complete model described below, each c 
a single intermediate control angle. The linkage may 
bolic, or cubic, and in the case of the collective st 
be a function of the F/A mast tilt angle of Rotor 1. 
mediate control angle is in turn linked to between 2 
or swashplate angles.  These linkages are linear but 
the F/A mast tilt angle of Rotor 1. 

ous section, each 
blade or swashplate 
ontrol is linked to 
be linear, para- 
ick the linkage can 
Then each inter- 

and b specific blade 
can be functions of 

If XCRT(15) = 0, no control linkages will change with F/A mast tilt angle. 
If XCRT(15) 4  0, specified linkages will change with mast tilt.  The value 
of XCRT(15) vill 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, XC0N(2), with mast tilt.  SBETA, CBETA, C19, and S20 
are sinusoidnl functions of mast tilt used to phase control linkages in 
or out. 

The control linkages defined by XCRT(l) 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 (X., X«, X-, and X.) as shown in 

Table 3-14.  The first two terms in each equation correspond to the 
blocks labeled "BASIC RTOCING" in Figure 3-11.  The third term in the ■ 
equation for X. and the third and fourth terms in the equations for 

9'  3' 
and X. correspond to the blocks'labeled 'NONLINEAR RIGGING" in 

Figure 3-11. 

Preceding page Mink 
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j         TABLE 3- •12.  DEFINITIONS OF CONTROL SYSTEM VARIABLES 

Variable XCRT(I5) +  0 if XCRT(15) = 0 

DTMIN XCRT(l6)*ßM + XCRT(17)*fi 
2 0.0 

DTRNG [XCRT(18) - XCON(3)]*ßM/(TT/2) 0.0 

SBETA or SB SinPM 1.0 

CBETA or CB COS
PM 

1.0 

C19 cos[XCRT(19)*ßu] 
M 

1.0 

S20 sin[XCRT(20)*e + XCRT(2I)] 
M 

1.0 

"M 
■ F/A mast tilt of Rotor 1 degrees. 

TABLE 3-13.  CONTROL COUPLING LINKAGES 

Input 
XCRT Controlled Angle 

Controlling Anglt 
(Intermediate Control 

5 

Angle) 
Primary 

Use 

(1) Rotor 2 Collective Xl T, C 

(2) Rotor 1 Collective X2 T 

(3) Rotor 2 Collective X2 T 

(4) Rotor 2 F/A Cyclic X2 T, C 

(5) Rotor 1 Collective X3 C 

(6) Rotor 2 Collective X3 C 

(7) Rotor 1 F/A Cyclic X3 C 

(8) Rotor 2 F/A Cyclic X3 C 

(9) Rotor 2 Lateral Cyclic X3 T, C 

(10) Rotor 1 Collective X4 C 

(11) Rotor 1 F/A Cyclic X4 C 

(12) Rotor 2 F/A Cyclic X4 C 

(13) Rotor 1 Lateral Cyclic X4 T 

(14) Rotor 2 Lateral Cyclic X4 T 

C ■ composite (tilt-rotjr) or 
T ■ tandem helicopter configu 

co-axi 
ration 

al configuration 
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TABLE 3-14.  INTERMEDIATE CONTROL ANGLES 

Collective 

X1 = [XCON(2) + DTMIN] + [XCON(3) + DTRNG]*6C0LL/100 + XCRT(22)*K ' 

F/A Cyclic 

X    = XCON(9) + XCON(10)*6F/A/100 + XCRT(23)*K2
2 + XCRT(24)*K2

3 

Lateral Cyclic 

X, = XCON(lb) + XCON(17)*6TA_/100 + XCRT(25)*K,
2 + XCRT(26)*K,3 

J LAI J J 

Pedal 

X4 « XCON(23) + XCON(24)*öpED/100 + XCRT(27)*K4
2 + XCRT(28)*K4

3 

K1 = (6C0LL - 50)*XCON(1)/100 

K, = (6 

K, = (6 
F/A 

LAT 

50)*XCON(8)/100 

50)*XCON(15)/100 

Control deflections in inches 

from the 50% position 

K, = (6   - 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 (A6-)., (Aeo)2, (AB )., 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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Figure 3-12.  Schematic Diagram of Control Coupling/Mixing Box. 
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TABLE 3-15.    COMPLETE MODEL FOR COLLECTIVE AND SWASHPLATE ANGLES 

(e ), 
o 1 

Collective Pitch 

X + X *XCRT(2)*CBETA + X3*XCRT(5)*C19 

+ X *XCRT(10)*S20 + (^6 ), 4 o 1 

XCON(5) 

X.WXCRTd) + X *XCRT(3)*CBETA 

<eo>2 
+ X,*XCRT(6)*C19 + X.*R2L + (LQ   ) 

o'2 

XCON(26) 

F/A Cyclic Pitch 

X *CBETA + X *XCRT(7)*SBETA 

<Vi + X *XCRT(11)*CBETA + (^B,). 
4 11 

XCON(12) 

(B1)2 

^^l 

(A1)2 

^&0>1 

^B1>1 

(AB1)2 

I 

X *XCRT(4)*CBETA + X *XCRT(8)*SBETA 

+ XA*XCRT(12)*CBETA + (AB^j 

XCON(12)*TRIND 

Lateral Cyclic Pitch 

X *CBETA + X/*XCRT(13) + (M,), 3 4 12 

XCON(19) 

( X *XCRT(9)*CBETA + X *XCRT(14) + (M,), 
)  3 4 12 

I -XC0N(19)*TRIND 

Increments Due to Pylon, SCAS, and Bobweight 

XMP(7)*aFl + XMP(14)*aLl + (A90)BW 

XTP(7)*aF2 + XTP(14)*aL2 + TRIND*(Aeo)BW + (M0)SCAS 

XMP(5)*aFl + XMP(I2)*aLl + (ABj^ 

XTP(5)*aF2 + XTP(12)*aL2 

3-111 

if XCON(4) - 0 

if XCON(4) t  0 

if XCON(25) = 0 

if XCON(25) t  0 

if XCON(ll) - 0 

if XCON(ll) / 0 

if XCON(ll) - 0 

If XCON(ll) t  0 

if XCON(18) = 0 

if XCON(18) t 0 

if XCON(18) » 0 

if XCON(18) t  0 



TABLE 3-15 - Continued 

Increments Due to Pylon. SCASi and BobwelRht (Cont'd) 

(M^j - XMP(6)*aF1 + XMP(13)*aLl + (Uj^ 

(M1)2 - XTP(6)*aF2 + XTP(13)*aL2 

X., X , X , and X, are the intermediate control angles defined in 

Table 3-14. 

B. is F/A swashplate tilt angle. 

A is lateral swashplate tilt angle. 

(...). indicates main rotor, i.e., Rotor 1. 

(...) indicates tail rotor, i.e.. Rotor 2. 

XMP and XTP are the pylon inputs on CARDS 48, 49, 58, and 59. 

a  and a  are the F/A and lateral displacements of the pylon for the 
.th " i       rotor. 

TRIND 

0.0 if|XTR(45)|> 45° 

1.0 if|XTR(45)|< 45° 

1.0 

Ml - { 0.0 

-XCRT(1)*S20 

if KONFIG - 1 

if KONFIG ■ 2 

if KONFIG « 3 

See Section 3.26.1 for discussion of KONFIG. 

TABLE 3-16. RESET VALUES FOR CONTROL INPUTS 
Reset 

Input Value Input Description Units 

XC0N(1) 100. Collective stick range (inches) 
XCON(3) 100. Rotor 1 collective range (degrees) 
XCON(8) 100. F/A cyclic stick range (inches) 
XC0N(9) -50. Rotor 1 minimum F/A cyclic (degrees) 
XCON(IO) 100. Rotor 1 F/A cyclic range (degrees) 
XCON(15) 100. Lateral cyclic stick range (inches) 
XCON(l6) -50. Rotor 1 minimum lateral cyclic (degrees) 
XC0N(I7) 100. Rotor 1 lateral cyclic range (degrees) 
XCON(22) 100. Pedal position range (inches) 
XCON(23) -50. Rotor 2 minimum collective pitch (degrees) 
XC0N(24) 100. Rotor 2 collective pitch range (degrees) 
XCRT(18) 100. Rotor 1 collective pitch range at "M"

0 (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(21), execution terminates. 

If 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.  If 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, X1T(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 
llmiter 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 better 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 ratloed 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 
dCbi-ee.  If XIT(14) <40*XIT(15), the program resets It to 40*XIT(15). 

CARD 143 

XIT(15) through XIT(21), 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(l) 
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 eg (a , a , a ), 

2) the three angular accelerations about the eg (p, q, r), and 

3) the flapping acceleration of each d^»» ßm/i.) 

at frfiich the particular flight condition can be considered to be trimmed. 

2 2 With these maximum desirable accelerations in units of ft/sec and deg/sec , 
reasonable values for the allowable errors are then 

XIT(15) < (ax)*XFS(l)/32.17 

XIT(16) < (a )*XFS(1)/32.17 

XIT(17) < (a )*XFS(1)/32.17 
~  z 

XIT(18) < (a)*XFS(9)/57.3 and < (r)*XFS(10)/57.3 

XIT(19) < (p)*XFS(8)/57.3 

XIT<20) < (^R)*(total H/R flapping inertia)/57.3 

XIT(21) < (jaT/R)*(total T/R flapping inertia)/57.3 

For wind tunnel simulations (IPL(l), IPL(23), or IPL(24) t  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 eg 
which are less than the allowable errors when the only requirement is 
that the rotor flapping moment imbalance be within the specified error 
limits. 

3-114 



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 begins its TRIM iterations. 

The g level, XPC(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), «hen 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, a'; density altitude, hD; and speed of sound, V .  If XFC(26) 
• 0, standard day conditions are assumed, XFC(28) is ignored, and the param- 
eters are calculated from the following equations: 

9 - 1 - (.687535 x 10'5) XFC(27) 

288.16 e„ - 273.16 
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c - (es)4-2561 

Vs - 65.811366 y/tK* 273.16 

lip - XFC(27) 

If XFC(26) j 0, non-standard-day conditions are assumed.     If XFC(26) > 0, 
the ambient temperature is defined to be in degrees Fahrenheit and 

TA - 5[XFC(28) - 32J/9 

If XFC(26) < 0,  then XFC(28) is defined to be in degrees Centigrade and 

TA - XFC(28) 

then 

6   -  (9s)
5-2561 

9    - (TA + 273.16)/288.16 

a' » ö/e 

V    - 65.811366 y/TA + 273.16 s 'A 

h. - (1 -  (0')O'23496)/(.687535 x 10'5) 

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: 

T 2 0- 
XFC(27) - 145447.14ll - (a* [Vs/65.811366]V288.16) 

XrC(28) - [V /65.811366]2 - 273.16 
9 

1902551 

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 may follow CARD 154 of a TRIM or 
TRIM-STAB data set. 
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3.15 BOBWEICHT GROUP (include only if NPART - 2 or 4 and IPL(14) +  0) 

CARD 201 

For no bobweight, set XBW(l) • 0. 

If XBW(l) 4  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 

|j mö + C6 + K6 = FBW 

where 

6 - the linear displacement of the bobweight from its 
position at 1.0 g, positive down (in.) 

linear velocity (in./sec) 

2 
linear acceleration (in./sec ) 

bobweight forcing function described below (lb) 

XBW(2), the spring constant (lb/in.) 

XBW(3), the damping coefficient (lb-sec/in.) 

XBW(4), the weight of the bobweight (lb) 

W/32.17, the mass of the bobweight (slugs) 

ymbols used are 

XBW(7), the system preload (g) 

load factor (g) 

A 0    >    increment to collective pitch due to bobweight 
displacement (deg) 

XBW(l),   linkage of 6 to A 6^ (deg/ia) 

The forcing function is defined as a function of W, n, and n at each time 
point during the maneuver. At time t > 0, p 

F, 

6 

• • 
6 

BW 

K 

C 

w 

m 

Other s 

\ 

n 
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6 = 6 « 6 = 0.0 

and 

FBW = Max [0, W(n-n )J 

NOTE; The bobwelght is not active during the trim procedure. 
Hence, If a maneuver Is started from a trim where n is 
greater than n , collective stick position (and possibly 
other control positions if control coupling is present) 
will not be correct. Since maneuvers are normally 
started from 1.0 g flight and the preload is greater 
than 1.0, this should not create a problem. 

At the first time point where n exceeds n , whether at or following 
start of the maneuver, the forcing function is defined there and at 
sequent time points as 

the 

sub- 

FBW = W(n-np) 

That is, once n exceeds np, the forcing function can be negative if n later 

drops below n . This definition of FBW applies as long as 

6 > 0.0 or 6 > 0.0 

at each subsequent time point. 

If at any time point the computations yield 6 < 0.0 and 6 < 0.0, the bob- 
weight parameters for the next time point are reinitialized to 

6 • 6 = Ö = 0 

and 

FBW = Max [0, W(n-np)J 

i.e., the same values as at t = 0.  Subsequent computations proceed as 
from t = 0. 

The increment added to collective pitch is then 

AS = -1)6 
o    ' 

i.e., positive bobwelght 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-dlrectional (forward). 

The recoil force is prescribed on a 311-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, 

' + 
3 ?^SM. Aircraft 

6, 6,  C, G 

?■ 
BH 

H 

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 

B = SCAS feedback dependent on ship response 

SM = B + BG - BH = Total control input 

G = feedforward transfer function 

H = feedback transfer function 

Ö  = ship response variable (roll, pitch, or yaw); dots 
indicate time derivatives 

The feedback transfer function has the following form: 

BH   "S^V + l) (T
2
S
 
+ l) H 

B~ '  (T3S + 1) (T4S +1) (T5S + 1) 

where 

s  =  LaPlace Transform Operator - and the other variables 

are defined in terms of the inputs in Section 2.17. 
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The feedforward transfer function has the following form: 

S ^ T = 
V 

(T3S+1)(T4S+1)(T5S+1) 

In the program, these equations are written and solved in the form of dif« 
ferential equations: 

Cl*H  + ^H    +    S^H + BH =  C4®+C5Ö + KH§ 

C1BG + C2BG + C3BG + B
G - KGB 

where 

T3T4T5 

V4+ T4V T3T5 

T3 + TA + T5 

=  T,T 2^ 

C5  =  (T1 f  T2) ^ 

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. 

Oural Equation Roll Channel 

XSCAS(1) 

XSCAS(7) 

XSCAS(2) 

XSCAS(3) 

XSCAS(A) 

XSCAS(5) 

XSCAS(6) 

roll angle 

Pitch Channel 

XSCAS(8) 

XSCAS(14) 

XSCAS(9) 

XSCAS(10) 

XSCAS(II) 

XSCAS(12) 

XSCAS(13) 

pitch angle 

Yaw Channel 

XSCAS(15) 

XSCAS(21) 

XSCAS(16) 

XSCAS(17) 

XSCAS(18) 

XSCAS(19) 

XSCAS(20) 

yaw angle 

v. 
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CARD 22A 

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  are  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(U) +  0, or if NPART - 5) 

The inputs to this group (the TSTAfi 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.  If 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 ttill 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 all oositive 
(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:  If the time-variant rotor analysis is activated 
(IPL(21) i  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) = 0 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. 

