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FOREWCRD

This report describes a nonlinear rotorcraft model and associated
computer software which Las been developed and iocumentei for NASA, Langley
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REXOR II ROTORCRAFT SIMULATION MODEL*®
Volume III User's Manual
J«. S. Keaser and P, H. Kretsinger
Lockheed-California Company -
SUMMARY

This report describes a generalized format rotorcraft nonlinear
simulation called REXOR II. The program models single main rotor vehicles
with up to seven main rotor blades. Wings, two horizontal tail planes,
and auxiliary thrustors may be included to model a variety of compound
helicopter configurations.

Program output is primarily in the form of machine plotted time his-
tories specified ‘from a signal list. This list is, in turn, user selected
from a set of computation variables used by the program.

LIST OF SYMBOLS

The symbols used in REXOR IT are quite numerous. In order tc keep the

list to manageable proportions a list of basic symbols is given, followed
by subscripts, superscripts, and postscripts. Nonconforming cases of usage
together with complicated or obscure subscripting are fully annotated in
the basic list.

SYMBOLS

a arbitrary vector

a speed of sound, m/s

60 acceleration vector, m/s (ft/sz)

3, longitudinal component of blade first harmonic flapping, rad
[A] generalized mass element matrix

1\112’3 modal variables

Aln generalized displacement of nth blade, first mode

*The contract research effort which has lead to the results in this report
vas financially supported by USARTL (AVRADCOM) Structures Laboratory.
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o

Cx,¥,2
Co,8,9

€1,2,3
(k)

dt
d/@t
(d/e)0

(d_/e)l

EI

fom

generalized displacement of nthibltde; second mode
generalized displacement of nth blade, third mode
cosine component of blade first harmonic =yclic, rad
number of main rotor blades; arbi;rary vector
dissipation function

sine component of blade first harmonic cyclic, rad
blade segment chord, m (ft)

damping matrix .

aercodynamic drag coefficient

serodynemic lift coefficient

aerodynamic pitching moment coefficient

power coefficient

thrust coefficient

linear damping, N/m/s (1b/ft/s)

rotery damping, N-m/rad/s {(ft-1b/red/s)

blade bending to feathering couplings

1lift deficiency function

infinitesimal increment

increment in rotor, radius, m (ft)

increment in time

derivative with respect to time

swashplate to feather gear ratio, zero collective
swashplate to feather gear ratio slope with collective
pritch horn effective crank arm, m (ft)

blade bending stiffness distributicn, N—m2 (lb-fte)

ground effect factor for main rotor



-

factor; force, N (Ib)

force components along X,Y,Z directions, N (1b)
generaiized force about ¢, 6, ¢ axis

feathering mode generalized force

gravity, n/s? (rt/s%)

gravity components along X,Y,Z directions

gear ratio

generalized force vector

gyro angular acceleration partial product

blade torsional stiffness,AN-m2 (1b - ft2)

Im, Xia, kg-m2 (slug-fte)

= }:mi

Yiz, kg-m2 (slug—fta)

= In, zia, kg-m° (slug-ft°)

= m, (Y,2+2 2). ksr-m2 (slug-ftz)
i 1 i

2)

2 2 2
Im, (xi + Zi }, kg-n" (slug-ft

Im, “‘12 + yiz). ke m° (slug-£t2)

2 2
= Emi x1 yi, kg-m~ (slug-ft<)
2

2
= Zmi xi Zi’ kg-n" (slug-ft

Emi Y Zi’ kg—m2 (slug-ftz)

i

unit vector

unit vector

- advance ratio

number of blade radial stations; reduced frequency,
rad/s; unit vector

spring matrix

blade spring matrix element



%,Y,2

Ke.0,v

spring constants along X,Y,Z direction, N/m (1b/ft)
spring rates about ¢, 8, ¢ axis, N-m/rad (ft-1b/rad)
location inboard feather bearing, m (ft)

location outboard feather bearing, m (ft)

radial location of intersection of precone and feather
axis, m (ft)

rolling moment, ¥-m (ft-1b)

- mass of element, kg ‘slugs)

summed fuselage coordinate mass, kg (slugs)

summed hub axis mass, kg (slugs)

mass of ith particle or blade segment, kg (slugs)

swashplate summed mass, kg (slugs)

pitching moment, N-m (ft-1b); = Zmi, kg (slugs); mach number
generalized mass matrix

generalized mass matrix element

= Xmi X, kg-m (slug-ft)

Emi Yi’ kg-m (slug-ft)

Zmi Zi’ kg-m {slug-ft)

moments about X,Y,Z axis, N-m {(ft-1b)

blade torsional moment, N-m/m (ft-1b/ft)
number of system particles

angular velocity'about X axis, rad/s; particle
main rotor pitch moment inflow, m/s (ft/s)

geneialized coordinate; angular velocity about Y axis,
rad/s



main rotor roll moment inflow, m/s (ft/s)

generalized forcing function

serodynamic pressure times refererce ving ares, kg (1b)
total noomair. ~otcr aerodrramic logds matrix

tail rotor torgie, f-nn (ft-1b)

gen=2ral vector; radius of curvature, ft; angular velocity
about Z axis, rad/sec; notation for {X,¥,Z)

static blade shape

vector displacement of particle p in X,Y,Z axis systenm
vector displacement of x,¥,z origin in X,Y,Z system
g&rc damper coupling ratios

laplace varisble, path of motion of particie p

blade spline length along neutral axis locii, m (ft)

time

kinetic energy, N-z (ft-1b)

transformation of ccordinates matrix
velocity in X éirection, m/s {ft/s;
potential energy function, N-m (ft-1b); strain energy, N-m (ft-1b)
air velocity on blade elexment, m/s {ft/sec)
velocity in Y direction, m/s {ft/sec)
trajectory velocity

velocity in Z direction, m/s (ft/sec)

main rotor collective infiow, m/s (ft/sec)
tail rotor collective inflow, m/s (ft/sec)

moticn in X direction, m (ft); blade span location
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1,2,3

o

coordinate direction; axis; deflection, m (ft); location,
m (ft); cross product

blade radial station of sveep and jog, m (ft)

trajectory path, m» (ft)

tail rotor longitudinal force, m (1b)

motion in Y direction, m (ft)

coordinate direction; axis; deflection, m (ft); location, m (ft)

tension torsion pack outboard end modal coefficients

difference between Y direction locations of cg and neutral
axis points of blade element, m (ft)

motion in Z direction
coordinate direction; axis; deflection, m (ft); location, m (ft)

reletive swashplate vertical displacement with respect to
the hub, m (ft)

tension-torsion pack outboard end modal coefficients

teetering rotor undersling, m= (ft)

hub set distance above fuselage set, m (ft)
hub set distance above swashplate set, m {ft)
angle of attack, rad

angle of attack with hub set, rad

sideslip angle, rad

blade feathering angle, rad

feathering/pitch-horn bending or dynanic torsion
generalized coordinate displacement

blade droop relative to precone angle, rad



blade sveep angle, rad; dynamic stall delay, s
trajectory path angle with E set, rad

limit deflection, rad; freeplay, rad; small increment
tail rotor pitch ~ flap coupling

downwash factor of wing on horizontal tail

vector notation of ¢, 6, ¥

rotation about Y axis, rad

coilective blade angle, rad

sideslip at blade element, rad

air density, kg/aa. (slugs/ft3)

time constant, s; natural period, s

feathering axis precone, rad

rotaticn about X axis, rad

feathering angle, rad

feathering angle of blade element of nth blade, rad
blade root reference feather angle, rad

blade torsion, rad

sum of blade twist and torsion, rad

wvake angle of main rotor, rad, (deg)

rotation about 2 axis, rad; sideslip angle with hub set, rad

control input axis rotation from swashplate, rad
pitch lead angle, rad, (deg)

trajectory path yaw with E set, rad

main rotor apparent airflow angle, rad

rotational speed, rad/s; angular velocity, rad/s;
natural frequency, rad/s
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DYN

ERG

4 7 ™

2]

GFB

GSP

partial derivative, derivation

arbitrary coordinate set a

due to aerodynamics

arbitrary coordinate set b

associated with blade elastic bending
blade element coordinate systenm

blade reference axis system for tke nth blade

associated with pilot control input, chordwise
associated with center of gravity location
corrective, correction

referring to downwash

referring to dynamic component

earth axis

associated with powerplant - engine

estimated

fuselage axis; associated with blade feathering
referring to blade feather axis

associated with feedback

associated with feathering of the nth blade
due to friction

referring to gvro or gyro coordinate syctem

associated with gas generator section of pcwerplant

associated with gyro control feedback

gyro to swashplate connection



hgwamg

Jog

Jo

LAG

NO

0B

OLD

PH

relating to gyro gimbal unbalance‘

referring to hub or principal reference axis system
associated with horizontal tail

referring to inflov, particle

referring to inboard feather bearing location
sprirg matrix index

associated with blade attachment Joggle

associated with gyro end of feedback rod linkage

associated vith feedback rod coming from the nth blade
generalized mass index

associated with lead-lag damper

signifying limiting value

blade mode index, spring matrix index

associsted with main rotor

blade number index

referring to blade segment neutral sxis

newly determired value

normal (to airflow) component

pertaining to nonrotating value

referring to outboard feather bearing location

value from previous time step

associated with propeller; perpendicular blade component
referring to pitch horn

generalized mass index

referring to rotor axis system
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assaeistéd,ﬁith blade f&#xher reference value
ntm%c@mlmfee&ncklmrm

to blade spanvise velocity; general mode; static;
; shaft

; :ei%rriagito'blaag segnant shear center

referring to svashplate

command to swashplate

referring to swashplate limit stop
steady component

referring to blade sweep angle loczation

associated with trajectory path relating to E axis;
tangential blade component; blade torsion; blade twist

associated with the tail rotor
initial or trim value

associated with blade twist (built in)
relating to control gyro unbalance
associated with unsteady component
associated with vertical tail
associated with the wing

relating to component in X direction
relating to component in Y direction
relating to aerodynamic component in Y direction
relating to component in Z direction

relating to aerodynamic component in Y direction



1,2,3
18

1/k ¢
3/k ¢

v

SUPERSCRIPTS

I

T
(-)
(")
()
()
(-1)
(=)
POSTSCRIPTS
(i)
(n)

(nought) associated with collective value, coordinate axis
value, with respect to principal reference axis, blade
root summation

with respect to blade modes 1, 2, or 3

first harmonic component shaft axis feathering

with respect to blade 1/L chord

with respect to blade 3/4 chord

associated with the feathering mode of the rth blade
relating to component in the ¢ direction
relating to component in the 8 direction

relating to component in the ¢ direction

referring to inertial reference

matrix transpose

(bar) average quantity

(prime) slope with respect to blade span
{dot) time derivative of basic quantity
(double dot) second time derivative
matrix inverse

vector quantity

blade raaial station index

blade number index

11



1. INTRODUCTIOR

1.1 Contents of Manual

Volume III is a user's manual. It is primarily concerned with the
mechanics of operating the program. The .sar is assumed to be familiar with
the contents of Volumes I and II. Many inputs are required ard a large por-
tion of these pages are devoted to & description of the inputs. Before dis-
cussing the inputs, the configurations the program can model and what consti-
tutes easy and difficult program modifications are reviewed. The output plots
and tabulations are also described. Due to the extensive computing time
required for a run, a portion of this book is devoted to descrit’ng the run
time requirements and time saving procedures. In the final sectiocn, the
interfacing of the program with the user's machine is reviewed.

1.2 Depth of Presentation

Volume III assumes the user has a limited knowledge of the program and
wishes to operate same. It is assumed that he is primarily an engineer and
secondarily s programmer. How to modify the program is not a subject. The
intention is to let the user Input-output the program without a complete
knowledge of the program code. This statement does not preclude the prospect
that minor program changes will be desirable for a new configuration.

12



2. CONFIGURATIONS MODELED BY REXOR II

2.1 Major Configuration

The program, as presently structured, is limited to helicopter designs
featuring a single main rotor and a tail rotor. Howvever, there is nothing in
the basic mathematical approach which limits the program to one lifting rotor.

2.2 Overall Configuraticns

Although the program is limited to one main rotor, tl'e fuselage configura-
tion is readily ve ““shle under one assumption; namely, the user is satisfied
that the fuselage its attachments can be treated as one rigid body with
flexible rotor mas controls and with rotors which are geared directly
to the main rotor. uJsing inputs alone, a pure helicopter or a compound con-
figuration with a thrustor can be simulated. The size of the horizontal and
vertical tail surfaces can be readily changed. The user will find that pro-
gramming changes for the aerodynamic and inertial charecteristics of items
attached to the fuselage are relatively easy under the assumption given
above,

2.3 Main Rotor Configurations

The progran can handle a hingeless or articulated rotor of up to 7 blades.
The hingeless design can be either stiff or soft inplane, but no soft inplane
design has been operated in the program at this writing. The program has
been run however as a soft inplane articulated rotor. The only difference
between a hingeless design with a virtual hinge and a blade with a real hinge
is in the shape of the blade bending mode in the blade root area and in the
spring matrix describing the elastic characteristics of the blade structure
itself.

2.4 Control System Configuration

The program models a swashplate driven directly from the cyclic stick
through actuators. The swashplate inertia may be so low and the spring rates
so high, that it may be appropriate to run the program with the swashplate
degrees of freedom locked cut. The characteristic frequencies of these modes
can be quite high and may lead to computation or numerical instability for a
reasonable azimuth step between time points.
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3. PROGRAM INPUT

3.1 Relative Address/Master Data Input Systam

3.1.1 Overview of concept. - REXOR II provides for a comprehensive description
of a rotorcraft. Consequently, there are a large number of inputs. To pro-
vide a high degree of flexitility in manipulating the input data, a relative
address (RA) input system is used. Some attributes of this form of data
management are:

e the order of the data is immaterial

e the same item may be in the deck several times, the last one
encountered being used.

e only that data which is necessary need be input.

A relative address system coupled with a master/temporary data set philosophy,
produces an efficient data handling method.

The master data set procedure provides a mechanism for good data manage-
ment practices. For example, the master data sets could be stored on a storage
device such as tape or disk and retrieved by name. The section which follows
will present details concerning the construction and content of the data deck.

2.1.2 Data deck construction. - Data deck construction concepts begin with

a geries of definitions. The total collection of data subtmitted to the com-
puter at any one time is called s run deck. A run deck is composed of date
cards and control cards. These two card types will be discussed presently.
The collection of data cards is called a data unit. Three types of data units
will be considered as the basic units of data deck construction. These are:

e naster date
e permanent change data
o case data.

Master data is a data unit which will be the base for a series of cases.
A data unit which will permanently change the master data unit currently in
use is called a permanent change data unit. Values of data defined in this
data unit will override corresponding RA's in the master data unit. It should
be added that permanency is only as long lived as the data deck in its cur-
rent configuration. Case data is defined as a data unit which will tempo-
rarily override corresponding master data RA's. The resulting data will be
executed as a case. The generalized data unit concept leaves the user a great
deal of freedor in data collection and management.

The data units within a data deck are identified to the program by
control cards. Control card and data card format and definitions follow.
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e Control Card Format

All control cards begin in rolumn 1 and are alphanumeric. The
T control cards are

Column Column Column

1 5 9
MASTIER DIATA

CHANGE DIATA

CASE: §a aaaaaaal
: m
END : : 8 Character Case I.D.
ENDAILL :
AERO! 1 %
AERO: 2 :
.

| Program Recognizer Key

Only the first L characters are actually used by the program as
recognition keys.

e Control Character Definitions

MASTER DATA This card signals the beginning of a master data
deck, i.e.; all date cards which follow, up to the
next "END" control card, constitute a master data
deck.

CHANGE DATA This card signals the beginning of a permanent
change data deck, i.e.; all data cards which follow,
up o the next "END" card, constitute a permanent
change data deck.

CASE This card signals the beginning of a case data unit.
This card also contains an 8-character case I.D.
in columns 9-16.

END This card signals the end of a data unit.

ENDALL This card is the last card of a run deck. It is
always required.

AERO 1 These cards signal the beginning of special data

AERO 2 units which are handled outside the relative address

system. They are discussed in Section 3.2.
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Data cards are of two types, numeric and character (alphanumeric).
All numeric input deta are identified to the program via an address in the
range 1 to 3000. Alphanumeric character strings of two general types can
also be input to thL: program via the relative address system. These are
case identification titles (see Section 3.4.1) and program output signal
titles (see Section 3.4.5.1). Card formats for these data types follow.

e Numeric Data Card Format

One to five inputs can be entered on an inpuv card. The card format
is as follows:

Card Field
Column Definition Quantity
1 -4 Ik IRl right adjusted
5-8 Ik IR2 right adjusted
11 - 22 E12.0C Vl
23 - 34 El2.0 V2
35 - L6 E12.0 V3
47 - 58 E12.0 Vh
59 - 70 E12.0 VS

where IR1 is the RA of the first item c¢n the carid
IR2 is the RA of the last item cn the card

1f one and only one item is input, Vl’ then only IRl is required.

WARNING: THE INPUTS ON A GIVEN CARD ARE SEQUENTIAL,
i.e., SKIPPING FIELDS, BY LEAVING BLANK, IS NOT
ACCEPTABLE. BLANK FIELDS ARE INTERPRETED AS A ZERO
VALUE.

Note the date field specification, E12.0. All inputs are real numbers
and can be input in a variety of ways as described in your FORTRAN
manual. But remember, an absent decimal point has an assumed position
at the right of the field.

16



For tables of length greater than 5, i.e., more than will go on one
data card, the total range may te described by one set of addresses.
Let

IRl be the address of the first entry, and

IR2 be the address of the last entry of the table.
Then skip the IR fields on subsequent cards.

e Alphanumeric Data Card Format

Characte— strings are addressable by a single add:r :ss. The card
format is as follows.

Card F =ald

Column Defi .-ion Quentity
1-k Ik IR
11-70 15Ak CHAR

where IR is the address of character string CHAR up to 60 characters
5000 series addresses are raserved for 20 character output titles.
6000 series addresses are reserved for 60 character title strings.

A run deck is composea of any number of data units with the following
restrictions.

o The first data unit must be a master data deck.

® At least one case must be defined.
A case data unit may consist of no changes. However, the presence of a case
must be indicated by a "CASE" control card and an END card. The minimum run
deck would look like that shown in Figure 1.

A typical data deck structure is given on Figure Z. Note thai:

® A master data deck may be updated with any number of permanent
change decks

e Change decks and case decks can be interspersed

e Any number of master decks may be present in a run deck. However,
a master deck must be followed by at least one case deck.

Finally, an example of a data deck is presented in Figure 3.
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( ENDALL
(eno CASE ABC
( CASE ABC
[ END MASTER

MASTER

DATA

CARDS
MASTER DATA

Figure 1, ~ Minimum configuration.

3.1.3 Operational advantages. - The operation of the RA system permits
categorizing data as either master data, master override data, or temporary
case data. The system gives each input a unique address number. The
advantage of master override is that a large block of data can be changed
in the master due tc a change of blade, the use of trim save cards, etc.,
for all the cases to follow. This “lock of data is easily identified znd
removed at the end of a series of cases. Hence the integrity of the master
dat~ ‘s readily maintained.

& RA system also permits using the T format readin for data, flags,
st .wion integers, etc. The iInternal equivalence within REXOR II converts
the numbers to the type actually needed. The inputs may even simultaneously
te & flrgz and e physical constant.
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Figure 2. - Typical configuratio:
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CARD COLUMES

1 2 3 4 5 6 T
123456789012345678001234567890123:567890123L567890123L567890123456789012

20

0.

MASTER DATA
6001 SIKORSKY S-58 ON REXOR II
36 2k,
4 49 1. 1.
51 24L0.
62 123.
81 28.
91 3L0.
93 1000.
17911795 1.0000CE 02 1.0B00OE 00
17961800 9.60000E-01 1.800COE 02
271 1.0
L3 5.0
53 S5k -.1T708 -.3276
99 100 .OCRA .12
370 2s722.
367 .0k

END OF MASTER DATA

CHANGE DATA DECK

458 0.13COE 02
52 0.2321E 02
1269 0.1500F 02
S0L 505 0.145CE 01
506 510 0.1200E 02
511 513 0.2400E 02
sS4l 5kLS 0.17LLE 01
sLké 550 0.1596E 00
551 553 0.18S6E 00
12L€12L49 0.1271E 01
ERD OF BLADE DATA SET
CASE 105
56 .2356
1498 0.0
36 0.0
L8 0.
END COF CASE DATA
EXDALL
Figure 3.

0.2750E 01
0.1375E G2
C.2575E 02
0.2928E 00
0.1689E 00
0.1537E 00
0.5823E 00

i.
0.

0

THIS IS A BLADE DATA SET

C.55GOE 01
0.1575E 02
0.2800E 02
0.1009E 0O
0.1784E 00
0.2670E 00
0.127iE Q1

0.0

C.7500E 01
0.1875E 02

0.1622E 00
C.15L0E 0O

0.3261F 02

Data deck card image example.

1.0

1000CE 02 1.0L000¥ 00 1.20000E 02

0.0

0.9500E Q1
0.2150E 02

0.16LLE ©C
0.15T8E 00



3.2 Blade Aerodynamic Coefficient Input
Main rotor blade aerodynamic coefficients,

c, = Cl {a, M)

1
Cd = Cd {a, M)
= Cz {a, M),

for a NACA 0012 airfoil are compiled within the program, and stored in a
region vhich will be known as SET 2. The user may choose to provide his own
airfoil or a set of two airfoils via input. The techniguc for entering these
tables is described in this section. The proper activation and use of the
tables provided is discussed in Section 3.4.6.3.

-

The aerodynamic data block input is handled outside the relative
address system of REXCR II. Aero data may be made available to REXCR II
for a computer run by placing the proper data blocks ahead of e nrcrmal
REXOR II data deck. The ability to chang2 section data from case to case
is not provided.

Data table formats have been made compatible with PRell's C31 program,
as described in Section 2.3 of Volume II of Repcrt USAAMRDL-TR-TL-10B
(Raferance 1), DIVAR IT orovildes & siighul variation in input. A maximum
of two sets, Set 1 and Set 2 can be input. Also, Set 1 or Set 2; or Set 1
and Set 2 may be input.

The presence of &n aero set is sigraled by s data control card AEPO 1
for Set 1 or AERC 2 for Set 2. An AEFD control card is followed imm. iiately
by the necessary C-81 group ID Card ilA. The fermats are presented below
for completeress.

CAGi> 11/A Title and Contrcl Card (7ALk, A2, 612 format)

Col 1-30 Alphanumeric title for the sets of tables
31+32 RXL, number of Mach . umber entries in C_ table

L
3334 HZL, number of angle-of-attack entries in CL table
35+36 NXD, number of Mach number entries in CD table

37+38 NZD, number of angle-of-ettack entries in CD table

39+4C NXM, number of Mach number entries in Cy table

41442 NXM, number of engle-of-attack entries in CH table

21



Lift Coefficient Table

CARD 11/Bl Mach number entries for C, table (7X, 9F7.0 format)

L

Col 8-k Hl' lowest Mach number
15+21 MQ, next highest Mach number
2228 MB, next highest Mach number
2935 Hh’ next highest ¥ack number
3642 M_, next highest Mach number
L3+k9 M_, next highest Mach number
50456 M, next highest Mach number
5T+63 My, next highest Mach number
64~70 M_, next highest Mach number

CARDS 11/B2 Additional Mach Numbers (include only if EXL 2 10)

Sare format as CARD 11/Bl; include additicnal cards as required
with the same format to input NXD values of Mach numbers

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 »7 Angle of attack, degrees
B-l1i Coefficient at M = Ml
15421 Coefficient at M =

=

22428 Coefficient at M = Mi
2935 Coefficient at M = M,
36+:2 Coefficient at M = HS
L3449 Coefficient at M = ﬁ6
50456 Coefficient at M = M,
57+63 Coefficient at M = Mé
64+70 Coefficient at M = M

S



Second Card: (include only if NZL 2 10)

Col 1+7 (Not used)
8«1k Coefficient at N = "10
15421 Coefficient at M = "11
22428 Coefficient at M = Hi2
29-+35 Coefficient at M = H13
3642 Coefficient at M = M/
43-+49 Coefficient at M = M
5056 Coefficient at M = M
5763 Coefficient at N = M.
670 Coefficient at M = Hle

Third Card: (include only if NZL 219)

Same format as Second Card; include additional cards as required to
input ¥XL values of CL'

ggggfsoefricient Table

CARDS 11/C1, 11/C2, etc. Mach number entries
Ssme format as CARDS 11/Bl, 11/B2, etc.; NXD entries required
Card Sets for Angle of Attack/Drag Coefficient Data

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

Pitching Moment Coefficient Table

CARDS 11/D1, 11/D2, etc. 11/Dl, 11/D2, etc.
Same format as 1ift and drag coefficient tables; NXM Mach number

entries required; NZM card sets required with NXM values of CD
for each card set.
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3.3 The RA Set {Complete Numerical List)

The listing which follows (Table 1) is designed primarily as a memory
aid for the experienced user. Only a brief description of each input is
given. The user is advised to consult Section 3.4, vhich categorizes the
inputs into logical groups and supplies comprehensive information as to each
input's use. HNote the units given in Table 1 reflect conventional units data
data sets available at this writing. SI unit sets can be used interchangeably.

The following tabie includes:

e  The relative address (RA)

° The equivalenced FORTRAN name

) A brief description

® Typicai values and associated units if applicable.

For the sake of completeness, addresses which are not currently used are

indicated as OPEN. Program variable dimension information is included where
applicable. Parenthesis after the FCRTRAN name encloses the array dimensions

of that name.

A reverse directory, Table 2, is given to aid in finding the RA number
vhen the FORTRAN name is known.
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TABLE 1. - INPUT DATA/RELATIVE ADDRESS TABLE

R7a PROGRA™ CFSCHIPTION SAMPLE  uM]TSs
SYMAOL VALUE
1 N8 Ntiehgw OF MAIN ROTOR WLAPES +A000¢ 01
2 1 HENDING MUUE § INDICATON J1000E ot
t INDICATES PNESENCE
3 1w aENnING ~ut 2 LADICATOR .1000t @1
§ 1wy BELTT11C MiE § INDICATOR +1000€ 01
$ P ELASTIC FLATMENIAG [NDICATOR + 0000t 0O
o wPY DYHaNIC TURSTON [NDICATOR +L0000¢ 00
7 use AvpEw GF SAASNPLATE CDOMD .0000t o0
8 N F WIHAER UF hpFewptice SYSTEM 50800t 0!
CuCRUINATES

915 Saf¥ x  InDICATUR .0000t o0
10 132 Sras? v InDICATUR <0000t @O
11 1S3 S=afFt I 1401CAIDE <0000t 80
12 18a S»afT Pnl INDICATUN +0N00L 00
13 1385 SHaFT InT INDICATUW + 2000 00
18 ISe SrafFT PSI INUICATUR +UC0OE Q0
15 aN NUMKER UF ROTUR CUORD +0000¢ 00
16 «20PENe( 1S5)

17

tn

1e

20

21

22

23

28

25

0

27

er

29

3¢

31 MATGEN GENERATE MASS MATRIX VIA ,0000€ 00

ACCEL, PENTURBATIUNS

Note: Sample values and units reflect government supplied RSRA data sets,
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TAR3LE 1. -~ Ccntinued

R/7a PHUGHAW vESCHIP LN SAMPLE  UNITS
Syvnty, VALUE
32 neLo ELEVATUN RIGGING UF/! S¢? +0000F 00 RAp
3% DALY ALLESNUN RIGGHING UFFSE!Y +0009%E 00 WHaD
34 Trglivp TATL 2uTuN COLLECTIVE L0000k 90 RAD
RIGGING UFFSEY
3S pHpo Ounﬂtv w1GGIna6 UFFSEY .O0N00E 00 waD
3 1YY vig REVOULUTIUNS Tu Telw 28000t 01
37 N tibiag B OF URIVIGG sunCcTIONS ~O000E 01
Tu Tejw
38 REY 41718l SIPESLIP AnNGLLE 0000k 00 DEG
39 PUDA] 1517, PriChEnNY DIVERRARE 000t 00 FENCENT
ExTesSTun ANGLE
G0 PurLl Tl l, PewCeNT FLAP EXTENSIUN LO0UDE %0 PERCENT
A:GLE
41 Oping I¥17, PENCE“T »ING INCIDENCE <0000t v0 PERCENY
A%GLE
42 PnIn] 1417, PERCENY HURIZ20ONTAL TAIL L0000t 00 PERCENT
[L.CIDENLE ARGLE
43 nSavE SIGal StT SavE FREy, JO0D0E 00
aqg RAEVN ALALE STa, Tuutx AY weiCH Tu L,N00n0t 0o
SalTim Fruw SeT § T 2
15 (YeP Sars® MuuT, n]aLNySTIC PRINT L1000 0OF
Convitew
a6 MATPRT “\5S wATRIR PWINY FLAG, IF i, - 1000€E 01
Onttst NIV, MATHIY
47 IPinCn OUNCrH & Tulvs wbST Wt DATA URCK L 00008 o0
ISNEF 120%
as 1P uY Calgnvy PLOY fLaG 1xves . M00r vo0
a9 (PRINY PNt GnYvuy pLag 18VES .!0"0{ o1
SEE A’y 2A49,20404
S0 1S10Y ISTEANY Ltwiy DYPASS 15VES 9900t vo
G5y w2 AfvusT P Tewvagy CuNT <2890t @3

(PIS/%EV)

ORIGINAL PAGE IS
OF POOR QUALITY

26



TABLE 1. -~ Continued
W

N7y PROGHAW DESCHIPTION SAMPLE  UNITS
SYeRUL VALUE
$2 uvggh INIV, ®AQlis wOTUR SPELD +2321¢ 02 RAps3EC
Sy Pxc? 1417, PEHCENT LUNG, STICK =, 1708t 00 PENCENT
PUSITIUnN, Tu»
Sa PrcY 1917, PERCENT LaT, STICX «,3276F 08 PENCENT
PUSTITION, INT @
SS puct [ure, Pgncghv RUDDER, TR]™ «F13TE=0t PERCENT
S6 PIxgY 10T, PENCENT HAIN wOTaR «2350F 00 PEHCENT
COLLECTIVE, Tk [N
S? PoPY TH1T, PERCENT PROPULSION + 0000 00 PERCENT
SETTING, Iwin
S8 aLPHa AVGLE OF altace -, 2904¢ 01 DEG
S9 PnlE nAMR ANGLE -, 8891t 91 DE&G
6g ea(iPEreal 2)
[}
02 VI THAJECTUNY VELUCITY «7288L 02 XNUTS
03 GAMMa FLIGH! PaTn aNGLE «2000E 00 DEG
o8 JETCYC HUADF JETIISON SEQ, STARY . 0000t 00
cyoLte
0S wimg VERTICAL DUANNASH +928AE vl FT/SEC
o8 VMR HULL OUalinASH =, 70A83k=02 NKAD/SEC
67 almR PIICH DUANMASH = 0210E=202 RAN/SEC
ot «s0OPENes( 3)
59
T0
71 wisRD D/DY OF niMR .fn0oot 00
72 PlwAn Nn/nT PImK ,M000E 00
73 Qi~MR0 n/nt GIMR 00008 ©0
74 PXPT BRC/DTHO Jouave 00
7% PYPI DYC/0THY LON00E DO

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued

Rza

Te
7
7R

7%
89

L} ]
82
L3 ]
-1

8S

1.3
67

b

89

LT

9
92
93

94

95

%

9

98

PROGRaY
SYHRIL

eiry
ALTR
wnlvR

seiPEionl
[

e a(iPEN®e(

™™y

GaAlNC

GRINEL

GAINIR

GAINAL

GAIN®D

Faas5s
EnnM22
L]

tant

gewlu

wF

57w

SLTR

2)

3)

DESCRIPTION

NnIMgIRZ0THy
Taly w0Tun L08G, FLAP ANGLE

TATL w1y TU¥ DUSNKASH

malh LOTOUR RADIUS

TUTslL HLADE Tw]SY
s P AT TP

STICr CGNTWOL APPURTIUN FACTOR

FLEVATUR (OnTHOL APPORTIUN
FaCTOxr

TAlL wOluk COMTRUL APPUNTION
FACTUN

ATLENUE CuliTuil APPORTIVN
Fal 10k

RIGNER CUNTROL APPORTION
FAC T

FUSFLAGE VASS
FnGINE TRIM TOWIUE
I817]aL ALTITUDE

IW1T, DUnHeRSA EFF, FACTOR ONn
w2, TAIL

{agf, MmiwhSn tFF, FACTUR ON
UPPER WORLZ, 1AL

DISTANCE FROM FUSELAGE AALS T
U +0n
TATl ROTOR BLUCKAGE FACTUK

DISTANCE FHOM FUSELAGE AXIS Tu
TAIL RUTUK Y3

|
SAMPLE UNLTS
VALUE
L0800 00
2008k 01 DEC
15608 02 FT/8eC
J2ROUE 2 FT
-.AOOOE 01 VEG
1000t Ot
0000t 00
«1000E 01}
fnoo0t 00
L0000t 00
+3Q00UE 03 SLUG
«.0000F 00 FT=LR
L1000t 04 F7V
0000t 00
+0000E 90
=-,ADO0E Nl FT
+B500L 00
+3300€ 02 FT7
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R/