If 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 01 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 01. 

For NPART = 2 or 4, the start time, TCI(l), is assumed to be zero, and any 
other input is ignored. For NPART = 5, the start time is the time at 
which the maneuver is restarted; it must be greater than zero and less 
than the last time point of the maneuver being restarted. See discussion 
of CARD 01 for further details. 

TCI(2) is used to specify the first base value of the time 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 = TCI(2)/(6fi1) 

where Q. 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 aerodynamic option is activated (IPL(20) 
t  0), the azimuth increment for maneuver should not be greater than about 
15 degrees; 10 degrees or less is preferable. 

It may be desirable to change the value of At because of a change in 
rotor speed. For this case, TCI(4) can be used to specify the value of 
At to be used between TCI(3) and TCI(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. 

If 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 ao 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 sto^ 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 input on CARD 01.  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 5) 

CARD 311 

NEXTJ = 0 This is the last card of the 311 type. 

NEXTJ f  0 Another card of the 311 type follows. 

J       Type of variation, explained in list below. 

If NPART = 2, 4, or 5, one card of the 311 type must be included and up 
to 20 may be included. All have the same format (ll, 14, 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 f  0 on all of these cards except the last one which must have NEXTJ 
= 0. 

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. 

J » 1  is for movement of collective stick 
J = 2 is for movement of F/A cyclic stick 
J = 3 is for movement of lateral cyclic stick 
J « 4  is for movement of pedal 
J = 5 is not currently used 
J = 6  is for folding rotors aft after tilting forward and stopping 
J = 7  is for a change in rpm governor setting 
J = 8  is for converting the tail rotor into a pusher prop., i.e., 

changing the tail rotor mast tilt angle in the horizontal plane 
J = 9  is for a vertical ramp gust; ramp length may be zero 
J = 10 is for a vertical sine-squared gust 
J = 11 is for a horizontal ramp gust; ramp length may be zero 
J = 12 is for a horizontal sine-squared gust 
J = 13 is for a change in engine torque supplied 
J s 14 is for a change in auxiliary thrust supplied 
J = 15 is for activation of a "yaw pilot" 
J * 16 is for weapon fire 
J = 17 is for change of F/A mast tilt angle and rpm on both rotors 
J = 18 is for rotor brake 
J = 19 is for pitch Automatic Stabilization Equipment 
J = 20 is for sinusoidal movement of controls or mast 
J = 21 is for a flat tracker for the main rotor 
J = 22 is for a flat tracker for the tail rotor 
J = 23 is for rpm dependent hub springs 
J = 24 SCAS roll channel 
J = 25 SCAS pitch channel 
J = 26 SCAS yaw channel 
J = 27 is for folding rotors horizontally after stop 
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J = 28 Is for rpm dependent flapping stops 
J - 29 is for connecting and disconnecting helicopter controls 
J = 30 is for rotor moment balancing mechanism 
J= 31 is for changing NPRINT on CARD 01 
J = 32 is for simplified Automatic Pilot simulation 
J = 33 is for the G-Tracker option with the Automatic Pilot simula- 

tion 
J = 34 is for deployment of aerodynamic brake 
J = 35 is for dropping external store 
J = 36 is for changing incidence or control surface deflection angles 

of aerodynamic surfaces 

3.21.2 Inputs for J-Cards 

The input format for each of the currently available J-Cards is given 
below. Start and stop times refer to the time from the start of maneuver 
unless otherwise noted. 

3.21.2.1 J - 1. 2. 3. 4 (Control Movements) 

Col. 11-20 Start time for input rate 1 (sec) 
21-30 Input rate 1 (in./sec) 
31-40 Stop time for input rate 1 (sec) 
41-50 Start time for input rate 2 (sec) 
SI-60 Input rate 2 (in./sec) 
61-70 Stop time for input rate 2 (sec) 

If the computed control position is greater than 1007. or less than 07., it 
is reset to 100 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 and time inputs should be with respect to the stop, not 
the imaginary position beyond the stop. 

3.21.2.2 J « 6 (Folding Rotors Aft) 

Col. 11-20 Start time (after Q-0) (sec) 
21-30 Rate (positive to fold aft) (deg/sec) 
31-40 Stop time (after 00) (sec) 
41-50 Start time (after n«0) (sec) 
51-60 Rate (positive to fold aft) (deg/sec) 
61-70 Stop time (after ft-O) (sec) 

3.21.2.3 J « 7 (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 Prop) 

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, Repaectlvelv^) 

Col. 11-20 (1) Starting distance (in ground X-Y plane) 
21-30 (2) 1st max. velocity (positive down or north) 
31-40 (3) 1st ramp length 
41-50 (4) Distance gust is steady 
51-60 (5) 2nd ramp length 
61-70 (6) 2nd max. velocity (measured from fir.st max. 

velocity) 

(ft) 
(ft/sec) 

(ft) 
(ft) 
(ft) 

(ft/sec) 

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

Ramp Gust 

3.21.2.6 

Col. 

J s 10 and J = 12 (Vertical and Horizontal Sine-Squared Gust, 
Respectively) 

11-20 (1) Starting distance (ft) 
21-30 (2) 1st max. value (positive down or north)    (ft/sec) 
31-40 (3) 1st gust length (ft) 
41-50 (4) Distance between gusts (ft) 
51-60 (5) 2nd gust length (ft) 
61-70 (6) 2nd max. value (ft/sec) 

(3) (4)       (5) 

Sine-Squared Gust 
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3.21.2.7 J » 13 (Main En£ine Torque) 

Col. 11-20 Start time for rotor torque supplied 
variation 

21-30 Ratio of torque desired to torque 
required at trim point 

31-40 Start time for rotor torque supplied 
recovery to torque required 

41-50 (Inactive) 
51-60 Engine accel  lag, zero to full power 

3.21.2.8 J = 14 (Auxiliary Jet Thrust) 

Col. 11-20 Start time for jet thrust variation 
21-30 Type of variation indicator, TVI 
31-40 Rate of change of jet thrust, RJT 
41-50 Stop time for variation 
51-60 Final value of jet thrust 
61-70 Affected jet; - 1.0 for left jet, « 2.0 

for right jet 

(sec) 

(ft-lb/ft-lb) 

(sec) 

(sec) 

(sec) 

(lb/sec) 
(sec) 
(lb) 

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 
21-30 Acceptable sideslip not requiring 

correction, |3A 

31-40 Pedal rate per sideslip, X4 
41-50 Pedal rate per sideslip rate, X5 
51-60 Rate of acceptable yaw velocity 

to maximum yaw velocity, R^ 
61-70 Stop time 

(sec) 

(deg) 
((in./sec)/deg)) 

((in./sec)/(deg/sec)) 

(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: 

1*1 > PA « l»l > MLxl 

where 
0 

ß max 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 

5ped-ßX4 + ^X5 

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 
21-30 (2) Stop time 
31-40 (3) Max. force (normally negative) 
41-50 (4) Ramp length 

61-70 \ <lnactive) 

(sec) 
(sec) 
(lb) 

(sec) 

o u 
o 

§ 
o 
«J 

2 

time, sec 

(2) 

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 (F/A Mm Tilt on Both Rotor») 

Col. 11-20 Start time for mast tilt                      (sec) 
21-30 Rate of mast tilt                       (deg/sec) 
31-40 Stop time for mast tilt                       (sec) 
41-50 (inactive) 
51-60 or, mast tilt angle at which rpm change is 

activated (deg) 
61-70 Q - 0 , change in rpm in converting from 

airplane mode to helicopter mode (rpm) 

Ci 

n 

H r—1—^^ 

A 

i           x 
1                  N 

-_T  

1 
1 
1 i 

90° 

n 
n4 + (nu - nA)*cosC90(Pfn-a)/90-a)] if ßm > a A    HA        m m 
a if ß <a 

m - 

where 

ß ■ F/A mast tilt angle 
m 

Q = current rotor rpm 

Cl    ■ rotor rpm in helicopter mode (ß ■ 0 ) 

Cl    =  rotor rpm in airplane mode (ß = 90 ) 
A ' m 

3.21.2.12 J - 18 (Rotor Brake) 

Col. 11-20 Maximum brake torque 
21-30 RPM at which brake engages, ft B 
31-40 Target azimuth position for stop 
41-50 Time to stop applying brake 

(ft-ib) 
(rpm) 

(deg) 
(sec) 
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3.21.2.13 J ■ 19 (Pitch A.S.E.) 

Col. 11-20 Start time (activate A.S.E.) 
21-30 F/A c/clic stick displacement/pitch displace- 

ment from reference pitch angle, X 

31-40 F/A cyclic stick displacement/pitch 
velocity, X_ 

41-50 F/A cyclic stick displacement/pitch 
acceleration, X, 

51-60 Reference pitch angle, X. 

61-70 Lag factor for mechanism, X. 

Let 6 = change in cyclic pitch for one time increment At 
6. - value of 6 for the previous time increment 

© = fuselage Euler angle pitch 
q ■ fuselage pitch rate 

then 

6 = [X2(X5-©) + X3q + X4q + S^/AtKl/d + X6/At)3 

3.21.2.14 J » 20 (Sinusoidal Movement of Controls or Mast) 

Col. 11-20 Start time 
21-30 Frequency 
31-40 Amplitude 
41-50 Stop time 
51-60 Control to be moved 
61-70 (Inactive) 

(MB) 

(ia./deg) 

(in./deg/sec) 

(in./deg/sec^) 

(deg) 

(sec) 
(cpa) 

(in. or deg) 
(sec) 

Amplitude is in inches for controls or degrees for mast tilt. The code 
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 both 
rotors is varied. 
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11-20 Start time 
21-30 Acceptable deviation 
31-40 Rate 
41-50 F/A reference angle 
51-60 Lateral reference angle 
61-70 Apgle selector 

3.21.2.15    J =  21  and  22  (Flat Tracker  for Main Rotor and Tail Rotor. 
Respectively) 

Col.   11-20    Start   time (sec) 
(deg) 

(deg/sec) 
(deg) 
(deg) 

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 arc 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 difference 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 Dependent Hub Springs) 

Col. 11-20 Rotor number (1.0 or 2.0) 
21-30 K  huh spring value in lower rpm range       (ft-lb/deg) 

31-40 Q  top of lower rpm range (rpm) 

41-50 n bottom of upper rpm range (rpm) 
5i-6o   r.       ,.    v 
61-70     )  (Inactive) 

Let Q  be   the   rpm of   Rotor   1,  K    be XMR(18)  or   XTR(18),   as  appropriate,   and 

K    be  the  rpm dependent  value  of  the  appropriate  hub spring.     Then 

(Kj if n >n2 

(h ifn^ 

in other words, the extreme values for the hub springs are Kß, and the in- 

put in the appropriate rotor group, K .  Linear interpolation is used in 
the transition region. 

1.21.2.17 J = 24, 25, 26 (SCAS Channels) 

Col. 11-20 Time to activate SCAS Channel 
21-30 Time to turn off SCAS Channel 
31-40  j 

61-70  ' 
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3.21.2.18 T = 27  (Horizontal Fold, for Main Rotor Only) 

Col. 11-20 Start time (sec after n=0) 
21-30 Rate (deg/sec) 
31-40 Stop Lime (sec after n=0) 
41-50 Blade number (each blade moves inde- 

pendently) 

l\'M }»"""-> 
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 Start time (sec) 
21-30 Stop time (sec) 
31-40 Indicator: = 0.0 if start time is in maneuver 

seconds, ^0.0 if start time is in seconds after 
fi=0.0 

41-50  Indicator: = 0.0 if stop time is in maneuver 
seconds, ^0.0 if stop time is in seconds after 
n=o.o 

51-60 Indicates which controls to lock or unlock; 
1,0 is for rotor 1 collective; 2.0 is for rotor 1 
E/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. 

61-70  (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 
Moments During Horizontal Fold) 

Col. 11-20 Start time (sec after Q=0) 
21-30 Stop time (sec after ^=0) 
31-40 bZ-force/Öcollective (lb/deg) 
41-50 &F/A flapping moment/ 

b F/A cyclic (ft-lb-deg) 
51-60 t  Lat flapping moment/ 

b Lat cyclic (ft-lb-deg) 
61-70 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 01, NPART - 2. 

As an example of the use of this value of J, as well ns 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 01 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 (Z/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"l, 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.  In 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 (7,/sec) 
31-40 Time to stop change in deployment (sec) 
41-50 Brake Number 

61-70  1 (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 0 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 (tD) (sec) 
21-30 Sequence number of store to be dropped 
31-40 Duration of jettison reaction forces (AtjF) (sec) 
41-50 X-Reaction force (+ forward) (lb) 
51-60 Y-Reaction force (+ right) (lb) 
61-70 Z-Reaction force (+ down) (lb) 

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 + Atjp 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-dlrectlon 
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 
21-30 Rate of angle change 
31-A0 Stop time 
41-50 Surface Indicator, SI 
51-60 Type of change Indicator, CI 
61-70 (Inactive) 

The surface indicator, SI, specifies which surface is involved. 

(sec) 
(deg/sec) 

(sec) 

SI = 
0 or 5 for wing 
1, 2, 3 or 4 for Stabilizing Surface No. 1, No. 2, No. 3, 
or No. 4 respectively 

The type of change indicator, CI, specifies the angle to be changed. 

CI 
=0.0 for change of incidence angle 
f  0.0 for change of control surface, or flap, angle 

For the winy, 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 

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. 

CARDS 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. If only one variable is to be plotted, the code numbers 
must be in columns 3-5; if only two are to be plotted, only columns 
3-5 and 8-10 are to be used. The code numbers are given in 
Section 6. 

KEY controls where the plotting is done 

- 0 for CALCOMP only 
■ 1 for printer only 
- 2 for both 

KKYS controls the reading of additional 402-type cards 

■ 1 when another 402-type card follows 
■ 0 for last 402-type card 

The program internally computes its own scales for plotting each 
variable bused on the maximum and minimum values of the variables 
during the time history and internally specified minimum scales. 
The internal minimum scale may be overridden for each variable with 
the last three inputs on the 402-type card. The minimum scale Inputs 
arc 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 procedure 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(1) is the start time and AH(1) 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 At , the time interval 
for analysis: 

AtA » AH(l) - 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 (uu) for the analysis.  If AL(2) > 
0.0, the input is taken to be x in hertz (cycles per second). If AL(2) = 
0.0, a is set equal to the main rotor one-per-rev frequency 

U) = il./b0  hz 

where ft.   is the rotation speed of Rotor 1 in rpm.  If AL(2) < 0.0, 

uu = Ü./60 hz 

where fl« is the Rotor 2 rpm.  If AL(2) < 0.0 and the rctor rpm changes 

during At., the appropriate one-per-rev frequency at AL(1) seconds 

maneuver time will be used for the analysis. 

If AL(2) < 0.0, it is necessary that 

AtA > l/v 

If 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 AtA be an integer multiple of  1/(U. 