99

too

101

162

103

t9a

to?

| L]

tno

110

112
113

11s
i1ts

117

i1y

PROGHAM
LA TN
ConTw
FatlR
LY
Ve
Hvy
Eury
TalLOy
ETaE
PSTHH
LAMTH

LL T
COorRDL

LT
*a(iPElina( 2)

FCF
RLF
FCG

RLG

1225°

TABLE 1. - Continued
DESCRIPT LN
Cna TRIL, RUTUw

(Chr HAR tu,)

P FAC T
(Ch wav Eu,)

DISIANCE tHum ruUSELAGE AXIS
Ty rowPZudTaL TATL «AFY

NISTALLE FHUM FUSELARE AK[S
T vERTICAL TAlL *AFY

DIStance FROM POSELAGE ARIS
T viulICAL TAlL sLp

wEm NATA BECK OPTION
9zuFE , it=zun

UPPER MURIZUNTAL TRIL FLAG
120N

FANTVALENT VELOCITY RATLO
AT TAIL

PARTIAL OF SIuEwASH ANGLE
wikt SIneSLIP

TAIL HOTUR SeART N L ANGLE
ekT FUSLLAGE AXLS

AW DFNSLTY
AALN RUT SLAVE COND

CISTALCE TU UPPEN WOKREZ, TAIL
OFT G Fusk, AX1S

FEATHEXR FRICTION
FEATRER STICIIUN BREAN PUINT
SvaserLATE FRICTION

SaASHPLATE STICTIUN WrtAK
Puiat

SHASHPLATE PULAK MUMENT OF
INFRT LA

SaAMPLE

VALUE

JAB00E~02

1200t 00

«2R00E 02

«3006E 02

.2000¢ 01

J0000E 00

1000t 0t

+ 9000t 0O

goont 00

«N000f 00

2050802
J1367E 01

+0N00t 00

L0000E 00
.NOODE 00
LH0DOE 00

L0600t 00

« 0000t 00

ORIGINAL PAGE I§
OF POOR QUALITY

UNITS

Fr

3

FT

DEG

SLUG/FTY
FY

F1

FlelB
RAD/SFEC
LA

RAD/SEC

SLUG=F T2
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TABLE 1. - Continued

e |

R/75 PRNGHAM DESCRIPTION SAMPLE UNITS
SYMAUL VALUE

119 CHT Cuntrul T SaP PHASE ANGLE -, 3335 02 DO€EG
(o) S«P LEADS CUNTHUL

120 syt VEUT, TAIL wARE DEFICIENCY .3000t 00
FaACiON

121 Nnt? nuMlZ, TAfL wAKE OEFICIENCY ,9000¢ 00
FaCTuR

122 NHTH upprk HGRIZ, TALIL wasF L0000F O
DEFLCLENC ¢ FACTUR =

123 uxrcs SPRING CUNSTARY LONG, STICK J3590E 00 FTelusFT
UR GEAR KATIO

128 uAYCS SPrING CUNSTANT LaAT, STIcx «2390¢ 00 FTYaLR/FT
Uk LEAR Wallv

125 AETAG PLITCH HURN LEAD AZIMUTH + 3335t 02 DEG
(¢) P, Frh UF BLADE

126 TOMK DYMAMIC TuRSTUN SPRING +JU000F 00

127 TO¥C OYHANLIC TUNSTUN DAMPER <JNO0GOL 00

128 FHLLC IRRGAKRYy BEARING LUCATION J1542e 01 FT

129 Duk R NDISTANCE hETREEN FEATHER 5417k 0V FY
HEARINGS

130 aeNPENen( 4)

151

142

133

134 CYCFLG PLUT SCALE CUNTROL .1000E o1
AsSFC/7IN , 13CYCLES/ZIN

135 Hehph DE/D(ALPHA) AT TAIL FROM NING «N000E 00

136 € PITCH HOR LENGTH L1000 0t FT

137 ukglit Swp VEQTICiL SFRING RATE LN009E 00 LB/FT

138 LG SAP VERTICAL VLAMPING CUEFF L0000 00 LH/FT/S

130 SFASY 5P “ASS LNMH0NE 00 SLUG

1af UKRGZQ SwP VERTICAL LIMITER JUNO0E 00 LH/FT

PN MATE




TABLE 1. - Continued

p==================================================================================1
R ESCRIPT NN

A PROGNAM ) SAMPLE LINITS
Syrn VALUE
141 2614 SaP Ve RTICAL SPNIiG HREARPOINT +0000 00 Y

142 sa)PErive

14y TuNuLF tuen LOAD FACTUR (TRIM) JA000E D1 6
teg TURNSN FLag Far THYN LEFT UR BIGHT - 1000t 01}

* RIGHL
145 TOV(1) PARTIAL FEATHEW ANGLF WKT J0000E 00

e ah, MODE 1}

tae 1PV(R) PARTIAL FEATHER ANGLE mi «0000E 00
nehn, Myvt 2

147 TPy (3) varTiarn FeATubd anNGLE wRY L0000t 00
HEnD, Mok 3

LaA seUPllaa( 2)

140

1Sn Nep Ny, OF PUINTS (N PILOY CONTHOL J0000E 01
TAMLES

151 pY ( 29) PILUT TlMe iaBLE +00008 00 SEC

152 +S000E 00 SEC

153 LS100k 00 SEC

158 L1U00E 01 SEC

158 L1010 01 SEC

156 + 2000t 01  StC

157 LU0tk 00 SEC

198 JN00GL g0 SEC

159 JOn00t 00 SEC

150 «NGOOE 00 SEC

161 LOV00E 00  SEC

102 JHPROE 0B SEL

103 JOnpot 00 SFC

tou LNON0E 00 SEC

165 L0600t 00 SEC

106 LU0k 00 StC

1n7 L0060t 00 SEC

lon 0000t Q0 SFE(C

inG LHnont g0 SEC

179 LN00NnE 00 SEC

179 xCtp { 20) PLLOT LiinG, STICKk DISPLACEMENY +N000E 00 PERCFENT
(v) AFY

172 LO0N0F 00 PEWCENT

173 +J670E DU PERCENT

{74 +1670E 00 PERCEMT

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued

178
t/le
177
174
1719
180
181
142
183
1340
188
1hn
167
18R
189
190

13

192
19}
19n
198
194
197
190
199
200
eut

202
203
204
2u%
2ub
eu7
20A
209
210

21y

212
213
2lu
21
2le
et7
2
21¢
229

R/7A PROGRAM

SYmuiL

YCTd

THTAH

( 23)

( 20)

DESCRIPILON SAMPLE
VALUE

L0000t 00
L0000F 00
L0000E 00
L0000k 00
0na0k VY
Jhuoat oo
LOuE0s Vo
LJ000E OO
LNR00E Cu
D00 UG
L0067E 0D
L0602t Vo
0060t w0
Launot 00
00t 3G
.uunnt an

PILUT Lal, STICK DISPLACEMENT LON0OoE LY

(s) KT
LNO0NE 00
LOB00E OV
L0000t 99
JO00BE 00
JUNOUE 00
Lrace ¢o
JAPNDE DO
LJUNGUE 00
L0000 uQ
LH000E 0O
0000t 00
UL
JUNONE 6o
LON0UE 09
,unong Ca
LNCNE 00
LON0NE 00
LO0N00E 0@
JONU0E 00

PILOYT CULLECTIVE IMPUT LUOVE (U

() THNUST
LOOBNE 0y
RUD T ] ST
LH0N0LE 0O
JO0G00L 62
JNNNVLE 00
LNIN0E N
JNIN0E 00
LHON0E 0
«N0Q0E v

UNETS

PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PERCENT
PFRCENT
PERCENT
FERCENT
PEMZITNT
PENCENY
PERCENT
PERCENT
PERCENT

PENCENT

PERCENT
PENCFNT
PERCENT
PEHCeNT
PERCENT
PFRCENT
PEROENT
P CENT
PERCEMT
PENCENT
PERCFNT
PERCENT
PERCENT
OFwCENT
PERCEMT
PERCENT
PERCENT
PERCENT
PERCENT

PERCENT

PLREENT
PERCENT
PERCENT
PLHIEMT
PERCENT
PERCENT
PERCEMT
PERCE T
PERCENT




TABLE 1. - Continued
%
®72 PROLAA OESIuIPT NG Sav¥PLE  uNiTS
ST vaLug
F24] <900GE €8 PERCENTY
22> +8090€ 80 PLUCENT
22% . 00ot 80 PERCENY
228 oBV00F Q0  PERCENT
228 ~A000F 00 PERCENY
22n <0%GL 88 PEuCEn?
227 2 9000E ©0 PExCENT
206 - 0000E 00 PLNRCENY
22¢ <0G00E 40 PLUCENTY
2%a - "090E 90 PEHCENT
251 wCvg € 20) PILCT QUPDER PEDAL INPUT <9800t 80 PEUCENTY
232 20880 88  PEVCENT
233 <1000t @0 PERCENT
734 +908RE 0@  PENCENY
FITY ..oﬂ.‘ 00 PENRCEW?
2% 000t 80 FEUCENT
237 .J009E 80 PLRCENT
23 +UBa0t 80 PLuCENT
230 LHOCHE 08 PEVCFuT
239 LA000¢ a0  PEuCeyuY
2%y «2NPIE 00 PERCENT
282 <OUrOF 80 PEHCENT
253 JO0CCE OV PEHCENT
218 +0000F Q0 weaCENT
23% JAN0OE 00 WPFRCENT
2% 20900 00 PENCENT
247 0000k 99 PENCENY
23 Ja0ndt 00 PEVCENT
239 9000t 08 PERCENT
250 JO000E 00 PENCENT
251 oPTg 1 20)  PILUT PRUPULSIUN SETTING «00GaL 00 PEHCEMT
252 JOnneE 00 PERCENT
258 .0200¢ o0 PENCFRT
254 JUONOE 00 PENCENT
295 o0900E 00 PENCEMT
25% L0n0ut 00 PERCENT
257 .0000t 90 PEWCENT
258 JAVBLE 00 PENCENT
25% <0000F g0 PEACENT
200 L0001t 00 PENCENT
201 20000F 00 PEWCENT
262 JMNNE 06  PENCENT
203 JMNGNE 00 PENCENT
2064 .0000E 00 PENCENT
2o0% LO000F 0C PENCENT
20¢ 0000t 00 PERCENT
207 L0NN0E 00 PERCENT
20k LU000L 00 BFECENT
ORIGINAL PAGE IS
OF POOR QUALITY
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LT
209
?10‘
271

272
2713
274
215

2%e
217
278
279

280
281
282
an3

2Aa
235
280

287
288

249
29¢

291

PUOGRAN
SywsOL

0UEe

Ut
2aIPE Mo
Y

Frg i, 1

Folwi2,t
FuLvyy,2
FagM12,2

FulL™2t,1

FHLY22,1
Fuiw2y,2
FarM22,2

Frul 131,14

FoLv32,t
FrL43t,2
FnL432,2
rcey)

1Ce2)

1C(3)
TCta)

Tces)

TABLE 1. -~ Continued

DESCHIPTIUN

S 10O FEATHEN GEAR HATIU af
2Ewy CULLECTIVE

VaRlaTius Ux U/E wlTw COLL,

TAIL ROYUR LATENAL OFFSEY

FEATHER nEAuwInG =yDE
IunUARD ¥ DISPL oFnD

INAUAKD 2 DISPL eDu
OUTHRAKD ¥ DISPFL +Fup
QUTHOANDY 7 DISPL +DN

FEATHER NEARING MUDE 2
INSNARD ¥

INnUAND 7
ONTBLARD v
LUThyaAnD 2

FEATSER NEAMING MODE 3
INnGal) v

f{rntiang 7
VUTRDARD ¥
QUTHUAND 2

TaJu “OTUR DOsNnaASH TIME CONSY
CInIN)

TAIL ROJuUN DUANRASH TIME CONSY
(FLY)

TALL ¥OTUR FLAP [IME CONSY

SANPLE
VALUE

,6000¢ 00
0006t 00

1000L 0f

.0700L 00

- 20008 01
.l.ﬁ'e-o‘

-.3782p-08
«3962L =01
-, 7890E =08

- 817708

1961t =01
- BiS8Le0R
3925¢=01

-, 1008t 01

-, 1018 =01
-, 290" <01
- 7975E=01

L1000 01
5000601

.1900E 00
.0000¢ 00

L, 0000L 00

uNtiYs

PERCENT
PERCENT

1/7RAD

FY

S€C

SEC

SEC

34



TABLE 1. - Continued
M

Ry PROCRyS PESCPIPTION SaMPE  uaiTs
YOy vaLug
292 tTangC PlLut LONGITULINAL ACTUATUR o 25085201 S§C
Tiwg CUnSTAAY
293 Taurg PILOT LaTewal ACTUATNR TImE + 2500801 SEC
CunsStany

Tas FEATHEN SPNING - 0000t 88 FT=LR/RD

29a
295 20PCesesl )
2%

297 USTAF nL STa, FuN EFFECTIVE SngeP -8000E 00 FT
Lul PuilP ONTPYY

298 TSCLE PLNT SLALE FACTuM (anSCISSA) «1000F 01
HaYS Pk InCn OF PLOT

299 e2uPERee

390 Nvaw vy, UF STuvaLS TO ok PLUTTED +Lo800t 02

301 usPl 1 SeaSHPLATE (OURD INITIAL o J026L =01
CunnITIONS (D]SPL)

302 uSPl 2 «3170t=01

303 wsPl § .0800t 60

30a QUSPL 3 S*aSHPLATE COUND INITIAL 0000t 08
CONDITIONS (VEL)

39S 20sP1 2 10000t 00

300 uOSPL 3 L0000F 00

307 Qupsel 1 SaaSHPLATE COURD INITIAL 0000t a0
CurnDITIONS (AUCEL)

3on ONSPL 2 «0000E 00

309 UDNSPI 3 +NOOOE CO

310 oSt 1 SHAFT OISPL INIT, COMDITIONS 0000t 00

351 ust 2 .0000E OO

312 us1 3 N000t 00

313 uSt .NCOGE 00

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued
b —————— - _———  —————  —— ————————— ——— |
Q75 FROGHAV nESCHIPT IO SAnPLE Unlts
SYvan, VALUE
318 051 S H000E 08
318 GS1 o +0000E 00
316 wOSI 1 SHaFl VEL INIT, CONDITIONS L0000 80
317 apey ¢ .0000E 00
312 wusl 3 <9900t 00
319 wusl « o000t 00
320 upst S L0000t 00
321 ohsl » nNoGot 00
322 unn3t S=afF! aCCHL INIT, CunNDITIUNS 0060t 90
328 LONST 2 0009t 90
32e Qunst 3 L,09000¢ 00
325 uunst & J000et 0o
320 wLDS! S +MNNDE 00
327 uonsSt o .Nhoot 00
528 © weF INIT, WOLL QATE (WEF SYS) <ONOOE 00 RAD/SEC
329 g HEF % 417, PLICH Al (ReF SYS) L0000k 00 RAD/ISEC
330 % weF 1 N, Yan WATE (REF 3YS) ;00005 08  RAD/SEC
351 XDhgwF I THLT, XDV (RLF 3YS) -, 2079 01 FT/8¢C2
332 Yurokf 1 ert, Yoo (VEF SY3) L2398 01 FT/SEC2
33% ZunowF U117, ZDD +DN (REF SY3) «,3181E 02 FT/SEC2
333 Pu MEF I IuItr, Pniud (HLF SvS) +V00Ut 00 RAD/SFC2
335 un NEF INIT, Tulpy (REF SYS) LN000E 00 WAD/SEC2
336 4D WEF | I~17, P3110 (%eb SYS) 20000 00 WRAD/SEC2
337 aenPEree( 24)
33+
339
Sap




W PHALI W
Sy,

381
3a2
Ja3
3as
b L33
p 273
397
Jan
71
1S5e
351
352
Sy
3%
3SS
354
37
5L
§5¢
Say

301 IXx3P

302 eeiPEnes( &)
Seot

3ne

308

300 MV¥ASS

357 vP(1)
Jon YP(2)
3o® vP(3)
370 cLAG!
371 CLAG2

372 xFRan
377 YFRa4AR

374 2FpaR

TABLE 1. - Continued

DESCRIPTLO%

SaP ROLL INERTIA

PARTIAL ¥ «RT »ung
AT Lag NMavegR LULC,

PaRTTIaL Y *T Munt 2
AT Lag baMPeR LUC,

PARTIAL v ~RT ™MUDE 3
Al LAG DAMPER LUC,

TuPLa%E LAG DAMPER CUnST,,
Ltuas VELUL(]ITY

'N’Llﬂg LAG DAMPER CUNST.,
rlGe veLoCctyy

¥CG % FUSELAGE CUCKN o¢Fwp
1CG It FUSLLAGE CuOwDp ekl

2CG It FUSELAGE CUURD +0N

W

SamPy
VALUE

0000t

1000

€ usits

00 SLUG-FT2

02

o...ot-"

<0000t

voaot

+0000E

«2572E

+0000E
»0000€

<0000t

ORIGINAL PAGE IS
OF POOR QUALITY

oS

00 FY
00 €7

00 FV
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TABLE 1. - Continued

R7a

3715
37

124}

31

370

3é49

35t

302

sy

3he

38%

38e

387
3an
369

390

3N

392

393

PRuGRAR
SYmui

CeOPE U

aPMCln

xIngOn

CPrDSP

CTwysP

arye

PpMFL

PEmIn

PEwa

PEMTFL

PERTIn

PSvTH

'Illnelu
TaugL
Tat'n?

PCOFL

PLLFL
PCMEL

PCOAn

DESCHIPTIUN

SaaSnPLATE SPYING (ROLL)
14 CunTHUL AXIS

SHASHPLATE SOKING (PlICH)
I* cusInUL axXlS

SrASHPLATE ﬁlnth (eOLL)
199 COeluetl axld

SAASHPLATE DAMER (P]T(N)
15 cUNTRL AXES

TIP LOSS FALTuM

PaANT, UF OUAGASH EFF HOK]Z
TAIL A7 FLAP ANGLE

PakT, UF DUrNGASH $FF, MOK]T
TAIL »NT ]G IRCIN,

Badl, OF n0zanaSH EEF, HORIZ
TATL a¥¥ ALPHA

PauT, GF LURNRADH FFF, UPPER
nuRIZ TAIL aRl FLAP ANG,

PART, UF DUaNRASH EFF, UPPER
WO iZ Talt wRT alag INC,

PaaT, VEWT, Tall SuLlolTy
a9t uEla

PUnLER VElL, EFF, FACIuk
FLEvATUR VEL, EFF_ FA(TUR
#wuR1Z, Tall VEL., LFF, FACTOR

OWAG CUEFF WISE vy, FLAP
Eltgn;luh

LIET CUEFF VS, FLAP EXTESSIUN

FITCHING MYm . CORRS vS,  FLar
T304

NI cCOEFF CHANGE wRT ANGLE
UF ATTALR UF wING

SAmPLE
VALUE

+1000€E

J1000¢

+0000E

<8000

9700t

.0000€

LU000E

.0000¢

ITY 3

<U000E

<0000L

00008
Lunout
.0000¢

LN000E

.0000€

.N0GNE

o+ 0O00E

90

a0

00

00

00
90
[ 14

Q0

00

o0

00

UniTs

FTeLasi0

FYl=LAsRD

F=LB/R/S

Folh, /8




TABLE 1. - Continued

r L —— ]
R 8 PRANCHAN CESCHIPTION SAMPLE  uUm]TS
SYMgin, VALUE
3% PCLAe LIFY CULFF CTMANGE WRT ANGLE <0000 80

ub ATTACR UF 4lNL

398 PCvaAr SLYCHING muM, LUEFF VS, ANGLE .0000F 00
aF AVIALR UF w]NG

3% PvaL ATLFRUN CONTRUL MOm, VOL, VS, «0000¢ 00
AILERUS UEFLeCTIuN

397 PSPy GHaG CuLFF 2ISL VS, DIVE .0000E 00
Ao E EXTENS Il

Jon WD L, oF LIVE uMAKE CENTER OF 0000t 00
PRESSUNE AnUVE FUSE, AXRES

399 as(PERes{ 2)

avo
qgl SWAFTK ( 3e) SHAFT STJFFHESS MATNIX LO000E 00
(6,6) AHRAY

so2 L0000t 00
scy .0000F 00
Soa Lona0t vo
s -veant 90
800 L0006t 00
an? LnQN0E 00
o8 L0000t 00
.9 .OUBUE v
a0 “onoot 00
a1y Lu0NVE 00
a2 ,0000C 00
LY L0000t 00
ey .G0a0t 00
15 LOD0UE 00
aln LOUOVE 00
padd -OOhOt 0
an L0000t 00
s1e L0000t 00
820 .00n0t 00
8et T0000E 00
o2 L0000t 00
a2y L9000E 00
- LU000E 00
a2s <000VE 00
s20 LOU0UE 00
827 L0000t 0o
a2 “oonot o
Sev U0t 00
30 L0000t 00
as1 L0000t 00

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued

‘ﬁ

b

Rsa PROGVAM LESCHIPIIUN
SYvanL

a3z

433

ajs

835

aie

437 WATLIC CAX, LUNG, STICK ACTUATUR RATE
Livyy

a3n RATLYC val, LAY, STICK ACTUATOR RATE
LT

439 YnP} Lab DNAMPER nREAK POINT

K48 ++0PENee

841 Fuy - ( a2) AUDY ATRLOAD COULFF MATRIR
(0,7) ARNAY
a3
433
Saa
ass
Qan
aa?
qun
449
asSe
a%y
a%2
5%
453
a5s
abe
857
asn
35e
don
vt
anyg
8y}
4ou
a0S
8on
ae?
denr
a0
Ch{g
ar:
a2
arsy

SAMPLE
vatLug

.0000E 00
.0000L 00
.0000t 00
L90U0F 00
.0000t 00

L1000t 04

L1000t 0«

L0000 00

+O000E 00

L0000L 00
+000GEF 90
L0000t 00
L0000t €0
0000t 90
000t 00
«0000L o0
+0P00t 00
fount co
Jannat 0o
SN0 00
L0001 Yo
- 2000t 00
L0000t 90
000DE 00
00Ut 00
LO000E 00
L0000f 00
LAuvnat 0o
L0000t o0
<f000E 00
201000k 00
JNuunt 00
L0uunt vo
JN0N0E 00
o, 3nnCleny
.fNuout 00
- tunet 01
<NND0L 00
000t 00
-, 5900F«0)
.0000t Q0

ukiTs

FT/3EC

FY/SEC

RAD/S€EC

40



TAELE 1. - Continued
M

R4 PHOGHAM pESCwIPTION SAMPLE  wN]TS
Svvnng VALUE

ala LPBNNE as

a7 <1000L v

aln L1670t 01

a1? JUNOUL pe

ara 0080 00

a79 L0000k 09

son Jueut 00

1Y) . 0000t 00

ake 000t @9

aRy eeOPENeel 8)

ans

a”s

319

any

ana

ap9

499

%y LIFAn(Y) RaDJSPLACEMENT, FUSELAGE YO LON0VE 00 FT
IRANS, “OUNT BASE

492 DIFA4(Q) v=DUISFLACEMENY, FURFELAGE 0 «M000t 00 FT
TuanS, MILINT KASE

893 plEMm(l) 2o 1 SPLACEMENT, FUSELAGE 10 -,9500¢ 01 FTY

Twans, =il wASE

a89a esnPFfreas

89S Drwnr(t) AeISPLACEMENT, Tuan§, mugsnt L0000t 00 FT
1) By

4 NlMgygn(2) teISPLALCEMENT, THANS, sUyNT JO0Q0E 09 FY
T et

897 pIvaAnLl) Zon{SPLACEMENT, TRaANS, MUUNT = 2500 01 FTV
T wmiig

a9n NyRAD N, UF wLADE STATluNS J1300E 02

899 «asUPEMael 2)

San

Sul 3% (« 20) BLADE STATIONS <1650t 01 FT

Su? .27TS0€ o1 FT

Su1 S95u0E ©1 FT

Sy: <7500k 91 FT

5¢% L9YS00E 01 FT

Sve 12008 02 ¥V

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued
M o — " ]
R/ PuiGRanm DESCHI+TION SAMPLE  UNITS
SYuPOL VALUE

So? +1375E 02 FY

Soa SJISTSE 02 FY

See JIBISE €2 FT

Ste +2150t 92 FY

511 2400t 02 F7V

S12 <2975t w2 FY

513 JaRnuE 02 FY

Sia Lo0agt an  FY

s1s JO00UE 00 1Y

Ste +80008 00 &7

517 L0000L 00 FY

Sin LOBLOE 00 &1

S10 006t vo FY

520 +0UU% 00 €Y

S21 v C 29) SLANE ELENENT €6, LOC REL, TO <0000t 00 FY

QUARTEW CuND

522 JNOB0E 00 FTY

523 ,0000t 00 FE

S2a LO0QOE 00 FT

52% L0000k 00 FT

S2e JNOLELE 00 FU

s27 .0000t 00 FT

S2n 000 00 FY

529 2J00E 00 H7

530 +O000E 00 FT

53 0000t 00 7T

532 JO09ut 00 FT

53% +AGO0E 00 FY

Sss JOnUOE 00 FTY

555 LOu00E 00 FT

S3e 0029t 00 FT

547 JHUOat 93 FI

53w L0000t 0v FY

539 Jounaut 0o FT

Sa0 L0000k 00 FY

Sey Qv t 29 BLAUE DISTRIMUTED MASS AT EACH J1744E 91 SLUGAFY

sravion

Sa2 22928t 00 SLUG/FT
543 JV009 00 SLUG/FY
Sd4a 21622 00 SLUG/FT
54% Jinddt 00 SLUG/FT
Sde L1596 00  SLUGZFY
5a7 JIBAYE O SLUG/ET
Sdn JNTRUL 00 SLUG/FTY
Sav L1540t 00 SLUG/FT
55¢ JISTBE 00 SLUG/FT
551 <IASOE N0 SLUG/FT
552 L1837 00 SLHG/FT

L2



R/A PROGRAW
Svuym,

553
%S4
5SS
$Se
8S?
$31]
SS9
Sen

Se1 bl ¢ 20)

Se2
$6%
Sos
S68
Sen
Sa?
Sen
569
$re
b Y41
S?2
b4
S%
S18
Ste
124
STA
S19
580

SAL es0PEnee({ 10)
SA?
55%
S84
Sas
Sho
547
SAR
Sue
S90

991 PUENG
$92 PUED™
592 A}PAM

594 XK2PRM

TABLE 1. - Continued

nESCrIPTILN SaAMpL
VALUE

+ 26 T0E
L0000k
+ 0000
L0000¢
.0000L
LU000E
LU000E
ILIY

MLADE DISTRINOTED ROV NT OF J118nt
THERTIA ANDULY C6

€

0o
o0
o0
60
(-1 ]
00
00
a0

o0

J1121E=0)
«9777ta02

L1695E=

[ 1)

ctol2Eenl
Jlbadt«01

i1 Thote
21702t
+1618tke
«1541t=
J1f18te

01
ot
21
L]
01

15276 =0)

270kt e
LOD0OE
MO0t
JNoout
+0000¢L
JLUHOOE
<0000
L0000k

TURGUE V3 GEN, SPEED RATIO . 0000¢
TORQUE V8 RUTUR SPEED RATIO «N000¢
ACCEL, FLEDHALR GaAl™ 2 0000¢

SPEED FELUMACK G~y <0000t

ORIGINAL PAGE IS
OF POOR QUALITY

ot
00
oo
¢o
90
a0
(1]
00

00
o
00
00

UNITS

SLUG/FT
SLUG/FY
SLUG/FY
SLUG/FY
SLUGSFY
SLUG/FY
SLUG/FY
SLUG/FT

SLUG=F?

SLUGeFT
SLUG=FT
SLuG=F1
SLuGerFTY
SLUGeF T
SLUG=FT
SLUGeFTY
SLUGeFY
SLUG=s T
SLUGeFT
SLUGeF T
SLUG=F T
SLUGeFT
SL Uﬁo"
SLUGeFT
SLUG=FY
SLUG=F?
SLuG=FT
SLUG-FT

FeLB/R/S

F=LH4R/S

L3



TABLE 1. - Continued

|

R7a PRUGRAM NESCHIPTION SAMPLE UNITS
SYyvugL VALUE

$9S5 Taug COMPRESSUK TIME CUNSTANT +0000E 00 3EC

§96 »2UPENea( 4S5}
597
S9n
599
[ 1]
ol
hoQ
ony
Sdva
&S
[ 1: 1.7
07
[T L
o0%
610
ottt
612
s13
6t
sts
(31
637
[3X.]
619
620
621
622
623
024
628
o2k
027
o2a
629
53¢
63y
-3 ¥4
613
oiq
635
o3n
[ ¥4
[ 21
639
040

6uy PSITH ( 29) PILUT ENGINE SPLED VARIATION L0000E 00 NAD/IFC
6u2 20000 00 WAD/SEC

Ly



R/A PROGHAM
Symgug

[}
baa
06S -
din
[ 1%}
[ Y L]
699
aS0
451
052
053
oSy
658
LAY
057
oSA
859
(.11

bol eoNPENeal 10)
[ 1¥4
on3
(LY ]
665
31
607
dof
os4
e70

611 Fungd « 10)

672
673
674
&7s
67
677
o7R
ol9
LLTY

081 DBPTY ( 290)
0RQ
1.3}
(11}
68«
one
647
OHA

TABLE 1. - Continued

GESCRIPTION SAMPLE UNITS
VALVE

+O000E 00 RAD/SEC
+ODODL 00 RAD/SEC
<0000 Ju  RAD/SEC
JU000L U0 RADZSEC
20000t 00 wAD/SEC
JV000E 00 RAD/SFC
L0000 U0 KAD/SFC
L0000 00 HAD/SEC
2M000E 00 RAD/SEC
JU0N0E 00 PAD/SEC
L 000Gt 00 HAD/SEC
L0000 SO RAD/SFC
JONNNE 00 RAD/ISFC
JNYOL 00 wAD/SEC
LN0N6E VO RAD/SFC
«00GOE 00 NADZSEC
+LO0U0E 00 RAD/SEC
LOU00E 00 RAD/SEC

TRIM COLTNOL FUNCTION DESIRED .N000E 00

VALUE TadLe .
.N000E 00
,N000E 00
<0N00E 00
LVOOOE 09
LU00UE 00
JH0N0L 00
LONNOL 00
LUUBOE 00
LO000E 09

PILUT DIVE ORARE SETTINGS JOhoNL 00
LOND0E GO
LN0N0E 00
LOV0GE 0O
LU000FE 00
LOryek 00
JN000L 00
JHNOUE 00

ORIGINAL PAGE IS
OF POOR QUALITY

L5




[ ¥.1]
690

632
893
692
% 13
096

694
99
700

7oy
702
mns
Tva
708
706
707
708
Ty
o
m
T12
718
Tra
1S
716
17
78
719
12

72
122
723
724
728
Tae
127
2R
729
730
T3y
132
7s%
73

738
730

091

Rya PROGRAW

SYMIM,

697 .

FLPT®

wlPTB

¢ 20)

4 20}

TABLE 1. - Continued

DESCRIPT {ON SAMPLE
VALVE

L0000t 00
JOnpot 00
JOUNn0E L0
JN0a80k 00
L0n00E NO
JAnout 0o
JHOnuk 0v
Lonnat g0
JONO0E of
LOn00L 0y
LU0k 00
T L

PILOT FLAP EXTENSION SEITINGS L0000t 00
LH000L 40
Joont 00
LVVO0E u¢
J0000E 00
JuUPOUE 00
JONOYL 0
V0Nt 00
L0ap0E 00
L 00HOE 0O
JU0u0L 00
LH0N0L 00
LNN00E 00
0000t 00
JM0unE Qv
LANPUE (0
JOGn0L o0
LOU00E 00
JOu008 00
L0000t 00

PILUY WING INCIDENCE SETTINGS «0g00t 00
LIN0UE 00
Lunnnt 00
LM000E 00
LN0oUt 00
LH000t 0o
LBt 00
Jthult 00
LON00E 00
LV000E 00
JH0nat 00
Lonock vo
JOuont 00
LONOUE 00
LON00E 00
L0000k 00

INITS

46




L7

737
Tan
730
2

L Y]

Ta2
Ta3
Te8
7¢S

Te7
Tan
Ta®
7%+
51
752
753
7%
758
750
157
758
7%9
Too0

Yot
702
Te}
Ten
ToS
Toe
To?
ToR
To®
170
m
172
118
T1a
178
121
m77?
TIR
170
Tee

7oy
702

PRGN A
Svaary,

nieys ¢ 28)

nasuy v { 2¢)

ausny 7 ( 29

TABLE 1. - Continued

W

ot SCRIPTION SavLe
VALUE

5000t 09
Jou8ef 99
LhansL 00
LOPUSE 80

sILnT wonllZ, TAlL INCIOL'SCE «-9800€ o0
SETTINGS
<9%g%L 9¢
L0000 )1E 68
. 390t 00
Joerot se
J20Y0t 9o
JANaNt ge
096t ¢o
L0000t ov
.No08t ov
olaveat ne¢
8000k o0
Jounet 96
.9506t e
<, 1ot 00
.!Duﬁt 9¢
o808t oe
+9040E g0
+UB800L 00
L0900t oo

v 0!3’(. m 1 <0820 o0
+0e880L =01
1oadt 00
<2383t o0
«3120¢ #p
.S0ast Qv
<INY2L 00
<5435t o0
+ 0SS0t o0
7SSt 90
MSalt o¢
«Flect 00
1000t 01}
.3000F OO
.000nt o0
o000t ¢eo
«-N%00F Qo
<0007t 00
+0000c 00
J0000t 00

Z DISPL, ™MODE ) 000Ut 00
e 12100}

UKIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued
R7a PHOGRAN DESLRIPI AN SaAMPLE uNlTS
SYWEO, VALUE
™y -, 20A8E-0)
T2a - 208ht=n3
125 -, 2510t =03
Tra -, 2116t=03
nr =, 17560E=03
784 -, 12780=03
789 ., 4303 =08
790 LaS0tt e0a
794 ol3altan}
'8 ] J1nat =03
1e3 A3t -0}
798 Jaunot 00
95 -VdGut 09
790 +JUBUOE 60
197 JUVaeE 0o
79 RTTICEN ]
Yuo 2000t 00
L1 .an00L a0
8yy HuUSMy YP( 20) nvso8 »00t 1§ 0000t Q0
892 <3059t =01
any 367t =01
Aps e InAlt=ul
AgsS - 30Q0E-01
L T'TS <3701E<01
8u7 .3708L=01
89n < 3715¢L=01
eo9 <3723t -01
Avo 3728k =21
81t 3751L=01
M2 <3731t =01
L1} 53732L=01
Ata +NGOGL 00
a1s Jongot 0
Al +N00GE 06
817 LJu0nnF 090
LI ] L0000t 90
ae JNNOEE 00
a2e .ON0Nt 00
A2y AwsMy Z9( 29) 0lsv8 MODE § + M0G0t 00
a2 =, 7053E=04
623 -, 1949% =08
824 J2220€ 00
ags J02Mt=08
A2n <1757t =04
827 2100, =9a
LT3 <2887t =0a
a2e 2927t =04
ase +« 3350t =00

L8



TABLE 1. - Continued
Ry° PHUCRAS HESCRIPTION SAnM E
SYOniN, VALVE
L21] o Jo20L <08
832 «3721t-08
83y < 3755¢L=0a
834 0000t ¢@
ais 2000t o9
L1 JouAnt o0
ay? JOravE 00
(37 +00GCE 08
83e <J00gut 90
Qan .AO00L 00
8ay BYSW2 Y ( 29) v 013PL, MODE 2 <0029t g0
832 -, 1355¢t-03
Bay - 28Sof-03
day - 1184t =03
L T13 e, 5170key}3
[.TTY -.)“Q'Q’nos
847 -, 2540t 03
fan -, 2023t=93
8aQ - U83% «us
Asa 27495t =04
1] « 1512t =0}
s «24Mdt 0}
(.12} 3770t =03
8S5a +00ult 00
ASS .0000E 00
[ 519 +00806E 00
857 LUNONE no
8Sh YIS
859 Luoett g0
L1 17 <00800E 90
fg3 8M392 7 ( 29} Z DISPL, ™00E 2 .0vaot ge
82 .6337t =01
Aol 1h3at 00
Bo3d <2360t 00
X3 L S102E 00
Son 24025 00
fo7 +46T3E 60
8o* .Sdlot 00
Qo9 LA AN T
a7e <7562t oV
LEA JBAIVE go
er2 2156t Q0
A73 L1090t o1
a7a +NO0N0E 0o
ers LUN00E 00
A7e L600L 09
“77 0060t 00
e1a 000Utk 90
ORIGINAL PAGE Is
h 1
OF POOR QUALITY

uNiTy

k9



8re
Bse

any
any
Ang
LI Y]
L1
BRe
agy
L1.1]
L1 1]
b9s
391
a9
893
89a
898
A%
a7
[ X L]
8%
%90

1
992
93
A 1]
905
9re
907
s3A
99)Q
LY

€12
93
91l
9s
o1
wn7
Qs
e
92

"
w2
2
s
92s

SvmesOL

Rugny ve( 2¢)

usw2 I8( 29)

HWSuY v ( 20)

TABLE 1. - Continued

ov/Ds oDk 2

0%/08 “ce 2

v DISPL, MODE 3

SAMPLE

VALUE

+9000¢
+0000E

oot

R/ PungGWAS NESCRIPTION UnNgTs

- TRI Tt ad
-.t’.ﬂt...
-, 5932t =05
«5734t 0%
1hoNtena
2291t =na
2970t w08
3% et=94
T FIT Y]
590908
5632t =04
<9719t -04

0000t
0000t
oeoE
JJo0ant
Jonact
+000¢E
LYY

<8000tk

oo
ee
(1]
a0
vo
20
o0

o 3022t=01
o 30S53t=01
<JoT0k-01
o $0nSte0t
J3T700t=01
«3710€=01
+ 3720201
«3733t =01
o374t =01
«375¢t=nl
o 31%2t=01
e 3753t =01

W00t
0000t
+0000L
LNUNOL
0000t
2 V000t
+HO0BE

+ D000

00
(1]
00
90
90
(']
00

6o

-, 323901
e, 7991 «01

- 19828
=, 1207t

00
00

50



®s2

24
@27

®2r

929
988
33
932
o33
Q4
L2 39
L 273
2\ X1
9N
939
L 1

Yay
Qar
L1 3
Qaa
L1
Sae
@17
Qan
99
950
91
"2
%y
V4
%S
Be
%7
LY ]
9%
LY ]

Qol
992
%3
UAno
908
Qan
%7
L LY
999
7
973
97¢
973

PROGRAW
SV,

nusey 7 ( 29)

Mgy ve( 29)

TABLE 1. - Continued

DESCRIPI IO

T nISPL, “ODE 3

0Y/DS MOLE 3

SanPLe
vaLug

-, 139% @80
=, 1376t 00
=, 1218¢ 00
e, 1274t 01
-, 2007t =92
«IBlGLe01
+ 1497t oe
7241t 00
L0000t 90
.00ruL 0o
.00udk 08
20000 99
10800t ge
«NOLOE 00
Jutaut 00

«MAIAF o
- t288F 00
-, 4199 Q0
=,33akt 00
-,5257t 0o
= ,NA28E GO
-,9%006t 00
- %272¢ oo
e, %9%¢ @0
- R748L =01

+. 3234t 90

Lt13k o0

JJunuk o1

LNO00E o

JHINGF 00

090t a0

vyt 90

L1000t 00

JIUNVE 00

JUn00t 00

+Hount 00
-, 18a2f 0]
-, 1503k =0}
=, 1230ke0]
-, 7751E=n2
-, 9172t=u}

<USOnt a2

21119t a0l

AFALE 2}

2939 et

< 3485t 0]

LI LT ]

<3707¢t-01

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued
m‘—*m
R/7a PROGRAM OESCHIPTIUN SAMPLE  UNITS
SYmgOL VALUE
97a +0000E 00
LILY L0900t 00
97e 0000t 0o
L 22/ A0t 00
1A LOuUBot 00
Q79 . Noa0t oo
8 JHODUL 00
Q31 AVAN3 2P( 20) ©1/08 nODE 3 +00G0L "0
W2 e, 7330t =01
943 -, 0376t e01
Qka -, 5197L=01
Ins -, 3525t ~01
e -, Vo4ot=02
L 1Y/ JJ2ult-01
94an Jat24€=01
949 MT13E=n1
Qvo 12n4t 00
99y L1973t 00
W2 JY0nsE DO
993 . 1724t 00
99a JH000t 00
LI 13 J0N00t 00
99 JHON0L 00
997 JU000E Q0
W9A JMonE 0¢
29 LNoovt 00
T J0u0nt 00
1901 UG t200? MITPUT SIGNAL UNIT CONVEFSION +NNA0L @0
Tam s
102 0000t 00
1003 LH0ult 00
10ye .00t 00
19¢S .9730t 02
f0ve <5730t 02
1097 LU000E 90
100R L1200t 02
10¢o J1enCE 02
1010 N730F 02
101¢ JHTsut 02
1012 LOvnOE no
1913 9730 02
1otla <5730 02
jo1s 730t 02
10te 730t 02
1017 <9780t 2
1o .9T3ut 02
1019 JH730L Q2
102¢ LAu0UE 00




TABLE 1. - Continued
| e = — |
R4 PHOGRAW DESCHIVTION SAMBLE  UN]TS
Sr»d0L VALUE
ta1 0000 00
1022 +0000E @0
1923 + 0000t 06
192e 0000t 0@
1028 L0000E veo
192» LT T
1027 JHUnhE 90
1028 L0090 o0
1029 . <000t 00
jon L0000 00
1051 « 3730k 02
10432 .00t 00
1033 JOUnGE o0
1034 +UN0OL 00
1o3s 2000t 00
1035s . IN00E 00
1037 L0000t 00
1030 00Ut 00
1939 +UMN0L 00
1089 J0u0hE 00
10a1 L0000 Q0
1042 L0000E 00
1043 JRgdLE 09
1048 2 00NHE 00
184S . 0000t o0
toan 00Ot 09
1037 L0090t Vo
10an .5730¢ 02
1049 JSTS0F 92
195¢ 730t 02
1051 «ST30F 02
1952 «5750¢t 02
1053 L0000t 00
1055 LA000F 00
105S .N000L a0
105¢ L0000t QO
1057 «ST30t 02
105n L5730t 02
1u%e 29738k 02
1de0 L1200 @2
1001 +12008 02
1002 1200t 02
1uol .S7130t 02
1ot .S7130% v
1005 .S5730k 02
1Che L0000t 00
1007 <VOVNE 00
t1oor L0000
$100% <9730t 02
1070 9730t @2
ORIGINAL PAGE IS
OF POOR QUALITY
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Rsa PROGRAN

1971

1872
1673
1078
118
107n
1977
torn
jor%
jdne
1051

1082
1084
1CAa
198
1058
1087
1988
1089
1090
1091

1092
109y
1098
1098
109
1097
1ouR
1099
1100
flut
1in2
11903
1104
t10S
1160
1107
1lun
tye
1ite
111t

1112
1113
1
t1s
i1te
1117
1118

1119
1120

SYvauL

TABLE 1. - Continued

VESCRIPTION

SANPLE

VALUE

«3736¢
«0000E
Jen00t
LODONE
JO0N0E
Junuot
Y 11173
+0000E
.0000L
2. 0000L
<STS0E
.5730t
STsok
2 U000k
L N0Nn0L
2H1000E
+N000E
L0000t
L0000t
L0000t
+O00DOE
Janobt
L0000¢
10800t
Jauaot
L2004t
L 0000E
Jonout
«Muot
JNoout
<0J00t
S NOO0E
JN000t
JOoult
00060t
L0000t
JNunnt
LHocot
000t
ok
JOu0Nt
JOvont
JU00VE
L0000t
+0000E
LY TS
JUUGOE

09

310801

< S729¢
LA000E

02
00

uNiYs

Sh




TABLE 1. - Continued
m —— w
R7A PHOGRAW GESCHRIPYION SAMPLE  UNITY
SYmany vALUE
111 + 0000 ¢O
1122 0000t 00
112y +0000E 00
112 . 0860t 00
112% .0000E 00
112e +O0L0E 00
1127 LUNOOE 60
t12a .0000E o0
1129 0000k 00
1130 L0000t 00
13 JU0nvE 00
1132 CTYLI T )
1138 JA0UE 00
1134 JB00ut 00
1138 JNoa0t 90
1136 LANnOE 00
155 %) L0000t 00
i3 +V0u0t 00
1139 .0080E ¢0
1140 JO0nut 00
f114ag «8000E 09O
1132 JHO0CE 00
1143 +0000¢ 00
1148 <0000E uO
1148 000Vt 00
1140 +M000E 00
1187 JNuaot 00
flan <H000E 00
1189 Q000 ¢o
1150 L0000t 00
1151t L0000k 00
1152 <0000t 00
1153 LINOVE 00
1184 +V000E 00
115S N000t 00
1156 Jitonot vo
1157 00Nt PO
115A LU0Vt vo
1159 <0000t 00
1100 LO000E 00
1lo} L0000t 00
1le2 L 00NOE 00
11e}d LONNot 00
1164 JNUNNE 00
11eS 0009t OO0
{ios LUBN0L 00
1167 +OUHOE Q0
1160 L0N00E 00
1109 L0000t 00
17 0000t 00
UOR QUALITY
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TABLE 1. - Continued
M
Rsa PROGRAN DESCRIPTIUN SAMPLE  UNITS
SYNgUL VALUE
1N +0000E 00
12 . 0000E 00
1”1y J0000F 00
117« . 0000t 00
1Hrs JOUB0CE 00
117 L0008 00
1117 L0000t @0
1178 L1000t 00
117e JO0u0Lt "0
tide L0900t vo
1131 JID00E 00
1162 .N0OCE 00
1183 0000t 6o
118 .0000t 00
1168 JNOncE 00
fide .2000t 00
tiny L0000t 00
jlur .J000t 00
1149 Jo00uLt 00
119 LUn0Lt 00
119 JBOVOE 00
1192 L0000 00
1193 .N0ont 00
t119a R ULLT S T
119% LO00NOE o¢
11% .2000t 00
1197 L0000t 00
1194 L0000t 00
1199 <AN0OL 00
1200 .0000t 00
1201 FIunTu ¢ 25) UPPER HORIZ, TAIL DOWNWASH VS, J0000E 00
MAIN NOTUR wARE ANGLE
1292 LUNOLE 00
1263 .0000t 00
12¢a +0000E 00
1205 LO000E 00
12co LNNOOL 00
12u? +UN0UE VO
J20R 0000k 00
1209 LOunot 0o
1219 Ju000t o0
1211 Lanunt 00
1212 JOnang 0o
1213 LNOOLE 00
1210 Jounot 0o
121% L0000 00
121¢ L0000 0O
vy L0000t u0
121n LOonuut. vo

56



TABLE 1. - Continued
w.

R4 PHOGHAN DESCHIPTION SAMPLE UNITS
SvNu0 VaLuE

1219 000t 00

1220 .0000E 00

1221 «N000L g0

1222 0000t 00

1223 <0000t 00

1224 +0000Lk 00

122% D000t 00

1220 2*0PENsal 1S5)

1227

1228

1229

1230

125

1232

1233

123

125%

1230

1237

123a

1239

1240

1231 BLADK ( 9) HLADE STIFFNESS MATRIX +1391E 02
(3,3) ARNAY

1262 +ORBIE=D2

1243 .3823L o0

1240 J0R01E=02

12aS <1327t=01

124e J12TIE 01

1247 «SA23E o0

1248 L1271 0}

1249 +3201E 03

250 CIRL™ HLADE MUDE DAMPING «ST00E=03 FeLB/R/S
AFTER 1t SEC OF TH]M™

1251 CFLY ALANE MYDE DAMPING +5700E«03 F=LA/R/S
DURING FLY

1252 cZgR0 BLADE MOUE DAMPING AT Thim «ST00E=93 Fe={BsR/S
INITIALIZATION

1253 Conx TAIL HOTUK (DELTA 3) FLAP L0000 00O

FEATHERING COUPLING

1258 enPENse( 2)
1255

URIGINAL PAG™E IS
OF POOR QUALITY
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Rsa

1256
1257
1254

1299
1280

PROGRAM
SYvgoL

oCmr

[HAFLG

eaIPENS $)

1261 -

1202
1263

1204
126S
1200
1207
1268

1209

1270

121
1a7e
1273
177a
1278

1270
1277

127
121719
12480
j12o1
1282
12u8
A PLY
128%
128
1287
1265

nGoMG

DELCD
220PENR
BETA

Tau
Ganvy

PHIREF

nkas

as(PENse( S)

GASTOP
GnStoP

«eNPENen( 13)

TABLE 1. - Continued

OESCRIPTION

INCREMENTAL WLADE CM FDR TAY

NARMONIC ANALYSLIS FLAG
(107 ACTIVE)

SaP ROTARYSTDVERT, DAMPING
LB/ (FTeLBeNaN)

BLADE ELEMENTY CU ADJUSTMENT

BPLADE CUNE ANGLE
BLADE SwEEP ANGLE +FnD
HLANE DRUUP ANGLE +ON

BLAGE REFEWENCE FEATHER
ANGLE i UP

HLADE BEARING CUNE ANGLE <+UP

S4P STUP CONTACT ANGLE

SuP STOP SPNING CONSTANTY

SAMPLE
VALVE

+0000¢

L1000t

,0000¢
L0000E
.0000E
.0000E

+0000E

»1506€E

,NOOOE

»S5000E

.0000¢E

1]

ot

00

00

o0

oo

02

00

00
00

UNITS

0EG
DEG
0t6
DEG

DEG

RAD

FT=LB/RD

58




Tb
R/7a PROGRAM NESCRIPTIION SAMPLE .
SYMy0L e
1289
1290
1201 8% SPELD OF SUUND +1098E 0a FT/8sC
1292 e«NPENee( 9)
1293
1294
1298 -
12%
1297
1298
1299
13v0
1301 CvP C 10) TRI® CONTROL PARAMETER 1100t 02
’ PUINTENR TABLE
1302 +1300E 02
1303 <JOO0O0E 01}
{394 -1800E o1
130s LAO00NE 01
1307 +1000t 02
1308 0000t 00
1300 +D000F yO
1310 ,0000t 00
e L1000t 00
1311 FUNCP ¢ 19) TRIM CUNTROL FUNCTION 3000t ot
PUINTER TAWLE
1312 <1000E 0}
1513 Lnost o1
1314 L2000t o1
T ,3000t 01
151 s000t 01
e +UN00E 00
13148 Lonove. 00
1319 L0000t a0
1320 LU000t 00
1521 CVvE ¢ 10? TRIM CONVERGENCE ERRUR TAWLE 11000F =02
1323 2 1000E =01
1323 L10cE =01
1355 T L Y I
1326 « 3000t =02
1327 .‘onk‘tcua
132n L0000t 00
1320 «OVOCE 00
132 Lovac oo
e 20000E 00
ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Contirued

R/a

1331
1332
1333
1334
1338
153+
1337
133a

t3q40
1341
1342
1343
1340
1348
134a
1347
1348

1349

1350
1351¢
1352

1353

1354

1358
1350
1357
135a
1359
1300

1301

1362
1303

PHOGRAM
SYMaoL

('] ¢ 10)

1339 -

*oOPENen( &)

L85
x1n
240PENs
HIR

PTPY

PIP2
PIDY

Alp

HP

SLP

2 QPENes( o)

ns0Gd t 20}

DESCRIPTION

TRI™ GAINS

BLADE THNBUARD Tap STATIUN NU,

RLADE QUTHUARD Tag STATION NO,

HEIGHMT OF TallL ROTOR «ypP

EFNGINE THRUST POLYNOMIAL CUEFF
QUADRATIC TERM

LINEZR TERM
CUNSTAHT TERM

THRUST LINE PITCH ANGLE
nRY FUSELAGE

THRUSTOR PUSITION ARDVE
FUSELAGE “EF,

THRUSTOR PCSITIUN

RECIPROCAL OF TUWSIONAL
STIFFNESS GJ

SAMPLE
VALUE

-, 1600E=02
., 1600E=02
. 3000k =01
L4180k =01
.8356L 01
L7500t =01
.0000E 00
JNUQOE 00
L0000E 00
L0000t 00

L0000E 00

L0000t 00

L4750t 01

L0000E 00

L0000E 00
LNOOVE VO

JN000E 00

LN000E 00

LONOOE 00

JNGO0E 00

.0000E 00
LD000E 00

UNITS

FY

DEG

Fl

FY

60




TABLE 1. -~ Continued

e

__---i

Rsa PROGRAN OESCwiPflun Samey g unlts

SYWRCY vaLug
1300 +$000E 00
155S 008t 9¢
13ee JON00L 00
137 JS008t o0
13on O%u0t e0
1 %0 000t 9o
137e +U000F ©0
tsn JDu0Ot 90
1322 +B000¢ e
(3.2} .Ne00t ¢0
1374 a8t 90
1878 JB0LL g0
137« 8090t a0
18717 L2000t aa
1372 Jennet 80
137% <-090Cnt 90
§1580 LJ000L 00
1,85 ooOPEnes( 2¢)
1302
1353
134a
138%
1300
13a2
1348
1340
13ve
1391
1392
130%
*39s
1338
188
1397
139
139@
is00
1891 TCV QUAST-STATIC TUNSION TIRE .0000E 00 SEC

1602 oeYPENee( 19)
1ay9y
143
1298
1a¢e
j1an7
189¢
tagp9

CONSTALTY

ORIGINAL PAGE IS
OF POOR QUALITY
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1819
a1t

1812

(113 )
183a
1S
(LT
1L1%4

T

119
1820

1821

1622
1823
182a
1625
1824
1627
1628
182¢
1830
1a3)
1432
1833
t4le
1a3s
1830
1437
ja3a
1839
1889

18e2
1323
teaa
144%
184y
1842
L LT
[8q0
1ase
14851
1857
145>
185a
tass

vsc

YA

« 29)

¢ 20}

DESCRIPTION

DIST, C.6. YO SHEAR CENTER

+Fw)

LOC, OF NEUTRAL Ax1S RELATIVE

TO 178 CHORD

+Fal

SamPy
vaLuE

JB000E

<008
+A0R0E
~O08SE
+Aoeot
«0000E
-9908E
Loneet
<9000E
LT
o006t
~8800E
.0080¢E
o0t
- 0080¢E
Jana0t
2O000L
Jooeot
+nesot
Jooaect

o000t

<9000L
Jenget
30008
+LnedL
<H00nE
«0006¢
Jocant
NG00t
LNo00E
JArane
«NUNBE
+000AE
HNNn0E
. 000t

€

UNITYS

62



LT
18%
1887

1859
1868

180}
1882
1803
188
18e8
1800
1807
1808
18s®
1a7e
187
18)2
1473

18la
1875
187e
1677
t1ars

1479

1480

1481

iesn’

1¢xF
JYYF
12rF
IRVF
I1%2¥
v
aoOPENee
1I2n
s»eL
saiPEnes
1xRENG
tvvin

GRYF

GREE
SR
s a(PEles
7-9n
ARPH

0L 208

[P0y

vJoe

TABLE 1. - Continued

DESCHIPT 0N

FURELAGE MuUm [NERTTA,HOLL
FUSELAGE #OM [NEWTIA,PITCH
FUSELAGE »OD™ IMERT]a,Vaw
FUSELAGE NOR JNERTIA R = P
FUSELACE MOw INENTIA,R « v
FUSELAGE WOM [NERTIA,P - ¥

wul POLAN INERYIA
"R T0=-3nASHPLATE C G,

ENGINE mUWERT OF INERTIA
TAIL WOTOUR NOMENT OF IntkTlaA

GEak ~ATIO YaIL FIN
(nOT ACTIVE)

GEan wATlu ENGINE *TUP LY

TAIL ROTOR +70P RY

BITCh NONK PART AL
DYNQAWIC PITCH nORN SPRING

OUTRUARD WEARING UFFSET
ADJUST=ENT sup

BLADE CHORDwISE UFFSEY
* Vip Fud

San
VaLUF

«s0ast
+9008¢
Jooest
~SOROF
+H008E
- SB9SE
+2756€
<2309
<9008¢
«B000E

+ 0000

-0808¢

<0000t
+1000E
«0000E

<1000k

«2000¢

«1900¢E
- 1800E

«8000E

«0000E
- 2000E

L L)
[ ]
[ ]
L L
0
L L
L &3
S
L L
L ]

{ 1
02
{ 1]

( ]}

"
L+

+0
00

uNITS

[ 2
FY
Fr
FY
FY
SLUG=FT2
SLUGFT2
SLUG.F T2
SLUC-FT2
SLiGFT2

SLUG=FT12

SLUG=FT2

FT

SLUG-FT2
SLUG-FT2

FT=LB/N0
FY

FT

ORIGINAL PAGE IS
OF POUR QUALITY




TABLE 1. - Continued

®72 PROGUAN LESCHIPTION SARPLE yN]TS
SYPE0L VALUE
1882 2J0¢ MLAGE FLAP&ISE OFFSEY +0000E 80 FY
* TIP UP

1883 +eNPENee
taga ENGaPX MAXINUY ENGINE NORSEPOSER 0800t o0
189S CFn ‘tl'dtﬂlic VISCOus ¢~jciion +0000E 00 FeLOsN/3

1888 *ov(IPENeqe

1487 &Pw QUASTSTATIC PITCH HORN SPRING L0000 00 Fl.L3/RO
ann FLAG, o=y UaAS]

1808 TPu QJaSI+STATIC PITCH nORK TINE +O0D0E @0 SEC
CUNSTANT

1880 asOPENee( S)

1a9¢

183¢

1492

129}

1492 FINOLE SaP VERTICAL CENTERING .o000Cct 06 LB

1498 ealPEnea( Q)

189

1897 YORFLEG QUAST-STAYIC TURSION FLAS +0000E 00
Oz(FF, 1BUN

1898 TSTOP FLY TRAJ, CUTOFF TIME +3000E 00 SEC

1899 aoDPENee

1500 NSIGMALS M), OF SIGNALS IN SIGNAL SAVE +1260¢ 03
k134
1Set SLuC (209)  vOTPYT SIGMAL PUINTER TaHLE «2A72€ oa
1502 +2AT3E oa
1593 L2ATAE Oa
15¢3 +2RTSE Oa
1508 . 1530E 03
159 L1540 03
1Se7 +PRRIE 08
1500 J2hSOL na
150 <2h5BL 94
151¢ LCRT0L 04
1511 +PNTIL On
1512 +2R6SE 08




1513
151e

1518

1516
1517
1518
151
1520

152y .

1922
1523
152a
152%
152¢
1527
1522
152¢
1530
1531
1532
1933
153s
1538
153
1537
1538
1539
1530
15«
15«2
15«3
1Sas
1548
1540
15¢7
15an
1539
1550
1551
15%2
1553
1552
15%S
15%e
1957
1552
15%¢
1Sef
1501
1502

nESCNIFTION

Sapg

VALUE

2803
« 2802t
«2Ront
e LTV 3
<2807t
«2860L
«PROOE
«2ATek
+2ATTE
2130t
+2180C
«?150¢
+2380¢
.2350¢
« 2300t
«2556E
« 2500t
.2576t
+8780€
«ZRTSE
«?RI9E
+2AROE
+PRALE
«9SANE
«959%0¢E
. J008¢
0t
29620t
+ J030L
2 $210E
L2208
NN 30
< 3600E
<3870k
o SOAOE
J3720¢
«373%0E
o 3T40E
<3270t
<3280t
o 3290¢
< 3420t
< 3a30E
+Juadt
3850t
<« Joolt
o370t
. V300¢
«3310E
«33206E

ORIGINAL PAGE I3
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TABLE 1. - Continued
W
R7a PROGHAN OESCRIPIION SAMPLE  uNlTS
SYmB0L VALUE
1563 «3330E 03
1568 <V340E @3
1565 <3350k 0}
1500 L1860t 03
1567 +1870E €3
1508 +I1RROE 03
1509 L3aT0t o3
1570 JIndot 03
1571 . Jn00t o3
1572 LMok 93
1573 LIM20E 03
tS7e J9BR0L 03
1S7S JTa0t 93
157¢ .9710€ a3
1877 o720¢ @3
1578 JYT3IOE 33
157e J9ravt 03
15to0 L9750t 03
1541 R LT LI}
1582 . 3150t @3
1933 JIRB0E 03
158« +2n82F Oa
1588 L21nl0t 03
153 . 170k 03
1587 <210t o3
15AA <2190 03
1549 .2700€ 03
15% J2210t 03
1598 2229t 03
1592 <2230t 03
1593 .22a0t 03
1592 SP2S0E 03
1598 L2680t u}
159¢ J2210¢ 0}
1597 -S1A0E 03
1S3 J3190E 03
1999 LY r{3N1]
tere +OR73% ve
1a01 2875t O
1692 <2an0t 03
16v}3 . 7400t 0}
1800 J9510t 0}
L1608 Jqa20t 03
lo0» <9a00t 03
1607 JOoa40t 05
teon .IN3E 03
189@ JURAOE a3
101 259 o«
1013 +2R%8t Qa
1012 .2870F o4&

66



TABLE 1. - Coatinued
m
R/7p PRDGR NESCRIPT IO Savr g Ungts
Sy VALUE
1613 +2RTLE o4
tels +ZRGSE ea
1S +2BTRE 08
isle «2R79% o8
1017 +2RROE g4
1018 o 36200 @3
tel® +ATantE 03
1820 +L2RVIE 8
1821 . 2 2N92€ aa
1022 +2894t o4
1e2% «2R94t o8
1828 «2R9SE ga
182% - ?RYE ¢a
1020 +2R9T7L oa
te27 <0000t 80
to28 «f000Et 60
102¢ +vo0at oe
lo30 -annet no
lolt JV00E Q0
1032 Jo0nat ao
1a33 a9k ¢9
fole JR0n6GF Do
103S <0000 94
103n +U00uE 90
1637 J000k 00
1030 LAN0ut 09
ta3e J4000E g6
1ea0 <9000E 90
tes) LONNAE 09
1042 9000t €9
fodl .0000E 00
joas ;0000E 00
tosS LUHN0E OO
1684 L0000k 00
tos? LOrant 0o
108R JNoout 00
1089 LN000E 00
1850 0000t 00
1651 Jenput 00
1652 L0000t 00
1053 JOn0at 00
185a An0ct 00
19%8 0N 80
16%¢ JONn0E ¢0
1857 L0000t a0
1o5# ONNOE e
1059 JAnudat 60
LY «0N00t 00
1001 Jo000E 00
1602 L0000 00
ORIGINAL PAGE IS
OF POOR QUALITY
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Rza

tess

1505

teoe
1007

‘1ea8

1 23
1870

TABLE 1. - Continued

m

PROGHA™
SYvauL

to7Y -

te72
1673
167s
to?S
te7e
1077
1078
iel9
1oRe
168}
ton2
163
1ohs
1o8S
164y
1087
toaln
taf9
1a%9
691
1092
1093
109«
1695
169
1697
o982
1090
1700

170}
1702
1703
1704
17¢s
17Tve
1707
170K
170¢
1710
171y

«e(PENee( S0)

NESCRIPTION

SAMPLE  uUwn]Ts
VaLug

«9G00E o%
L0000t 00
o008t oo
.006OE 00
J0000L 00
<0000E 80
0000t 0@
LJhooer o0
No00L o0
.8000t 00
L0000k 00
,N000E ac¢
LNeONE 90
8000t 00
LHONAE 00
Lfnop0t 00
L0000E GV
L0000t 00
LA0BBE 90
.A006E a0
JNonot oo
Lone0t 00
.aAnnot 00
Juenot o
.NO0PE Q0
L0000t 00
<NOYNE 00
LON00E 00
LU000E 00
JNo00t 00
LNNONE (A
.0nove 00
0000t 00
JUCONE 00
0000t 00
LON00E 00
+OUNOE 00
.0000t 00
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TABLE 1. - Continued

| e ————— — e e

R7a PHOGW M LESCHIPTION SaMPLE  uniTs
SyvauL VaLue

172
173
e
tns
1Ne
1717
171
1ne
1729
1721
1722
1723
172e
172%
172¢
1727
1720
172
1730
1731
1732
1733
173a
1738
173
1787
1738
1730
1740
17at
1732
17a3
17aa
17aS
17an
17a7
t7aR
17a9
175¢

1751 FaARw € 25)  FUSELAGE LORNNASK a8 A FUNCT, +1800E 02
OF “MAIN WYTOR wARE ANGLE
1752 =, 1R00E 03
175% +h230L 00O
17Ss LNnocE 00
1758 JOPI0E 00
175« +A00VE 02
1757 74008 00
1756 Tan0t 02
1759 LHnn0t oy

ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued

[

Rza PROGHAM

1700
170}

1702

1783
1708
1708
tTea
t1e?