The analysis computes a function of amplitude versus frequency, A(kiu), 
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    +   ^ ta.   cos(2TTku)t) + b.   sin (2nku)t)] 

k«l 

The summation variable N is defined as 

N - L(n-l)/2] + 1 

where n equals the number of time points in the At interval or 500, 

whichever is smaller. The brackets (L ]) in the equation for N indicate 
that the enclosed term is truncated to be an integer. The amplitude 
function is then 

i A(ka) = ,/\2 + bk
2 

NVARB controls the output of A(kuu). 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 in 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 art given on the 602-type card(s) are curve fit to the 
equation 

f(t) = A + B sin(uut + 0) 

where Uü is the baseline frequency, AL(1), and A, B, and 0 are the 
constant, amplitude, and phase angle to be computed.  This step will 
yield NVARA sets of A, B, and 0 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 

R0 = B./B  = amplitude ratio B    IX 

Ra =0.-0 = 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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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(uut + 0) term to (sintut cos0 + costut 
sin0), 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. Note that, as in 
Step 2, o.../ 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. 

CARDS 602A, 602B, etc. 

The 602-type cards contain the NVARA code numbers for the variables 
to be curve fit by Step 1. Up 

each card in integer fields of 
not permitted. 

to 14 code numbers may be input on 

5 (1415 format). Blank cards are 

CARDS 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. 

CARDS 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 Tall Rotor lateral mast tilt 
XFS(5), the stationllne of the rotorcraft eg 
XMR(8), the stationllne of the Main Rotor shaft pivot point 
XTR(8), the stationllne of the Tall Rotor shaft pivot point 

Using the following definitions 

(1X)RI - (XMR(8) - XFS(5))/12 
(lx)R2 " (XTR(8) - XFS(5))/12 

and the following logic 

TRIND = 0 
TRIND1 = 0 

IF |XTR(45)| < 45°, TRIND = 1 
If TRIND f  0 and |(1X)RI-(1X)R2 | 5 5 feet» TRINDl = 1 

The value of the configuration variable KONFIG Is then defined as 

KONFIG = 1. + TRIND + TRINDl 

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 

Value of 
KONFIG 

Defined 
Configuration 

Names Assigned by Program          | 
Main Rotor Group 

(Rotor 1) 
Tall Rotor Group 

(Rotor 2) 
1 

2 

3 

Single -main-rotor 
helicopter 

Tandem-rotor 
helicopter 

Side-by-Side* 

MAIN 

FORWARD 

RIGHT 

TAIL 

AFT 

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 ^ I 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 counterclockwise and was input to the Main Rotor Group and that the 
aft rotor rotates clockwise and was input to the Tail Rotor Group. How- 
ever, the user may want to reverse the rotation of each rotor, in which 
case the aft rotor would be input to the Main Rotor Group and the forward 
rotor to the Tail Rotor Group. 

The program does not check to see if the rotor it is calling FORWARD is 
actually forward of the other rotor.  Hence, if the user does swap rotor 
groups to reverse their rotation, the program will be ignorant of it and 
will still call the rotor Input to the Main Rotor Group the FORWARD rotor. 
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 Induced Velocity Distribution 

If the Rotor-Induced Velocity Distribution Table is not read in or not 
used for a particular rotor, the distribution of the average induced 
velocity over the rotor disk is made by an equation internal to the pro- 
gram. The equation is 

v1 » ^  5 x [I + f^^cos *] 

+ f2(x. 0*^)««27 ^0.5*VN
2y0.25*VN

4+(V1)N
2  J 
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where v is the local induced velocity 

V is the average induced velocity across the rotor disc 

x is nondimensional blade station (0 = root, 1 = tip) 

t|i is the blade azimuth angle 

K is XMR(27) or XTR(27) as appropriate 

V is the flight path airspeed In ft/sec divided by 1.0 ft/sec 

(v.)., is V, in ft/sec divided by 1.0 ft/sec 
i N    i 

The two functions, f. and f,, are defined as follows: 

f^) 

0.5 if Q < 1 rad/sec 

11.25 M., if n > 1 and M, < 0.1067 

1.36  -  1.5 |i, if Q > 1 and 0.1067 < p, < 0.5733 

0.5    , if n > 1 and u > 0.573 

0.0    ,   if (x < .7) or (105° < * < 255°) 

or (315° < ^ < 360°) or (0° < ,|i < 45°) 

*        1.0 , if (x > 0.7)and if (45° < i|i < 105°) or 

(225° < ^i < 315°) 

The f function is intended to account for tip vortex effect as discussed 

in Section 3.6. The calculation of V 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.  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. 

The AS812A is not an integral part of AGAJ73.  AS812A only prepares data 
for input to AGAJ73. 

3.i6.3.1  Input Format for AS812A 

Card 1 

"'0  Alphanumeric identifying comnients 
80  SC, Scale Correction factor 

Col |  _ 

Col ■J i 

Card 

Col ,. 

Col 7 1 - 

Col 1 -» 5 
Col b -♦ 11 
Col 12 -* 17 
Col 18 -* 25 
Col 26 -> 33 
Col 34 -♦ 41 
Col 42 -> 49 
Col 50 -> 57 
Col 58 -» 65 
Col 76 -» ^7 

70  Alphanumeric identifying comment. 
75  NPTS, Number of cards (data points) in fie foil  ng 

data set 
Col ^ö -* 80  10, Output selector switch (^ 1 print only; = 1 print 

and punch) 

Card 3 Through (NPTS + 2) 

The test (or run) number, or other numeric identification 
Pitch Angle (deg) 
Yaw Angle (deg) 
Lift/(Dynamic Pressure) (ft2) 
Drag/(Dynamic Pressure) (ft^) 
Pitching Moment/(Dynamic Pressure) (ft^) 
Side Force/(Dynamic Pressure) (ft^) 
Rolling Moment/(Dynamic Pressure) (ft^) 
Yawing Moment/(Dynamic Pressure) (ft^) 
Sequence number of test point in data run, or 
oth^r numeric identification 

Card NPTS + 3     Col  1 -♦ 10 CODE 

3.26.3.2 User's Guide to AS812A Input Format 

This pr- ram  performs least-squared-enor curve fits of wind tunnel force 
and momen ^ta in order to determine the inputs to the Nominal Angle 
Fuselage Fu.ce and Moment Equations of the Rotorcraft Flight Simulation 
Computer Program AGAJ73. 

Card 1 

Tht   alphanumeric  identifying comments are   the  first   line  of  the printed 
output  and,   if punched  output  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  If the input data has already been con- 
verted to full scale, then SC = 1.  If SC is deleted, or zero, the program 
sets SC = 1. 

Card 2 

The alphanumeric identifying comnnnts 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 pointi. 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 10 determines the type of output from the program. 

10 ^ 1  Only printed (on-line) output is to be provided. 

10 = 1  In 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: 

CODE = 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. 

If CODE jt 0 or ^  1, the program assumes all data has been processed, 
and the run is terminated. 
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3. 2b.3.3     Output Guide   for  AS8I2A 

The  user may  select   printed   nuipul   only   or  printed  .md  punched  output. 
The  printed   output   ineludis   thi   coefficients  of   the   fitted  equations   and 
comparison   of   the  calculated  am,   Input   data  points.     If  punched  output 
is  selected   in  addition   to  llu   printed   output,   fourteen cards are  punched. 
Tlu   first   two cards  contain   llu    Identifying comments   from AS812A Cards   1 
and  2.     Tin    remaining   tw< Ivt   cards  contain all   the  coefficients   for   the 
Nominal   Angli   Equations   in   tlu   sequence   and   format   required  for AGAJ73, 
i.e.,  Cards   23   through   2F.  of   the  Fuselage  Group.     The   data  are   fitted   to 
the   following  equations: 

Lilt   (L)   and   Pitching;  Moment   (M); 

2 
L  or  M  = C„„ + C,     sin   üi    + C~n  sin     il 00   10    vw   20     f« 

+ LCAI + C.. sin ill + C , sin to  J sin (2G ) 
01 11     w   21      w       w 

+ Lcno + C,. sin v ] sin (26 ) 
02 12     W        w 

+ C03 Sin3<2^) 

Drag (D); 

D = C00 + C10 Sin *w + C20 Sin  *w 

+[C01+C11 Sin *w+C21 Sin2 *w] Sinew 

2 
02   12     w      w 

+ C03 Sin3 6w 

Side  Foce   (Y),   Rolling Moment   (1),   and Yawing Moment   (N): 

Y,   1,   or  N = C      + C..   sin 6    + C,.  sin2 6    + C-n  sin3 6 
00 10 w 20 w 30 w 

+ [C01+C11  -new + C12sin2  6wjsln  (2^) 

+ [C02 + C12  Sin6w]  Sin2  (2V 

+ [C03 + C13  sin ej  sinJ  (2^) 

3-150 



where 6 = wind tunnel pitch angle W r        o 

ill  = wind tunnel yaw angle 

C.. = coefficients of equations 
lj 

In the output data the coefficients, C.., are identified by the subscript, 

ij.  The coefficients are printed out in "nondimensional" and "dimen- 
sion?.!" forin.  "Nondimensional" indicates that the coefficients arc in 
units of ft^ or ft^, which are the units of C  in the above equations. 

1J 2     3 
"Dimensional" indicates that the coefficients are in units of ft  or ft 
per degree to the appropriate power.  The "dimensional" coefficients are 
those that would be used if the above equations were redefined for small 
angles, e.g., sin ill « üi , sin (29 ) * 4(9 )2, and 9  and \|r were defined 0      Tw   w       w      w       w     w 
to be in degrees. The "dimensional" coefficients are the inputs to 
AGAJ73.  Initialization 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, Cnn is input 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 »     _ 
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: 

SUM OF ABS (ERRORS)/POINTS = (I DELTA )/NPTS 
RMS ERROR/POINTS = .^(DELTA) VNPTS 

A printout of the inputs to AGAJ73 in the format of AGAJ73 follows the 
parartttrs. 

5te Figure 3-13 for a sample printout from AS812A. 
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3.26.A Rotor Hub and Control System Geometry 

The sketch below is a top and side view of the geometry of the main rotor 
hub 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 tail) 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 
6.. See Section 8.1 and Figures 8-5, 8-6, and 8-7 in Volume I for ad- 
ditional details. 

257. Chord 

Pitch Horn 

Pitch 
Change 
Axis 

h = XMR(2) 

PC = XMR(23) 

«3 = XMR(24) 

lP = XMR(31) 

'H 
= XMR(32) 

Y « XMR(43) 

lu - XMR(46) 

Location Defined by XMR(8), 
XMR(9), and XMR(IO) 

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 lp and 1., 
lowing manner. 

LP' 

The 
are used to compute pitch-link loads In the fol- 

'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 07. radius (root) 
location on the torsional loads page. 
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• 

U.    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 wi^h a 
statement as to when each group can, cannot, or may be printed. The se- 
quence of the group» in the table corresponds to the sequence in which 
they arc 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. 081 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 (8)l a positive rotation about the Y axis which has been 
rotated through y previously; a pitch rotation, and 

(3) Phi ($): a positive rotation about the X axis which has been 
oriented by the y and 6 rotations; a roll rotation. 

Although all reference systems in 081 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 081 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 
Y axis pointing due east. The gravitational constant is defined to be 
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Origin of Fuselage      eg 
Reference System Lies 
in  the X-Z Plane of 
Body Reference System 

XG'  YG'  ZG are the 

Ground Reference Axes 
Translated  to  the 
Rotorcraft eg 

Body 

Flight Path 

Ground 
(East) 

Ground 
(North) 

Ground 
Reference 

Gravitational 
Field 

Ground 
(Down) 

Figure 4-1.    Relationship of Ground, Body, 
and Fuselage Reference Systems. 
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TABLE 4-1 . OUTPUT GROUPS 

Output Groups 1 2 
Value 
4 

of NPART 
5    7 8 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 (O (C) (c) No (O No (O 
Time-Variant Trim Data (O (C) (c) No No No (O 
Maneuver-Time-Point Printout 

External Store Drop No (O (C) (O No No No 

Time-Point Page(s) No Norm Norm Norm No No No 

Rotor Elastic Response No (D) (D) (D) No No No 

Time History Plots No (O (C) (C) No (C) No 

Output of Vector and Harmonic 
Analysis 

No (O (O (C) No (O No 

Output of Stability Analysis No (O (C) (O Yes No (c) 
Blade Aerodynamic Data (O (O (O (O (C) No (O 
Blade Bending Moment Data No (O (O (O No No No 

Yes : The group is always printed for specified value of NPART. 
No : The group is never printed for specified value of NPART. 
Norm: The group is normally printed, but can be suppressed by appropriate 

input values. 
(A) : The group is printed only if the corresponding data block(s) or 

table(s} is input; printout can be suppressed. 
(B) : The group is printed only if errors are detected in the aero- 

dynamic inputs. 
(C) : The group is printed only if the corresponding operation or 

option is called for by input data. 
(D) : The group is printed only if aeroelastic blade data are available. 
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32.17 feet per second squared In C81.    During trim and at time zero of all 
maneuvers,   the ground   -«ference 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 C8I 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 certain 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 C81. It serves as the reference system in which total 
rotorcraft forces and moments are sunned 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 eg, 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 y, 8 and # as discussed previously. 

If the Fuselage Reference System is rotated + 180 degrees about its Y axis, 
and its origin moved to the rotorcraft eg, 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 eg 
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 
eg location. Moment arms from the eg to the rotor hubs, wing, etc., are 
recomputed each time the eg 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 wilh 
respect  to  the body axis by two ordered rotations: 

(1)    F:     a positive rotation about  the body X axis;  a dihedral  angle 
rotation,  and 

(2)    i:     a positive  rotation about   the Y axis which has been rotated 
through T  previously;  an  incidence  rotation. 

Dihedral angle, F,   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 whosi   center of pressure is 
on or  to  the   left of  the  fuselage plane  of symmetry  (Butlllnc <    0),   posi- 
tive dihedral  is a right-handed rotation about  the  body /  axis.     If   the cen- 
ter of pressure is to  the right (Buttline > 0),  positive dl'ndral  angle  Is 
a  left-handed rotation.     The implications of  these  definltlonn  are   that 
horizontal stabilizing surfaces with dihedral or  anhcdral  should be modeled 
as  two separate  surfaces and that a vertical  fin with sweepback and  Its 
center of pressure at or   to the  left of Buttlinc 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  oriented 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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SURFACE WING AND HORIZONTAL 
STABILIZERS 

VERTICAL AND VENTRAL 
FINS 

C.P. 1 cation Dihedral: T Incidence Dihedral: r Incidence 

Buttline > 0 
(Rt of <J) 

< + 90 
> - 90 

+ L.E. UP 
+ L.E. UP 

+90 
-90 

+ L.E. Left 
+ L.E. Right 

Buttllne < 0 
(ON or LT~of (j) 

<+ 90 
> - 90 

+ L.E. UP 
+ L.E. UP 

+90 
-90 

+ L.E. Right 
+ L.E. Left 

Figure 4-2. Relationship of Body and Aerodynamic 
Surface Reference Systems. 
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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 nast 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 1 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 aud 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  to angles 
cotnmonly measured in flight test: 
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Rotor  1 
(Forward Rotor) 

Positive 
Lateral Mastt    N. 
Tilt 

Positive Forward 
Mast Tilt 

Positive    y^ 
Lateral Mast^A 
Tilt        \ 

Positive 
Forward Mast 
Tilt 

Body 

(a) Tandem-Rotor Configuration. 