Sveyny

17e8 .

17e9
1770
17711
11712
11y
177a
1775

1770

1777
177
1779
178¢
1761
1782
17a%
178a
1788
t7o0
1787
1841
{7¢0
179
179
1792
17193
179«
1798
179
1797
t179e
1790
1840

1Rg}
1802
1493
1R

A0S
1306

F ARNY

NYEC

DESCKIPIION

t 2%) MURIZ TAIL DOWNmASH VS,
»AIN ROTOK naAXE aMGLE

(109)  PLNT SICNAL PUIMTER TanLE

SamPLE
VALUE

B000L 02
+A600E 00
JI000k 02
A4ttt o0
21000E 03
.So08t #o
1100t o3
3”408 o0
L1Mu0L 03
<3830k Q0
.n060L 00
0806t 00
.M0uNE 00
.ave0t 00
.NO0OE 00
9000t 00

«7200E 02

o RO0E 93
<JN000E 90
2000t 02
HONRE 00
«3000E o2
«70D0E 01
.5000E 02
1920t ot
+JBQOE Q2
<1520F 01}
LA000E 02
o« 1340E ot
906060k o2
J1140t 0Ot
LUINNAE o3
J1OROL 01}
J1100E 03
J10a0k 0t
1200tk 03
<00t a0
JBn0tE 03
. N000F 00
LVNONE 00
0000t 00

b1t g4
+7N02E 04
LUNA3L 04
2UVIAL 08
< 1008F 08
< TOO9E 0u

UNETS

70



TABLE 1. - Continued
| e ——— |
R74 PROGUAV DESCRIPTIUN SAMPLE UNLTS
SYM30L VALUE
1807 Ja010L 04
1808 Lu00TE o8
1809 +1005€ oa
jaqn 2000k 04
181} 1100t 02
1812 . 1200E 02
1813 JUUI3E an
18{s L4018E Oa
1818 +1015¢L oa
181 7800t 02
1M7 JHOnbEt Ua
18N +1067E 04
1819 .S0nbt ga
1820 +100YE 04
1221 «.2070L 04
1822 JHR071E o4
1A23 +1072E o8
1824 L0074t &
1825 Jlnatt oe
1820 +CORZE 08
1827 +ROn3E O
1824 +10R4E 08
1829 .20a80t 04
1830 «1061E ¢s
tAst ,004S€ 04
1832 . 1046k 08
1833 L5047 08
183a +104RE Qa
1835 <2049t 04
1630 L8050t 0o
1837 +1051E 04
183 2052t 04
1A39 JHUS3E va
1840 «50S1E DA
1hAat 2 1USSE 04
1842 JH0S50F 04
1843 21057t 04
18aa +?DSRE 04
1£aS LHN59t 0a
1844 +0N60OE 04
1847 L10n1E 04
1Ran +SnelE 04
ta49 +3n20E 04
1850 L3021t 04
1854 «2200E 02
LA , 2300t 02
1R52 Liualt 04
18S¢ .nha3k 0a
1855 L2084k 04
1850 .2031E 04
ORIGINAL PAGE IS
OF POOR QUALITY
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TABLE 1. - Continued
m
Rza PRUGRAM DESCRIPTINN SAMPLE UNiTS
SYMn0L VALUE
1857 +0036E 04
1858 J1037€ va
1899 <5038E o4
1800 +INIGE 04
1861 <3200t 02
1802 <3300E 02
1843 J3a00E 02
1884 o JSu0t 02
1868 L0000E 90
ILTYY JUO00E 00
1807 LJ000¢ o0
LT 0000t QU
1809 LON0OE Q0
1870 L0000E 00
1871 Lona0E og
1AT2 <N000E 00
1873 JAMN0E 00
1374 LNPhOVE 00
1878 JN000E 00
1870 .0000+ 00
1877 JN00E 00
187A JInanE 00
1879 LNM0YNE 00
1840 .N000t 00
1341 ,0000L 0V
1832 JNOO0E 00
1Ra}Y < DOD0E Y0
1864 LENDHE VY
18RS +U000E 00
1AR,, 0000E 00
1847 LN00NE 00
1888 LOUN0E 00
1889 JNODNE g0
{1A%0 LUANGE 00
1891 +NOODE voO
1892 JNupntk 00
1893 LUNGOE 00
1494 JUNOOE 00
189S LUN00E 00
1A% L0000k 0O
1897 <NOUNE 00
189K <9000& 00
1899 LH0u0E 00
1900 LNO00E 00
1991 *20PENee( a9)
1992
199
1904
1968




R/a PANGRAMN
SYMBUL

196e
t907
1998
19¢e
191¢
1o
1912
Loy
191
1918
191»
19y
191
1910
1920
1921
1922
1923
1924
192§
192¢
1927
192»
1929
1930
1931
1932
1933
1931
193<
193n
1937
1934
1939
1940

1943 SASDX
1942
1943
1944
1948
1940
1947

194 SASOY
1949
1950
1953
1987
16953

(

(

n

N

TABLE 1. - Continued

OESCHIPTION

SAS DATA FOR X=8TICK

SAS DATA FOR YeSTICK

SaMPLE  UNITS
vaLue

+J00QE 00
.0NQeE 00
JONu0E 00
LNOCAE Q0
N0t 00
LON00E 00
LN0o0t 00

<0000t 00
JNONVE 00
L0000k 00
LN000t 00
JON00F 00
Nonoe 00

ORIGINAL PAGE IS
OF POOR QUALITY
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1954

19%%
1954
1957
198a
1959
1Y00

1902
1963
Y04
1968
194
1907
19np

1909
1970
1971
1972
1873
1974
197%
197s
1917
1974
1979
19490
1941
1942

1983

1984

1965

§9ne

1987

198A

Rsa PROGHaM

SYMEUL

SASDEL

1961

SASOAL

SASDIR

SASDKD

RACFS

XYCFS

KELFS

®AILFS

KIRFS

KRUDFS

TABLE 1. - Continued

17

12

1)

7

o e ————————————

—_ |

DESCRIPTIUN

SAS DATA FUR ELEVATOR CONTN,

Sa8 VATA FOR AILERON CUNTR,

SAS DATA FUu TAIL ROTOR CuN,

348 DATA FUR RULOE' CONTHR,

F! LUNG, STICK FOR
100 PERCENY IMPULY

FT LatT,

STICK FOR

100 PERKCEMT INPUT

wanlans
FOu 100

RADTANS
FUR 1190

an]ans
F0R Y00

2a0n1AME
Fuk 100

UF ELEVATOR DEFLECT,
PERCENT INPUT

OF AILERON DEFLECT,
PERCENT IaPUIY

Uk TAIL WOTOR Cubi,
PenCENT Twkut

OF SUUDER
PERCENT PENALS

SAMPLE
VALUE

L0000E o

LO000E 00
LO000F 00
L0000 00
L0000E 00
LN000E 00
LOPDYE 00
LA000E 00

.00007 00
L0000k 00
JN00uk 00
JUNDAE 0
JNONQE O
LU0QNE 00
JNOUOE 00

LU000E po
L0000 no
JU0n0E DO
LA000E 00
LO0000E 09
LU0NTE D0
LUNONOE 00
«0000E 00
LUO00E 00
JNODVE 00
na0E 00
LN00NE 00
JU0D0E QO
.0000E 00

«1000¢ 0.
L 1000E 01
40000, 00
LNONOE 00
.1000E 01

«NNY0E 00

UNTTS

Th



TABLE 1. - Continued
F--‘=-I=-=I======H=======-=!==========E==========================================-

R/ PangPam nESCRIPIIUYN SamPLE umlTs
Svency vaL's
1989 alusrs MARTANS 05 LILLECTIVE 1000 01

Fup tge FeeCENT STICK

1990 upPrs RapJans F ENgIne Fugy CunTe, +NO00E 0g
Feoune 18¢ FRwlEnT wywiven?

1991 <oafFs FApIATS UF OIVENRAK: KOTATION +N0OOE 00
FUR Tud FENCENT YUV MENT

1992 neyFs Qangaxy uF FLEP wOTON «N000E 00
FOs 100 PEalFGT SIvevE KT

1993 KinF3 2artass U+ alsG INCIDENCE .0000¢ o0
Fw 190 PENCENT wovEmesT

1904 ®[INTFS Ranjany UF nORlZ, TaiL Inclo, +0800E 00
Fi) 100 PeRCEAT #savewent

1995 «aElisel o)

199%
1992
19
1999
2030
20ny THIQNS (1@9) TRjw SEVvE DATA (20,7) ARMaAY LO0000E 00 RAD
RLAGE TUKRSION DISPL,
2000 L0000F 00 RAD
2193 < Y000E 06 wAD
2098 <NA00E 00  WAD
cdi% .N000L A0 RAD
230n LN0ANE 00 PAD
2207 2UE0NE 00 waAn
PEFL] JNNURE 06 NAD
2309 JOO00E ©d  wan
2010 JNUNUS A0 WAl
am: L0000 06 wap
2912 LN 06 Wan
2713 LINGNE 00 RAD
2911 JuaAnt 00 Han
2918 LINNHNE 00 AN
20 1e JOCudE €5 wAD
2037 LANAGE 09 wan
201» LONNOE 00 RAD
2ulv LANOGE 08 waAD
24-20 LAvhar 00 wab
v JAnene 50 van
207¢ LURANE a0 WA
FEr4 Y JHNNGE 00 waAD
202a JANDYE A0 RAN
URIGINAL PAGE Is
OF POOR o aLITY
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TABLE 1. - Continued
_—— — =
Hsp PROGRAM
tionty FSCHIPT DN SamP g uniTs
VALUE
2028
Saom JO0aCE 06 wAD
P JN0NNRE 80 RAD
So2e L3000L 08 BAp
i 0000t 00 WAD
Snta .-\n.m( a0 HAD
o SNt £ Ran
Sais J0r 0O dan
Sate GgNGATE 12 waAD
osa JOBLLE w0 pap
2e8e _fepdt no  wap
Sarn LA0ANE QU wa..
2937 JOnn0t a0 FaD
Pl L0 00 waD
I JANBOE w8 RAD
FN .-lﬂ«pl‘E 0 Raa
P L M¥nlL 0o NAaAn
2042 JANALE 00 HAD
g0%2 Jiroptt 0d Ran
0 JANRCE 00 Kan
i LMLt 00 Wap
2eas . ER T H T RaAD
e JAUNGE a0 wap
Jnca PELLEIE ST N 2 Y4 )
Sree S0 ng wan
PO JNa0k nd Qan
Sony .'H"H)!h go wAD
Sues LNt A0 kAN
Sust LANBUE uf 2an
Sona .m:qo{ af Qan
205 oIt we  SaN
Sosm Gtk qa NAD
éns? Caan0t 00 Gam
Suon JANNBE 00 wan
Snie LINACY (U WAD
O JNfrt g0 kAN
et .ﬂl\nl‘t 80 AN
Soms JHOND D0 NAD
St .:?-\u"t ae wan
PO QAN 08 NAND
Sans .'\dn(‘t an LY 11}
P3N LNINEE 0N QAD
SonT ’i|ﬂ“"“ o0 WA
PO JANRNE aDd WHAD
S SN GO WA
2ore sanoct Ae uan
Sein ..\llﬂl\} an AN
201s SNt ayg WA
S07% LUt o -aADd
2eta LANCAE N wap
LN UE ¢ waAN

76



TABLE 1. - Continued 'I
Rga PRNGUAY SESCEIPTION SamPLE  UNITS
SYonny, VALUE
2835 -8000¢ 00 @®AD
PL R LY . 2000t 00 RAD
2077 <090¢L 09 wAD
2eTR ~00aBE 00 RAD
2eye 00800t nd  wAD
2080 LARa0t 086 RAD
26ny «8009E 0n  waDn
294 +f800E a6 waAD
20n%y LA000L g MHAD
20na <707yt @8 wan
2088 JHAnAt a8 Wan
20an «900": 00 KAD
20n7 .3Ca8t 60 Qap
29480 LO0E0L 80 RAD
PLYL «00nuE g8  nan
2693 Jina0t 00 ®an
209 .foa0k 08 vaD
239 JHUNarE 00 NAD
20Vvy JN0eaf g8 uAD
279 0Navf 00 waAD
2909% L9000 0g HAD
209 ."966t o0 AN
QnN? JO00RE Do WAD
29 LAunft gu  KAD
2090 Jrhank gn  wan
21ya JANQ0E ¢p  RAN
214y <JMNNEE Q0 wAG
PALY] Junaet 39 ®RAD
213 0090t a0 WAD
21y .M300L 00 RAD
21sS .ON0ut o8  RAN
2len L0nart ap  wAn
2147 N0t A0 HAD
217A Lon60F Q0  wWan
2199 <MOOPE 90  NAD
rARY ) LN000€ 006 @&n
2111 +20n0€ A0 HAD
252 JOta0t 60 HAD
28 LN0n0E 00 wap ;
€lla JNAGE g0 WAD |
21s Jeuct 06 Ran
2lte L0000t 60 WAD
2117 JONANE 90 wAD
2118 0Nt 00 wWap
2110 N0 Q0 kAN
212¢ .0nqet 00  wAD
21 Nufnt 0n Hap
e:37 LHNAGE 60 AL
21 JH00NE D0 HAD
212s JMuaot 00 RAD
OURIGINAL PAGE 1S
\ ] .
OF POUR QUALITY
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TABLE 1. -~ Continued
Fﬁ — — |
R/7a »pupgRpw OESCRIPTIUN SAMPLE UNITS
SO vaLug
2M9p2S +AARRE 00 RAD
212n LU080L 00 RAD
2127 9000t v0 RaD
212 L0003t 00 RAD
2129 + YO0k 00 RAD
213a .anﬁﬂf (32 :] HAD
2131 Jountg og  kap
2132 JOANOCE 90 RAD
2133 JONNIE A0 RAD
213%a LAnAGE vu  wAD
21385 L0090k 00 FAD
213% LAONnE o8 WAL
2137 JOUNOE no HAD
2135» +LB000E O¢ MAD
2139 LfOuLE 00 Rap
214n L00C0t g0 kAN
2lay v ¢ 21) RENNING “UDe INITY, CONNIYIONS -, 312% 01
{3, 7) ISP,

2182 - 27228 €1

21ay - 2908t =01

2134 e 8090 01

2185 - 5979 o1

214n .1714t GO

2137 -, 2434t O}

216p =, 1a32t 01

2% L1575t 00

215 -, <q83t 0}

2951 . 1249€ 01

21%0 YA TRY)

153 JNON0E o0

21%s JMunpng np

215% Y LTI Y )

215n <100k 60
2157 LN 90

2158 o Fupnt Ag

215¢ JNNnaL 95

2160 L MNNGE 0N

2lol LT T )

2in? YO (29 (3,7) VELOCITIeS =, 1150t 02

2163 RSt 02
2tna = 12628 ny

2ins JYrASE 02

2lon e 1324t 02

2te? =, 2040t 0D
2lgn P LT YY)

2ine e, iInilt 0}

2119 - A1t ant

Ly J3122F on
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TABLE 1. - Continued

e

R7a Punglpe DESCRIVT IO JamPLe uNlTS
ST VALUE

2172 11901 82
2173 -1322t ot
217a JAP0LE 00
2178 L,90083L A
217 2000t 00
2177 L0006k a0
2178 o touF po
217e FCLLLI N T
2ine . <H0ulk @9
2tny Y000t a6
22 8006t no
216y YOO € 21} (3,7) ACCELENAT]IUNS <2097t @2
FIY Y] JVOnst u3
210S 220et U3
2189 - 1975t o2
2187 P2 R T 2
21An . 18487t 02
2lev Lta9at ¢3
2198 - _Sae% o3}
2191 L14n3E o¢
2192 . 1280t 062
219% o 1 T12t wua
21va e _ tnoat 03
2195 JAfant an
219 JAPROt oo
2197 JLUN00E o0
219 .0nne g0
2199 Jnact 00
22u¢ NGt 00
2201 Jane 00
2292 Jonut. on
22vs 00t ne
2208 «2(PENaa( 9g)

2218

220n

227

224R

22¢e

2210

é2y

2212

oF e

2211

221%

221

217

221k

2219

UKIGINAL PAGE IS
OF POOR QUALITY




TABLE 1. - Continued

R7a

2220
2221
222>
2223
2221
2225
2224
2227

PRNGULM
Sy

222 -

0229
223
2251
232
223}
2?23¢
2235
22358
2237
223
2239
2340
2231
2247
2210
2241
268
224n
22a?
22an
2249
2299
2251
282
225%
22%a
2258
229%
2297
225K
2299
e2na
flot
22v2
22n3
2264
a2
220n
220"
e2~A
2209

ESCHIPTIUN

e ——

SavPLE
VALUE

]
usNits

80



®/a

2270
221
22712
22713
2274
2278
227»
2217
P L]
22719
Z2v0
2281
22n82
22»%
22%a
2208
22Kn
22en?
Q2R
2269
22ve
22
2292
229%
229a
2298
2290
2277
2298
2299

2300

2301
2302
2%c3
2504
2398
2%3n
2307
23R
2309
2310
23
2%
233
231a
2318
2310

BROGM @
SYPa0L

uns 16

nStle

e

« S0)

TABLE 1. - Continued

GESCIPTIOY

&3, OF SI1GVALS TO WaARMINICALLY
AnaLvIE,

oA, SIGWAL PUINTEN TARLE

SANPLE  UN]ITS
VALUE

1100t 02

J1190€ o3
< 3R0nt 02
<39n0t 02
JMNOVE o2
1200t 03
J1210F 0%
21220t 03
J1230F 03
J1240E a3
<1250k 03
+1200E 03
N ULUT AN 1
LN 00
JNNNBE ¢
LHINNE 00
L0000t 00
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Psa

2517
231A
2319
2320
2321
2322
232
232a
232%
2324
2327
2328
2529
2%3n
235
2332
2333
23%s
2338
234n
2337
233m
2339
23an
2341
2342
2%a3
2344
2348
23an
2347
23ap
2%V19
2359

FA RS
2352
2353
215a
2358
235
2547
235#
234%%
230¢
23ny
2367
2%'0?
23na
23%eS

e e—

TABLE 1. - Continued

ey

PHOGRAM
SYMROL

*e(PENael Sg)

DESCHIPTION SAMPLE
vaLut

L0000t 0B
JMNoout 80
<0900t 60
Jovutt ee
Janurt ae
LJONNOE OO
JANONE e
LOUNdE 90
LJHADRE o
LON09L 00
Luntuyt 00
Jannot oo
JANAOE 00
LNaANE Jo
JHNOUt 00
Jonnng ¢a
. 8000k Do
JNN00E 90
JNBARE o
LHanok 06
«Noubk o0
JRuanL a0
fn0nt Jp
+NOB0E uO
. B0 00
JUNNIE 0o
NG00t 89
JRUEIT 00
Lancut 00
JANUAE 00
LO00OE 00
<UL uo
L0000 00
L0t 00

UNITS

82



T43LE 1. - Continued

H7a PLOGRAM

2300
2%
2308
2309
237¢
2371
2372
2313
23174
2318
2370
2317
2%7n
23710
23a0
2381¢
PA LY
FALY )
2'na
25eS
23nn
25AY
23RN
2139
2390
2301
2392
2393
2394
2398
2390
2397
2394
2399
24920

28y
2402
2903
2804
2a0S
Ll LY
2ay?
239
2dn®
241¢
L B8 |
cedys;
cEty
2nie

SyYmang

SVEC

(100)

RESCRIPTION

PLOT SIGNAL SCALE FACTUWS

SAnPLE  UNITS
VALUE

0000t 00
LNnnat 00
< JUNNE 00
JONNOE 00
+ONOOF 00
JONONE 00
JNanot 00
LUNNNE 0o
LNONE 00
LHNANE DO
JNNAaL 0o
,N00E 00
L000IE 00
LNONGE 00
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TABLE 1. - Continued
e m
R/A PROGYAM DESCHIPTION SaAMPLE units
SyeyuL VALUE
241% ,0000E 00
2816 L,0000t 00
2417 L0R00E 00
2414 LU000L 90
2319 Jnnnt 00
2420 L2003 00
2421 LIINGE a0
2422 LTI T
2473 Lanant "o
2324 JucaE ve
242 JU00uE 00
2a2n L0000k 20
21327 LO000E 00
282R LHentt 0D
2329 nnnoE o0
2430 LAN00E 20
283 NnnNt 00
2432 JNanPE o
243} JMNNN0E 90
243a JO600t 990
243s Noo0t o0
2a3» LUB00E 00
2a37 000t 00
2463A .D000E an
2439 LNOV0E 00
2840 JNO00E QU
234y Lannge 00
244 JA0nat 00
2443 JONa0E 96
2a4a L0000k a0
284S L0000t o0
284n LMIN0E 00
2447 <0000t 0O
284r JINNNF 06
éaqv JUNANE Q0
2459 <LNONNE 00
2851 Jonnk 00
28%2 JNaN0E 00
2453 LHN00E nO
2154 LUNO0E 00
2ass JINNOE ©O
245n JANaaE 9o
2437 J0ANt a0
2asna JANAOE B0
2uSe JNONOE 00
24nn JHUNOF 0o
24dot LHNNAE 00
240, LOANnnt 1o
2403 LHNONE 00
2404 LONN0E Oy

8l



TABLE 1. - Continued

Roa PAOGRAN

2808
2866

2407

24oh
2469
2670
2871
2672
2873
267a
7419
247n
2077
247k
2ajle
28ng
24any
2802
2463
FLY T
28hS
PLITN
2an?
2ann
2ung
2490
249
2092
2u9y
PLLT]
2495
2Uve
2097
2U9R
2499
2590

2Su1

2%02
2543
2S0a
25vS
25300
2%a07

250k
25qgv
2S¢
2511

SvMs,

LAS G ]

PTLIHD

(

(

7

n

LSENTIPTINY SAMPLE UNLITS
prse ! VALME

2V000E 00
+LN000t 00
JAuUNUL 09
LON00t 00
Joundt oo
+N0BVE OO0
000t 00
LONNLE VO
0000t 00
JNN00E 0o
JLaunt ge
JL08ncE 00
«N00IE 00
J0000k vy
JNnnat aog
LHUOVE 00
JANOLE @O
JNOD0E 00
.A000E 00
LM00nE oo
LhN000t 00
Jnnot no
JA00E 00
L000F 00
JMNaNNE Q0
«NNUOE 00
JOnnaGE 00
JLNNIE 00
0360t 00
LNN00E g0
Jhnnat 0o
J000vE 00
L0008 B
LO000E 00
.N0n0t 00
+La000E 00

NDyuaviC TUNSTUN INIT, CUNO, LO000E 00

DISPLACENENTS
JNOP0E 00
L0000E 00
D000 00
JO060E NG
<NONAE 00
LNNnet 00

VFLOCITIES Lit0N0E 00
000t 00
LAnnnt oV
L0000k 00
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TABLE 1. - Continued

|

v

R/a ORCGHRAM
SYvauL

2512
25\
25148

2518 BTIan0 ¢
2S1es

2517

251n

2519 -

2520

2521

25¢7 *e2DPENea(
2523

2524

2%2s

FATLY

2527

252K

2929

2%39

2531 Tmass

2532 xCG7

2933 vCnt
253a 2Cnt
2538 pxx?

2536 lvvyry
2537 1z
934 txvl
2539 Ix27
2540 Iv21
2512
25473
294¢

254%
2546

ODESCHIPTINN

n ACCELERATLONS

?)

TRAMRS¥ISSTION »ASS

TRAHSVISSION CG LNCATINN
X

\
4

TRANSY SST0.4 MM INEHTIA
RNy

PITCH

VAW

2541 eetPENaa( 14)

SAMPLE

VALUE

JNUNOE
LNNONE
Janoot
«1000L
L INOVE
JN0naF
JHnot
LT
RUT N3
JINOLE

L0009E

L0000E

JO000E
<NOOVE

LO000F

LN000E
R ILL]
0000
JO0UGE

00nog

00
00
L L
an
80

00
oo
oC
00
o0

no
00

00
00

00

06

00

Go

neo

no

e |
UNTTYS

SLUG

SLUGeFT2

SLUGeFT?2
SLUGeFT2
SLUG-FT2
SLUGeFTZ

SLUG=FT2
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TABLE 1. - Continued

.========================:::==:==============:==========================================ﬁ

R7a PuDGw DESCRIPTLIUN SAMPLE UNITS
Symwaty VALUE

2547
25an
2549
2%5¢e
2551
2592
2553
2591

2§S§>ISYlLL DYNAMIC STALL. SIMULATION FLAG .NO0OE 00
1s81aLL SI¥,

2556 e«atyPENGal %)
25957
255R

2959 FACTM FACTIOR USED IN CM £aALC NMIRING L0000E 00
DYNAMIC STALL SiIm,

2560 eeOPENee

2So\ PnI2S frnt”, SHAFT PH] RDTATIUN -, 2000 0t DEG

2562 THT2S TV, SHART THETA ROTATIUN -, 00008 01 DLG

2563 PSS IniT, SwAET PS) woTavtion JOON0OE 00 DEG

25na esWPElas{ &)

2568

2506

5067

25an

2509

2570 8Tave STATIUN nHERE SnEtP AND DROUP <000k 00
HEGIN

2571 P « N NYMASMIC PITEM MURN INIT, COND, 0000t 00

NISPLACEVENTS

2572 LONONE 00

2573 LNNUE 00

eS74 JON00E D0

2s7s LN0OE 00

¢S7e JNOOVE 00

st LMN00E 00

297R PIND ¢t 7N ve  oCITIES JO0D0E 00

2574 LNOOUE 00

25k LHN00t B

258} L0NnOE 0o
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TABLE 1. - Continued

4::========-1

Roa PuOGHAM DESCRIPTIUN SAMPLE UNltTS
Syamy VALUE

2582 JNO00E 00

2583 +ONUVE 00

2584 L1000t 00

2565 PINDD () ACCELEMATIONS 1000 00 !

258n L LU T

2Sn7 JN000E 00

2584 LJH000k VO

2580 - JNoast 0o

259 JOD0UE 0O

2591 LONNOE 0o

298> e« PEise( 9)

25%%

2%va

25158

2%9n

257

2598

FATL

2090

2501 ALF2 ( 26 AINFRAME AEWD CUEFF TAHLE e, 1RO00E 03 DEG

w IGLE OF ATTACA

2507 LAH00t 03 OEG

€503 L0000E 0 DPEG

2600 Lannot 00 DEG

20uS JNnout vo PEG

260n Jruo0t g0 DEG

2607 LINDNE 00 DEG

2hnR L00n0F 00 UEG

2ouv Lannnt g0 DEG

2010 Jank a0 DEG

2011 LNouk gy DEG

2nt? JNANNOE 06 DFG

2nt3 JHONOE o DEG

2614 JAna0E o DER

2ot1sS L0000 00 DeG

261k L0000t 00 PFR

2bi? JONOUE 00 DEG

FLYE JANNOE 00 UG

2619 Jnnak o DEG

enln JNpuk g0 nEg

2021 CiL ( 20) AIRPFRAME CL TAMLFE LN0N0E G

are? LANA0E 00

202} JuNNBE ny

262 JN00E on

0S8 LIHaank o

2han LN0D0E a0




TABLE 1. - Continued
& e |
Rsp PROGNa» =Scvirtion Samwe Ut
SYLang VALUE
2027 <OPARE B0
2020 JU%00L 69
2029 L,2000L AP
203¢ +S000E o0
el .N80t 00
2032 +»7000L 90
2a3% 5000 00
FI% 1} L0aant 90
2035 080ut el
263 -O08UE 90
267 JD0utt 00
20458 <0%0aL op
2nle JAra0t 00
2049 Nongt o
2nay €% { 29} AlwFRAYE C» Tanit 0800t g0
2nep +HV00E 00
264l J0nnot o0
F{ L1 . A0NGE a0
2048 +A000E 0o
2oen No00k 00
onal JNonde 09
FLI L] +LU000E 0O
2639 <N0OBE go
2058 .9800t 90
2051 Moot no
2692 .20n0E 00
2553 <00avE 00
2nSa <0000t 00
2558 ,00Nn0t 00
204 000t o0
2057 L00n0E g0
2o5n . N000t 00
2659 .0000k 00
2on60 J00n0E g0
200t CO t 29) AIRFHAME CO TaoLt < 3650€ o2
2nn? +36SUE 92
2053 JN0E 00
2604 J0n0E 00
260% <N0a0t 0o
2non 0000k 90
2607 JNGn0E 00
2ann LANNOE No
2no L 0000E 00
2670 RUTL T T
2ol LHUN0E 0o
2012 N0t 00
FLYA) Lonnut o0
2614 JNONE 0D
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TABLE 1. - Continued
| e e ——— e e e ——— |

R/a PuOGraw pESCRIPTION SAMPLE  UNlTS
Svmgm VALUF

207 o000t 00

2070 <000 00

2077 Jon00t @6

2nlA . 000E 90

2n79 JOAonoE Qo

2oRy .gae6t o9

20831 Aning ANG AWEA <1000f 0y FTQ

2602 Calng “ING Cn0RD L1000t L1 FY

2648% ApTR faty, wuton ALAD AREA J1VB0E 92 FTD

sbAd RIN TAIL RUTuK HADIUS JNeTUE 01 FY

20aS CLatw TAall NOTUM UCLZUALPHA +S730E 01

263n N Tafy WOTUR TIP LUSS FACIUR 706 00

2687 2a0PfNag
2080 CUTQOUT walN NOTUN HLADE AENU CuTOUT +4S00E 01 FT

2089 2a0PENae(1l?2)
2699
2691
209
2098
2094
2098
2690
20v?
b
2599
2700
2701
27v?
2743
&1a
2738
27 )a
2707
275n
2709
FAATY
2N
2n
271,
2714
2ns




271e
eNn?
271n
ane
21ee
21
27122
2723

TABLE 1. - Continued

PROCHae IESCHIPTION

2728 -

2128
272>
2127
2727

2129

273+
- 2731
ers?
2733
2734
IS
273n
2737
27%aA
2739
27a2
274y
eTa2
27ay
274a
27&%
2780
2737
2ar
2749
2754
2751
27%?
275%
27%a
2758
27%n
2797
275n
2715%%
2762
2700
PELT
270
2708
2708
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SANPLE
vaLug

ungTs
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LY 7Y

2700
27a7
2ToR
2709
2T
err:
2772
FRZA
2Ir:
277s
27n
211
F a4
217
&73n
2Tny
2742
FEAAY
2les
21as
27nn
2Te?
2VAA
21%9
FAA L
2719
219,
21N
2T
279
273
2797
e79n
2199
2P0

2nut

2802
2893
2Rua
2neS
28yn
eR7

aﬂq“
2807
23d1)
anty
a2m?

PROGYA™
SYvRUL

PF

oPFp

TABLE 1. - Continued

LFSCHIPTIUN SavPL
VALUE

(N PSFuUNt PITCH MUNN SaVeE DATA + 00008
OISFLACEMENTS
.O00E
<ND0E
o NNNE
2 NGOt
LT
LONONE

«tn VELOCLITIES o NOQONE
SN0t
JONNOF
JNONOE
RULETA

t

00

0o
LTy

1]
(1)
oo

co
00
[J
00
09

|

uNyTs
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TABLE 1. -~ Continued

*.======================================================================================H

Roa PRAGRAM [}
ity ESCHEIPTION SAPLE uniTs
vaLug
2813
H +O80CE 00
LH00AL 00
™18 NPF
2 «tn Eq::s; VALUE PITCH HORN DISPLA +0000€ 00
281t 3
28te JB000E 0O
27 R0 00
dare JOONOE 00
2are .D000E 00
o0t +0000€ 00
LB0N0E QO
P27 eanPENes( Q)
282y
2821
2R2S
2nze
an2?
2828
2829
FL 1]
2831 SHFTC ( 3o) SHAFT DaAMPING MATRIX 0000
ot Anwar .0000Lt 00
2a32
2833 *0000¢ 19
In3a 0000 0o
R3S +N000E 00
s ,0000t 00
2 .0000t 00
e JONO0E 00
2839 JN000E 0o
2o L9060k 00
oo +V000E 00
s JINOVE 00
e JHant go
Shas LNN0NE 00
e +0090t 00
Shin .N000k 00
2 ,NGOCE 00O
984 +O0N0VE o0
e oNOOVE 00
2 an L0N000E a0
aar L0000 Do
e LNO0UE 00
e L0000t 00
o .NONNE a9
28%% *annE o0
2oss J000E 00
38y L,NNANE 00
L0N09E 00
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TABLE 1. - Continued

Rza PHQGCRAW
SYvuoy

2858
2859
2hed
28a1y
P LY
PLINY
2nna
2865
koo -

2AaT =s«(0PENse( g}

28oR
2P,0Q
287

2kTy) PPTOR ( 24)
2R72
PLEA
erla
2471S
287n
enty
SRR
FLYA
PRAN
281
2AAD
LI
2Rpu
2RKS
2ARK
2Ar7
2knn
PR
299¢

2Ry ee(IPENea( @)
287
249}
270
289
2R
2897
2R9AR

2R99 PFREN
290 NPP

29uv1 PP ( “4y)

NESCHIPTION

neNamIC TUNSION “OPE SHAPE

PNt FREW, CUNTRNOL COMNSTANT
Ny, OF SIUNALS TO PHINY

PrInT SIGHNAL PULINTENR TAMLE

SAMLE
VALUE

L0000t 00
JA0R0E 00
L0000L 00
LoN00E 08
L0000E 00
LA 00
JOuNOE 0V
LONNNE 00
LN0NL - 00

.N000E 00
JN000F ad
La00dt 00
LN000L 00
LNOJUE 00
JYnack ao
'ﬁnﬂoﬁ [: 11
JOB06t oo
000k 00
J0000E Y0
L20NCE ¢0
JN0N0E 00
L0000t 00
00p0E 00
LNG00L ¢go
JYNHUE 00
Lana0t 6
LAnnit go
LN0NNE 00
LAn00t 00

.5000€ 01
3100t 02

+9T70VE 02

]

uNlts

94
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Hea PROGHAM e SER T L
SYRang I SCRIPTIUN awete  unirs
VaLug
2%¢2
2eus 98008 02
2005 27900t 02
2968 J1onoE o3
2337 +Y000E 0F
2997 “Jouoe o1
2oue .Y LTI ]
2ot 25006k At
'AAL Sanut ot
291 s1one o3
2o1e J1080E O3
2o1a L1080 03
201 JA0nut 43
2918 ieaut 3
2o17 J1nund oy
297 -toses 03
29ta tovet o3
2020 110k 03
7921 J1120vE 03
2921 s1120¢ 03
2028 Jlanut o2
2924 130t 2
o3 .Y1ant 03
292n 11ent 03
2903 J1500E 82
3230 JHAnuE 02
2930 .‘Q"ﬂ‘. (TP4
2931 J1ISAE 0}
2342 Atk 03
2933 1170k 03
3930 JRUVBGLE 09
2035 .ﬂﬂﬁﬂE 90
2938 JO0n0E 00
2937 JOnaut no
2o3n LNo0ue 00
2930 L0000t Q0O
soun J0000t 0o
) 000t 00
2902 000k A9
2% 2000k a0
2oe LOD00E 0D
s0us JHhade 00
PA IS Jhopne o0
29%an haune o0
2947 0anut o0
2%4R comoet. 00
LNON0F 00
29439 eaNPLee( S2)
29%¢
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TABLE 1. - Concluded

e e ——— :==================================1

R/7a PwnGHas DESCHIPTION SaMPLE UN1TS
Svmag VALUE

2951
295>
2933
2553
2958
29%a
2957
2958
2959
2909
2In1
2962
2%}
2%e
29S8
FRLTY
297
2Uny
29~9
edrp
vt
2972
2Vt
297a
2978
297
2917
29718
2979
294n
2Ny
292
29n}
2334
2925
2940
PLTY
PRET
2900
2999
29N
2992
299y
297%
CA ALY
2390
2997
29V,
2990
S09v




Pt Bt G Dot Bup Sh b DU DG DS Bet Db Gt Gm Sl B Bes o Bt (g Pl Bl gt g Gmp P BuO Dt S0 NG By S Dl St Boue ped Bd D0 Bung St Py S Bt Jell Bnd 00 Pug Bt DUE 00 PR @ (nd Deg e

ate
Ax P
ALFA
ALPPrA
A0TH
AnING
Ay TH
"

4ET
HETA
HETASG
hFAS
nl
ALADK
CUEY 2
haSay
L 1]
HV¥ Sy
LU {2 F
HMSMy
LTV
ey
WM ag
AV
HMSMy
Hwsnay
HY P
ch
ConTR
CFH
rTFLY
Cnl
cL
CLagy
cLaG?
CLATR
cv

[ 1E1Y
ChRkn
CPMISP
CT-=1SP
(S48
CuTuul
Cv#
cvx
e
Cwling
CYCFLG
Cz2FRO
natLe
NHE AP
nee e
nevs
BELCH
LELZOY

TABLE 2. - RELATIVE ADDRESS REVERSE DIRECTORY

1392
tala
2041
Sn
2883
20M
17
LT
34
1m0
125
127y
b1 ]

BPLA1

701

Ryt

744
Y4}
nay
LY
nng
Ay}
923
Qhy
94)
9Ny
349
20061
QQ
tung
12%1
1o
2ol
3In
374
2unrS
2081
1258
19
37s
319
1250
261y
1
13384
1301
20M2
134
1292

129
L1
12%0
1204
1479

Gup g me Gmd pug W Sut B B RS g BUG wm bvil Sl pmf Dul B b s (e Sl map Sed Dug Pl Gl fung Bt ol GNG P S Sl Bt sm® Gmd Svd tmg bag pun W R GUE W v Dup el SN el W g bl e pug

neELe
DFYCA
DEMG
nNOgo
gt

UPF

DOFD

[ V14 24
UPTR
LRUND

DA AR
LSTLP
UFI LIS N)
Dyt 2y
2FNa(3)
NprHneL)
02yun(2)
NZHRN(Y)
3

entT
l.‘-ll)”[z
Erehkba
Evat
Eumlt
Eomty
Fagiw
Frl¥vit,l
FHLYIT, 2
FrLE12,1
FuLvyo, 2
ErEM21,1
FupMmey, 2
Frivec,
FHLM22,2
FRLM3Y 1
Fru+31,2
FupLv32,t
tuL 32,2
FuptiC
FCF

FCG

P 1Lk
Friw
FLPIN
FVASS
Fasny
FUuscn
EUNCP
Fanml

[ TR RY

[ 3.1
GAINAL
BALNC
HATHEL
GRInRD

32
135
1203
21
272
2801
P4 UL
2815
251
35
130t
29?7
.39
a3
way
a9y
490
397
t35n
tod
92
tana
100

o5
2549
215
217
276
274
219
ant
2a0
PRg
243
2ES
244
2ho
128
114
iflo
tuva
100
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91
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1311
1770
1291
1751
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L1724
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I
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1eLot
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18UICm
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152
15%
tsa
158
I1Sn
Ixxtng
IxxF
I1xxSP
Tax?
Txvs
1ar?
1xzF
Ix27
1YYF
Tevl
IyviR
Lyyf
Iyz?
Tz72¢
Tzn
1225¥
1227
JETCYC
KAFRY
AAJLFS
Riynt 5
AELFS

14Rp
an
a9
a7
255S
45

9

t9
11
12
t3
ta
147}
1461
34t
2518
f4na
2518
1404
2539
tde?
253
1472
146n
2540
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IR T.Y)
118
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3.4 Program Operation Via Input

The following is a narrative guide to the inputs listed in Section 3.3.
The input data are discussed in logical groups which bring out the inter-
relationship of the various inputs as well as giving details as to the nature
of each input.

The program has two modes of operation: TRIM and FLY. In both cases
the equations of motion are solved in the *ime domain. In TRIM the user
specifies the flight condivion by giving the trajectory velocity, the air
density, the load factor, and other essential data. TRIM directly controls
the main rotor collective, the main rotor cyeclic input, the tail rotor
collective, the fuselage angle of attack, and tie bank angle (or whatever
combination of trim variables are specified by the trim algorithm), and
adjusts their value until the tiim 2riteria are satisfied. The vehicle is
usually understood to be trimmed when the mean value of the accelerations
of the degrees of freedom approach zero. Vibratory components of 1P, 2P,
etc., are allowed in all the degrees of freedom. TRIM can be conducted
to any nonsteady flight condition, but the need has not arisen.

In FLY all the degrees of freedom selected are operative. Typically

some of the degrees of freedom involving high-frequency modes are locked out,
especially swashplate and dynamic torsion or dynamic pitch horn bending.
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3.4.1 Case identification. - Case identification consists of a case I.D.

and two title cards. The case I.D. and titles will appear on the printed
output for identification. The case I.D., a title, and the date will appear
on each frame of the graphic output. The case I.D. consists of up to 8 alpha-
numeric characters input beginning in column 9 of each CASE control card.
Title character strings are input via a special 6000 series set of RA's,

Table 3. Each rharacter string is 60 characters beginning in colunn 11.

TABLE 3. - CASE IDENTIFICATICK
;‘ ———— — ———— e |
Input Quantity Address
Title 1 Print Title #1 6001
Title 2 Print Title #2 6002
Title 3 Plot Title 6003
Title 4 (Not currently used) €00k
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3.4,2 Case initialization

3.4.2.1 Integration and duration control. - Trajectory integration anl dura-
tion are cqntrolled by the input parameters in Table L.

TABLF L, - INTEGRATION AND DURATION CONTROL
Input Quantity Address
QR OMEGR Initial main rotor speed, rad/sec 52
Naz NAZ No. cf time points per revolution 51
icrT Maxinum number of revelutions to trim 36
TSTOP F.ight stop time, sec 1498

The integration step size is determined indirectly by QR and Naz‘

The total trajectory simulation time is the sum of trim time snd fly time.

Ytotal ttrim * tfly

Trim can be bypassed by an input of TCUT = 0., If trim is to be activated;
i.e., TCUT # O, then TCUT will serve as a backup to the trim convergence test.

The maximum t¢pnim is then

t, . = N - At - TCUT
trim/ az
max.

The time to fly, tfly= TSTOP and can be zero if trim only Is desired.

3.4.2.2 Atmospheric data. - The atmosphere model is minimal. A constant
air density is assumed. Air data conditions required are given in Table 5.
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l TABLE 5. - AIR DATA CONDITIONS
Irput Quantity Address
A ss speed of scund, m/s (ft/sec) 1291
P RHO atmosphere density, ke/m3 109
(slugs/ft3)
h H altitude, m (ft) 93

The altitude input is required to define a ground effect function. This
function can de ignored by setting the altitude to some large value such as
1000 ft. An innut of zerc is not acceptable.

3.5.2.3 Trajectory orientation. - Trajectory and body orientation must be

initialized. The required parameters are presented in Table 6. Earth azimuth,
%:’ is assumed zero and not included in the problem. FPitch attitude, GE’ will
be computed in the program. See Figure 4 for reference.

TABLE 6. - TRAJECTORY ORIERTATION FARAMETERS
—_——
Input Quantity Address
VT VT Trajectory velocity, m/s (knots) 62
ﬁF BET Sideslip angle, deg, + RT 38
o ALPHA Angle of attack, deg, + N UP s8
Yo GAMMA Flight path angle, deg, + climb 63
*E PHIE Bank angle, deg, + RT 59
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NOTE:

REFERENCE AND EARTH
COORDINATES ARE
INITIALLY ALIGNED.

Figure 4, - Wind-earth-reference orientation.
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Speed, Vp, and, sideslip angle, fp, will remain fixed as input but may
vary during the fly computation. The other angles either remain fixed, or are
initial conditions for the trim iteration procedure vhich is covered in
Section 3- h- 30

The fuselage velocity vector, snd thus the reference vector asre

vr = VT sinﬂ},

2 2,1/2
u, = (VT - g ) cos ap
.2 2a/2 .
we = (\’T - Vg ) sin o

The vehicle fuselage rates are determined by the following equations
during tri=: '

| P -opg sin GE

Qe = J'E cos BE sin OE

r cos O, cos BE

r =Yg E

where the yaw velccity is determined ty the relation

by = £ k(? - 1)/2
T

n and K are inputs (Table 7) and determine J’E'

TABLE 7. - TURK INPUTS
m
Input Quantity Address
n TURNLF Turn load factor 143
K TURRSN Turn direction indicator. +1, right; -1, left. 1L
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Normal inputs for the load factor and turn sign are

ne=]

giving unaccelerated flight.

3.4.2.4 System definition. - The generalized coordinate system is defined for
each case by a small set of input indicators. These indicators and required
relationships for program control are described below.

Generalized co-ord selection. - The elements of the generalized co-ord vector
sre determined by the user via input. The total system consists of subsystems
vhich will bde identified with some physical entity.

( {%Li )

Ausasese

{3sp}

foh = () )

NTOTL x 1 ] ;°°°°*
{orer}

sesesaee

\ %

Easch subsystem can be optionally included by prover identificaticn at the sub-
system level or in some cases, at the coordinate level, i.e., the selection of
coordinates within a subsystenm cai be made. Required inputs and associated
relationships are presented bdbelow.

Blade Subsystem

Input Quantity Description
KB Nb # of main rotor blades 0 s Nb <7
M = 1 indicates presence of bending mode #1.

{ indicates absence

M2 Bending mode #2 indicator
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Input Quantity Description

m3 Bending Mode #3 indicator
NBP prh Pitch horn bending indication (elastic feathering)
NPT x‘ Dynamic torsion iudicator
T
Relationships

Total number of bending modes ver blagde, K

EMB = IM1 + IM2 + IM3;
0 <hNMB < 3

Totul number of modes per blade, X&.

KM = EMB + KMP + NPT

0 < NEP + FPT s i (mutually exclusive)

0 sNM= &
Total pumber of co~crd in the blade subsystem, gBS'
KBS = NB - NM
Q= KES = 28
Swashplate Subsystem *é, e, Z‘SP

Input Quantity Description

NSP NSP number of swashplate coocrdinates
Relationships

Special values identify specific subsets.

NSP = Q0 —no swashplate generalized coordinates

Ngp =1 "{QSP}= Zsp



Reference Subsystem

Input

NREF ‘REF

Beer

{qﬁﬂ}g{" Vs 2o & 9’4'}31:?

Shaft Subsysten

number of reference cooriinates

=0, 6

All 6 shaft coordinates, {x, y, z, ¢, 6, *‘S are independently

selectable.
Iaput Quantity Description
Is1 Xg shaft degrees of freedom
182 ¥g
Is3 Zg
1sk ¢
IS5 Gs
IS6  yg

A value of 0 means exclude

A value of 1 means include



Relationships

Total number of shaft coordinates, Rs:

KS = ISl + IS2 + 1S3 + ISk + ISS + IS6

0=<N. <6

S

Rotor Subsystem MR

Input Quantity

NR N

R

Description

nurber of rotor coordinates;

Total number of generalized coordinsates, NTOTL

NTOTL = NBS + NSP + NS + NREF + KR

0=

K

Subsystem vector

LBS

LSP

IS

LREF

LR

T

LJR

g <
TOTL ~
locations within generalized vector avre

The requirea inputs are summarized
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Lps * Nyg

Lsp * Ngp

Lg + Ng

Leer * Yrer

in Table 8.
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TABLE 8. - DEGREE OF FREEDOM FLAGS
Input Quantity Addreas
NB Number of rotor blades 1
m 2
M2 Blade mode enable flags, = 1. on, = 0. off 3
3 b
KBP Pitch horn bending flag 5
NPT Blade torsion flag 6
KSP Swashplate motion selector T
Is1 9
182 10
183 Shaf . = 0. off 11
1Sk t bending mode select flags; = 1. on, = 0. 0 12
ISS 13
1s6 1k
KR Rotor speed variable flag; = 1. on, = 0. off (except 15
for differential from PSITB, RA (6L1-661))
NREF Reference axes set select; = 6. on, = 0. off 8

3.4.2.5 Subsystem initialization. - The reference set initial conditions are
summarized in Table 9. Normally only the acceleration due to gravity

RA(333) = -32.174 (conventional units) need be entered. The rate information
is somewhat superfluous, however, these RA locations are part of a trim save
and restart procedure, and are, therefore, listed for completeness.

Initial conditions for the shaft and swashplate generalized coordinates,
velocities and accelerations are listed in Table 10. If these degrees of
freedom are to be used, estimates of deflections should be entered to minimize
startup transients. Similar inputs for blade modes and blade rotary mount
representations are also included in this table, RNormally cnly the deflection
modal data are input. Again, the RA locations are part of the trim save and
restart, therefore,the time derivatives are also listed.
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TABLE 9. - INITIAL REFERENCE SET DATA
Input Quantity Address

PRF Initial reference roll rate, rad/sec 328
QRF Initial reference pitch rate, rad/sec 329
RRF Initial reference yav rate, rad/sec 330
PDRF Initial reference roll acceleration, rad/sec2 334
QORF Initial ref. e pitch acceleration, rad/sec® 335
RDRF Initial reference yaw acceleration, rad/sec2 336
XDDORF Initial longitudinal reference acceleration, m/52 \ 331

(ft/sec2), (+) fwd
YDDORF Initial lateral reference acceleration, m/s< 332

(ft/sec?), (+) right
ZDDORF Initialzvertical reference acceleration, m,’s2 333

(ft/sec”), (+) down

TABLE 10, - SWASHPLATE, SHAFT AND BLADE INITIAL CONDITIONS
= = —————— |
Input Quantity Address
QSPI(3) Swashplate ¢, 6, z initial conditions 301-3203
QDSPI(3) Swashplate rate initial conditions 304-306
QDDSPI(3) Swashplate acceleration initial conditions 307-309
QsI(6) Shaft initial conditions, (XYZ¢0¢OS 310-31%
QDsI(6) Shaft rate initial conditions 316~-321
QDDSI(6) Shaft acceleration initial conditions 322-327
Y(3,7)* Blade bending mode shape initial conditions 21k1-2161
YD(3,7) Blade bending mode shape velocity initial 2162-2182
conditions

®*The first index is the mode number.
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TABLE 10, - Concluded
—— ——e e e
r=j Input Quantity Address

YDD(3,7) Blade bending mode shape acceleration initial 2183-2203

conditions
PTIN(T) Dynaric torsion initial deflection, rad 2501-2507
PTIND(T) Dynemic torsion initial rate, rad/sec 2508-251%
PTINDD(7) Dynamic torsion initial acceleration, rad/soc2 2515-2521
PuR(T) Dynamic pitch horn bending, rad 2571-2577
PIXD(T) Dynamic pitch horn bending rate, rad/sec 2578-2584
PINDD(T) Dynamic pitch horn bending acceleration, ra.d/set':2 2585-2591
DPF(7) Quasi-:-teady pitch horn bending, rad 2801-2807
DPFD(7) Quasi-steady pitch horn bending rate, rad/sec 2808-2814
DPF2(T) Back valve quasi steady pitch horn bending, rad 2815-2821
THTORS(20,7) Quasi steady torsion initial spanwise distribution | 2001-21Lk0

per blade, rad




3.4.2.6 Control initjalization. - The pilot inrut controls may &lso be
initialized to reduce start transients and shorten trim time. These inputs
are given in Table 1l1. The units of the listed quantities is a function of
the control scaling factors given in Section 3.L.14. Nommally the control
inputs will be in percent of full throw, but actual deflections such as feet,
centimeters, degrees, etc., can be used.

TABLE 11. - CONTROL INITIALIZATION
| == = e — — —
Input Quantity Address

PXCT songitudinal cyclic stick imput, (+) aft 53
PYCT Lateral cyclic stick input, (+) right Sk
PRCT Rudder pedals (+) right forward 55
PTHOT  Collective, (+) up 56
PDPT Thrustor power lever, (+) increase RFM 57
PDDBI Dive brake setting, [+) extend 39
PDFLI Flap setting, (+) extend Lo
PDIWI Wing incidence setting, (+) nose up from sirframe L1

aero data reference setting
PDIHI Lover horizontal tail incidence setting, (+) nose up L2

from aero data reference setting

112



3.4.2.7 Inflow/downwash initialization. - Main rotor downwash functions may
be input to begin calculations under favorable conditions. These values are
calculated using differential equations, Therefore time derivatives are also
input. Note WIMR is a divisor to the program, and as such a nonzero entry
must be provided. An initial tail rotor downwash can also te input. These
inputs are summarized in Table 12.

The tail rotor downwash and flap angle functions are modeled in REXOR II
with lag equations of the form

-dt/rwn

WL o + (1 - /Ty £ (D)

These equations require time constant, 7.

The lag equation time constants are required for both physical realism
and program numerical stability. GSee Table 13.

TABLE 12. - INFLOW DATA
= ————————————————————{
- Input Quantity Address
WIMR Vertical downwash +DN 65
PIMR Roll downwash +RT 66
QIMR Pitck downwash +N UP 67
WITR Tail rotor downwash 78
WIMRD Vertical downwash time derivative 71
I TMRD Roll downwash time derivative T2
QIMRD Pitch downwash time derivative 73

TABLE 13. - TIME LAG CONSTANTS 1

Input Quaentity Address
TC(1) T for downwash functions during trim 267
TC(2) T for downwash functions during fly 268
TC(3) T for tail rotor flap angle function 269
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3.4.3 Trim algorithm, - The trimming process in REXOR II establishes & set
of initialized data for the equations ¢~ motion prior to entering the fres
flight, maneuvering input phase of the program known as FLY. Some groups or
degrees of freedom operete the same in TRIM or FLY. They, in effect, seek
their own equilibrium state during the trimming phase of operation. Active
blade, swashplate, and shaft degrees of rreedom comprise this category.

The remaining initialization values, are controlled by a set of temporary
servo loop closures which form a specialized autopilot during TRIM,

The following operations occur during TRIM.

1. The flight path (velocity data) is preset as a function of user
input. integrated flight path acceleration information is not used.

2. An array of signals (acceleration: . moments, forces, etc.) selected
by the user is measured against a s. of target values {also user
input) to determine a set of error signals.

3. A set of physical controls and/or model parameters, selected by the
user, are varied according to coupling gains from the error signals
of Ptep 2. A one tc one relation exists between the elements of 2,
the coupling gains (user input) esnd the elements of 3.

4, Trimming continues until all the elements of Step 3 are simultaneously
within an activity band set of tolerances determined by the user.

The conditions forming Step 1 are described in Section 3.4.2. The infor=-
mation groups required by Step 2 through 4 are summarized in Table 1k,

TABLE 14. - TRIM ALGORITHM SELECTION
F:: —— r————-—-‘_—_——————_—r—_—__—-——'—=
Input Quantity Address
NC Number of variables to be controlled in Trimming 37
CVP(10) Identifier list of controls and variables to be 1302-1310

moved to achieve trim.

FUNCP(10) Identifier list of quantities to be used as trim 1311~1320
errcr signals listed in order of pairing with
CVP candidates

CVE(20) Trim convergence tolerance test limits of CVP 1221-1330
candidates from one rector cycle to next. Listed
in order defined by CVF.
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TABLE 14. - Conciuded

?mr—_—“——f —— e |

Input Quantity Address

CvKk(10) Loop gains fcr pairing of FUNCP signals operating 1331-1340
on CVP candidates.

FUNCD(10) 7ero trim error levels of candidate signals, €71-680
FUNCP. (Usually zero)

Simply stated, trim is a stute of system equilibrium. The function of
the trim segment of the program i. to reach that state. Pilot controls,
vehicle attitude, and other system unknowns are determined such that starting
boundary conditions are met by the equations of motion usirg a repeating solu-
tion. The appropriate values of the problem unknown are determined iteratively
by an algorithm of the form

[l

X4l = Xp - fn {g)Kdt

-4t/
e at/r £

n-1 e/ +e

£ (g)

where the subscript n denotes the nth computatvion point. Assuming a functional
relationship between g and X, the above control relationship can be used to
deterrine the value of X such that g = 0 or other desired final value. Within
REXOR II it has not been found necessary to consider the controls and accelera-
tions as a system. Independent relationships are assumed. Trim signals thus
can be matcned one to one with a control input. For example, vertical accel-
eration can be controlled by main rotor collective. Before proceeding, notice
that there are two parsameters in the ccntrol equation, namely v and K, which
can be used to control convergence. The K's sre input parameters to REXOR II.
Experience has shown that tau, T, should be set sucl. that the ratio dt/+ re-
meins a constant and near a value of 0.3, This ratio is internally set in the
program. K is considered a gain factor and particular to the variables nvolved.

The arrzy C'F(10) controls the selection of trim controls and variai .es.
The avajlable list of cendidates is given in Table 15, Note that in REXOR II
there 18 no preset grouping of controlled and controlling variables.

Ueually 6 variables are controlled in trim, and this number is set in iC.
Then a like number of candidates must be sel=ected from Table 15 and entered in
the CVP arrsy. Thic array must be thought out so that it does not over-specify
(over determine) or under specify a trim state contemplated, Also mutually con-
tradictory selections are to be guarded egainst.
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TABLE 15. - TRIM COKRTROL CANDIDATES
{For Use in CVP and FUNCP Vectors)

Value

=]l.

=2,

Fuselage linear forward acceleration, \’AF
Fuselage linear lateral acceleration, irF
Fuselage linear vertical acceleration, ‘.'F
Fuselage roll acceleration, ;3?
Fuselage pitcn accelerstion, qF

Fuselage yav acceleration, r. .

A

Fuselage roll earth attitude, ¢‘:."

Longitudinal cyclic stick input, % X, o
T

Lateral cyclic stick input, % Y. o

9+

Rudder pedals input, % T, m

Collective input, % Oo 0

Thrust power lever setting, % Sp -
’\L

Fuselage angle of attack, o

Fuselage climb angle, YF
Rotor drive engine torgue, ERDMZZ
Rotor speed acceleration, i,

Rotor torque, F‘i’R

Hub lateral rmoment, M e

Hub longitudinal moment, \ieﬁ

Rotor 1lift, Fz

Frd

16




Next the list of trim error signals FUNCP is considered. Again note that
the CVP and FUNCP (as vell as the other vectors of Table 1li) must hold a one
to one ordering. Table 15 also lists the signals for this use.

Usually the trim end values associated with these FUNCP selections are
zexro. These are entered in the FUNCD array. However in the case of moments
and 1ift, a nonzerc entry will most likely be called for.

The selection of trim gains for the CVK array is by in large an open sub-
Ject. Experience and similar, successful cases are the best guide, A trim
gain too high causes a convergence failure, a value too low vastes computer
time,

The usual procedure is to make a guesstimate of the value based on past
experience and observe the trim time-history plot. The gain zaa be increased
on slow-to-trim variables, and d=creased on those that appear to be oscillating
or following the vibratory component of the accelerations as well as the mean.

The trim loop has a built in negative fcedback sign. Thus if a plus CVP
quentity response is correct for a plus going FUNCF quantity, then the corre-
sponding CVK quantity should te minus.

Trim convergence is controlled by a set of simple convergence tests, all
of vhisk must be simulilaneously satisried. Movement f the controls, CVP vector,
(quiescence) is monitored rather than relative zer> tests on the accelerations.
Control parameters are compured after every revolution.

The coanvergence numbe:'s are set in the CVE vector. KXo hard and fast
rules exist as to what constitutes a good or a bad trim. A starting guide is
given in Table 16. Note that the cyclic convergence is given in terms of fixed
units quantity, namely blade angle. The conversion to stick input tolerances
(user input) is a function of the control scaling inputs (described it Sec-
tion 3.4.14). Likevise horizontal acceleration and/or thrust control settings
can be derived from the fuselsge longitudinal force tolerance number.

TABLE 16. - TRIM CONVERGENCE GUIDE
(Prime denotes value one revolution from unprimed value)

— e ——— %
F, - < 10.
R

L ] i 1
lpp - By | < 0-001
|A£S - Als! < 0.001

IBis - Bls! < 0.001

[eo' - eol <0.001
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TABLE 16. - Concluded

— - —A
Io,h - °'m| <0.001

l‘;: - QE‘ <0.01

ly;. - ypl <0.01

la; - l’l <Q where Q = 0.01 for autorotation

Q = 0.001 othervwise

Effort and computer time can be reduced for repeated or similar cases
by the use of an option known as trim save. The activatioe of IPUECH = RA(LT)
causes trim cards to be punched with values at the end of a successful trim.
These trim cards in FA format may be used to initialize a case at similar
conditions. They should be used with care to be sure the desired flight con-
ditions are not being overridden by these trim save cards.

Table 17 gives all of the addresses vhich will be punched if IPURCH = 1.
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WITR
H
ENDMZZ

QSPI(3)

Anentfi )\
WA A\ P T

QDDSPI(3)
QSI(6)
QDSI(6)
QDDSPI(6)
WRFI(3)
ARFI(3)
CZERO

THTORS(20, T)

"Y(3, T)
D(3, 7)
YDD(3, T)
PTIN(T)
PTIND(T)
PTINDD(7)
PIN(T)
PIKD(7)
PIRDD(7)
DPF(7)
DPFD(T)
DPF2(T)

CONVERTED FROM
INTERNAL RADIANS TO

CORVERTED TO DEGREES

(p, q, r)m
(X, ¥, Z)ReF

59
63
65
66
671
T1
T2
73
17
8
93
92
301-302
30L4-306
307-309
310-315
316-321
322-327
328-330
331-336
1252
2001-2140
2141-2161
2162-2182
2183-2203
2501-2507
2508-251k
2515-2521
2571-25T7
2578-2584
2585-2591
2801-2807
2608-2814
2815-2821
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3.h.h Flight simulation control. - Upon the successful comp.etion of TRIM,
or reaching revolutions, the FLY mode may be entered. During the FLY
mode, the complete system of equations, as defined by the user, ils integrated
for a specified period of equivalent real time. A variety of control inmputs
may be exercised, and are discussed below.

A pilot can be simulated vith a time history of control displacements as
inputs. The displacements can te those for a step, a pulse, etc., or the
actual time history of the control displacements from flight tests. This
input is only the incremental maneuvering input over and above that required
for trim. The pilot controls are latersl and longitudinal stick position,
main rotor collective angle, rudder pedals, thrust or setting, and rotor speed.
The rotor speed input is operative only when the rotor speed degr.e of freedom
is off. The vertical swvashplate degree of freedom changes the pilot's collec-
tive setting at the rotor, and a tail rotor damper changes the actual tail
rotor collective from the pilot command. The pilot control commands are input
to the program in tabular form as a function of time. One table of time values
is used in connection with all command tables. Additional control inputs are
provided for div: breke and flap extension as well as wing and lowver horizontal
tail incidence change.

To illustrate the procedure consider Figure 5. Assume the desired data
points for three fuactions, yj, Y2, and y3 are denoted by the circles. Each
function is individually projected onto the time axis. Then the total set of
time points is reprojected onto each function as A's. The resultant time
table will be the total set of time pcints and values at the A's as well as
the 0's. All functions are linearly interpolated. Functions are evaluated
as constant for times beyond the last time point, i.e., no extrapolation. A
step function must te approximated with a ramp. More specifically, the table
times must adhere to the relation

tn - tn—l > dt

vhere dt is the integration step size. If the second time table value is zero,
then the program assumes no pilot inputs. The tables are restricted to 20
points. The number of points used is required as an input. The controls and
addresses are given in Table 18.
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Figure 5. - Pilot command data.

In the equations that follow, the value of a function resulting from a
pilot table lookup will be subscripted with a (P). The trimmed value of a
control will be denoted with a subscript (T).

The resultant main rotor collective is not only a function of pilot man-

euvering and trim, but also swashplate motion.

8 = 8,1 * €,p - (Zgp - Zgp pl/e

vhere e is the pitch horr arm. Kote that Zgp and Zgp 7 are made equsl at the
end of trim.