Rotor 2 
(Aft Rotor) 

Rotor 1 
(Main Rotor) 

Positive Forward 
Mast Tilt 

Body 

(b)    Single-Main-Rotor Coniiguration. 

Figure  4-3.     Relationship  of Body  and  Shaft Reference Systems. 
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SHAFT. 
AXIS 

t 
Figure 4 4.  Reference System for Rotor Analysis. 
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(1) Negative Beta (-ß):  a rotation (equal to the negative of the 
sideslip angle ß) about the component Z axis, and 

(2) Negative Alpha (-Qf):  a rotation (equal to the negative of the 
angle of attack a) about the component Y axis which has been 
rotated through -ß previously, where o = cv . ., 

The second set corresponds to angles commonly measured in wind tunnel tests 
and is a set of Inverse Euler angles with roll deleted: 

(1) Negative Aerodynamic Pitch Angle (-ew):  a rotation fequal to the 
negative ot 9W) about the component Y axis, and 

(2) Negative Aerodynan .c Yaw Angle (-ijlw): a rotation (equal to the 
negative of illy) about the Z axis which has been rotated through 
-©w 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 o^ind and 6v are identical, and the two angles can be used 
interchangeably.  However, 8 and i|iw 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 angles, i.e., azimuth (yaw) and elevation (pitch). How- 
ever, the orientation of the Y and Z axes about the X cannot JO 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 cotmonly used rotor related parameters 
are summarized In Table 4-2.  The conventions listed are for the condi- 
tion where both rotor shafts arc vtrtlcal (I.e., a tandem or slde-by- 
slde rotor helicopter) and art stated In terms of pilot reference.  For 
nonvertlcal 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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B ■ Body 
W - Wind 

(a) Rotations With Wind Tunnel 
Angles. 

(b) Rotations With Plight Test 
Angles. 

(c) Planes in Which Angles Are Measured. 

Figure 4-5. Relationship of Wind and Body (Component) 
Reference Systems. 
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TABLE 4-2.  SIGN CONVENTIONS FOR ROTOR RELATED PARAMETERS 

PARAMETER 
POSITIVE DIRECTION OF PARAMETER 

ROTOR 1 RCTnR 2 

Shaft Reference System (origin at 
shaft pivot point) 

X-Axis 
Y-Axis 
Z-Axis 

Mast Tilt Angle 

Lateral  (ß   ). 
m L 

Svrnshplate Angles 
F/A (B^ 

Lateral  (A.) 

Control Phasing Angle (y) 
(measured from the projection on 
the swashplate of the pitch link 
attach point to the pitch horn) 

Pylon Motions 
F/A (aF) 

Lateral (a. ) 

Direction of Rotor Rotation 
(as viewed from above) 

Pitch-Flap Coupling Angle (6 ) 

(measured from 90 ahead of blade 
feathering axis) 

Shaft Axi s Flapping 
F/A (.p 

Lateral (b.) 

B! ■ f Rigid-Body Displacements 
Flapping (ß) 
Twist, Collective Pitch, 

and Feathering (6,,, 6., 
and 0, 

0' 1 

Blade Elastic Displacements 
Out-of-plane 
Inplane 

Torsion 

Forward Forward 
Right Left 
Down Down 

Forward Forward 

Right Right 

Forward Forward 

Down right Down right 

In same direc- In same direction 
tion as blade as blade rotation 
rotatior i 

Forward Forward 

Right 

Counterclock- 
wise  (right- 
handed rota- 
tion vector up) 

Opposite  to 
direction of 
blade rotation 

Left 

Clockwise  (left- 
handed rotation 
vector up) 

Opposite to direc- 
tion of blade 
rotation 

Aft Aft 

Down right Down left 

Up Up 
Blade leading Blade leading 
edge up edge up 

Up Up 
Opposite to Opposite to 
direction of direction of 
blade rotation blade rotation 
Blade leading Blade leading 
edge up edge up 
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TABLE 4-2.  (Continued) 

PARAMETERS 
POSITIVE DIRECTION OF PARAMETER 

ROTOR 1 ROTOR 2 

Rotor Forces 
H-Force (H) 
Y-Force (Y) 
Thrust (T) 

Aft Aft 
Right Left 
Up Up 

Assumptions used in making the above definitions: 
(1) Both rotor shafts are vertical with respect to the Fuselage 

Reference System. 
(2) Rotor hub is at or above shaft pivot point and pylon focal 

points. 
(3) The directions are with respect to a forward-facing pilot. 

j          TABLE 4-3.  CONVENTIONS FOR SPECIFIC CONFIGURATIONS 

Single- 
Rotor 

Helicopter 
(KONFIG-1) 

Tandem- 
Rotor 

Helicopter 
(KONFIG =2) 

Prop-Rotor 
Aircraft 

(Helicopter 
Mode) 

(KONFIG-3) 

Prop-Rotor 
Aircraft 
(Airplane 
Mode) 

(KONFIG-3) | 

Rotor 1 

Designation 
Thrust 
H-Force 
Y-Force 

MAIN 
Up 
Aft 
Right 

FORWARD 
Up 
Aft 
Right 

RIGHT 

UP 
Aft 
Right 

RIGHT 
Forward 
Up 
Right 

Rotor 2 

i  Designation 
Thrust 
H-Force 
Y-Force 

TAIL 
Right 
Aft 
* 

AFT 
Up 
Aft 
Right 

LEFT 
Up 
Aft 
Right 

LEFT 
Forward 
Up 
Right 

Directions noted are with respect to a forward- •facing pilot 

* Tail rotor Y- ■Force: Up f. 
Down 

or  + 90° lateral 
for -90° lateral 

mast tilt 
L mast tilt 

For '.ail rotor lateral mast ti It of 

+ 90°: 

- 90°: 

the 
the 
the 
the 

blade above the rotor hub rotate 
front of the helicopter, 
blade above the rotor hub rotate 
rear of the helicopter. 

s toward 

s toward 
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flapping is divided Into 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, 

ß(*) * -a cos ♦ " bj^ sin ^ 

where 

a = F/A flapping angle (shaft reference) 

b * lateral flapping angle (shaft reference) 

f ■ blade azimuth location 

ß * 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 b. are Independent positive rotations 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 b., positive ß 

(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 b.. From these values, ß can be calculated for any 

azimuth. However, when the time-variant rotor analysis is used, the 
value of ß, not a. and b^, is solved for at each azimuth location. 

Hence, with only a single azimuth location, a and b cannot be defined. 

In this case, the values of a. and b are calculated from value of ß 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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Tip Path Plane 

Y (Right) 

■♦e 

-a. at t-0 

-bj at f-90' 

+a. at f»I80 

♦bj at 1-270' 

'Z (Down) 

(a) Shaft Axis Flapping for Rotor 1 

Centerline of Rotor Shaft 

Direction of Rotation 

X-Y Plane 

Rigid Body, Zero Feather-» 
ing Position of Blade I 
Section 

Positive In- Z 
plane Displace- 
ment 

 Positive Torsional 
Displacement 

Positive Out-of-Planc 
Displacement 

(b) Elastic Displacements 

Figure 4-6. Blade Flapping and Elastic Displacement 
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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 iterations. 

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 are oriented with respect  to the Body, 
Rotor Shaft,  or Aerodynamic Surface Reference Systems by what are referred 
to as aerodynamic angles (see Section 4.1.7).    These angles are based on 
the components of velocity including gusts along the X, Y,  and Z axes of 
the appropriate reference system. 
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Pitch Angle of Attack,  G    =<*,. =  tan'1 11 ve[oci^y\ « tan"1 (- ) 
* '    w        wind \X velocity/ \u / 

if u « w = 0.  6    = 0 by definition 

Yaw Angle  of Attack (or Aerodynamic Yaw Angle) = ^ 

"■■"1 (rlTlll^Uy)'^'1  (f) 

tf V • 0,  f    = 0 by definition 
w 

Angle of Sld..Up = B - .an"' (1 ^fg )    - tan"'   (!) 

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 direction. 

(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 o£ the 
printed output and card deck. After printing CARD 00, the program lists 
the entire 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 
dat3 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 veloc ity 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 Aerce lastic 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 s tation (No. 0 or 1) to the tip station (No . 20). The 
prin t out of the weight and beamwise and chordwise inertias is f ollowed 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 rat i o, and natural frequency for each mode are pr1nted 
as input. The generalized i ertia and the bending moment and shear 
coefficients are calculated data based on the input frequ ncies, mode 
shapes, and inertial distributions as explained in Vo ' ume l of this report. 
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The moment and shear coefflcents 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 obviously 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 311-type cards, the J-Cards) before starting 
the trim procedure. A program supplied title for the action caused by 
each J-Card is included to the left of the numerical inputs of the J-Cards, 
This serves as a record of the type of maneuver specified as well as a 
quick way to check the input data. 

4.3.7 Airfoil Data Table Printout 

The sets of Airfoil Data Tables input in the Data Table Group are 
printed in their order of input.  If the internal NACA 0012 table is 
used it is printed last.  Each set consists of three independent tables 
in the following order: 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 tables 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 NU* 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 
sets of coefficients for each value of X/R are printed in the same format. 

A.4 TRIM ITERATION PAGE (Figure 4-12) 

If 1PL(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 the top of the page gives the current values 
of the ten variables which are changed during the trim procedure. 

VAR(I) = Collective Stick Position in Percent 

VAR(2) = Fore-and-Aft Cyclic Stick Position In Percent 

VAR(3) = Lateral Cyclic Stick Position In Percent 

VrAR(4) = Pedal Position in Percent 

VAR(5) = Fuselage Pitch Angle in Degrees 

VAR(6) = Fuselage Roll or Yaw Angle in Degrees (choice of roll or 
yaw is made by user, IPL(16)) 

VAR(7) = Main, Forward, or Right Rotor Fore-and-Aft Flapping Angle 
in Degrees (a. ) 

VAR(8) = Main, Forward, or Right Rotor Lateral Flapping Angle in 
Degrees (b^) 

VARC)) = Tail, Aft, or Left Rotor Foie-and-Aft Flapping Angle in 
Degrees (als) 

VAR(10)= Tail, Aft, or Left Rotor Lateral Flapping Angle in 
Degrees (b^) 
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4.4.2 Rotor Performance 

The two rows below the VAR(l) array give the following quantities for the 
two rotors: 

- Thrust in shaft reference (lb) 

- H-Force in shaft reference (lb) 

- Y-Force in shaft reference (lb) 

- Torque (Z component) in shaft reference (ft-lb) 

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, Z-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 eg. 

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.  If input IPL(17) = 0 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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UMM 

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 Liu final Lrln iteration.  The final iteration occurs 
either when all fim r» ai J "loim^t imbalances are within their respective 
allowable error.-,, XlT(I5)  llirou^h XIT(21), or after XIT(l) iterations 
have been perfotnn^.  If ttu pit;v   Is printed because XIT(l) iteration were 
exceeded, ihc Ii hn pa^r   Is printed even though the rotorcraft is not 
actually trimmed,  liowiv'. p.v^am execution terminates immediately 
after the prlntou*.  Wht : Ji< o.vt is printed because the Imbalances are 
within tne prescribed limit,  the program continues on to subsequent 

operations or cases. 

The data are printed in blocks as discussed below. 

4.5.1.1 Problem Identification 

The problem  identification consists  of  a   line  containing  the  name  of   the 
program and   the  date   the  job was  romputed  followed by  the alphanumeric 
comments   input on CARDS  02,  03,  Ü4. 

4.5.1.2 Trim Condition Specification 

A one-line nessage 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 speed 
of sound are computed from equations which were empirically derived to 
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simulate the atuosphere prescribed by the International Civil Aviation 
Organization (ICAO). This defined atmosphere is the same as the 1962 
United States standard. 

4.5.1.A 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 eg location without external stores, the total 
weight of all external stores, and the gross weight and eg 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 eg 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 
tall 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 jets 
in pounds. 

4.5.1.5 Body Reference Parameters 

Immedlatuly below the physical and power parameter printout, the linear 

and angular velocities of the rotorcraft in the Body Reference System 
are printed.  The sequence of outputs Is X, Y, and Z 1'near 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 is zero.  (The program assumes that with 
no gusts the air mass is stationary with respect to the ground.) The climb 
and heading angler,  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. 

A.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 
(PSI - 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 - y) 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. 

ADVANCE 
_.__     Velocity In the Shaft X-Y Plane 
RATIO = u =      J- ^ zn—^ 1  

Rotot Tip Speed 

and is dimensionless. 

The power coefficient is defined as 

CP » Power/(p n R2(nR)3) 

and the thrust coefficient as 

CT = Thrust/(P TT R2(ßR)2) 

3 
where  p = air density, slug/ft 

R = rotor radius, ft 

OR = rotor tip speed, ft/sec 

Both coefficients are dimensionless. The nondlmensionalization 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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If the blade chord is not constant, the average value of chord Is printed. 

If the blade geometric twist is not linear, the printed twist value is 
the total angle between the root and the tip. 

The solidity parameter, a, is defined as 

a ■ nc/nR 

wtu.re   n « number of blades 

c • average chord 

R • rotor radius 

4.5.2.3 Forces and Moments 

Below the- 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 pbcR(nR)2 pbcR(nR)2R pbcR( 

Fixed Wing qD20 qD3a qD2av 

vhere 

p • air density (slugs/ft ) 

b ■ number of blades 

c » chord (ft) 

R ■ rotor radius (ft) 

fl - rotor speed (rad/sec) 

V - wind velocity (ft/sec) 

q - 1/2 p V2 (lbf/ft2) 

D - diameter of rotor disk • 2R (ft) 

2 
ff ■ rotor solidity ■ bcR/nR 
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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 ach 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." If 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. ,i 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(l) 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 Parameters (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 wlndup, respectively. 

4.6.3.2 Rotor Bendin£ 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 eight 
rotor harmonics and at al4 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 one-half the difference of 
maximum and minimum, regardless of frequency considerations. All moments 
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 01 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, 
eg 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 ivower supplied and required will cause a rate of change of 
the rotational speed of the rotors.  If rotor rpm is held constant, a 
difference between 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 linear 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 lift, 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 eg from the origin of the ground reference 
system as measured in the ground X-Y plane, and geometric altitude of the 
eg (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 eg. 

"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,  fhis 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 wlndup rate are given in degrees and degrees per 
second, respectively.  Positive mast wlndup 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 azimuth 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 Forces 

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 beamwlse 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 single 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 provide 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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cxpansior of the  time acal« 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 1-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. 

A.8.4    CALCOMP Plots 

The names 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  Identification 

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-Amplitude 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 In 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'Flt 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, ONEGA, is given in cycles per second. 
The curve-fit function, F(T), is expressed in general form: 

F(T) - AMPLITUDE • SIN(0MEGA * T + PHASE ANGLE) + CONSTANT 

(where T is time as measured during the maneuver). 

4.10.1.3 VTiable. Amplitude. Phase Angle, and Constant 

Below the general equation are five columns as follows: 

(1) Variable: 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 PhMe An^le 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 PHASK ANGLE 0. 

4.10.3 Variable "A" as a Linear Comblaatiqn 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 sre 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 0 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." In this row for variable B, the coefficient is KB; in 
the row for variable C, the coefficient is KC; and in the unlabeled 
variable row, which has the word 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 the 
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. 