If the rotor degree of freedom is not active, then a variable rotor speed

can be simulated by inputting a differential speed in PSITB(20) as described
above, resulting in the equation

Yp =B4p p * Oy



TABLE 18. - CONTROL INPUTS
pe—— ]
Input Quantity Address
RME Bumber of points in control tables 150
PT(20 Pilot time table, sec 151-170
XCTB Pilot longitudinal stick displacement (+) aft 17T1-190
YCTB Pilot lateral stick displacement (+) right 191-210
THTAB(20) Pilot collective input (+) thrust 211-230
RCTB(20) Pilot rudder pedal input {+) right pedal forward 231-250
DPTB(20)  Pilot thrustor input (+] thrust 251-270
PSITB(20) Pilot engine speed, rad/sec differential from 6L1-660
nominal
FLPTB Flap extension, (+) down 701-720
WIPTB Wing incidence change, (+) nose up T21-7L0
KIPTB Lover horizontal tail incidence change, (+) nose up T41-760
DBPTE Dive brake extension, (+) outward 681-T00
vhere
QR = RA(S2)

Note that other than time and speed no units are given in the above table.
This is because the input scaling factor selection Cection 3.k.14 determines
these units. Generally factors are selected so that pilot input data are in
percent of full ccntrol travel, However scaling can be set to give conven-
tional or SI control input furctions.
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3.4.5 Output options. - The user of REXOR II has in his control via input
the definition and presentation option of signals generated by the program.
Signal output includes printed time histories of selected signals, and graphic
(CALCOMP) presentation of selected signals. Specified signals can also be
harmonically analyzed. These options are discussed in paragraphs 3.4.5.1
through 3.4.5.k. A modest amount of diagnostic print can also be activated,
These capabilities are expanded in paragraph 3.4.5.5. Two useful data utility
functions are also available. See paragraph 3.4.5.6.

3.4.5.1 Output signal definition. - The data output philosophy of REXOR II is
based on & signal generator-signal recorder concept. REXOR II generates sig-
nals which are sampled and recorded with a time reference, for later use.

The user has complete control of the definition of the sizral set via the
inputs presented in Table 19. Up to 200 signals can be drawr from unlabeled
COMMON within the program. There are 3000 quantities defined in unlabeled
COMMON. Unlabeled COMMON is enumerated in Table 20.

TABLE 19. - SIGNAL SELECTION CONTROL

_— -
Input Quantity Address

NSIG Number of signals to be recorded {up to 200). 1500

SLOC List of selected output signals identified by iist num-j 1501-1T700
ber from unlabeled COMMON table.

uc Table of output signal conversion factors. Matches 1001-1200
SIOC items in same order. Zero default assumes unity
factor.

NSAVE Rumber of integration steps per data sample. Default 43
gives approx. 19 samples per main rotor revolution.

PLAB Signal label table. 20 character maximum per signal 5001-5200
labtel,
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TABLE 20. - OUTPUT SIGRAL SELECTION LIST
(Unlabeled COMMON)
e
Location Program Symbol Description
1 TIME Totel trajectory time
2 bT Integration step
3-52 GC(50) Generalized coordinates
$3-102 GCD(50) Generalized velocities
103-152 GCDD{50} Generalized accelerations
153-182 AUXE(30) Auxiliary integrator output vector
where
153 ¢E
15k eE
156 Uper
157 VegF
158 WREF
159 Lag integrator
SAS Channel 1
160 Washout integrator
161-170 SAS channels 2-6
171 XCS
} Cyclic stick time constant outputs
172 ch
173 XE
174 ¥, (Earth pesition
175 2.
L
176-182 Elements not defined
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TABLE 20, - Continued

Location Program Symbol Description
183-212 AUXD(3C) Auxiliary Integrator input vector
vhere

183 ép

184 eE

185 dp

186 Uper

187 \}REF

153 {:REF
189-2¢ SAS function inputs
201-202 Cyclic stick filter inputs

203 Xg

204 .

205 2,
206-212 Elements not defined
213-233 A(3,7) Blade modal deflection matrix

where

213 Mode 1 - blade 1 deflection

21L Mode 2 - blade 1 deflection

215 Mode 3 -~ blade 1 deflection
216-218 Blade 2 deflections
219-221 Blade 3 deflections
222-22k Blede L deflections
225-227 Blade 5 deflections




TABLE 20. - Continued)

r-

Location

Program Symbol

Description

228-230
231-233

234254

234

235

236
237-239
2Lo-2k2
243-2L5
246-2u8
2kg-251
252-254

255-275

255

255

257
256-260
261-263
26L-266
267-269

AD(3,7)

ADD(3,7)

Mode 3 - Blade

Blade

6 deflections

T deflections

Blade modal velocity matrix

where

Mode 1 - blade

Mode 2 - blade

Mcde 3 - blade
Blade
Blade
Blade
Blade
Blade

Blade

1 velocity
1 velocity
1 velocity
2 velocities
3 velocities
L velocities
Y velocities
6 velocities

T velocities

Blade modal scceleration matrix

where

Mode 1 - blade

Mode 2 - blade

Mode 3 - blade

Blade

Blade

Blade

Blade

1 acceleration
1 acceleration
1 acceleration
2 accelerations
3 accelerations
L accelerations

5 accelerations
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TABLE 20, - Continued

Location Program Symbol Description jJ
270-272 Mode 3 - Blade 6 accelerations
273=275 Blade 7 accelerations
276-282 P(T7) Dynamic pitch horn bending mode, blades 1-T
283-289 PD(T) Dynamic pitch horn bending rate, blades 1-T7
290-296 PDD(T) Dynamic pitch horn bending accel., blades 1-T
297-303 PT(7) Dynamic torsion mode, blades 1-T7
30L-310 PDT(T) Dynemic torsion rate, blades 1-7
311-317 PDDT(T) Dynamic torsion acceleration, blades 1-T

318 PSIR ¢R Rotor coordinate

319 PSIDR ¥g

320 PSIDDR dh

321 PHSP ?SP

322 THSP OSP Swashplate coordinsates

323 ZSP ZSP

324 PHDSP &SP

325 THDSP 8sp

326 ZDSP Zep

327 PHDDSP &SSP

328 THDDSP bp

329 ZDDSP Zep
330-335 DISPS(6) Shaft displacement vector, (x y z ¢ @ ¥)g
336-3b1 VELS(6) Shaft velocity vector, (x y z & 6 Clu)s
342347 ACCS(6) Shaft acceleration vector, (x y z ¢ 8 ¥
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TABLE 20, - (ontinued
=
Location Program Symbol Description
348-353 DISRF(6) Ref. displacement vector, (x y z ¢ 6 Ypp
354-359 VELRF(6) Ref. velocity vector, (x ¥y z ¢ 0 @)RF
360-365 ACCRF(6) Ref. acceleration vector, (X ¥ Z & 8 Y)p,
366-368 VHUB( 3) Hub linear velocity, (u v w)H
369-371 VDHUB(3) Hub linear acceleration, (u v ﬁ)H
372-374 WHUB(3) Hub angular velocity, (p q r)H
375-377 WDHUB(3) Hrb angular acceleration, (P, Q, i‘)H
378-380 VFUS(3) Fuselage linear velocity, (u v w)F
381-383 VDFUS(3) Fuselage linear acceleration, (u v &)F
384-386 WFUS'3) Fuselage angular velocity, (p q r)F
387-389 WDFUS(3) Fuselage angulir acceleration, (p q f)F
390-392 WSP(3) Swashrlate angular velocity, (p q r)SP
393-395 WDSP(3) Swashplate angular acceleration, (p q i)SP
396-398 VR(3) Rotor linear velocity, (u v wlg
399-401 VDR(3) Rotor linear acceleraticn, (0 v i)R
Lo2-Lok WR(3) Rotor angular velocity, (r q r)R
L05-407 WDR(3) Rotor angular acceleration, (p q f)R
Lo8-L410 DMH(3) Locaticn of hub relative to transmission
mount
L11-413 GRAVR(3) Gravity vector in rotor coordinates
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TABLE 20. - Continued)
Location Program Symbol Description

414-875 F(€5,T) Main rotor blade force and mass intezral
matrix. Refer to Vol II, SWEEPl routine for
detailed Gefinitions. Blade subsets are

414479 Blade 1 functions

L80-545 Blade 2 functions

5L6-611 Blade 3 functions

612-6T7 Blade & functionc

678-TL3 Blade 5 functions

T4L-809 Blade 6 functions

810-875 Blade 7 functions

876-882 PHF(T) Feather angle, ¢y, for blades 1-7

883-889 TFA(T) Feathering moment, M,, blades 1-7

890-939 DELF(50) Generalized torce vertor, AF

9L0-945 QLOADS(6) Total n' 1-rotating serodynamic loads

9Lk6-957 FR(12) Total rotor loads in rotating coordinates,
FR{1) - FR(6); and FR(7)-FR(12) are aero-
dynamic loads only.

958-969 FF(12) Total rotor loeds in non-rotating coordinates,
FF(1)-FF(6); and FF(T)-FF/12) ar. asrodynamic
loads only.

970-9175 FN(6) Fixed surface aerodynamic loads in fuselage
axes

976.-981 FNW(6) Fixed surface aerodynamic loads in wind axes

982-987 FTR(6) Tail rotor aerodynamic loads

9872993 FP(6) Thrustor loads
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TABLE 20. - Continued)
| ==
Location Program Sywmbol Deszription
99k-1133 xsv(20,7 X-shear center defiecticn for each blade
station and blade
wvhere
99k -1013 Blade 1 X-locations
101k-2033 : Blade 2 X-locations
1C3%-1053 Blade 3 X-locations
105L-1073 Blade 4 X-locations
107k-1093 Biade 5 X-locations
1094-1013 Blade 6 X-locations
101k-1033 Biade 7 X-locations
1034-1273 YSv(20,7T) Y-shear center deflection for each tlade
station and btlade
127h-1k13 Zsv(20,7) Z-shear center deflection for each blade
station and tlade
1b1k-1553 YPs(20,7) Chordwise siope at each blade station and
blade
1554k-1€93 Zps(20,7) Flapwise slope at each blade station and
blade
169L-2533 FSv(20,6,7) | The force vector (Fy, Fy, Fz, L, M, K) in
tlade element axes for each blade station and
blade. Kote, the first index is exhausted
tefore the second is advanced, etc.
2534-2713 STBLR(20,3,3)] The 3 X 3 transformation matrix, blade ele-
ment to blade, for each station o tlade 1.
271L-2853 FUNSV(20,7) Seven functions ure saved at each blade
station for blade 1
where
271L-2733 Angle of attack (radians) at each station

1

0




TABLE 20, - Continued

Location Program Symbol Description
2734-2753 F‘BLE aero only at each station
2754-2773 FYBLE aero only at each station
2774-2793 F aerc only at each station
2794-2813 Blace c.g. chordwise defl->ctions
2814-2633 Blade c.g. flapvise deflectionc
283h-2853 Running spanvise sum feathering torsion

285k YFP1 Feathering axis lag slope

2855 ZFP1 Feathering exis flap slope

2856 YIS iag deflection at blade cuff

2857 Z18 Flag deflection at blade cuff

2858 Xcs Longitudinal cyclic stick displacerent

2859 YCS Lateral cyclic stick displacement

2860 XCSh Longitudinal cyclic stick rate

2861 YCSD Lateral cyclic stick rate

2862 DEL 6EL Elevator deflection

2662 DAIL o AL Alleron deflection

2864 DRUD 6RUD Rudder deflection

2865 DP 61” Thrustor power level setting

2866 DDB &DB Dive brake angle

2367 DFL 6FL Flap extension

2868 DIW 6 ¥Wing incidence angle

2869 DIHT 6 Horizontal tail incidence angle

IHT
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TABLE 20. - Continued
—T

Location Program Symbol Description
2870 THO 00 Main rctor collective angle
8T TEOTR OOTR Tail rotor collective angle

2872-3000 oUTD(129) Auxiliary output vector. The defined ele-

ments are identified below. See Voi II,
AUXOUT routine for detailed defiritionms.

2872 Tralectory velocity, knots
2873 Reference angle of attack, deg
2874 Reference sidesliip angle, deg
2875 Feference climb angle, deg
2876 Longitudinal cycle, deg
2877 Lateral cyclic, deg
2876 Collective main rotor induced velocity
2879 Lateral induced velocity
2860 Longitudinal induced velocity
2881 Tail rotor induced velocity
2832 Re or drive engine torque
2883 Altitude above reference
2684 Biade 1 spen force at 25% R
2885 Blade 1 inplane shear at 25% R
2886 Blade 1 flar shear at 25% R
2887 Blade 1 torsion at 25% R
2888 Blade 1 flap moment at 25% R
2889 Blade 1 inplane moment at 25% R
2890 Blade 1 torsion, aero only at 25% R
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TABLE 20. - Concluded
%r_ s—
Location Prograa Symbol Description
2891-2897 Same 7 functions as above at SO% R
2898-290k Same 7 functions as above at 75% R
290k-3000 Future expansion

Quantities are chosen frozm unlabeled COMMOR by number end entered in the
signal locstion table, SLOC. Up to 200 signals can be defined. The number
chosen is entered in KSIG. Eac-h signal defined can be multiplied by a con-
version factor so that output units can be controlled if desired. Conversion
factors are input in the input table UC. There is a one-to-one correspondence
betuween elements of the SLOC and UC tables. For example, suppose signal 23 is
to be defined as ’E in degrees.

Then

sLoc(23) = 153

uc(23; = 57.29578

Element 153 of COMMON is ¢p in radians. The rroper conversion factor has been
irput in UC(23). If no conversion is desired for some signals, then the unit
conversion eatry can be ignored. An input of zero is intepreted as a value
of one.

A 20-character label can be defined for each signal. These labels can be
input in a special table, PLAB, defined as RA 5001-5200. Again, there is a
one-to~one correspondence between label address and signal address. A label
for the previous example would be

PLAB(23) = RA(5023) = Roll Aititude

Finally, the signal save frequency can be controlled via input in RA(43),
NSAVE. If NSAVE = 1, then each sigral is saved every integration step. If
NSAVE = 2, then signals sre saved every other integration step. If NSAVE = n,
then signals are saved every nth integration step.

Because of the large amount of inputs required to define the signal set,
a defaylt set is provided by the program. The default signal list of 118 sig-
nals is presented in Table 21. The default conversion factors and labels are
presented in Table 22, These defult values and those to be presented later
should be thought of as mester data which can be over-ridden.
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TABLE 21. - DEFAULT SIGNAL LIST

Sig. RA , SLOC
Ko. Ko. Pointer Quantity
1 1501 2872 Trajectory velocity
2 1502 2873 Reference angie of attack
3 1503 28TL Reference sideslip angle
L 150% 2875 Reference climb angle
5 1505 153 Roll attitude
6 1506 154 Pitch attitude
7 1507 2883 Altitude above reference
8 1508 2859 Lateral cyclic stick
9 1509 2858 longitudinal cyclic stick
10 151C 2870 Main rotor collective angle
11 1511 2871 Tail rotor collective angle
12 1512 2665 Thrustor power lever setting
13 1513 2863 Aileron deflection
1k 151k 2862 Elevator deflection
15 1515 2864 Rudder deflection
16 1516 2866 Dive trake angle
17 1517 2867 Flap extencion
18 1518 2B€8 Wing incidence angle
19 1519 2869 Horizontal tail incidence angle
20 1520 2876 Longitudinal cyeclic
21 1521 2877 Laterel cyclic
22 1522 213 Mode 1 blade 1 deflection
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TABLE 21. - Continued

Sig. A SLOC
No. Bo. Pointer Quantity

23 1523 21k Mode 2 blade 1 deflection
2k 1524 215 Mode 3 bdlade 1 deflection
25 1525 234 Mode 1 blade 1 velocity

26 1526 235 Mode 2 bdlade 1 velocity

27 1527 236 Mode 3 blade 1 velocity

28 1528 255 Mode 1 blade 1 acceleration
29 1529 256 Mode 2 blade 1 acceleration
30 1530 257 Mode 3 blade 1 acceleration
kil 1531 876 Blade 1 feathering angle
32 1532 2878 WIMR

33 1533 2879 PIMR

34 153k 2880 QIMR

35 1535 2881 WITR

36 1536 958 Rotor load FF(1)

37 1537 959 FF(2)

38 1538 960 FF(3)

39 1539 961 FF(L)

Lo 1540 962 FF(S)

L1 15k1 963 FF(6)

L2 1542 k21 Blade 1 flsp moment F(8,1)
L3 15L3 422 Blade 1 Inplane moment F(9,1)
Ly 15uk 883 Blade 1 feather roment
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TABLE 21. - Continued

Sig. RA SLOC
No. No. Pointer Quantity
ks 1545 366 Hub u velocity
k6 1546 367 Hub v velocity
N g 1547 368 Hub w velocity
48 lSth 372 Hub roll rate, p
ko 1540 373 Hub pitch rate, g
50 1550 37k Hub yaw rate, r
51 1551 327 ¢ swashplate
52 1552 328 6 swashplate
£3 1553 329 Z swashplate
Sk 1554 342 X shaft
55 1555 343 ¥ shaft
56 1556 34k Z shaft
ST 1557 3u5 ¢ shaft
58 1558 346 0 shaf
59 1559 3U7 ¥ shart
60 1560 330 x shaft
61 1561 331 y shaft
62 1562 332 z shaft
63 1563 333 ¢ shaft
6b 156k 334 6 shaft
65 1565 335 ¥ shaft
66 1566 186 Reference u
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TABLE 21. - Continued

==
Sig. RA SLOC
No. No. Pointer Quantity

67 1567 187 Reference v

68 1568 188 Reference w

69 1569 387 Fuselage p

T0 1570 388 Fuselage q

T1 15T 389 Fuselage r

T2 1572 983 FTR(2)

73 1573 982 FTR(1)

T4 1574 988 FP(1)

15 1575 970 FN(1)

76 1576 971 FN(2)

17 1577 972 FN(3)

18 1578 973 FE(b)

79 1579 9Tk FN(5)

80 1580 975 FN(6)

81 1581 384 Fuselage p

82 1582 38s Fuselage q

83 1583 386 Fuselege r

8k 1584 2882 Rotor drive torque

85 1585 216 Mode 1 blade 2 deflection
86 1586 217 Mode 2 blade 2 deflection
87 1587 218 Mode 3 blade 2 deflection
88 1588 219 Mode 1 blade 3 deflection
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TABLE 21. - Continued
. 1 _ 1 _

Sig. RA SLoC

No. Ko. Pointer Quantity

89 1589 220 Mode 2 btlade 3 deflection
90 1590 221 Mode 3 blade 3 deflection
91 1591 222 Mode 1 blade L deflection
92 1592 223 Mode 2 blade 4 deflection
g3 1593 22L Mode 3 blade 4 deflection
94 1594 225 Mode 1 blade 5 deflection
95 1595 226 Mode 2 blade 5 deflection
96 1596 227 Mode 3 tlade 5 deflection
97 1597 18 Rotor speed, wp

98 1598 319 Rotor acceleration, yp

99 1599 2872 Trajectory velocity

100 1600 2873 Reference angle of attack
101 1601 2875 Reference climb angle

102 1602 L8 FR(3) rotor: thrust

103 1603 946 FR(1) rotor drag

10k 1604 951 FR(6) rotor torque

105 1605 942 QLOADS(3) airframe lift
106 1606 Lo QLOADS(1) airframe drag
107 1607 9Ll QLOADS(5) airframe pitch
108 1608 983 FTR(2) Tail rotor thrust
109 1609 . 988 FP(1) AUX. Thrust

110 1610 2859 Lateral cyclic stick
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TABLE 21. - Concluded
sig. RA sLoc
No. Ko. Pointer Quantity
11 1611 2858 Longitudinal cyclic stick
n2 1612 2870 Main rotor collective angle
13 1613 28T Tail rotor collective angle
1L 161k 2865 Thrustor power lever setting
115 1615 2878 WIMR
116 1616 2879 PIMR
117 1617 2880 QIMR
118 1618 362 Reference %

TABLE 22. - DEFAULT UNIT FACTORS AND TITLES

Note: Units given below only reflect

Sig. current title set stored in program,
No. Tactor Title
1 1. TRAJECT VEL FT/SEC
2 1. ARGLE OF ATTACK DEG
3 1. SIDESLIP DEG
L 1. ANGLE OF CLIMB DEG
5 57.3 ROLL ATTITUDE DEG
6 57.3 PITCH ATTITUDE DEG
7 1. ALTITUDE GAIN FT
8 12. LAT CYCLIC STICK IN
9 12. LONG CYCLIC STICK IN
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TABLE 22. - Continued

e R |

Sig.
No. Factor Title

10 57.3 COLLECTIVE DEG

11 57.3 TAIL ROTOR COL DEG
12 1. JET SETTING PCT

13 57.3 AILERONS DEG

1k 57.3 ELEVATOR DEG

15 57.3 RUDDER DEG

16 57.3 DIVE BRAKE DEG

17 57.3 FLAPS DEG

18 57.3 WING INC DEG

19 57.3 TAIL INC DEG

20 1. LATERAL CYCLIC DEG
21 1. LONG CYCLIC DEG

22 1. MODE 1 DISPL FT

23 1. MODE 2 DISPL FT

24 1. MCDE 3 DISP FT

25 1. MODE 1 VEL FT/SEC

26 1. MODE 2 VEL FI/SEC
27 1. MODE 3 VEL FT/SEC

28 1. MODE 1 ACCEL FT/SEC2
29 1. MODE 2 ACCEL FT/SEC2
30 1. MODE 3 ACCEL FT/SEC3
K3} 57.3 BL1 FEATHER ANGL DEG




TABLE 22. - Continued

Sig.
No. Factor Title
32 1. COLL DOWNWASH FT/SEC
33 1. LAT DOWNWASH FT/SEC
34 1. LONG DOWNWASH FT/SEC
35 1. TR DOWNWASh FT/SEC
36 1. ROTOR LONG SHEAR LBS
37 1. ROTOR LAT SHEAR LBS
38 1. ROTOR THRUST LBS
39 1. ROTOR ROLL M FT-LBS
ko 1. ROTOR PITCH M FT-LBS
L1 1. ROTOR TORQ FT-LBS
L2 1. BL1 FLAP MOM FT-LBS
L3 1. BL1 INPL MCM FT-LBS
Ly 1. BL1 FEATHER M FT-LBS
45 1. HUB U FT/SEC
46 1. HUB V FT/SEC
47 1. HUB W FT/SEC
L8 57.3 KUB P DZG/SEC
49 57.3 HUB Q DEG/SEC
50 57.3 HUB R DEG/SEC
51 57.3 SP PHIDD DRG/SEC2
52 57.3 SP THTDD DEG/SEC2
53 1. SP VERT ACCL FT/SEC2
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TABLE 22. - Continued

Sig.

No. Factor Title
5k 1. SHAFT XDD FT/SEC2
55 1. SHAFT YDD FT/SEC2
56 1. SHAFT ZDD FT/SEC2
5T 7.3 SH PHIDD DEG/SEC2
58 57.3 SH THTDD DEG/SEC2
59 57.3 SK PSIDD DEG/SEC2
60 12, SHAFT X DISPL IN
61 12. SHAFT Y DISPL IN
62 12, SHAFT Z DISPL IN
63 57.3 SHAFT ROLL DEG
6L 57.3 SHAFT PITCH DEG
€5 57.3 SHAFT YAW DEG
66 1. REF U DOT FT/SEC2
67 1. REF V DOT FT/SEC2
€3 1. REF W DOT FT/SEC2
69 57.3 FUS PDOT DEG/SEC2
70 57.3 FUS QDOT DEG/SEC2
71 57.3 FUS RDOT DEG/SEC2
T2 1. TAIL RTR THRUST LBS
3 1. TAIL RTR DRAG LBS
Th 1. JET THRUST LBS
75 1. FUSELAGE FX LBS
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TABLE 22. - Continued |

Sig.
No. Factor Ticle
76 1. FUSELAGE FY LBS

11 1. FUSELAGE FZ LBS

78 1. FUSELAGE MY FT-LBS
79 1. FUSELAGE MY FT-LBS
80 1. FUSELAGE MZ FT-LBS
81 57.3 FUSELAGE P DEG/SEC
82 57.3 FUSELAGE Q DEG/SEC
83 57.3 FUSELAGE R DEG/SEC
8L 1. ENG TORQ FT-LBS

85 1. BL2 MODE 1 FT

86 1. BL2 MODE 2 FT

87 1. BL2 MODE 3 FT

88 1. BL3 MODE 1 FT

89 1. BL3 MODE 2 FT

90 1. BL3 MODE 2 FT

91 1. BL4 MODE 1 FT

92 1. BL4 MODE 2 FT

93 1. BLL MODE 3 T

9L 1. BLS5 MODE 1 FT

95 1. LLS MODE 2 FT

96 1. BLS MODE 3 FT

97 1. BL1 AZM
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TABLE 22. - Concluded

Sig.

Ko. Factor Title
98 1. RTRSPEED
99 1. TRAJ Vil

100 1. ATAK A'IG

101 1. CLIMBANG

102 i. TOTRLIFT

103 1. ROTRDRAG

10k 1. RC TRTORQ

105 1. FUSLLIFT

106 1. FUSIDRAG

107 1. FUSPITCH

108 1. TRTERUST

109 1. JETTERST

110 1. LAT STIX

111 1. LONGSTIX

112 1. COLLECTV

113 1. TAILRCOL

11k 1. JETSETEG

115 1. COLDWASKE

116 1. LATDWASH

117 1. LNGDWASH

118 -C.03108 LOAD FACTCR
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3.4.5.2 Print output. - A subset of the signal set may be selected for print
output. The printed output is in block form at selected time points. Up to
six lines of eight parameters each constitute a dblock. Thus, a maximum of
48 parsmeters can be printed. Table 23 contains the print control information.
Bote, the print pointer list, PP, identifies the signals to be printed. The
signils are identified by their relative location within the SLOC table. The
reag2 of values vithin the PP array is therefore 200. The total number of
~Sucameters to print is entered in NPP. The input PFREQ controls the print
frequericy. If no value is input, the first and last time points will be
printed. All time history printing can be suppressed by turning off the
IPRINT flag.

TABLE 23. - PRINT CONTROL PARAMETFRS

Input Quantity Address
IPRIET Print control flag. #0, print. ko
PFREQ Print sampling control tased on recorded signal steps. 2899
Default is first and last time points.
KPP Rumber of signals to be printed. 2900
PP Print signal pointer list. 2901-2948

Again, a default set of values is provided by the program. These default
values can be thought of as master data. Thus, they can be modified via
input. See Table 2L.
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TABLE 2k, - DEFAULT PRINT LIST AND TITLES

Print Sig.

Ko. No. Title

1 97 BL1 AZM
2 98 RTRSPEED
3 99 TRAJ VEL
L 10C ATAK ARG
5 3 SIBGESLIP
6 101 CLIMBAKRG
T 6 PITCH AT
8 5 ROLL ATT
9 102 TOTRLIFT
10 103 ROTRDRAG
11 10k ROTRTORQ
12 105 FUSLLIFT
13 106 FUSLDRAG
1k 107 FUSPITCH
15 108 TRTHRUST
i 109 JETTHRST
17 110 LAT STIK
18 111 LOKGSTIK
19 112 COLLECTV
20 113 TAILRCOL
21 14 ELEVATCR
22 13 ATLEROKRS
23 15 RUDDER
2L 11k JFTSETRG
25 17 FLAPS

26 16 DIVE BRA
27 18 WING IKC
28 19 TAIL INC
29 115 COLDWASH
30 116 LATDWASH
31 117 LNGDWASH
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3.4.5.3 Plot output. - A subset of the signal set may be selected for CALCOMP
plotting. The input parameters vhich control plotting are presented ir

Table 25. If the plotting flsg, IPLOT, is zero then no plots will be gener-
ated. If IPLOT is not zero, then the NVAR = n signals identified in the NVEC
array vill be plotted. There are two pieces of information encoded within
each entry in the NVEC array. HNot only does each entry identify wvhich signal
to plot. but it alsc defines an ordinate label to identify sign polarity. The
encodirg is accampliched as follows. Esch input in the NVEC arrasy is a float-
ing puint number of the form XXYYY. The part of the number denoted YYY, iden-
tifies the signal mumber. The coamponent XX is an identifier ranging from 00
to 09 vhich gives the ordinate label pclarity indicator desired. These indi-
cators are defined in Table 26. An example follows. Assume the first three
signals to be plotted are signals 22, 40, and 155. With no ordinate label
gpecified for 22, & nose up label for LO and an aft label for 155. Then the
NVEC entries would be the following

RVEC(1)
(2)
(3)

drdinate scaling for each signal is normally handled sutomatically by the
program. Each signal is scaled to a 2-inch channel. However, the user can
input ordinate scale factors fer desired signals in the proper slots ¢ the
SVEC erray. SVEC(n) is the scale factor for the signal NVEC{n).

2z.0
2040.0
7155.0

Abscissa scaling can also be controlled by the user. The user specifies
in TSCLE hov many units per inch, and specifies by CYCFLG if the units are
cycles or seconds.

Finally, as an aié to the user, a default list of signals to be plotted
is provided by the prcgram. Thesa inputs car of course bte overridden. The
default list is presented in Table 27.

A note concerring the order of output is necessary. lotting is frame
oriented with the first four signals plotted in frame one with the sequence
being from bottom to top, the second frame holds signals 5-8, etc. Figure 6
presents a sample plot ocutput frame.
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TABLE 25, - PLCT CONTROL PARAMETERS
Input Quantity Address
IPLOT Plot ~ontrol flag. A ncn-zerc value will invoke plots. k8
CYCFLS Plot abscissa scale selector; = C. gives seconds/inch; 134
= 1. gives cycles/inch.
TSCLE TFlot a®scissa scale factor, units per inch. CYCFLG 298
deternines the unit definition.
RVAR Number of signals to be plotted, i.e., the number of 300
entries in KRVEC.
NVEC Flot signal pointer tatle. 1801-1900
SVEC Plot signal scale Tactors. Matches XVEC list. Cther- 2401-2500
wise, automatic scaling.

TABLE 26. - PLOT POLARITY LABELS

~ ——1
Label Code {XX)
{vlank) 00
RT 01
N UP 2
N DN 03
UP oL
DN 05
FWD 06
AFT 07
N RT 08
K LT oS
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TABLE 27. - DEFAULT PLOT LIST AND TITLES

Plot No. sig No. Polarity Title
Note: Units given belovw omly
reflect current title set
stored in program.

1 1 FWD TRAJECT VEL FT/SEC
2 2 N VP ANGLE OF ATTACX DEG
3 3 N LT SIDESLIP DEG

4 118 up LOAD FACTOR

5 8 RT LAT CYCLIC STICK IN
6 9 AFT LONG CYCLIC STICK IR
7 10 UP COLLECTIVE DEG

8 7 uP ALTITUDE GAIN FT

9 S RT ROLL ATTITUDE CEG
10 6 K UP PITCH ATTITUDE DEG
11 11 ¢ ) TAIL ROTOR COL DEG
12 12 ) JET SETTING PCT
13 13 UP AILERONS DEG

1k 1k UP ELEVATOR DEG
15 15 RT RUDDER DEG

16 2% () MODE3 DISPL FT

17 66 FWD REF UDOT FT/SEC2
18 61 RT REF VDOT FT/SEC2

19 68 DN REF WDOT FT/SEC2
20 69 RT FUS PDOT DEG/SEC2
21 70 N UP FUS QDOT DEG/SEC2
22 71 N RT FUS ROOT DEG/SEC2
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TABLE 27. - Continued

e ;—-W_=——=m=
Plot Sig
Ro. No. Polarity Title
23 12 RT TAIL RTR THRUST LBS
24 T4 FWD JET THRUST LBS
25 81 RT FUSELAGE F DEG/SEC
26 82 a1 Ur FUSELAGE Q DEG/SEC
27 83 N RT FUSELAGE R DEG/SEC
28 8% RT EXG TORQ fT-LBS
29 %0 N UP ROTCR PITCE M FT-LBS
30 L1 RT ROTCR TORQ r7-L28S
31 45 FwD HUB U FT/SEC
32 46 RT HUB V FT/SEC
33 47 DN FUB W FT/SEC
33 48 RT fUB P DEG/SEC
i Ls ¥ UF HUB § DEG/SEC
36 50 N BT HUB R DEG/SEC
37 51 ET S¥ PE1DD DEG/SEC2
38 52 K UP SP THETDD DEG/SEC:
39 °3 D= SP VERT ACCL FI/SEC2
Lo 54 FWl SHAFT X¥DD FT/SEC2
LI 55 Y SHAFT YDD FT/SEC2
L2 56 DN SHAFT ZDD FT/SEC2
L3 57 RT SH PHiDD DEG/£FC2
Lu 58 N UP SH THTDD DEG/SEC2

150




TABLE 27. - Concluded
_—
Plot Sig
No. No. Polarity Title
L5 59 N RT SH PS1DD DEG/SEC2
u6 60 FWD SHAFT X DISPL IN
u7 61 RT SHAFT Y DISPL IN
L8 62 DN SHAFT Z DISPL IN
L9 20 N DN LATERAL CYCLIC DEG
50 21 N DN LONG CYCLIC DEG
51 22 () MODE1 DISPL FT
52 23 () MODE2 DISPL FT
53 42 UP BL1 FLAP MOM FT-LBS
5} L3 FWD BL1 INPL MC{ FT-LBS
55 it N UP BL1 FEATHER M FT-LBS
56 31 N UP BL1 FEATHER ANGL DEG
57 36 FWD ROTOR LONG SHEAR LBS
58 37 RT ROTOR LAT SHEAR LBS
59 38 DN ROTOR THRUST LBS
60 30 RT ROTOR ROLL M FT-LBS
61 32 () COLL DOWNWASH FT/SEC
62 33 () LAT DOWNWASH FT/SEC
63 34 () LONG DOWNWASH FT/SEC
6L 35 () TR DOWNWASH FT/SEC
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Figure 6. ~ Sample CALCOMP plot cutput.
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3.4.5.4 Harmonic analysis. - The program provides harmoni¢ anelysis output
for up to 50 signals. The output consists of the Fourier coefficients

2n
1
o —2—1'10 £{x)dx

2n
-,];-/ f(x) cos nx dx
o

an
-l—] f(x) sin nx dx
o)

o
]

n w

forn=1, ..., 8 (8 harmonics).