4-58 



4.11.1 Control PartUl Derivativ Matrlce» (Figure 4-23) 

4.11.1.1 Force and Moment Derivetl/e» 

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 ratloed to be the response to a I-lnch 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 Nondimenslonal Derivative» 

If the rotorcraf t 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 nondimenslonalizing 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 Stahllity 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 
1» 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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PUS. U ■ velocity in the X direction (feet per second) 

PUS. W = velocity in the Z direction (feet per second) 

PUS. Q ■ pitch rate (degrees per second) 

PUS. V - velocity in the Y direction (feet per second) 

PUS. P = roll rate (degrees per second) 

PUS. R = yaw rate (degrees per second) 

M.R. P/A PYLON RATE « 

M.R. LAT PYLON RAU - 

T.R. P/A PYLON RATE - 

T.R. LAT PYLON RATE = 

M.R. P/A FLAP. RATE = 

M.R. LAT PLAP. RATE - 

T.R. P/A FLAP. RATE = 

T.R. LAT FLAP. RATE = 

M.R. P/A PYLON DISP - 

M.R. LAT PYLON DISP « 

T.R. P/A PYLON DISP « 

T.R. LAT PYLON DISP » 

M.R. P/A FLAP. DISP = 

M.R. LAT FLAP. DISP - 

T.R. P/A FLAP. DISP = 

T.R. LAT FLAP. DISP - 

4.11.2.2 Rotor Perfr.rmance 

(degrees per second) 

(degrees per second) 

(degrees per second) 

(degrees per second) 

(degrees per second) 

(degrees per second) 

(degrees per second) 

(degrees per second) 

(degrees) 

(degrees) 

(degrees) 

(degrees) 

(degrees) 

(degrees) 

(degrees) 

(degrees) 

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.J.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. 

If 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 01, the date, plus rotorcraft gross weight, eg 
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 (II) 

7-8 Row Number of element (12) 

9-10 Column Number of eleiuent (12) 

12-25 Value of the element specified above (E15.8) 

27-28 Row 

29-30 Column 
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Column 

32-45 Valj/e 

47-48 Row 

49-50 Column 

52-65 Value 

66-80 Date and Ground Speed 

Values of the matrix indicator are 

■ 0 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 rnd im-üginary parts. 

z = ^(REAL*1) cos (iMAG*t) = A (REAL + IMAG*j) 

where     t ■ time 

A = constant (dependent on initial condition) 

In terms of the damping ratio, Q,  damped natural frequency, w^, and un- 
damped natural frequency, a>n, the printed roots are 

REAL - Co) 
n 

IMAG - a)d = oun y/l  - Q2 
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The roots may also be used to form the denominator, d(s), of the frequency 
response polynomial. 

d(s) - D [(s - REAI^ + IMAG1*J)(8 - REALj - IMAC^J)] 

iihere    s ■ Laplace operator 

11 ■ continued product notation 

j -/T 

N > number of roots printed 

i - 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). 

n       2 
D(s) - 11 (TAU1*s + DAMP.*s + 1) 

i-1 

«hare 

TAU. - l/(REAL.2 + IMAG 2) - 1/m 2 

1        1      i     ■ n. 

DAMFj - -2*REAL1/(REAL1
2 + IMAGj2) - -2Q/wn 

and 11, N, and i 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 - 2TT/IMAG 
; 

For the roots with a zero imaginary part, the period is a meaningless 
concept, so a zero appears in the output. 
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4.11.5.4 Rate of Conver£ence or Dlveragnce 

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. If the real part is positive, the time to 
double amplitude, in seconds, is printed. 

TIME TO HALF-DBL - ln(.5)/REAL 

The column headed "CYCLES TO HALF-DBL" contains the number of cycles to 
half or double amplitude based on tt?e 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, u) , is based on the absolute value of 
the complex root. 

„./* REAL2 + IMAG2 
Thus, uif, 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, C, in combination with the undamped natural frequency, completely 
describes the root. 

For an unstable 

C - REAL/«»n 

For a stable aperiodic root, the damping ratio is one, 
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 rotorcraft characteristic roots are 
first printed as normalized with respect to THETA, then as normalised with 
respect to PHI, and lastly as normalized with respect to the largest 
participation factor (variable). In 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/7 = perturbation velocity in Z-dlrectlon 
divided by total velocity (nondimensional); 
approximately 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 (i^dians); 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 * ü (TAU. * s + DAMP. * s + 1) 

k-1    K K 

and the frequency response polynomial as 
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M 
n(8) - (CAIN) *    n    [(s-REALk + IMACk * J)(«-REALk - IMACk * 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(8)/D(s) 

or 

G(s) - n(s)/d(s) 

irfiere 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 tabulated. 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 in 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 AEROPyMAMIC DATA 

Blade element aerodynamic data are printed for the rotor(s) specified by 
NVARC (CARD 01) at the points in the run specified uy 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 frfiich 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, I.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 BENPIMG 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 01 specifies the rotor(s) to be 
included in the printout. Data are printed at twenty radinl 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 If 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 moment data is only printed for a rotor 
which uses time-variant analysis; if 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 OP BLADE ELEMENT AERODYNAMIC PARAMETERS 

Parameters Which are Independent of Radial Station 
(All six parameters Included In each printout) 

Name Description Units 

PSI 

Ü-HUB 

V-HÜB 

W-HUB 

GEO. 
PITCH 

BETA 
(HUB) 

Azimuth location of blade 

Shaft reference X component of velocity at rotor 
hub 

Shaft reference Y component of velocity at rotor hub 

Shaft reference Z component of velocity at rotor hub 

Geometric blade pitch angle at Station 0 (root) for 
azimuth location PSI 

Flapping angle at the hub (i.e.,  the angle between 
the shaft reference X-Y plane and the blade pitch 
change axis at Station 0) for azimuth location PSI 

deg 

ft/sec 

ft/sec 

ft/sec 

deg 

deg 

Parameters Which Are Dependent en Radial Station 

Name 
Printout 
Code * Description "uiiirs 

STA 

UT 

UP 

UR 

NACH 

ALPHA 

A 

A 

Blade station number starting at tip 
(Station 20) and continuing to the 5% 
radius (Station 1) 

Tangential component of the total local 
velocity, i.e., component which is per- 
pendicular to the local pitch change axis 
and parallel to the local chord line 

Perpendicular component of the total 
velocity, i.e., component which is 
perpendicular to both the local pitch 
change axis and the local chord line 

Radial component of the total local veloc 
ity, i.e., component which is parallel 
to the local pitch change axis 

Local Mach number 

Local angle of attack 

ft/sec 

ft/sec 

ft/sec 

deg 
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TABLE 4-4.  Continued. 

Name 
Printout 
Code * Description Units 

CL A Tota' local 1 Ift coeff1clent including 
unsteady aerodynamics 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 

- 

CM 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 

HVDD U Second time derivative of the vibratory 
part of the local blade position (h ); 
equivalent to the first time derivative 
of the vibratory part of the local 
heaving velocity 

ft/sec ' 

ALPHAD BAU Alpha dot, the first time derivative of 
ALPHA 

deg/sec 

THETAD B&U Theta dot, the first time derivative 
of THETA (the local blade pitch angle) 

deg/sec 

THETADD B&U Theta double dot, the second time 
derivative of THETA (derivative of 
THETAD) 

deg/sec 

* Printoi jt code de finit ion: 

A = variable always included in printout 

B = variable 
dynamics 

included in printout only when BUNS unsteady aero- 
option is active 

U = variable 
dynamics 

included in printout only when UNSAN unsteady aero- 
option is active 

B&U = variable 
steady ae 

included in the printout only when one of the un- 
rodynamics options is active 
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Figure 4-31. Blade Element Bending Moment Data. 
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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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Comparison and Linearization terminates. 

Check input data to curve-fit routine for error  indicated. 

5.2.3 Apparent Discontinuity During Maneuver 

APPARENT DISCONTINUITY ENCOUNTERED AT TIME -   WITH A TIME STEP OF   

From HAMM 

In the course of commuting 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 J
F

'
A
 
CYCLIC

 \   STICK POSITION INPUT IS IKS 

|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(l), XCON(l), XCON(b), 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 

2 
This message indicates that I I  - I   = 0, which is physically impos- 
sible. 

Problem step terminates. 
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Change the Input data for !„, I-, or I  for fuselage and stores. 

5.2.6 Error In J-Card 

CHECK PART 2 DATA CARD   J CODE IS   

From SIVAR or TIVAR 

A value for J on 311-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 4, SUBGROUP 5, 
WING, STB1, STB2, STB3, or STB4 

From YSINIT or YRINIT 

Y(l) 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 toght  of Attack 

EXCESSIVE ANGLE OF ATTACK FOR N • | J | 

From CDCL 

The angle of attack of a blade segment on the<  ., > rotor exceeded 
20 radians. ' tal1 ' 

Problem step terminates. 

5.2.11 Excessive Angle of Attack on Aerodynamic Surface 

STB1 

STB 2 

I CESSIVf A IGll   01 \TTA  .- *'V  * ( STB3 

STB4 

RWG 

LWG 

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 [ greater than 20 radians. 

Right Wind Panel 

Left Wing Panel 

Problem step terminates. 
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5.2.12 Induced Velocity Nonconver£ent 

INDUCED VELOCITY SET TO 0.  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 f' 0 on Card 01, the IPSN input 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 RCDRWK 

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,  , IS 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. 

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.  OP RADIAL STATIONS IS IN ERROR.    IT SHOULD BE 
4,  5,  10, or 20 

From REDRUK 

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 mlspunched 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 16. 

Problem step terminates. 

Check for mlspunched 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 mlspunched 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. 

5-6 



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 TINE TO DROP EXTERNAL STORE NO. 
ERROR 

IS IN 

From SIVAR 

The time to drop the referenced store on a 311-type card is less than 
zero or the weight input, XSTi(l), for the referenced store (i) J.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 C81LIB 

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 Fmelaae Input« 

PEAK FORCE/MOMENT OR ITS CORRESPONDING ANGLE INPUT FOR FUSELAGE 

EQUATION IS IN ERROR. 

LIFT 

jPITCH 

'SIDE FRC; 

[ROLL 

YAW 

IT HAS BEEN RESET TO 0. 

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: . 

PITCH: 

SIDE FORCE: 

ROLL: 

YAW: 

XFS(17) and XFS(18) 

XFS(45) and XFS(46) 

XFS(58) and XFS(59) 

XFS(72) and XFS(73) 

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 engine 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 

JMAIN 

/TAIL 
K0TOR 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 

)MAIW( 

ITAILI 
R0TOR FLAPPING CORRECTION IS INFINITE. 

From ITROT 

The iteration loop in^the rotor analysis which balances the rotor flapping 
moments was activated 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 

From VIND 

Altitude has  become negative. 

Problem step   terminates. 

Find  out why  ship   lost  altitude  and  correct. 

5.2.29 Aerodynamic Surface Stall 

STB1 

I ENTERING) 

1 LEAVING ( 
STALL 

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 

SUPERSONIC 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, STB1, STB2, STB3, or STB4. 

From YR-IT or YSINIT. 

Y(2) was input less than or equal to I, 

This is a warnivg 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 thTust-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 Dcactivation 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(22)\ / -1. 

Y(23)! FOR xxxx HAS BEEN RESET TO  | o. 

Y(24)) ( 0. 
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Where xxxx is SUBGROUP 1, SUBGROUP 2, SUBGROUP 3, SUBGROUP 4, SUBGROUP 5, 
WING, STB1, STB2, STB3, or STB4. 

From YRINIT or YSINIT 

The data input for the pitching moment coefficient was inconsistent and 
the adjustment indicated was made to make the data consistent. 

Warning message only.  Execution continues. 

5-12 



I 
■ 

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 sived can be grouped into the six general classifications 
given below: 

Range of Code Numbers 

1 - 132 
133 - 341 
342 - 446 
447 - 521 
522 - 971 
972 -1391 

Source or Type of Data 

Force and moment summary 
Maneuver time point page 
Elastic response of Rotor I 
Elastic response of Rotor 2 
Blade element moment data for Rotor 1 
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 

Group Number Description 

FORCE AND 
MOMENT 
SUMMARY 

1 TOTAL   X-FPRCE   HN   C.C.t   L3 

.1 X-rnp.CE   FROM   rflGHT   wINGt   LH 

^ X-FJRCt   FRO«   LhFT   WING,   LH 

4 NOT   USED 

5 NCT   USED 

6 X-FTIRCE   FROM   FUSFLAGr.i    LI 

7 X-FHRCE   F^HM   JtTS/GUN   HIRfctL3 

^ X-FUr'CE   FPCM   RÜTfTil,   LP 

?        x-rnscE FFTIM pnrcr?,  LD 

10 X-FO,<CE FROM WEIGHT, L^ 

11 Tl TAL Y-FükCf- ON C.G.t L3 

12 \m USED 

11    Y-FPRCE FROw FUSELAGE, L^ 

14 Y-fO^CE FROM JETS/GUN F IKE«LB 

15 V-FP^CE FR'IM RUTCP.l, LH 

16 Y-FJPCE   FROM   ROTOR2,   Lb 

17 Y-FORCF   FROM   WEIGHT,   LB 

1R           Tf.TAL   Z-FGPCE   ON   C.G.,   LB 

19 Z-FOOTF   FRO»   RIGHT   wING,   LH 

2 5 Z-FORCE   FR(iM  LEFT   rtING«   L« 

21 NOT   USED 

22 Z-FOPCE   FROM   FUSELAGE,   LB 

23 Z-PQRCE   FWOM  JtTS/GUN   FIRE,LB 
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TABLE 6-1. Continued 

jfirouE. Number Description 

FORCE AND 
MOMENT 
SUMMARY 
(Continued) 

2't Z-FOrtCE   FI»DM   MTOPlt   LU 

2*i Z-FiJ-»CF   FRürt   ÄOTOR2i   LR 

1h Z-PHRC   FKt)M   ä'FIGHT,   LB 

21 TiTÄL   ROLL   "OM   ON  C.(,..   FT-L^ 

?4 0fLL   MCM   FpnM   kIGHT   wINGt   13 

It Pi LL   VIC'^   FKTM  LfFT   MINGt   FT-Lb 

30 NUT   USFO 

31 NLT   USED 

32 Rf LL   Mr'4   FRC«!   FJStLAG»:,   FT-Lr> 

33 ^ÜLL IT« FRCH JFlS/LUf, FI^.Fr-LE 

Zh fl LL (••(« FRf M ^üTOKl FPRCESt FT-Lb 

l'i kLLL 4CM FR1"!^ klTOt-Z F^RCfSi FT-Lb 

36 Pf LL MCM F^jM ^JTuKl TO.'JLF» FT-Lo 

3 7 PfLL MCM FRJM ROTPK2 TCR'JUFt FT-Lb 

3^ TDTAL   PITCH   m*   UN   C.G.t   FT-LO 

39 PITCH   MUM   F»'0*   "IGriT   kWMG»   FT-LH 

40 PITCH   MQM   FRO1"   LEFT   WING.   FT-LB 

M N( T   UScO 

42 NCT   USCO 

43 PITCH   MUM   F^OM   FUSELAGE,    FT-Lfl 

44 PITCH   VOM   FPUM   JhTS/JUN   FIKL,FT-LB 

45 PITCH   MM   F^r^   SGTu^l   F'.RCLS,   FT-LÜ 

46 PITCH   MUK   FROM   P.OTÜK2   FüKCFS»   FT-LH 
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TABLE 6-1. Continued 

Group Number Description 

FORCE AND 
MOMENT 
SUMMARY 
(Continued) 

47 PITCH   v:r   Fiv i*-'   ROTiiiU   TIKWUH,   HT-lf 

43 PITCH   *CM   Ff-'iM  KOTt-K^   TL-tOLKf   i-T-Lri 

4< T< TA1    VAX   Mi>'   J\   C.r..f   » T-L'< 

5J YA^   K )w   FRLM   RIGHT   «INC.,    Ff-LM 

31 YA,V   "f,w!   FKl'lM  L^FT   KlNGi   FT-L-J 

Ü? NHT   MSFO 

53 M'll   tisn 

54 YAv»   -«'U'   H»,f M  FUifLAühf   FT-LJ 

:35 YAV-   M ,^   rn;w   JFTS/JU^   FIKFtFT-LH 

50 YA ^   '*0f*   FR(J.W   RCTfUU   FoPCTS,   f'T-LJ 

57 YA«   MO?«   FHI-^   ROTORa   FJRtFS.   fT-Lft 

54 YAW   MüM   FPl1'   <rTuhl   H.'K'JUE»   FT-LL 

5^ YiVj   f«nv   FV« v  RUTORZ   TORvJUfcf   FT-L3 

6C X-p-.rCe   frt(tM   STAdlLUk^      It   LH 

ol X-H'i«CF   FROM   STArtlLlZFF      ?,   L'J 

62 X-F'iRCfc   FR.IM   STAdlLW^-R      3f   LM 

63 X-FJRCE FRUM STAblLU^F 4, U* 

o«* V-» V<Ce Fi^O»* STABIL I ZtK 1« Lfl 

ö5 Y-F IMCE fVlh STAiilLlZtK 2, I i 

<S6 Y-FO<CF   FMGM   STABlLIZCf      it   Lb 

67 Y-F^KCC   FPOV   STA31LUFR      '«,   LB 

68 Z-F'^CE   FDCM   STABILIZFR      1»   LB 

69 Z-FURCE   FROM   STABILIZCft      i,   LB 
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TABLE 6- l. Continued 

Number Description 

FORCE AND 70 Z-FORCC   f^^(J^•   ST4RILIZF.f- 3, LR 
MOMENT 
SUMMARY 71 Z-^RCE   FKÜK   STAiilLIZtP '♦. LH 
(Continued) 

72 

73 

7/» 

MOT   U^O 

NOT   ÜSFO 

NOT   UStO 

75 i^OLL      MCM FK.CM STAU N'.. 1* FT-LB 

76 PCLL      MOM r;<nM STA»j •JO. 2. FT-LO 

77 kC'LL      MTM FHnM STAe •N«.', 3, FT-IB 

7ö HOLL      ^DM FPf M STAB \r. 't. FT-Ltt 

79 PITCH   'IP" FkC'M STAB NLJ. 1. FT-LB 

90 PITCH   rtOM Ff<r,M STAd Au, 2» FT-LH 

rtl PITCH   MOM FFCM STA-» NC J. FT-Lt 

82 PITCH   MM FROM STA3 NC. 4, FT-Lb 

d3 YAK         «CM FRO« STA8 NO. I* FT-LB 

6* YAfc         VOM FRCM STAB NJU. 2, FT-LB 

35 YAk»         MOM FRCM STAH MÜ. it FT-LB 

86 YAW         MOM FROM STAd NO. 4, FT-LB 

87 Nci usro 

88 NOT   USEO 

89 NOT   IJSFD 

90 V-fZ*C£   FROM   MIGHT   WIN'G, LB 

91 Y-FCRCE   FROM  LCFT   WlNGt Lfi 

92 NOT   USED 

6-5 



 TABLE 6 -1. Continued 

Croup Number Dc script! on 

FORCE AND 93 NOT 1JS£Ü 
MOMENT 
SUMMARY 94 NCT USFO 

(Continued) 
95 

96 

97 

93 

9^ 

100 

101 

102 

103 

NOT 

UCJ 

NOT 

MOT 

NUT 

NOT 

NOT 

NOT 

NUT 

USED 

USED 

USHO 

USFO 

USED 

USED 

USED 

USED 

USED 

104 X-»- JPCC FROM 5TÜRE NU. It LB 

105 X-FCRCF FROM STCKE NU. 2, LB 

106 X-F OHCE FRTM STPRE NO. 3, LB 

107 X-l-OPCt FROM STORE NC. 4. , La 

108 Y-FOKCF FR(.M STORE NO. li r   LB 

109 Y-FÜRCE FROM STORE NO. 2 »   LB 

no Y-F-OPCE FROM STORE NO. 3 >   LB 

111 Y-f^ ORCE FROM STORE NC. 4, >   LB 

112 2-F rlKE FROM STORE NO. 1 •   LB 

113 Z-FORCE FROM STORE NC. 2, •   L« 

114 Z-F&RCE FROM STORE NO. 3, .   LB 

115 2-FORCE FROM STORE NG. 4 »   LB 
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1                                                       TABLE 6-1. Continued                                                         1 

groWP  Nunber Description 

FORCE AND 
MOMENT 
SUMMARY 
(Concluded) 

116 

117 

118 

ROLL 

kOLL 

ROLL 

MOM  FRliH 

MOM   FROM 

MCM   FRCM 

STORE   NO. 

STORE  NO. 

STORE   NO. 

It   FT-LB 

2, FT-Lb 

3, FT-LB 

119 ROLL MOM   FRC'H STORE   NC, 4,   FT-LB 

120 PITCH MLM   FPf -1 STCRE   NO. 1,   FT-LB 

121 PITCH MPM   FFCM STÜRF   NC. 2f   FT-LB 

122 PITCH M*)M   FBOM STCRE  NC. 3,   FT-LB • 

123 PITCH MOM   FROM STORE   NO. 'i,   FT-LB 

12« YAW MPM   FROM STORE  NC. If   FT-LB 

123 YAW M( M  FROM STORE  NC. 2f   FT-LB 

126 YAW MOM   FRCM STORE  NU. 3,   FT-LB 
• 

127 YAW MOM  FROM STTRE   Nf. 4,    FT-LB 

128 NOT   USEÜ 

129 N01   USED 

130 MPT   USED 

131 NOT   USED 

132 NOT useo 

POWER, 133 ROTPR 1,   HORSEPOWER 

TORQUE, 
CG, AND 134 ROTDH 1,    TOFüJE,   FT-Lß 

BLADE DATA 
135 ROTOR 1«   RPM 

136 ROTOR 1,   TIP   SPEED,   FT/SEC 

137 ROTOR 1,   AOV   HLAD!:   MACH ^UMPE« 

138 NOT   USED 
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1                                                     TABLE 6-1- Continued                                                      1 

Group JJlimber Description 

POWER, 139 PIGHT   JET,   LB 
TORQUE, 
CG, AND 143 NiOT   UbFO 

BLADE DATA 
(Concluded) 41 CG.   STMIHN  LIME   LOCATION,    IN. 

i 142 CG.   «UJTT   LINE   LTJCATinN,   IN. 

1^ C.G.   WATER   LINE   LOCATiefM,    IN. 

144 FOTOfi   2f   HÜPSCPCwrH 

145 l-OTU«   ?,    TO&iJUE,   FT-l.« 

146 ROT OK   2.   KPM 

147 POTHU   2,    TIP   SPFdD,   FT/Sf-C 

14H kCTOP   2t   ADV   ÖLAOF   WACH   NliMHKR 

1^9 N^T   USbö 

IbO LIFT   jn   THRUST,   LB 

151 HUKSEPDWE«   SUPPLIFO 

152 fcNGINF   TORQUH   SüPPLIfcÜi   FT-Ld 

153 ENG INF   RPM 

154 T( ^Al    Hfl«SFP0WEr<   HEwtiiRl:0 

155 TO» gut"   KFüUIBtDf   HT-Lfa 

15b U   varCITV.   BOüY   AXFbt   FT/SEC 

VELOCITIES 
AND 157 V   VFLtJCITV,   B'lOY   AXfcS»   FT/SEC 

ACCELERATIONS 
158 W   VELOCITY,   BCÜY   AXES»   FT/SEC 

159 P   VELnCITY,   HOOY   AXES.   UEG/SEC 

160 0   VCLJCITY,   BODY   AXEb,   OEC/bEC 

161 R   VELMCITY,   B(»DY   AXESt   UEG/SEC 
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1                                                        TABLE 6-1. Continued                                                        1 

1   Group  Number Description                                                f 

VELOCITIES 
AMD 
ACCELERATIONS 

■(Concluded) 

162 

163 

lo4 

CGUEC.   BOBWT.   VELOCITY,   OF.G/SEC 

U-OOT   ACCEL.,   BODY   AXES,   FT/SEC/SEC 

V-OOT   ACCEL.,   BODY   AXES,   FT/SEC/SEC 

165 W-r)OT  ACCEL.,   BODY   AXES,   FT/SEC/SEC 

166 P-OnT  ACCEL,   BODY  AXES,   OEG/SEC/SFC 

167 0-DGT  ACCEL,   BODY   AXFS,   DEG/SEC/SFC 

U8 R-OOT   ACCEL,   BODY   AXES,   DEG/SEC/SEC 

16*> CCLLEC.   BOBWT.   ACCEL.,   CEG/SEC/SEC 

170 TPUE   AIR   SPEED,   KTS 

171 GROUND  SPEED,   KTS 

172 RATE   OF  CLIMB,   FT/SEC                                                   1 

1 AERODYNAMIC 
1 SURFACES 

173 

174 

STAB NO.   1   ANGLE  OF   INCIDENCE,   DEG 

STAB  NO.   1   FLAP   ANGLE,   DEG 

175 STAB   NO.   1   LIFT   COEFFICIENT 

176 STAB  NO.   1   DRAG  COEFFICIENT 

177 STAB  NO.   1   PITCHING  MOMENT  COEF 

178 STAB  NO.   1   ANGLE  OF   ATTACK,   DEG 

179 STAB  NO.   1   SIDFSLIP  ANGLE,   DEG 

183 CLIMB  ANGLE,   DEG 

181 STAB NO.   2   ANGLE   OF   INCIUENCE,   DEG 

182 STAB  NO.   2   FLAP  ANGLE,   DEG 

183 STAB  NO.   2   LIFT  COEFFICIENT 

184 STAB  NO.   2   DRAG  COEFFICIENT 
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TABLE 6- id 
.Jjumber Description 

AERODYNAMIC 
SURFACES 
(Continued) 

185 

186 

S1AR NO. 

STA8 NC. 

2 

2 

PITCHING FOMENT CCEF 

ANGLE OF ATTACK, OEG 

187 STAB NO. 2 SIDESLIP ANGLE, OEG 

183 HtAOING INGLEf OEG 

189 ANGLE OF ATTACK* OEG 

190 ST49 NO. 3 ANGLE CF INCIUENCE, OEG 

191 STAB NO. 3 FLAP ANGLE, OEG 

192 STAB NC. 3 LIFT COEFFICIENT 

193 STAB NO. 3 DRAG COEFMCIENT 

194 STAB NO. 3 PITCHING MOMENT COEF 

195 STAB NO. 3 ANGLE OF ATTACK, OEG 

196 STAB N3. 3 SIOESLIP ANGLE, OEG 

197 ANGLE OF SIDESLIP« DfcG 

193 STAB NO. 4 ANGLE OF INCIDENCE, OEG 

199 STAB NO. 4 FLAP ANGLE, DEC 

200 STAB NO. 4 LIFT COEFFICIENT 

201 STAB NO. 4 ORAG COEFFICIENT 

202 STAB NO. 4 PITCHING MOMENT COEF 

203 ST Ad NO. 4 ANGLE OF ATTACK, OEG 

204 STAB NO. 4 SIDESLIP ANGLE, OEG 

205 ANGLE OF AERO YAW, OtG 

206 VfcPTICAL ACC, G 

207 RIGHT WING ANGLE OF INCIDENCE. DEG       ' 

1 
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1                                                     TABLE 6-1. Continued                                                      1 

Grouo J&imber pescriotlon 

AERODYNAMIC 238 41GHT  WING  FLAP   ANGLE.   OEG 
SURFACES 
(Concluded) 209 RIGHT   MING  LIFT   COEFFICIENT 

210 RIGHT  WING  DRAG   COEFFICIENT 

211 RIGHT  WING   PITCHING  HOMENT  COEF 

212 RIGHT   WING  ANGLE   OF   ATTACK,   OEG 

213 RIGHT  WING   SIDESLIP  ANGLE,   OEG 

FORWARD  ACC,   G 214 

215 LEFT  WING     ANGLE   OF   INCIDENCE,   DEC 

216 LEFT  WING     FLAP   ANGLE,   DEG 

217 LEFT  WING     LIFT   COEFFICIENT 

21S LEFT  WING     DRAG   COEFFICIENT 

219 LEFT  WING     PITCHING  MOMENT  CCEF 

220 LEFT  WING     ANGLE   OF   ATTACK,   DEC 

221 LEFT  WING     SIDESLIP  ANGLE,   OEG 

222 LATERAL   ACC,   G 

DISPLACEMENTS 223 YAW  VELOCITY,   FIXEC/8CCY,   OEG/SEC 
AMD EULER 
ANGLES AND 224 PITCH  VELOCITY,   FIXEI'/BCOY,   DEG/SfeC 
RATES 

225 RRLL  VELOCITY,   FIXEC/BOOY,   DEC/SEC 

226 X-COMP   VELOCITY,   FIXED   AXES,   FT/SEC 

227 Y-COMP  VELOCITY,   FIXED  AXE   ,   FT/SEC 

228 Z-COMP   VFLOCITY,   FIXEC   AXES,   FT/SEC 

229 TOTAL  DISTANCE   FLOWN,   FT 

230 YAW  ANGLE,   FIXFD/BOOY,   DEG 
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1                                                        TABLE 6-1. Ccntlnued                                                         1 

Group Number Description 

DISPLACEMENTS 
AND EULER 
ANGLES AND 
RATES 
(Concluded) 

2. 1 

23;? 