The data are also presented as phase-amplitude information. Where

@
o)
"
o
gu
‘a' P
Pl 121
v
b (Y]
:I%‘
v
..
™

if b <0 then © = @ + 360/n.
n n n

Harmonic output is signaled with a nonzero input in IHAFLG (RA 1257).
The functions to be analyzed must be given in the general output signal set
as defined by RA's 1501-1700. The subset to be analyzed is identified with
pointers input in the array HSIG (RA 2301-2350). The number of signals,
NHSIG, is RA 2300. The user is reminded that the signal save frequency can
be input in RA 43. If this input is ignored, the program will guarantee that
at least 20 points per cycle will be saved. For proper harmonic coefficient
definition, NSAVE (RA 43) must be a divisor of the integration interval, NAZ
(RA 51).

The harmonic analysis output flag, IHAFLG, will also serve as an input
to the program describing at which cycle to sample the signal. This is a
cycle count measured from the end of trim. The inputs described above are
summarized in Table 28.
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TABLE 28.

~ HARMONIC ANALYSIS PARAMETERS

Input Quantity Address

THAFLG Harmonic Analysis flag. A nonzero value activates 1257
harmonic analysis over the cycle indicated.

NHSIG The number of signals to analyze, i.e., number of 2300
entries in HSIG table.

NSIG Harmonie anslys=is signal pointer table. 2301-2350

3.4.5.5 Diagnostic outputs. - The program provides a modest amount of diag-
nostic print output which can be helpful in isolating input and model prob-
lems. The inputs which control the diagrostics are precented in Table 29,
and are discussed belcow.

TABLE 29. ~ DIAGNOSTIC OUTPUT PARAMETERS

| ———— —_————— t%
Add

ress

Input Quantity

MATGEN Acceleration perturbation and mass matrix genera- 31
tion flag. A nonzero value activates.

ISWP SWEEP routine disgnostic print flag and counter. L5
If ISWP = n then diagnostics will be printed upon
the firsl n entries into SWEEP.

MATPRT Mass Matrix print flag. If MATPRT # O then the L6
initial generalized mass matrix will be printed.

The initially computed generalized mass matrix can be optionally printed
by turning on the input MATPRT. It should be stated that if the program
senses a nonpositive definite matrix at any time during operatior, the current
mass matrix is printed and the case aborted.

Detailed data concerning each main rotor blade can be printed in time
history form by activating the input ISWP., The input ISWF serves as a counter
which limits the printing to the first n time points. All the data are com-
puted and printed from subprogram SWEEP. The output requires a listing of
subprogrem SWEEP to decode the parameters from the write statements.

The final diagnostic output to be discussed is the acceleration pertur-

bation and mass matrix generation flag, MASGEN. If this flag is activated, a
time history is not computed. Instead, the generalized mass matrix is
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computed, based on the initiel inputs. Then, a generalized mass matrix is
constructed through perti bation of each generalized acceleration. Where for
each acceleration, ﬁd,

BllFi
Mia = _"-_"’ i=1, cesy NTOTL .
OQJ

This derived mass matrix should theoretically match the computed mass matrix.
Also, the derived matrix is a full matrix, and can be checked for symsetry.
This method can be effective in spotting obvious program errors.

3.4.5.6 Data utilities. - The inputs presented in Table 30 can be used to
injtiate two useful data utility functions.

TABLE 30. - DATA UTILITY PARAMETERS
ro—e :ﬁ

Input Quantity Address

IPUNCH Trim punch flag. If IPUNCH # 0O, then a trim punch L7
deck is produced.

EDIT Master data deck punch flag. 104

The input IPUNCH activates & trim punch option. The values of the
parameters listed in Table 17 will be punched at the end of trim. The card
deck produced can then be used as a change data unit in a subsequent run.
These updated inputs shouid comprise a better set of initial conditions.

A data deck editing feature is also availatle. If EDIT (RA 10L) = 1. is
inserted in the uata deck in either a master or change data unit, an unclut-
tered master data unit will be produced. This new deck will include the cur-
rent nonzero values of all addresses in the range 1-3000 with the exception
of RA 104. The deck will be headed by a master control card, and terminate
with an end control card. This option is useful when numerous changes have
been made to a master data deck, or the deck has several master overrides.

3.4,6 Main rotor blade,

3.5.6.1 Geometry. - The program takes a straight line radiating from the
shaft at the hub center and builds up the blede reference line which is taken
to pass through the quarter chord line. REXOR II blade station locations are
in the array, SX. Do not use more than 20 stations.
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At each spanwise station the chordwise location of a number of blade
element properties are specified. These are the element center of gravity,
the neutral axis, and the shear center. Note again that these data are speci-
fied with respect to the quarter-chord line. These data are summarized in
Table 31,

TABLE 31. - BLADE STATION REFERENCE DIMENSIONS
W
Input Quantity Address
NB No. of blades 1
NRAD No. of blade stations 498
sX Blade station locations, m (ft) 501-520
sY Blade element ¢.g. location relative to the quarter 521-5L0
chord
YRA Location of neutral axis relative to quarter chord 1LL1-1L60
YCS location of shear center relative to quarter chord 1k21-1kko

A number of other items are tabulated at blade stations such as mass,
torsion, and model data. These will be presented in their respective
sections.

Geometric twist, GTW, and coning ﬂo, are additional inputs. Coning is
assumed to start at the shaft center line. Other inputs include blade droop
angle relative to the precone angle, y, blade sweep, 7., and offsets Yjog and
Zjog. All of these design parasmeters are measured at a specified blade loca-
tion termed STATO. STATO0 is an input m (feet), and does not necessarily cor-
respond to a station location. This locavion is often the location at which
the movable hub attaches to the blade proper.

The feather bearing locations are described by two inputs. These are
the locaticn of an invoard bearing FBLOC and the distance between bearings,
DBEAR. Both lrcations must be specified to permit computing the feather axis
slope from the bearing displacements. The program internally computes the
offset of the bearings above and below the blade reference axis on the as-
sumption the feather axis crosses the blade axis midway between bearings.

The feather axis geometric coning is specified as BFAS. An additional offset,
DELZOB, can be specified for the ocutboard bearing. Care should be exercised
as the geometric coning the program uses will be increased above that speci-
fied by BFAS to account for DELZOB.
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Finally, the blade radius, R, and chord, COFD, a constant over the blade,
are required. All of these geometric inputs are fully discussed ir Volume I
in Section 4.5.5. They are summarized in Table 32.

Input Quantity Address

R - R Blade radius, m (ft) 81
ei THL Geometric twist, deg 85
¢ CORD Main rotor blade chord, m (ft) 110
218 FBLOC Inboard vearing location, m (ft) 128
L, DBEAR Distance between bearings, m (ft) 129
Bo BETA Blade cone angle, deg 1266
To TAU Blade sweep, deg L7
Y CAMMA Blade droop, deg

ﬁFA BFAS Blade bearing cone angle 1270
AZOB DELSOB Outboard bearing offset adjustment 1479
Y Jo8 YJOG Blade chordwise offset, m (ft) 1481
zjog ZJ0G Blade flapwise offset, m (ft) 1482
XSw STATO Location where sweep and droop begin 2570

3.4.6.2 Blade bending modes and related data. - Fach blade bending mode has
8 chordwise end flapwise displacement component., but not an elastic twist
component. Cases are usually run with three bending modes, but less can be
used. Torsion and pitch hori bending are treate separately (see Sections
3.4.6.4 and 3.4.6.5 for a discussion of inputs).

Typicelly, mode 1 is taken to be the first inplane, mode 2 the 1lst flap,
and mode 3 the 2nd flap. Fach mode is presented to the program in an array
where the row index (first) corresponds to blade statior and the column index
(second) identifies which displacement or slope. For instance, the mode 1
chordwise displacement at station one is BMSMi(1,1), the flapwise disglace-
ment is BMSM1(1,2), the chordwise and flapwise slopes are BMSMi(1,3) and
BMSM1(1,4). The mode shapes are defined by completing the first index for
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the speciried blade stations. A normalizatiz; based on the tip chord or flap
displecement, vhichever is greater, has been frequently used. Any normaliza-
tion can be used but output labels are based on unit tip values.

The chordwise and flapwise components are equal to the inplane and out-
plane displacements at a reference feather angle given by PHIREF. The progranm
rotates the modes with the feather angle so that the bending comporents are in
axes fixed to the blade. A rotor speed,?, is also specified vhen the mode
shapec are computed. The rotor speed fcr a given case should be reasonably
close to tkis specified speed. The rotor spesd input location, RA(52), has
already been discussed.

All modes are nominally with the choriwvise/displacement pos.tive forward
and the flapvise displacement positive down. The program reverses the sign on
the flapwvise component intermally to match Bln axes coavention.

Modal data are also needed at the feather bearing stations. For mode 1,
FBIM/1,1) is the choridwise displacemenc and FBLM{2,1) is the flapwise dis-
placement at the inboard bearing station. FBLM(1,2) and FBLM(2,2) are the
corrers _ording values for the outboard bearing station, Mode 2 and 3 bearing
deflection: are similarly specified.

Additional mcdal data are required when the program is computing a lag
damper configuration. The damper angular displacement is YP{1l) for mode 1,
YP(2) for mode 2, and YP{3) for mode 3.

The bending modes produce a feather angle component given by the partial
derivati-—-es TPV '), TPV(2) end TFV(3) for modes 1, 2, and 3. These factors
are defined as rudians of feather angle per unit modal deflection.

The modal inputs discussed are swumarized in Table 33.

TABLE 33, - BLADPE MODAL DATA
| E— |

Input Quantity Address
M Mode 1 select {lag = 1. on; = 0. off z
M2 Mode 2 select flag = 1. on; = 0. off 3
IM3 Mode 3 select flag = 1. on; = 0. off L
BMsM1(1,1) Y displacement, ls* mode 761-750
BMSM1{1,2) Z disnlacement, lst mode 781-800
BV ML(1,3) av/ds, lst mo.e 801-820
BMSM1(1,4) d2/dsS, 1lst mode B821-8ko
BMSM2{(1,1:; Y displacer:nt, 2nd mode 841-8690
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TABLE 33. - Continued

T—_—.'——_* — |
Input Quantity Addrecs

BEMSM2(1,2) Z displacement. 2nd mode 861-880

BMSM2(1,3) dY/4s, 2.4 mcde 881-900

BMSM2(1,b) d42/3S, 2nd mede 901-920

BMSM3/1,1) Y displacement, 3rd mode 921-9L0

BMSM3(1,2) Z displacement, 3rd mode 9k1-960

BM3M3(1,3) dY/ds, 3rd mode 961-980

BMSM3(1,4) dz/4s, 23rd mode 981-1000

PHIREF Blade reference feather angle, deg 1269

Feather Searing Mcde 1:

FBLC {(1,1) Inboard Y displaccment 2715
(2,1) z 276
(1,2) Qutboard Y 277
(2,2) z 278

Feather Bearing Mcde 2:

FBIM2(1,1) inboard Y displacement 279
(2,2 Z 280
(1,23 Cutboard Y 281
(2,2} Z 282

Fee“her 3earing lode 3:

FBLM3{1i,1; intoard ¥ 3displacerent 263
(2,1 z 28L
(1,2) Cutboard Vv 285
(2,2) z 286

Lead-lag damper angular deflection:
YP(1) Mode 1 367
{2) 2 368
3) 3 369




TABLE 33. - Concluded
w
Input Quantity Address
™v(1) MNode 1 to feather coupling factor 1ks
TPV(2) Mode 2 to feather coupling factor 1k6
TPV(3) Mode 3 to feather coupling factor 147

The program computes the centrifugal stiffness by adding the centrifugal
acceleration in with the other accelerations when the generaslize? mode force
is found. Only the structural stiffness is required as input. This is pre-
sented as a 3 by 3 matrix, BLADK. Comsult Volume I, Section 5.6.% fo: a for-
mulation for this syemeiric spring matrix. The off-diagonal terms cross
couple modes, as would be expected even for orthogcnal modes. The units
given in the input tebulation for the spring and other modal constants assume
the modal displacement components are given in feet and the slope in radians.
The modal degrees of freedom have units of time., Units, however, are not
indicated for the moial components to indicate these can be arbitrarily
normalized.

The structural damring in each mcde is the same. Its contributior to
the generalized force is

for mode m, blade n, The damping constant can be interpreted as
c = 280 Wy

vhere { is the damping ratio at the natural frequency wg of interest. Three
inputs control the damping level c¢: CTRIM, CFLY and CZERO. The program lin-
earily interpolates between CZERC and CTRIM for the first second in TRIM.
CTRIM should have a value equal to CFLY or close to i.. CZERO is s:t high,
a value of 0.0156 being typical, to quiet the inplane mode promptly. This
mode typically has low damping and would otherwise take an excessive time in
TRIM to reach a steady state. The damping function is shown in Figure 7.

The usual linear damper, if incorporated, is modeled as a rotary equiv-
alent damper «..ting about a real or virtual lead-lag hinge. The damper
motion is described by the model coefficients YP(1), YP(2) and YP(3), which
are described with the blade modal data.
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The damper is modeled as a basic damping coefficient CLAGL up to an

actuation rate of YPDI radians/sec.

At this point a relief valve in the

damper orens, and additional damping sbove (CLAGL){YPDI) is obtained with a

damping coefficient of CLAGZ.

given in Volume I, Section 5.6.k4.1.

The equations of the damper mechanism are

Structural and damping coefficient data are summarized in Table 3k,

TABLE 3i. - STRUCTURAL AND DAMPING COEFFICIENT DATA
Jrem— = e ————
Input Quantity Address
BLADK(3,3) Blade stiffness matrix 1241-12k9
CZERO Blade modal damping at trim 1252
initialization
CTRIM Blade damping after 1 sec of TRIM 1250
CFLY Fly modal damping 1251
CLAGL Inplane lag damper constant 370
CLAG2 High rate damping constant M
YDPI Damping rate breakpoint 439
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3.4.6.3 Blade aerodynamics. - The blade aerodynamic data in REXOR II is
arranged to be compatible with C-81 airfoil data decks. The data tables
return C3, (g, and Cp for Maech number and angle-of-attack entries. The pro-
grem has provisions for two sets of tables. The step from use of table set 1l
to set 2 occurs at blade station KAERO., Set 2 is used outboard of this sta-
tion. A NACA 0012 data set is stored internally in set 2. Thus the second
of two external data sets will override the internal 0012 set. All the rep-
resentations use a blade root cutcut {drag only, no lift or moment) identi-
fied as CUTOUT = RA{2688).

Unsteady aerodynamics (lift at the quarter chord determined by airflow
at the 3/L chord) can te deleted by setting the UNSTDY flag, RA{S0) = 1.

Once the table values are determined, an increment to the drag cceffi-
cient can be added at every stationm by the input DEICD. Furtuer, an incre-
ment, DCMR, to the pitching moment coefficient resulting from a trailing-edge
tab can be added between the inboard and outboard ends of that teb as speci-
fied by the inputs KTl and KT0. DICMR is added whern

KI1 = X =K10

where K is the REXCR II station index.

Ir addition to the root cutout, REXCR II also cormputes only a drag for
the outboard tlade segment. Thus, a tip loss factor can be implicitly ap-
plied by proper choice of the REXCR stetion just inboard of the tip. The
relationship is

SX {WRAD-1) = R®(2B-1)

fud

s

where R is the blade radius and BTI! is the tip loss factor.

A further refinement rmay be made known as dynemic stall. Dynemic stall
is triggered bty settirg ISTALL = 1. A reference angle factor, FACTM, is re-
quired. descriptiorn. of its nature is found in Volume I, Section 6.2.3.4.2.
NHonlinear aerodynamic inputs are summarized in Table 35,
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TABLE 35. - NORLINEAR BLADE AERO DATA

Input Quantity Address
KAERO Table crossover station Ly
DELCD Blade element incremental Cp 1264
KT1 Inbound blade tab station number 13ks
KTO Cutboard blade tab station number 13k6
DCMR Incremental C, for blade tab 125€
BTIP Tip loss factor 380
ISTALL Dynamic stall similation flag 25595
FACTM Reference angle factor 2559
UHSTDY Unsteady aercdynarics deletion flag, 50

= 1, delete
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3.4.6.4 Pitch horn bending. - The program can be directed to simulate quasi-
static or dynamic pitch horn bending. If no bending is desired, then only
the pitch horn length is required, E. (RA 136). If KPH is nonzero, then
quasi-static bending is assumed. The input KPH alsc serves as the pitch

horn spring in foct-pounds of feathering moment per radian of elastic feather-
ing. A time ccnstant, TFH, is also required. Since & first order lag is
simulating the dynamics, the time constant coculd be roughly the reciprocal

of the natural frequency of the pitch horn bending mode.

Dynamic pitch horn bending is activated by setting NBP = 1. The dynamic
pitch horn should not be used with either quasi-static pitch horn bending or
dynaric torsion. The pitch horn degrees of freedom for each blade are inde-
pendent. The dynemic pitch hcrn requires a spring, AKPH, and a partial,
ZBPH. 1If ZBPH = 1, the amount the end of the pitch horn displaces will be
feet ver radian of elastic feathering. If ZBPH = E = RA(136), the pitch
horn displacement is in terms of the actusl feathering displacements. There-
fore, no units are given for ZBPH. The units listed in the input tabulation
for AKPH assumes the ZEPH is icdentically one. The pitch horn bending inputs
are given in Table 36.

TABLE 36. ~ PITCH HORN BENDING IKPUTS
*====r Input Quantity Address

E Pitch horn length 136
¥PE Quasi-static pitch horn spring 1487
TPH Quasi-static pitch hern time constant 188
RBP Pitch hern bending degree of .reedom

flag g
ZBPH Pitch horn partial 1477
AKPE Pitck hern spring 1478
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3.4.6.5 Torsion. - Quasi-static or dynamic torsion capabilities are avail-
sble. Quasi-static torsion is signaled by th2 input flag TORFIG. Other
inputs include a time constant TCT, and DSOGJ which is the reciprocal of the
torsional stiffness. The time constant, TCT, is for a first-order simulation
of the torsicn dynamics. To alleviate numerical difficulties, however, the
elastic twist velocity is not used in the computations, only the displace-
ments. Nevertheless, a value for the time constant roughly equal to the
reciprocal of the natural frequency of the torsion mode is appropriate. The
required quantities are presented in Table 37.

Dynamic torsion is activated by setting NPT = 1. Dynamic torsion (an
uncoupled mode) cannot be used at the same time as dynamic pitch horn bending.
For uncoupled torsion, a mode shape starting at RA(2871) = PPTOR’1) is
required. As usual, any normalization will work, but for output consistency
one radian nose up twist at the blade tip is suitable. The guantities needed
are reviewved in Table 38.

TABLE 37. - QUASI-STATIC TORSION

&
Input Quantity Address
TORFLG Cuasi-static torsion flag 1L9T
T Quasi-static time constant 101
DS0GJ Reciprocal of torsional stiffpess at
every REXOR station 1361-1380
TABLE 38. - DYNAMIC TCRSIOR INPUTS
F
Input Quantity Address
NPT Blade torsion degree of freedom flag 6
PPTOR Torsion mode shape at each blade data
station 2871-2890
TORK Dynamic torsion root spring 126
TORC Dynamic torsion root damper 127
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3.4.6.6 Feather bearing loads. - Feather bearings are modeled in REXOQR II
having the properties of a torsional spring rate, friction, and damping.
The spring can be due to the bearings or from some other physical source
such as tension-torsion packs, if used. The spring rate is TXS.

Bearing friction can be modeled as stiction or viscous friction, or a
combination thereof. Figure 8 illustrates the nature of friction function.

Stiction is modeled if RLF is & small number (not zerc) and FCF is the
stiction load. If only viscous friction is desired without a stiction limit,
then RLF must be much larger than the normal range of the velocity, and the
ratio FCF/RLF determines the viscous damping coefficient.

Viscous damping can also be supplied via the input CFB. The inputs
are summarized below in Table 39.

TABLE 39. - FEATHER BEARING LOADS
-
Input Quantity Address
TXS Feather spring 294
CFB Feathering viscous fricticn 1L85
FCF Feather friction 114
RLF Feather stiction break point 115
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3.L.7 Weight and balance. - The total mass of the vehicle is the sum of
mass of its parts. The required inputs are specified in Table LO.

The program integrates the balde distributed mass and then adds up all
the blades to find the rotor mass. The blade mass is defined as all the
masses that can be feathered. The remainder of the rotating masses are
included in the hud mass.

TABLE 40, - MASS DATA TABLE
e e

Input Quantity T Address
FMASS Fuselage, including wings and tail

surfaces, tail rotor and engine 91
HMASS Hub 366
SPMASS Swashplate 139
TMASS Transmission 2531
Q(1)-Q4(20) Blade distribution mass at each

REXOR station 541-560

The center of gravity of the fuselage from the fuselage reference axis
origin is specified by XFBAR, YFBAR, and ZFBAR. The hub center of gravity
is assumed at the hub axis origin and no input is required. The swashplate
center of gravity, ZGS, is the height of the swashplate center of gravity
above the hub axis origin when the mein rotor collective is at its trimmed
value. The program computes the lccaticn of the blade masses as the blade
bends and feathers. It assumes the blade masses are on the blade center-
of-gravity axis defined with respect to the blade quarter chord axis. The
location of the c.g. line was discussed earlier.

The transmission may be isclation mounted and modeled as a distinct
dynanmic mass. The transmission data is entered as a mass, TMASS, an. inertia
tensor and the mass center offset from the hub axes (XCGT, YCGT and ZCGT).

The moments and products of inertia required are presented in Table 41,
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TAELE 41. - INERTIA AND C.G. DATA

Input Quantity Address
7
§§g§§ Fuselage c.g. locaticn relative 3%§
1 fusel

ZFBAR to the Tuselage axes 374
IXXF 1k61
I ) 1462
1Z7F Inertis terms for the fuselage 1463
IXYF wing and tail surfaces 1L6L
IXZF 1L65
IYZF 1L66
IZZH Hub 1h6§
1ZZSP 1l
IXXSP} Swashplate 361
IXXENG Engine (rotor drive only) 1k71
IYYTR Tail rotor 1472
BI Blede moment o:f inertia about blade 561-580

center of gravity exis. Inertisa is

distributed with per ft units at

each REXOR station
ZSPZ Distance of swashplate c.g. btelow hub 1L69

uxis for nominal collective
IXXT 2535
IYYT 2536
%;ﬁ; Inertis terms for the transmission gggg
IXZT 2539
IYz7T 25L¢
XCGT - .. . s . 2532
yoor Transmission c.g. location relative 2533
7067 tc the hub 2531
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3.4.8 Airframe.

3.4.8.1 Geometry. - The geometry of the airframe ..cludes tae lengths to
the various configuration fixed surfaces. Tue - .*s involved are for the
vertical tail (LVT, HVT), the lower horizontal iuil (LHT), upper horizontal

tail {LHTU) and dive trake (HDB).

intercept the fuselage vertical axis. See Table U42.

The wing quarter chord is assumed to

-

TABLE 42. - AIRFRAME GEOMETRY

— -
Input Quantity Address

LHET Distance from fuselage axis to lower horizontal 101
tail, + aft

LT Distance from fuselage axis to vertizal tail, 102
+ af't

HVTY Distence from fuselage axis to vertical tail, 103
+up

LHTV Distance from fuselage axis to upper horizontal 111
teil, + aft

HDB Height of dive brake ce-.(ier of prassure to 398

fuselage axis
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3.4.8.2 Aerodynamics. - The fuselage here is taken to include the wings, if
any, plus verticsl and horizontal “ail surfaces. Aileromns, elevator, etc.,
are available. The aerodynamics are described hy a table of values for the
drag, lift and moment at all angles of attack and a mat-ix of derivatives
expressing the sideslip chracteristics and the damping due to the wing and
tai: surfaces. The aerodynamic formulation is given in Volume I,

Section 6.k,

The static lcads are given by RA(2601) = ALFA(1), RA{2621) = CL(1),
(RA(2641) = CM(1), RA(2661) = CD(1) and following entries which relate the
1ift, drag and pitching moment coefficients to the angle of attack. A maximum
of twenty angle-of-attack points are alloved which should cover the total range
of values from -180 to +180 deg. These coefficients can be take.. directly from
vind tunn2] tests of a model without the blades. The loads are sized by the
wing area and the wing chord length, RA(2681) = AWING and RA(2682) = CWING.

Yor a wvingless coufiguration dumey values of 1.0 and 0.1 can be used. CWIKG
should be small to reduce a wing damping term to a negligible size.

The data should prefercbly include the empennage contributions. How-
ever tail of:1 data can be utilized Ly means of the TAILON flag RA(105) = oO.,
end sore adiitional entries in Section 3.4.16.

The fuselage matrix RA{4%1) = PEM(1,1), RA(442) = FNM(2,1) and fcllowing
entries allcw for loads due to asymmetry, linear, and quadratic sideslip
varictions, wing dazping in roll, pius vertical and horizontai tail damping.
The matrix is a set nf derivatives relating the fuselage forces and moments
with tlue velocity terms. The first subscript in FIM refers to the lcads and
the second to the velocity. The terms are developed in Volume I, Section 6.%
and re_eated here.

For tail on data the matrix has the form:

g
~—

Fy F.../1,1) (1,2) ... (1,7)

F (2,1)

(6,7)

e
)
ON
.’ .
—y




For taill off dats the A-velocities are replaced by full values.

The loads are in vind axes, the velocities in fuselage reference axes.
The X axis points forward, the Y rightward ancd the Z axis downwards. The
first column represests losés due to airframe asymmetry such as those due to
different incidence on the left and right wing panels. The second and third
cclumns describe the static sidesiip characteristics with both a lipnear and
quadratic varistion allowed where:

2
Y = Y PBp

~
“

2 2
Yvoox Y Bp

Assuring the matrix elexents are found for mcderate angles of sideslip
Br. The fourth cclumn is zero urless the wing roll damping derivative
FIM(L,%) is significant. The fifth through seventh columns relate tc the
1ift curves siopes UL, andé Ty, of the horizontai and vertical tail surfaces
such that

:
-~
"

L]

\v, ]
Mt
"
'

tar

©
)
Y

P e

Frv(c2,6) e, S‘w"’i‘ c}'ﬁ

vhere P, is the sea level air density of 0.002378 slugsirtB {convuntional
units) and € is & tail surfac2 area. The matrix elerents are evaluated at
sea )evel and ihe progrew ratios the fuseiage aervdynamic load by the density
ratic ¢t altitnde.
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The pitching and rolling moment derivatives from the tail are cbtained for
the force derivatives times the appropriate tail length or height:

FRM(5,5) = L. ® FEM(3.5)

FRM(5,7) = L. % FIM{3,T)

FR4(L,6) = -h. * FE4(2,6)
and

FRu(6,6) = -L . * rmu(2,6)

The equaticn fer F®4{L,6) iz crnlv a rough approximation to the tail fin
dihedral effect. A variaticn with urgie of attack is not sllowed by the
progran.

The aercdyramic inputs required for the airframe are summarized in
Table &43.

Incremental Zoads due to wing incidence, flaps, ailerons ané adive
brakes are alsc bcokkept with the airframe aerodynamics. The flaps and wing
incidence are inputted as partials of Oy, Cs3, Cp. A7lerons are mcdeled as
the "vclume" of one aileron. The dive brake is mod._led as the partial of
flat plate ares with respect to extension angle,
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TABLE L3. - AIRFPAME AFERODYNAMICS

Input Quantity

Address

T, LT

Pl PR ¥ §

AL IRAl

PR

Val

~——
T
PSR

Airframe data Tlag, tail on =1, off = O

Anglie-ci-attacyk table, deg
Rirframe Zp

Airfrace C

™
Airfrere Cd

Wing areas, n° (fta)
Wing chord, m (ft)

e

Body airlcad coerficicent matrix

th

Arirframe T+ Zue to flap extensicn

Airirere {p due t¢ “lar externsion

Aircrame (., Zue tc lar extensicn

&

Airfrare . due tc wing incicdernce
change

firTrave

Alrireame 7, due 1< wing incidertce

.

coptrol moment velume ¢f one silercn

Flat p.ete area increase iue tc dive
broke ansl

105
2601-2620
2621-2640
26L1-2660

2661-268¢C

[
N e
(o2}

XY

W
-1

(=

WY




3.4.9 Tail rotor. - Aerodynamic and dimensional inputs are described here.
Inertia, control and downwash data are described in other sections on the
respective topic. The aerodynamic loads are presently formulated for use
with a teil rotcr whose upper blade moves aft. These data are summarized in
Tatle bk,

TABLE LL. - TAIL ROTOR DATA

Input Quantity Address
SLTR Distance from fuselage axis to tail 98
rotor, + aft
HTR Height of tail rotor above fuselage axis, 1348
+ up
YTR Tail rotor lateral offset from fuselage 27k
axis, + RT
CORK Tail rotor piteh-flap ccupling, 53 1253
ACTR Tail rotor blade area 2683
RTR Tail rotor radius 2684
CLATR Tail rotor 1lift slope, dCL/da 2685
B Tail rotor tip loss factor 2686
STR Tail rotor fin blockage factor 97
CDOTR Tail rcotor blade drag coefficient 99
FYTR Dras coefricient rise as a functicn of 100

average lift coefficient

LAMTR Tail rotor £a®t axis tilt right, degz 108
o Mair rotor tc tail rotor gear ratic 1475
AlTR Tail roter initial flap angle, rad 77
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3.4.10 Thrustor. - A set of auxiliary thrusting engines is modeled as a

single composite powernlant in REXOR II.
aft of the fuselage reference and a height hy, above it.

is inclined op radians acove the fuselage X axis.

Thrust is modeled as partial derivative functions of Mach number and

The unit is located a distance ¢
The thrust vector

percent free turbine rpm vhich is treated as an input power lever. The
thrustor inputs are surmarized in Table LS.
TABLE L5. - PRCPULSION GROUP_
|
Input Quantity Address
PTP1 Thrust as a function of pover lever input 1349
squared, 1bs per percentZ (typically)
PTP2 Thru as a function of Mach number, N (1b) 1350
PTP3 Thrust as a function of the prcduct of 1351
Mach number and pcwer lever input
'typically percent), N (ib)
AIP Thrust vector ritch elevation, deg 1352
2ig Thrust vector distance above firelage axes 1353
LP Thrustor location aft of fus. - ixes 135%
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3.4.11 Hib. - The mi. properties are found in weight and balance, Sec-
tion 3.4.°. The nud it iocated a distance RA(96) = HF from the fuselage
reference measur=d _+) down. It is at the point vhere the blade cone line

intercepts th~- staft.

3.5.12 Rotor drive group. - The inputs to bte discussed relate to the shaft
engine torque and the fuel control. This option 1s controlled ty the rotor
degree of freedom flag, NR, RA(15). The engine schematic is given in
Volume I, Section 5.10, Figure 32.

NHote the schematic gives engine speed, but for convenience the rotor
speed is used as reference. The constants should be calculated with this in
mind. The engine torque is bounded by zero and RA(1L8L) = ENGH:I. Drive
train dynamics are not modeled. The engine inputs are surmarized ir Table L6.