233 

PITCH   ANüLEt   FIXFO/dUCY,   CfcG 

POLL   ANGLfe,   FrXED/BOOY,   DEG 

X-COMP   OISP.t   FIXED   AXFS,   FT 

234 Y-COMP   OISP.,   FIXEÜ   AXES,   FT 

235 Z-CüMP   OISP.,   FIXED   AXFS,   FT 

236 ALTITUDE,   FT 

2?7 NCT   USED 

239 NUT   USED 

239 NOT   JSED 

240 Nn   USED 

FLIGHT AND 
ROTOR CONTROLS 
AND ROTOR 
PYLON 

2*1 

242 

243 

CCLLECTIVE   STICK   PCilTION,   PCT 

kCTOR   1,   CCLL   FftOM   COLL   STICK,   DEG 

ROTJR   1,   F/A     FROM   CULL   STICK,   CEf» 

^44 ROTOR   I,   LAT     FROM   COLL   STICK, DFG 

2<»5 ROTOR   2,   COLL   FROM   COLL   STICK, CFC 

2<*i ROTOt^   2,   F/A     FROM   COLL   STICK, DEG 

247 «010R   2,   LAT      FROM   CCLL   STICK, DfcG 

248 fOTOR   l,   HUB   SPRING   F/A   MOMENT, FT-Le 

249 ROTOR   2.   HUfi   SPRING   F/A   MOMENT, FT-Lt 

2 50 F/A  CYCLIC   STICK   POSITION,   PCT 

251 ROTÜK   1,   COLL   FROM   F/A     STICK, DEG 

25? ROTOR   If   F/A     FROM   F/A      STICK, DEG 

253 ROTOR   1,   LAT     FROM   F/A      STICK, DEG 
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1                                                     TABLE 6-1. Continued                                                      1 

Grouo Numbei DescrlD tlon 

FLIGHT AND ?54 KOTOR 2 COLL   FROM F/A      STICK,   CEG 

ROTOR CONTROLS 
AND ROTOR 2 5)5 ROTOR 2 F/A     FROM F/A      STICK,   OEG 

PYLON 
(Continued) 256 ROTiJR 2 LAT      FROM F/A      STICK,   DEG 

257 ROTOR I .   HUB   SPRING   LAT   MOMENT,   FT-Lfa 

?58 ROTOR 2 HUB   SPRING   LAT   FOMENT,   FT-LB 

2 59 LATERAl .  CYCLIC   STICK   PGSITICN,   PCT 

260 ROTÜR I »   COLL   FROM LAT      STICK,   OEG 

261 ROTOR 1. F/A     FROM LAT      STICK,   DEG 

262 ROTOR 1 LAT      FROM LAT      STICK,   OEG 

263 ROTnR 2, COLL   FROM LAT      STICK,   DEG 

264 ROTOR 2. F/A      FROM LAT      STICK,   DEG 

265 ROTOK 2. LAT      FROM LAT      STICK,   DfcG 

266 KITIR 1 F/A   PYLON DISPLACEMENT,   DEL 

267 ROTOR 2, F/A   PYLON DISPLACEMENT,   DEG 

36 8 P^JAl .   1 >OSITION,   PCT 

269 ROTOR I COLL   FROM PEDAL 

270 POTm I ,   F/A     FROM PEDAL 

271 ROTJR 1 LAT     FROM PEDAL 

272 ROTOR 2 ,   CULL   F«OM PEDAL 

273 ROTOR 2, F/A     FROM PEDAL 

274 ROTOR 2, ,   LAT      FROM PEDAL 

275 POTOR I, LATERAL   PYLON   DISPLACEMENT»   OEG 

 . 

276 ROTOR 2, LATERAL   P> '     N   DISPLACEMENT,   OEG 
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TABLE 6 •1. Continued 

Group Number Description 

FLIGHT AND 277 ROTOR COLL   FROM   SCAS   ♦   PYLON, DEO 

ROTOR CONTROLS 
AND ROTOR 278 «OTOK F/A     FROM  SCA'S   *   PYLCN, DFG 

PYLON 
(Concluded) 279 ROTOR LAT     FROM   SCAS   ♦   PYLON, DEG 

280 ROTOR COLL   FROM   SCAS   ♦   PYLON, OEG 

281 RCTOR F/A     FROM   SCAS   ♦   PYLON, DEC- 

282 RCTO« LAT      FRC^   SCAS   ♦   PYLON, OEG 

283 PÜTOÄ F/A   MAST   ANGLE,   OcG 

284 ROTOR F/A   MAST   ANGLfc,   OEG 

285 KOT OR TOTAL   COLLECTIVE,   CEG 

286 frOTOR TOTAL   F/A   CYCLIC,   CEG 

287 ROTOR TOTAL   LATERAL   CYCl    ",   OtG 

28« ROTOR TOTAL   COLLECTIVE,   CEG 

289 PÜTHR TOTAL   F/A   CYCLIC,   CEG 

290 RDTOp TOTAL   LATERAL   CYCLIC,   DEC 

291 ROTOR LAT   MAST   ANGLE,   OEG 

292 ROTOR LAT   MAST   ANGLE,   DEG 

ROTOR 293 ROTOR BLAOE   MEAN   FEATHERING, OEG 

FEATHERING, 
FLAPPING, 294 ROTOR BLADE   FEATHER   AT   PSI=0, DEG 

AND FORCES, 
AND GUSTS 295 ROTOR BLAOE   FEATHER   AT   PSI=90 ,   DIG 

296 ROTOR F/A   FLAPPING,   MAST/TPP, DEG 

297 ROTOS LATERAL   FLAPPING,   MAST/TPP,   OEG 

293 ROTOR THRUST,   LB 

299 ROTOR H-FORCE,   LB 
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TABLE 6*1.Continued 

GrouD Number Description 

ROTOR 
FEATHERING, 
FLAPPING, 
AND FORCES, 
AND GUSTS 
(Continued) 

300 

301 

302 

303 

ROTOR 

RCTPR 

ROTOR 

POT OR 

Y-FORCE,   LB 

ADVANCE   RATIO 

POWER  COEFFICIENT 

THRUST   COEFFICIENT 

30^ POT OR INDUCED  VELOCITY,   FT/SEC 

305 KOTOR 2. BLADE   MtAN   FEATHERING»   DEC 

30o ROT OR 2« RLAUfc   FEATHER   AT   PSI«0,   DEG 

307 ROTOR 2. BLADE   FtATHEK   AT   PSI*90»   DEG 

308 ROTOR 2. F/A   FLAPPING,   MAST/TPP,   DEG 

309 ROTOR 2f LATERAL   FLAPPING,   »«AST/TPP,   DEG 

3U ROTOR 2. THRUST,   18 

311 ROTOR 2. H-FORCE,   LB 

312 ROTOR 2. Y-FORCE,   LH 

313 ROTOR 2, ADVANCE   RATIO 

3K ROTCR 2, POWER   COEFFICIENT 

315 ROTOü ?, THRUST   COEFFICIENT 

316 ROTO« 2« INDUCED  VELOCITY,   FT/SbC 

317 X-COMP GUST   VEL.,   BODY   AXES,   FT/SEC 

313 ROTOR AZIMUTH   LOCATION,   BLADE   1,   DEG 

319 ROTOR FLAPPING,HUB/MAST,BLADE   1,DEG 

32r» ROTOR FLAPPING   LIMIT,   DEG 

321 ROTOR U  VELOCITY,   MAST   *XES,   FT/SEC 

322 «OTOR V   VELOCITY,   MAST   AXES,   FT/SEC 
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TABLE 6-1. Continued                                                      1 

GrouD Number Description                                            ! 

ROTOR 323 ROTJR M   VELOCITY,   MAST   AXES,   FT/SEC 
FEATHERING, 
FLAPPING, 324 ROTOR ,   X   SHEAR   FORCE,   LB 
AND FORCES, 
AND GUSTS 325 ROTOR Y   SHEAR   FORCE,   LB                                         | 
(Concluded) 

326 ROTOR Z   SHEAR   FORCE,   LB 

327 ROTOR MAST   WIND-UP.   OEG 

32S ROTHR MAST   WIND-UP   KATE,   OEG/SEt                  | 

^29 Y-COMP GUST   VEL.,   bCCY   AXFS,   FT/SfcC 

330 ROTOR 2, AZIMUTH   LOCATICN,   BLADE   1,   OEG 

331 ROTOR 2. FLAPPING,HUB/MAST,BLADE   l,ÜFG 

332 ROTOR 2, FLAPPING   LIMIT,   OEG 

333 ROTOR 2, U  VfLJCITY,   MAST   AXES,   FT/SEC 

334 ROTOR 2. **V-VELOCITY,   MAST   AXES.   FT/SEC 

335 ROTOR 2. W   VELOCITY,   MAST   AXES,   FT/SEC           j 

336 frOTOR 2, X   SHEAR   FORCE.   L4                                         1 

337 ROTOR 2. Y   SHEAP   FORCE,   LB 

33rt ROT )R 2, Z   SHEA^   FORCE,   L*i 

339 ROTOR v MAST   WIND-UP,   CEG 

340 ROTOR 2^ MAST   WIND-UP   RATE.   CEG/SEC 

341 Z-CO^P GUST   VEL.»   BODY   AXES,   FT/SEC                1 

FIRST 342 AZIMUTH. ROTOR   1,   BLADE   I,   DEG                               | 

ROTOR 
ELASTIC 343 AZIMUTH, ROTOR   It   BLADE   2,   DEG 

RESPONSE 
344 AZIMUTH, ROTOR   1,   BLADE   3,   DEG 

345 AZIMUTH, ROTOR   1,   BLADE   4,   OEG 

1 
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1                                                          TABLE 6-1. Continued                                                           1 

CrouD Number Description 

FIRST 
)*o A2MUTH,   ftniOR   U 2LAüt 6,   DEC 

ROTOR 
ELASTIC 

147 AZIMUTH.   RPTOH   If HLACt 6«   CtG 

RESPONSE 
(Continued) 

J4H AZIMUTH,   KOTT^   I. PLACE 7,   DFG 

349 i;pK.conRn.»POTOK i LtMüOt- l,4LAOF I 

*b'J GEN.r.'inPD.tP.rTi« I l.MiJLt l.flLACR 2 

3M rJfN.cjG»,n.»PUTr'R  i If^JuE I.IHADE 

35? Gf f. .CCC('^.,k1lTnR   1 L,M10E UPLAOE 4 

3fJ3 GKN .C'.JOK^., Pi'TDX   ] L.MJDb l.^LACE 5 

^b^ GhN.c ir^o.t0.uri:» i [,*Q\A I.PLAOE c 

3 5-3 CF^ .cniRü.tt:,",Tj«   ] t^v.ue l.HLAOE 7 

35 * GCr..CjUF". .KOTOK   1 ,MCÜE 2fBLADE I 

35»? GFr,C.KRti.»K-T J«   1 L,WiU.fc 2,RLArje 2 

333 üCK«c.',nRi),fft''T':w ) LfM'»u6 2,t<L*0t 3 

35'> Ctf .CUUHD.»huTUR   I i,Müoe 2»aLADE 4 

360 GFN.ConKO.tRnrnR  ] 1,^1 B 2,öLAr)t b 

5tl GEN.C^UBU.iROTno   1 LiHÜOE 2fFLÄ0E t 

3^2 GF^ .CilUKü.tKOTG^   1 I,MODE 2,aLÄnE 7 

i63 oi:f .rnOhn.iRiTüR  i l,KOPF 3f8LA0E I 

3to4 i.Fr ,r T.P ),,P:.)TUK   1 LiMOOt J»HLAJ' 2 

ifl GfN.OJORU.tKUTOf»   ] UMOOE 3,«LADE ^ •» 

lf>') CFN,C00Hi)«tP0TlR   1 It^CCE 3,GL&OF '♦ 

36 7 OF.f^.Ci10i»r).iküTnR    ] Lff»3Dt 3fRLA0t 5 

Jc4 GFK.Cün(<n,f
|5LlT<.P   ] l,Hf)(.E 3»PLADE b 

6-17 



1                                           TABU 6-1. Cwtimitd                                            1 
Number Dcecr lotion 

FIRST 36 V i.l:t.i;'1',Ki).»fv''Tnp lfMOI)6 3»dLA[)E 7 
ROTOR 
ELASTIC 370 (•FM»C'lüHn#tPOTfJi< UMUOfc A,eLA(JE I 
RESPONSE 
(Continued) 171 r,€f4.C.)ORO.i(»nTOR I.MODE «,9LADE 2 

i7? uhf .C PMD,.^CTOO ItMOOt «♦8LA0E 3 

3 73 GFr..ClCrt3.»«'CTOÄ l,M00t 4,«HADP A 

3 74 C.f N.C'JRO. .Kf.T'lH i.Mor.E 4,ÖLA0E ü 

375 (ih^ .C'- lf<D.,FOTr'R UMCufc 4,fLA0E 6 

37S ühK.conRn.t'-inTOP l»^ÜÜE 4»BLA0£ 7 

377 r,f^.c.'üP^).»P'JT^R l,MOl>£ 5,BLADE 1 

37H Gür.C' jFn,,FiTnR I »MHDE StPL-AOE 2 

3 79 GPr .CMlPf).,»')TtJK ItMCOE 5f eL40E 3 

3HJ GFr.COOKO.th'JTCP I.^JÜF 5,nLÄ0£ * 

3^1 GEK'.CUJPD.fRUTrP I.HOLE 5,t?LA0E 5 

182 r,^ ,c nj.<n.,p.iT"p I,"OUt 5,"LADE 6 

3d3 r,FK'.cooi<c..Pt'r3P l^CLf 5,*LA0E 7 

38* GCf.CiCRD..KOTOS l.KQüt ä.raLAüE 1 

385 GFr .r'?"PO.fHf1T.JR l,Müi;fc 6,PLAf)E 7 

386 r.EN,cnnKn,,Ptmjs l »MUOE fciPLAOE 3 

367 CEr;.conc'5.lK(:T'?H l.vjijt 6t3LA(JE 4 

3H8 GET .COORO.iKOTfJfi ItMODE ft»HL40E 5 

389 GEK.COORCPPTnR I »MOM <:,31A0F 6 

390 GEr.roüKn.,KOTüK I,MODE t,HlAOE 7 

391 TIP  OtFL.üUT-OF-P LANEtPcTO«   1»BLA0E   l.FT 
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TABLE 6-1. Continued 

Group Number Description 

FIRST 
ROTOR 
ELASTIC 
RESPONSE 
(Continued) 

*9?. 

5 93 

V»'3 

i<)r 

3V7 

J9B 

iSO 

400 

401 

t*? 

'♦03 

404 

40^ 

406 

4C7 

40a 

40^ 

413 

411 

412 

413 

414 

IH 3rFL.OUT-Ü*:-P|.ANhfat r'^   l.BLADL   ^t^ 

1» DfFL.OUT-ilF-PLANcffvOT.JH    UOLAöh   2fF 

IP Ot»:L.nijT-.JI--PLAKP,«LTi>    UilLAOt   4tr 

IP OHHL.OUT-'iF-PLANFfHiT 1»    UBLAOE   b.F 

IP JFFL.OUl-^F-PLANefXLT:?    ItBLAOE   t»F 

II- ni-FL.ÜUT-ür-Pl AUC^CTn»   l.OLADfc   7»F 

IT MCFL.    IKPLANt.RLTC.K    |,HLAi)F   ItH 

IP I3FFI.    INPLANfc.KUH R   URLAOE   2»F1 

IP OFFL.    INPLANFfKiJTC ^    IftHAnF   3,F 

U OLFL.    INPLANH.MLTl»'   lf3L»RE   4fF 

IP OfcL.    INOLANt.kLTC"   l^LACt   b,f 

f OFFI.  IN^L^^»:f.<t.Tl ^  UBLAOE ttf 

IP CisFL.    InPLANF.^i TC><   lfaL^,3E   7,F 

IP TWIST   UPFL.tMLTC.^   l.fLAOE   ltDFG 

If TWIST   DEFL.iKlT^k   ItriLACC   2tOFO 

If TWIST   0EFL..»<CTCh   l.HLACF   3,ltr, 

IP TWl<iT   DF.FL.fPOTfR   ltHL\L)E   4tÜtb 

IP T^IST   DFFL.tKOTC«   l»PLA;JE   ü.DtG 

IP T*IST   nFFLttKCrCR   1,HLA;)P   6»DfcG 

If TWIST   OEFL.tKCTCK   UrtLAUt   T.CCG 

FrTir.AL   HU".   SHfcAF,xOTm   l»FLA3t   I »Lb 

F6TICAL   HUH   SHEA^ft-LilCf    ItPLAOL   2»LC 

VCHTICAL   HUF   SHEAÄ.fjTLf.    l,9LADF   3»ie 
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1                                                     TABLE 6-1. Continued                                                      1 

__Nj|inber Description 

FIRST 415 VEPTICAL   HUB   SHEAR,KOTOR 1,BLADE  4,LB 
ROTOR 
ELASTIC 416 VFRTICU   HUB   SHEAR,KUTLR l.PLAOF   5,LD 

RESPONSE 
(Continued) 417 VEFMCAL   HUB   SHEAR,ROTOR l.BLAOE   6,LB 

413 VFHICAL  HUB   SHEAR,kGTOP l.PLAOE   7,Le 

419 INRLANE   HUB   SHEAR,ACTOR 1,"LA0E   l,Lb 

420 INf LANE   HUB   SHEAR,R'JTCR 1, BLADE   2,Lt' 

421 INHLANE   HUo   SHEAR,^LiTGR 1,1'LACF   3,LB 

422 INHALE   HUtt   SHEAR,RCTKR 1,ULA0F   4,LD 

423 |Nf>LANE   HUB   SHEAR,R(JTÜR l.HUDE   5,LB 

424 INPLAME   HUB   SHEAR,RCTCR 1,BLADE   6,Lb 

425 INFLAME  HUB   SHEAR,ftfTCR ItHlAOE   7,LB 

426 REAM  fJFN(}.MO.MtNT,WQT0R   1 ,BLADE   1,IK-LB 

42 7 ßFAM  HENO.MrjMENT,POTüR   I »äLAOF  2,IN-L8 

42 9 BFA^  BEND.HO«f-NT,PÜTüP   1 ,BLADE   3,IN-Ld 

429 ÖEAK   ?END.MCVENT,RüTOR   1 ,3LACE   4,IN-LB 

430 BFA.'   «ENO.Mf'MEMT,ROTOR   1 »«LADE   5,IN-LB 

431 BEAM   aENO.MOMENT,rtOTOR   1 »BLAOL-   0,IN-LB 

432 ßEAM  8ENO.MOMENT,ROTOR   1 •BLADE   7,IN-LB 

433 CHC.^D BENO.MOMENT,RGTGR 1,BLADE   1,IK-LM 

434 THCRO  BENO*MOMENT,ROTUK l,BLAOE  2,IN-L8 

435 CHCRD  BEND.MOMENT,RCTCR 1,BLADE  3,IN-LB 

436 CHr-RD  BEND.MOMENT,ROTOR 1,BLADE  4,IN-LB 

437 CH( RO  BEN0.M'1MENr,RCT0R l.BLAOF   StlN-LB 
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1                                                       TABLE 6.1- Continued                                                         1 

Croup_ _ Number 

FIRST 
ROTOR 
ELASTIC 
RESPONSE 
(Concluded) 

438 

439 

44} 

CHORD   BEND.MOM?NT,RUTC'K 

CHPRf)  6ENO,MOMENT,RÜTCR 

rOKSIONAL   MOMENT,KCTO"   J 

1,BLADE   6,IN-LÖ 

I,BLADE   7,IN-LÖ 

l,6LACE   1,IN-Lb 

*4l TCf SIGNAL   .yrMFNT,RÜlOR   J I,BLADE   2,IN-LB 

442 TOr SlüNAL   MOMfcNT.PUTOh   I l,eLACE   3,IN-LB 

443 TO».SIONAL   MCiMENT.ROTOK   J I,BLADE   4,IN-LB 

444 TCIRSIONAL   MfMENT,ROTOR   I I,BLADE  5,IN-LP 

445 TOKSIONAL  MOMENT,ROTOR L,BLADE  6,IN-LB 

446 TORSIONAL   MOMENT,ROTCR   3 UBLAJF   7,IN-LB 

SECOND 
ROTOR 
ELASTIC 
RESPONSE 

447 

443 

449 

AZIVUTH,   RCTOR   2,   9LA0E 

AZIMUTH,   PCTOP   2,   8L&ÜE 

AZIMUTH,   ROTOR   2,   BLAUt 

1, DEC 

2, OEG 

3, CEG 

«♦53 AZIMUTH,   RUTOR   2,   BLADE 4i   OEG 

451 AZIMUTH,   ROTOR   2,   BLADE 5,   CEG 

452 AZIMUTH,   ROTOR   2,   BLADt 6,   OEG 

453 AZIMUTH,   RCTOR   2,   BLADF 7,   CEG 

454 GEN.COORD.,ROTOR   2,MODE 1,BLADE   1 

455 GEN.COORD.,PüTOR   2,WÜDF 1,BLADE  2 

456 GFf.COORD.,ROTOP   2,MODE 1,BLADE   3 

457 GFN.COORD.,RCTOR   2fM0DE 1,BLADE  4 

458 GEN.COORD.,RCTOR   2,MODE 1,BLADE   5 

459 OEN.COORO.fROTOR   2,MflüE 1,BLADE  6 

463 GEN.COORO.»ROTOR   2,MODE 1,BLADE   7 

6-21 



TABLE 6.L1 Continued 
I 

1    COUP fflfflft**- DeacriDtion 

1 SECOND 
1 ROTOR 
1 ELASTIC 
1 RESPONSE 
1 (Continued) 

461 

463 

GEN.COORD.,ROTOR  2«MODE 

GEN.COORD.,ROTOR  2,NODE 

GEK.COORD.,ROTOR  2,NODE 

2»BLADE   1 

2»BLADE   2 

2,BLADE   3 

464 GEN.COORD.«ROTOR  2,MODE ?,BLADE  4 

465 GEN.COORD.,ROTOR   2»MODE 2,BLADE   5 

466 GEN.C00R0.«ROTOR  2,MODE 2.BLADE  6 

467 GEN.COORD.«ROTOR 2«MODE 2«BLADE  7 

468 GEN.COORD.«ROTOR  2«MQDE 3«BLADE   1 

469 GEN.CÜORD.«ROTOR  2,MODE 3.BLADE   2 

470 GEN.COORD.«ROTOR  2,MODE 3,BLADE   3 

471 GEN.COORD.«ROTOR  2,MODE 3«BLADE 4 

472 GEN.COORD.,ROTOR  2,MODE 3,BLADE  5 

473 GEN.COORD.,ROTOR  2,MODE 3,BLADE   6 

474 GEN.COORD.,ROTOR  2,MODE 3,BLADE   7 

475 GEN.COORD.,ROTOR  2,MODE 4,BLADE   1                      i 

476 GEN.COORD.«RUTQR 2«MODE 4,BLADE  2 

477 GEN.COORD.«ROTOR  2»M0DE 4»BLAüE   3 

478 GEN.COORD.«ROTOR 2«MODE 4»BLADE 4 

479 GEN.COORD.fROTÜR  2,MODE 4,BLADE  5 

480 GEN.COORD.»ROTOR  2«MODE 4,BLADE  6                      | 

481 GEN.COORD.«ROTOR  2,MODE 4«BLADE   7 

482 GEN.COORD.«ROTOR 2«MODE 5.BLADE   I 

483 GEN.COORD.«ROTOR 2»MODE 9tBLADE 2 
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TABLE 6.1. Continued 

group Number 

SECOND 
ROTOR 
ELASTIC 
RESPONSE 
(Continued) 

Description 

484 GEN.COORD.tROTOR   2tMOÜfc   SfBLAOE   3 

485 GEN.COOPO.tPOTOR   2,MODE   S.BLAOE   4 

466 GEN.COORO.tRUTnR   2,MODE   StRLACE   5 

487 GEN.COORO..ROTOR   2.MüOt   5.BLAOE   6 

488 GEN,COORO.,ROTOR   2,HODE   5,BLADE   7 

469 GEN.COORD.»ROTOR   2»MODE   6»BLADE   1 

490 GEN.COORD.»ROTOR  2»MCDE   6»BLADE   2 

491 GEN.COORD.»ROTOR   2»HODE   6»BLA0E   3 

492 GEN.COORD.»ROTCR  2»MODE   6»BLADE  4 

403 GEN.COORD.»POTOR  2»MODE  6»BLADE   5 

494 GEN.COORD.»POTOR   2»M0DE   6,BLADE   6 

495 GEN.COORD.»ROTO*   2,MODE   6,BLADE   7 

496 TIP   0EFL.OUT-OF-PLANE»R0TnR   2,BLADE   1»FT 

497 TIT   OEFL.OüT-OF-PLANE»ROTOR   2,BLADE  2»FT 

498 TIP   OEFL.OUT-OF-PLANE.RCTGR   2,BLADE   3»F1 

499 TIP   OEFL.OUT-OF-PLANE»ROTOR   2»BLADE  4»FT 

500 TIP  DEFL.OüT-üF-PLANE»RCT0R   2»BLADE   5,FT 

501 TIP   OEFL.OUT-OF-PLANE,RCTÜR   2,BLADE   fc.FT 

502 TIP  OEFL.OUT-0F-PLANE»K0T0R   2,BLADE   7VFT 

503 TIP   OEFL.   INPL4NE»ROTCR   2»BLA0E   1»PT 

504 TIP   DEFL.   INPLANE»ROTCR   2,BLADE   2»FT 

505 TIP  DEFL.   INPLANE»ROTOR   2,BLADE   3»F1 

506 TIP   DEFL.   INPLANE»ROTOR   2,BLADE  4»FT 
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 TABLE 6- 1. Continued                                                    1 

Group Number DeacriDtlon                                             j 

SECOND 
ROTOR 
ELASTIC 
RESPONSE 

1 (Continued) 

507 

508 

«Go 

TIP 

TIP 

TIP 

OfFL. 

DSFL. 

I3EFL. 

INPLANE.KUTCR   2,eLA0F   5,FT 
1 

INPLANE«RüTCK   2.0LAOF   6(FT 

INPLANF.RrTfK   ?,BLAUE   7,FT               1 

510 TIP TWIST f)CFL.»R(JTrR   2, BLADE   UOfG 

511 TIP TWIST nFFL..P.nTCR   2,PLAÜfc   2,HEG 

512 TIP TWIST DEFL.,R3TCK   2,HLAnE   3,f5EG 

513 TIP TWIST nfFL,,ROTCR   2,HL/V0F   ^»UFG 

5U TIP TWIST OEFL.tROTCR   2,BLACfc   5,0EG 

515 TIP TWIST DtFL.tKOTCR   2,t«L4i)t   6,OLG 

516 TIP T.^IST DEFL.»RCTCR  ^»HLAOF   7,REG 

517 VFMICAL HUH   SHEAPtROTUH   2,PLA0E   1,LB 

518 VEMICAt HUH   SHEAP,HnTCK   2,PLA0E   2tLB 

519 VrKTICAL HUP   SH^AR.^nTCR   2,eLAnt   3,LB 

520 VEFTICAL HUB   SHEAR,RQTLP   2,eLADe   4tlB 

521 VERTICAL   1 HUB   SHEAR,RÜTCR   2,RLADk   5,LB 

522 VEHTICAL   1 HUB   SHEAR,F'QTCR   ?,BLADE   6,LB 

523 VFHTICAL   1 HUB   SHEAR,HCTLR   2,BLADE   7,L                 ! 

52<» INPLANE   HUB   SHEAKtRCTi.R   2»8LAJE   I,Lb 

525 INPLANE   HUB   SHFAR.RCTf.h   2.HLADE   2fLP 

526 IMPLANF   HUB   SHPAR.KCTOP   2,eLACE   3,LB 

5*7 INPLANE   HU«»   SHEAR »RCTOR   2,BLA0E   4,LB 

528 INPLÄNF   HUB   SHEAR,RCJTCK   2f3LA0E   5,LP 

529 INPLANE   HUH   SHEAK,RGTCR   2,BLAÜE   6,Lb 
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1                                                          TABLE 6-1. Continued                                                           1 

CrouP _Ulffiber Description 

SECOND 
ROTOR 
ELASTIC 
RESPONSE 
(Concluded) 

530 

531 

532 

TNPLANf  KIR   SHEAR,'.CTÜK   2,BLAUE   7,Lb 

RFAM  BENÜ.MCMENT.KÜTOP   2,GLACE   l,IN-LB 

WFM   bcNO.M( MENT,KCTCft   2.aLA0E  2,IN-LB 

^33 BEAf^   RENl>.MüMFNT,ROTu*   2teLAJE   3,IN-LB 

5 34 BEAM   RENÜ.MOMENT,ROTOP   2»eL4CE   4,IN-LB 

535 BEA^I  rtEN0.M()MFNT,K3TCR   2,BLAUE  5,IN-L8 

536 BEA''  BENO.HOMENT»»<OTOR   2,eLA0E  6»IN-LB 

53 7 HEAM  BRNO,MOMENT,ROTCIP   2,PLADE   7,IN-LB 

53Ö CHCt'D  BENO.MOMfcNTtiOTOR   2,BLADE   1, IK-LB 

539 CHt'O   U6N0.M0ME^f»RCT0R   2,PLAnE  2,IN-LB 

540 CHC^n   BEND.MPMENT.fCTf^   2,PLAüE  3,^-LB 

54I CHtRO  DENO.MOMENT»RLTCJR   2, BLADE  4, IN-LB 

542 CMn«0  BEND.MOMENTtPUTOR   UNLADE  5, IK-LB 

543 CHL»I)  B6NO#H'JM6NT,RCTOR   2,BLADE  6, IK-LB 

5A4 CHHRO  BENO.MJME.^TfRCTOR   2,BLADE   7, IK-LB 

545 T'JKSIOKAL   MnMEMT,PCTCR   2,t»LAüF   l,IN-LB 

546 TORSir^lAL   -1t'MEM,K0TCP   2,BLADE   2,IN-Lfl 

547 msi'JhIAL   MOMENT,POICH   2, BLADE   3,IN-LH 

543 TOPSIONAL   MOMENT.fiaTCR   2,SLA0E   4,IN-Lb 

549 TOP SIGNAL   MOMENT,POTCh   2,HLA()F   E,IN-Lfa 

550 TCKSIÜ/JAL    -irMFNT,PüTOP   2,.JLAÜF   e,I.N-La 

551 TOPSIONAL   MOMENT,ROTCH   2,BLA0i.   7,IN-LB 
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TABLE 6-1.  Coi ;luded. 

The code numbers for the rotor bending moments (numbers 552 through 1391) 
can be expressed by the following equation: 

Code Number = 4z0 * x + y + 7*(20 - z) + 140*m - J6 

where 

x = Rotor number ( = 1 or 2) 

y = 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 f^r 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 defineJ above and mmmm is BEAM BEND, 
CHRD BEND, or TüRS 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 MOM, IN-LB 

i ; _j 
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