TABLE k6. - SHAFT ENGINE INPUTS
Input Quantity Address
DIXENG Spool moment of inertia 1471
PQENG Torque to generator speed ratio, 591
Mg/ e
PQEOM Torque to rotor speed retio, M., /oy 592
NG R
Ki1PRM Acceleration feedback gain, kg 593
K2FRM Speed feedback gain, kRE 59L
TAUG Gas geaerator time constant, YGEN 595
GRERG Gear ratio engine 1474
GRTR Gear ratio tzil rotor 1475
ENGHPX Maxirum horsepover 1481
ENDMIZ Trim tc que 92

The engine and tail rctor gear ratios are needed GRENG, and GRTR. The
gear ratios are positive if the rotors rotate as follows: main rotor, hub
and sweshplate are ccunterclockwise locking down, the engine is countercleck-
wise looking forward, and the tail rotor clockwise looking rightward.
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3.4.13 Swashplate. - The swashplate programming is suitable for modeling
twe alternate control system types:

1. Locked swashplate degrees of freedom (1 to 3)

2. HNormal swashplate

Table 47 lists the swashplate data required. The active swashplate
degrees of freedom is controlled by NSP, RA(7). For NSP = 3, all degrees
of freedom (roll, pitch and vertical) are active. For NSP = 2, the roll
and pitch axes are active, and the collective motion is strictly a function
of trim and pilot collective commands. When NSP = 1, the vertical motion
is active, and the swashplate tilt equations are replaced by kinetic rela-
tions. The normal swashplate input spring rates, QKXCS and QKXYCS, assume
the neaning of radians swashplate deflection per unit of cyclic control
deflection. Note these inputs are rotated through the swashplate to control
axes phasing angle. Setting NSP = O, gives kinematic relations for all
three motions, and completely deletes the swashplate degrees of freedom.

The user is cautioned on numerical problems. In the case of a swash-
plate with stiff springs, the swashplate frequencies may be driven sc high
that numerical instabilities may occur. The locked swsshplate may be pre-
ferred especially if the user is including only the three lowest blade modes
and is not interested in pitch horn or torsion dynamics.

The user should be acquainted with Volume I, especially Sections 4.5.6,
L.,5.7 and 5.9. Note the two axis systems: the swashpiate axis and the
swashplate control axis. The swashplate axes are aligned with the principal
axis with the X roll axis forward, the Y pitch axis rightward and the Z
heave axis downward. The control axis lags the swashplate axis by an azi-
ruth CHI. Lag, the negative of lead, is taken pcsitive in a direction
cpposite to rotor rotation where the advancing blade is on the right. The
control loads will come from the pilot stick through the stick actuators,
see Section 3.4.4, and act through the control springs with rates QXXCS

and QXYCS.

In the FLY mode the cyclic stick inputs from the combined pilot iaput
(Section 3.4.k) and trim values (Sections 3.%.3 and 3.4.1L4) are processed
through a first order lag and rate limiting prior to being applied to the
swashplate input spring rates QKXCS and QKYCS. Note that the input and
intermediate units are completely flexible, and user controlled via input
to the control scaling factors (Section 3.4.1L) and input spring units.
Typically th? cyclic controls are expressed in percent of full scale, the
scaling factors convert these numbers tc feet and the spring rates convert
these to foot pounds. However the whole system could be operated as metric
deflections and torques (SI units). Whatever system is used the rate limiter
numbers must be expressed in the units of cyclic input to the sweshplate
springs.
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TABLE L47. - SWASHPLATE INPUTS

T--..-====-===:;

Input Quantity Address
Swashplate to Feathering Geometry
Yoy BETAG Pitceh horn lead azimuth 125
e E Pitch horn arm 136
(d/e) o DOEO Ratio of cyclic feathering 271
to swashplate angle at zerc
collective
d/e DOE1 Variaticn of {(d/e),. with 272
1 . X 0
collective
¢C CHI Azimuth swashplate leads 119
control axis
KXCS QKXCS Swashplate rcll control 123
spring rate, control axis
KYCS QIYCS Swashplate pitch control 12k
spring rate, control axis
Springs, Dampers, Friction and Slop
Kysp KPHCON Swashplate roll spring rete 376
o in control axis
KOSD icon Swashplate pitch spring rate 377
B in control axis
q¢SP CPHCON Swashplate roll damper rate 378
in control axis
CBSP CTHCON Swashplate pitch damper rate 379
in control axis
bs sp GASTCP Swashplate stop contact 1276
s angle
K. GKSTOP Swashplate stop spring r.te 1277
U’vl
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TABLE 47. - SWASHPLATE INPUTS (Concluded)

Input Quantity Address
Springs, Dampers, Friction and Slop (Continued)
ésp. nx RLG Swashplate friction break 116
L point
Osp, B
MFR FCG Swashplate friction at break 117
“bSP point
M
Ry
Vertical Motions
Klz QKGZ1 Swashplate vertical spring 137
sp rate at low deflections
len ZG1 Swashplate vertical spring 1k1
‘ breakpoint
K., QKGZ2 Swashplate vertical spring 1k0
“sp rate at high defiection
FC FIDDLE Swashplate vertical spring 1494
centering force
CZSP QCGZ Swashplate vertical damping 138
rate
R,.,, R DGDHG Swashplate rotary to vertical 1263
¢’ 26 N .
damping coupling
Input Actuators
TAUXC Zongitudinal cyclic first 292
order lag time constant,
sec.
TAUYC Lateral cyclic first order 293
lag time constant, sec.
RATLXC Lengitudinal cyelic stick L37
input rate limiter,
units/sec.
RATLYC Lateral cyclic stick input L38

rate limiter, units/se-.
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BETAG and E describe the pitch horn cant angle and arm length, see
Figure 9.

PITCH
HORN
' P
BETAG
E
”
L ) | BLADE
\A‘ '_'!j_- AXIS

Figure 9. Pitch Horn Geometry

If the pitch horn is behind the blade, instead of leading like the fig-
ure, E is negative and BETAG is n radians minus the physical angle.

Suspension springs, and if installed the dampers, are modeled with rates
KPHCON, ..., CTHCON. These are established in swashplate control axis.
Therefore, terms which would couple pitching loads to roll deflections and
vice~versa do not exist, Note the suspension springs are defined with the
controls blocked, and the control springs with the swashplate blocked.

Swashplate stop springs are modeied. They are circular in the sense
that the stop spring rate is the same in any direction. Friction is also
the same in any direction. It follows the functicn illustrated in Volume I,
Figure 30. Pure viscous friction is obtained by making RLG very large and
the ratio FCG/RLG equal to the viscous friction coefficient in ft-1b/rad.

A moderate value of RLG sets a8 rate beyond which the friction is limited
to the sticticn value FCG. A tiny RLG value (not zero) obtains pure stic-
tion for all practical purposes.

Most of the swashplate collective inputs are self-explanatory. FIDDLE
supplies a means for "centering” the low spring rate portion of the swash-
plate travel. DGDHG is a cyclic to collective damper coupling factor.

The swashplate cyclic dampers produce a collective force proportional to
the swashplate deflection and the cyclic damper load. See Volume I,
Section 5.9.3 for equations.

When the user operates the program with the swashplate locked only

six inputs as listed in Table L8 need be considered. If the actual swash-
plate deflections are immaterial, the user may find numinal values of
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DOEO = 1, DOEl =

cyclic to appear,

- (.

0 and BETAG = 0 convenient. Then if CHI = 0 an aft stick
will gear the swashplate to roll right through the gear ratio.
the swashplate deflection will cause an equal amount of pure longitudinal

The overall equation is

sin Yo €05 Ypy | [eos ¢ -sin Yo

(6))
1 cos ¢PH -sin bpp sin Yo cos Ve

In turn

=K, . X

XC

C

Kye Yo

which can be derived from Volume I, Sections 4.5, 5.9.3 end 5.9.L where

KXC and KYC are interpreted as gear ratios rather than spring rates.

TABLE 48. - CONTROL INPUT FOR LOCKED SWASHPLATE

—

Input Quantity

Address

QKXCE Ratio swashplate control
roll to iongitudinal stick
deflect

QKYCS RatioAswashplate control
ritch to lateral stick
deflection

CHI Azimuth swashplate axis
leads control axis

DOEC Ratio cyclic feathering to
swashplate angle at zero
collective

DOEL Variation of (d/e)O with
collective

BETAG Pitch horn lead azimuth

123

124

119

D
-3
-

272

125
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3.4.14 ‘ontrol system. - REXOR IT models a control system that contains
all the elements of a typical helicopter plus controls normally found on
fixed-wingaircraft. All these elements are operated from one set of pilot
controls.

A set of scaling factors is provided so that the control settings may
be expressed in units independent of the units used internally to deflec-
tion angles, etec. It is suggested that the pilot inputs be expressed as
percent of limit travel and the szaling factors be used accordingly. These
factors are given in Table L9.

TABLE L9. _ CONTROL SCALE FACTORS

= R
Input Quantity Address
KXCSFS Lengitudinal stick units 1¢33
input to feet scaling
factor
KYCSFS Lateral stick unics inprt 1984

to feet scaling factor

KELFS Elevator units input to 1985
radians scaling factor

KAILFS Aileron units input to 1986
radians scaling factor

KTRFS Tail rotor units input to 1987
radians scaling factor

KRUDFS Rudder units input to 1988
radians scaling factor

KTHFS Collective units input to 19380
radians scaling factor

KDBFS Dive brakes units input 1991
to radians scaling factor

KFLFS Flap units input to radians 1992
scaling factor

KJWFS Wing incidence units input 1993
to radians scaling factor

KIHTFS Tail incidence units input 1994
to radians scaling factor
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The helicopter and fixed-wing controls are partially interconnected.
The longitudinal stick operates both the longitudinal stick helicopter
input and the elevator. 3Jimilarly the lateral irnput operates the lateral
stick helicopter input and the aiierons. The rudder input operatcs the
tail rotor collective and the rudder. A set of multipliers, termed phasing
gains, is provided to apportion the longitudinal pilot input between heli-
copter ard fixed-wing control.. See Table 50. These factors vary Letween
C.0 and 1.0. It is possible then with a fully - ~fined control set to va-y
the control characteristics from helicopter to airplane with these
five ¢ ~fficients.

TABLE 50. - PHASING GAINS

Input Quantity ddress

GAINC Helicopter cyclic system 86
input from cyclic stick

GAINEL Elevator input from 87
cyclie stick

GAINAL Aileron irput from cyelic 89
stick

GAINTR Tail rotor input from 88
p=dals

Lﬁ GAINRD Rudder input from pedals ac

~ontrel rigging offsets ani cross ccuplings are also modeled. The
rigging offsets account for tail rotor right thrust with neutral pedals,
etc. The cross coupling partial derivatives model cyclic and tail rotor
collective inputs as a function of collective position. These couplings
may be deliherate control compensaticas or the result of system charac-
teristics. The inputs are given in Table 51.
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TABLE 51. - CONTROL RIGGIKRG

Input Quantity Address

DELO Eleva.cr up deflection 32
for zero input, rad

DAILO A, arc . ip deflection 33
{right’ ior zero input,
rad

THETRO Tail rotor collective for 34
neutral pedals, rad

DRUDO Rudder right deflection 35
for neutral pedals, rad.

PXPT Aft longitudinal stick, m (ft) T
for radians collective

PYPT Right lateral stick, m (ft) 75
for radians collective

PTPT Radians tail rotor collec- 76
tive for radians collective

Six SAS channels are provided in REXOR II.

These are for lateral and

longitudinal cyclic, elevators, ailerons, tail rotor, and rudder. All

channels are identical in modeling.

Fach has twvo inputs. One input is

processed through a washout and gain whereas the other input has an addi-
tional first order lag stage. See Figure 10.
The gains should be selected so that the internal signal levels in each

SAS channel are on the same basis as the control each is connected to,
i.e., if the lateral stick input will be expressed in percent, then the
internal levels of the lateral stick channel should also be in percent.

The output geins of each SAS channel will be the same as the respective
scaling factor associated with pilot and trim inputs. The inputs are given
in Table 52.
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Figure 10, - Typical SAS channel.




I TABLE 52. - SAS INPUTS

Input Quantity Address

SASDX: (Longitudinal Stick)
Input 1 Fuselage roll rate
Input 2 Fuselage pitch rate

1) x Gain Input 1 1941
(2) K, Gain Input 2 1942
(3) %X  Gain first order lag 1943
(1) " Washout frequency 19&k
(s) Koyr Output gain 1945
(6) + Lag time constant 1946
(1) c, Output limiter 1947
H1u
SASDY: {Lateral Stick) 19L46-195L

Input 1 Fuselage yaw rate
Irput 2 Fuselage roll rate

SASDEL: (Elevator) 1955-1961
Input 1 Fuselage roll rate
Input 2 Fuselage pitchk rate

SASDAL: (Aileron) 1962-1968
Input 1 Fuselage yaw rate
Input 2 Fuselage roll rate

SASDTR: (Tail Rotor) 1969-1975
Input 1 Fuselage roll rate
Input 2 Fuselage yaw rate

SASDRD: {Ruader) 1976-1982
Input 1 Fuselege roll rate
Input 2 Fuselage yaw rate
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3.4.15 Shaft degrees of freedom - transmission mount. - REXOR II allocates

up to 3ix degrees of freedom to model a passive transmission vibration isola-
wion mount. These degrees of freedom allow three t-anslational and three
rotaticnal motions of the transmission, hub, and rctor assembly with respect
to the fuselage. The control system remains referen~ed to the hub coordinates.

The shaft degrees of freedom can be individusally selected by the flags
IS1 to IS6. See Table 53. The fuselage to transmission mount distances are
set by the triad DZFMB, and the X, ¥, Z dimension from the transmission mount
to the hut axes by DZMBH. To accommodate rotor tilt, a set of delta Euler
angles &__., 0 og.» Yoo 8re provided. These angles are added to the
deflections due t6 the gﬁaft generalized coordinates, but do not produce

generalized forces.

The transmission sits on a spring-damper mount which is cescribed to
the prograr bty the arrays SHAFTK (springs) and SHAFTC (dampers).

TABLE 53. - TRANSMISSION MOUNT DATA
m q
Input Quantity Address
Is1 X shaft degree of Y
182 Y freedom flags 10
1S3 yA = 1. active; 11
Isk $ = 0., locked cut 12
IS5 ;] 13
156 Y 1k
DZFMB: Fuselage to mount distances, m (ft)
(1) X 491
(2) Y Lg2
(3) Z (+) dcwm kg3
DZMBER: Transmission mount to hub distances,
£t
(1) X Lok
(2) Y L9s
(3) Z (+) down 496
PEIZS Roll shaft offset 2561
THIZS Piteh [ angles w.r.t 2562
PHIZS Yaw , fuselage axes, deg 2563
SHAFTK(€,6) Transmission mount spring L01-L36
matrix, N/m (1lb/ft) and N-m/r
{ft-1b/rad) (rotational modes)
SHAFTC(6,6) Damper matrix, N/m/s (1b/ft/ 2831-2866
sec) and N-m/r/s (ft-1b/rad/
sec)
i
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3.4.16 Induced flow. - The effect of main rotor downwash on the fuselage-wving
combination and on the horizontal tails is presented to the program in the
form of interference factors. These interference factors are tabular func-
tions of wake angle.

The wake angle is zero in hover, 90 deg at extreme forward flight
speeds, and -90 deg at extreme rearward speeds. The table should have all
values from +180 to -180 deg. Values less than -90 deg or greater than
90 deg mean the induced airflow is upward through the rotor disk due to an
unususlly high rate of descent or negative rotor lift in severe maneuvers.

Two tables are identified with a doubly dimensioned array with the main
rotor to wing function beginning at FXTN(1,1) and the main rotor to lower
horizontal tail function beginning at FXTN(1,2). The upper horizontal tail
function is identified as FXTU(I). The functions will be linearly interpo-
lated. The format is demonstrated in Table 5i.

TABLE 54%. - WAKE ANGLE FUNCTION
——— — |
Main rotor to wing function

FXTH(1,1) = &, (number of point pairs)
FXTR(2,1) = X, 1
FXTN(3,1) F,1
FXTN(4,1) X , 2

u
FXTE(5,1) = Fy, 2

f

.
-

.

FATh(en, 1) = X, N
FXTHN{CHN + 1,1) = Fy, N

(Maximum number of data pairs is 12)

Main rotor to lower horizontal tail function

FXTH(1,2) = {number of point pairs)

.

Main rotor to upper horizontal tail function

FXTU(l1) = (number of point pairs
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The wing-fuselage combination produces wake effects on both horizontal
tails. These effects are modeled as 9¢/3a, or radians of downwash at the
tail locations per radian of freestream angle of attack.

An analogous effect is sidewash on the vertical tail and tail rotor due
to sideslip. Partial derivatives of the form 90/ 3B are input for the vertical
tail and tail rotor.

Wake deficiency factors are modeled to give the reduction in freestream
velocity at the horizontal and vertical tails and tail rotor.

If tail off aerodynamic data is specified, then overall initial down-
wvash efficiency factors ¢, are required for the lower ana upper horizontal
tails. The initial sidewash number for the vertical tail is computed from
the associated partial derivative in the program.

The downwash efficiencies are also a functicn of the wing incidence
change and flap deployment if the modeled configuration is so equipped.
These effects are modeled by the partial derivatives 3¢/3;  and 9¢/3bpp.

A series of velocity efficiency factors are mcdeled to account for con-
trol surface moticns and incidence change. These are for horizontal tail
?ncidence, T g eleYator notion,‘rsgL, end rudder motion T SRUD- These
inputs are tebulated in Table 55.

TABLE 55. -~ IKDUCED FLOW INPUTS

E e — e
Input Quantity Address

FXTN(1,1) Main rotor tc fuselage-wing 1751-1775
interference factor tatle

FXTH(1,2) Main rotor to lower horizontal 1776-1880
tail interference factor table

FXTU(1) Main rotor to upper horizontal 1201-1225
tail interference factor table

DEODA Wing weke factor at lower 135

horizontal tail, (9¢/ da)yr

PEHA wing weke factor at upper 383
horizontal tail, (3¢/3a)ypy

PSVTB Fuselage sidewash wake at 386
vertical tail, (99/3p)yr

PSTRB Fuselage sidewash wake at 107
tail rotor, (dq/dﬁ)TR
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TABLE 55. - Continued

Input Quantity Address

va vy

ETAE Equivalent velocity ratio at 106
the tail rotor

ETAVT Equivalent velocity ratio au 120
the vertical tail

ETAHT Equivalent velocity ratio 121
at the lower horizontal tail

ETAHTU Equivalent velocity ratio at 122
the upper horizontal tail

EOHT Initial downwash efficiency 9l

factor on the lower horizon-
tal tail, Eopm
i

ECHTU Initial downwash efficiency 95
factor on the upper horizontal
tail, ¢

PEHIW Downwash efficiency psrtial due 382

to wing incidence for lower
horizontal tail, (9¢/3i ).

PEHTIW Downwash efficiency partial due 385
to wing incidence for upper
horizontal tail, (9¢/3iy)ymy

PEHFL Downwash efficiency partial due 381
to flap externsion for lower
horizontal tail, (9¢/36pp)ym

PEHTFL Downwash efficiency partial due 38L
to flap extension for upper
horizontal tail, (3€¢/9bpp)ymy

TAUHT Horizontal tail incidence 389

velocity efficiency partial,
67/ aiHT

TAUEL Horizontal tail elevator 388
velocity efficiency partial,
ar/absL

TAURUD Vertical tail rudder ' 387
velocity efficiency partial
37 /86 pup
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3.4.17 Blade jettison simulation. - A main rotor blade jettison simulation
can be activated. This operation is restricted to a 5-bladed system with a
specific Jettison sequence.

Operationally, the blade-jettison sequence is activated at a prescribed
rotor cycle measured from trim. This cycle is input in JETCTC (RA 6L).
When activated, main rotor blades 1, 3, and L are removed from the general-
ized coordinate set. The number of blades, NB, is reduced to two. At a
prescribed number of integration steps later, n = NAZ/5, the remaining
blades are Jettisoned. At that time, quasi - static pitch horn and quasi-
static torsion will be turned off. Also, all swashplate coordinates will
be turned off.

The user is reminded that some suxiliary outputs are a function of

blade 1 data. During a Jettison sequence, "blade 1" data are redefined.
Thus, mixed data will be processed in the signal set.
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k. PLANNING AND OPERATING THE PROGRAM

L.1 Run Time Required

REXOR II is a complex program and run time costs are considerable. The
pressures to get a Job done often precludes proper attention to computer time
savings. Nonetheless, a portion of the user's time should be made available
for carefully checking the runs already completed, checking the inputs for
the runs to be mede ané in planning the scope of the project to begin with.

Direct control over run time is obtained with RA(36) = TCUT which limits
the number of rotor revolutions in TRIM and RA(1498) = TSTOP which limits the
time in FLY. Cases should be rare where TCUT exceeds 24 cycles and TSTOP
exceeds 8 seconds. These values should be examined for every new series of
cases to see if they can be reduced.

The program usually meets the trim criteria before the number of rotor
revolutions reaches TCUT. The run should not be rejected out of hand for
trim failures as the trim criteria for the controls are fairly severe. Plot
traces have a typically exponertial character and the user can readily see
about how close to trim the case is. A 0.1 degree error in cyclic main
rotor angles, say, is certainly not cause for rejection for a lot of cases.

Direct control is also availaole on the number of time points computed
per rotor revolution, RA(S1) = NAZ. The value is dependent on whether high-
frequency modes are operative or not. Serious consideration should be given
to opereting the program with &s few degrees of freedom as is reasonable.

REXOR II has been run for minimal degrees of freedom with NAZ as low
as 2k. Normally, though, KAZ is more like 120, 180, or 2L0, and sometimes
even 360 to provide numerical stability. In computing the AH-56A Cheyenne
inplane stability, damping resolution of the order of 1/10 of the structural
damping was experienced providirg the azimuth interval was small enough to
preclude numerical instability.

Summarizing, run times can be computed based on REXOR II input values.
The run time per case, where a case is defined in Section 3.1 is computed

tc = (tTRIM + tFLY)/6O, units of minutes/case
where
tonM = (x)(NAZ)(TCUT)
tory = (k)(NAZ)(Q )(TSTOP)/2 ™
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and

Q = RA(S52)

The other addresses are defined above. The parameter (k) has units of
sec/azimuth, and can be determined by measuring a computer run. The data in
Table 56 is offered as a reference.

TABLE 56. -~ MACHINE TIME ESTIMATES
k.
No dynamic With dynamic

Machine stall stall

IBM 360/91 0.16 0.18
CcDC

6600 0.48 0.54

IBM 360/65 1.12 1.26

The 360/91 values are accurate for 12 blade stations. Values for the
other machines are estimetes. It should be noted that the above values are
based on a four-bladed rotor system.

The user is advised to proceed slowly in subtmitting cases. Look over
the output of the last case carefully. The idea is to double check the inputs,
to spot and remove errors. Having & series of runs bomb just because one
little input was wrong or missing is expensive.

L.2 Trim Saving Procedures

Trim save cards can be obtained by actuating the RA{47) = IPUNCH flag
and this is highly recommended even if the next case varies considerable
from the flight conditions of the trinm save case. Some of the trim save
inputs can be filled out by hand and will aid trim. Of first importance are
the downwash of the main rotor and the tail rotor, RA(65) = WIMR and RA(7T) =
WITR. Other quantities which mey be initialized to aid in reaching final
trim values are RA(S3), RA(S4), RA(55), RA(S56), RA(ST), RA(S8), RA(59) and
RA(63) if they are among the set of trim variatles selected by the trim
option. There are other factors discussed in detail in Section 3.k.3.
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k.3 Troubleshooting

Troubleshooting here shall be limited in discussion to the effort
required to fly a new helicopter configuration in the program where only
relatively simple program changes are required. The effort required to
check out a major change of the program that affects the primary degreec
of freedom is at least an order of magnitude greater than that required to
check out new input dats.

Checkout of the program shcuii proceed by repeating a known case and is
aided by correlating with any aveilable test data, such as whirl tower or
tie-down tests. Lacking test data, simpler analyses can sometimes be used
in limited comparisons cf performance and handling qualities. In areas where
tests data or simpler analyses are not available, the user must use great
care in evaluating the inputs and in determining the reasonableness of the
output results. All the output should be carefully examined and new output
programmed if doubts can not be clarified. Sometimes special check can be
devised such as fixing a roll rate on the rotor and cbserving the value of
the required pitch prccessional moment, or observing the flap displacement
and root blade mement obtained with an increment in the feather angle, etc.

The steps required to get a new configuration up and running can be
serialized as fcliows:

1. Gathe.ing of data. The user must obtain all details on the con-
figuraticn especially in regard to blade sweep, blade droop,
blade Jogs, feather bearing cone angles, pitch horn stiffness,
blade inertial ard modal data, pitch-{lap~lag couplings, swash-
plate stiffness, and shaft flexibility. The stability of the
rotor modes are often highly dependent on the vaiues of these
inputs.

2. Write up and implement program modifications. Here only simple
modifications are assumed which are almost inescapable for a new
configuraticn. JUne needs tc be more careful with changes that
affect the physical mcdel being represented thrcugh the equa-
tions of moticrn ccompared to clanges in say, the output-input
format.

3. Tlecide what degrees ¢f freedom can bte removed. The character-
istic frequency of the torsion or the swashplate may be too
high tc te significant. The engine degree of freedom usually
can be turned off except for autcrotation or extreme maneuvers.
A fixecd shaft study invelving the blades and the swashplate
degrees of freedom only may be appropriate. Another strategy
that can be employed is to turn all possible degrees of free-
dom off to begin with tc simplify the checkout, then add shaft
berdirg, etc., and re~heck the ocutput.

=3 ]
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Lk, Compute one pass of the program. Here the simple errors which
lead to zero divide, no initialization, etc., will be apparent.
This stage is complete when the tabulation for the first time
point appears. The tabulation of the inputs include & card list-
ing and then a relisting of input in like groupings. The inputs
are rechecked using the like-grouping format which may make it
easier to spot wrong numbers. Also at this time the statements
for program changes are reviewed for correctness.

5. The next stage occurs when a portion of the TRIM time history is
obtained. Check all quantities ir the tabulation of the first
time point against the inputs for reasonableness; also check for
signs, zeros and the absence of huge numbers. Ixamine the time
histories to see that all quantities have started off properly.
If a rapid divergence or cscillation has occurred, numerical
instabilities are tc be suspected; a low rate could mean the trim
gains are too low. A good velue is one that causes a pure, rapid
convergence without overshoot oscillations or indications the
trim variable is follcwing vibratory loads. HNumerical instabil-
ities may be cured by using 2 smaller increment between time
points. A rapid divergence may, however, be a simple input error
in the spring rate, etc.

6. lext, a portion of tne FLY time history will run. Check the TRIM
time histories to see the trim variables plots are almost horizon-
tal near the end of TRIM indicating a true TRIM condition has been
closely approached., In FLY numerical difficulties may again occur.
Check the tabulation at the end of TRIM and the beginning of FLY
for reasonableness of values. A point is finally reached when the
FLY plots appear reasonable, that the system is stable without any
control input (or if not, should be expected) and that the system
moves in the proper direction and with about the expected magni-
tude upcn applicaticn of a control input. A good rule is to apply
no input for the first half or full second of FLY. This procedure
helps determine the quality of TRIM and provides a reference level
for the control input to follow. Difficulties can be evident which
may only be due to an unsatisfactory design. Careful attention
would be paid to the inplane mode stability in its collective,
cyclic or reactionless manifestaticns. Parameter sensitivity
studies may be in order or perhaps more flight conditions should be
investigated.

A few messages are printed, some relating to bomb flags. These flags

are not intended to te an error detection system. Alsc the location from
within the program where they originate is nct indicated.

ORIGINAL PAGF I8
OF POOR QUALITY
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There are a fev large number detectors which stop the case when taey
are exceeded. Included are excessive values for the trim variables, for
root blade loads, and blade deflections. The intention is to detect a
divergence from within the program before a computer overflow occurs. Then,
the time history plots with automatic scaling based on the largest values
will be useful. Without bomb tests, a computer overflow number like 1077
will cause all plot data to look like zero except for the last point.
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5. TABULATED OUTPUT CRIGIN -\L PAGE b

OF POOR QUALITY
An example of tabulated data is presented in Table 7. The first block
of printcut is & complete 1ist cof the irput data deck as submitted. A card

eniume count header is presented for checkiug. This form of output is
helpful in determiring inp.t card image crrors. This bleck is followed by
a formatted listing of the sare irput data. Haster data are assembled and
printed in cataioged forms. Cingle address inputs are identified and listed
vimerically. Tebular data is presented in table form for better readability.
Case data fclicws the master cdata, and is rresented as an excepticn report.
Case data is identified as “LIST OF CEANGES TO MASTIP DATA". Optional
rrintout now fcllows with the SWEEP diegnostic cutput d.:~ussed in Sec-
tion 3.4.5.5. The optional mess matrix print follows as &lsc given in
Secticn 3.4.5.5. The encd of a successful run is indicated by :ie comment
TEE CAST 1S COMPLEITED". The totel trajectory run time is indicated. This
commernt is followed by trhe indicated lengtr of TRIM. Three ctker vieces of
infcrmation ere rrovided., First is the number of pcints saved In thre signal
set as the save freguency. Then the blocked time history cuiput follows.
Fizally, orticnal hermcnic cutput is ©
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6. COMPUTER INSTALLATION REQUIREMENTS

REYOR II is written entirely in FORTRAR IV and has been deveioped on an
IBM 360/91 computer. Hardware dependency is restricted to only a fev major
softvare areas:

1. Fortran initialization of literal data is vord size dependent.
2. Graphic output software is Calcomp dependent.
Softwvare incompatibilities are restricted to:
1. Character string definition techniques.
2. Overlay features.

REXOR II will run on any IBM 360 or 370 model which is large enough to
support IBM's FORTRAN IV H-level compiler. One routine in REXOR II, namely
SWEEP1, requires L90 k bytes of core to compile. This is the pacing item
on IBM core requirements. Besides the normal FORTRAN input, output, and
punch output devices, REXOR II utilizies three auxilliary storage I/0O units.
The 1/0 operations are sequential; thus, the actual device type is not
important. All installation dependent software has been removed to enhance
portability, except as mentioned above, in the area of graphic output.

Besides its parent installation, REXOR II has been installed at the
Langley Research Center computer complex which includes CDC 6000 series com-
puters and softvare. Specifics concerning the program as installed on IBM
and CDC hardware, and in particular the installations mentioned, will be
presented below.

6.1 IBM 360/370 Series Hardware

REXOR II requires a minimum of 490 k bytes of core for compilation.
This requirement is due to subroutine SWEEPl. If SWEEPl is compiled sepa-
rately, the compilation core requirement is substantially reduced. The
core requirement during execution is approximately 260 k bytes when the
overlay option of the LINKAGE EDITCR program is invcked. A general
schematic of the IBM overlay structure is presented in Firure 11, The
program was somewhat arbitrarily divided into the classic INPUT-PROCESS-
OUTPUT categories. The current structure is not minimal in design.
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ROOT SEGMENTS

MAIN PROGRAM
LABELED COMMONS
INITIALIZATION ROUTINES
lmn PROCESS oUTPUT ]wmn
RCPLOT HARM
READIN ALL
PRINTD COMPUTA- BSCALE FORIT
INAMES/ TIONAL
TRAINIT/ ROUTINES

Figure 11. - I.B.M. overlay structure.

The program logical I/0 unit numbers and usage are indicated in the
following Table S8.

TABLE 58. 1I/0 UNITS
= — ey
Unit # ‘ Usage
5 Normal Fortran Input Data Set
6 Normal Fortran Output Data Set
T Punch Card Output Data Set
10 Scratch Data Set
12 Scratch Data Set
14 Scratch Data Set
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ORIGINAL PAGE 1B
OF POOR QUALITY

The device requirements for the scratch units 10, 12, and 1L are direct
access or magnetic tape, Typical DCB parameters are:

URIT 12 - RECFM=FB, LRECL=80, BLXSIZE=800
10 - RECFM=VSB, BLKSIZE=32L0
1h - RECFM=VSB, BLKSIZE=32L0

The space parameter of the data definition control statement is a
function of the actual device used. The following normal working limits
should be allocated. However, these numbers are not absolute,

URIT 12 - 80 k bytes
ik - 12 k bytes
i0 - L8O k bytes

Unit 10 is used to save the signal set. Thus, space allocation is a
function of sigrai save frequency and Iength of trajectory and shouid bde
revieved vith these parameters in mind.

A sample job control language (JCL) set is given in Figure 12 which
summarizes the IBM setup information.

6.2 CDC 6000 and 7000 Series Hardware

REXCR II has been installed on CDC hardware at LRC, Langley Research
Center. Software requirements in the area c¢f literal definitions and
overlay capabilities are significantly different from IBM. Therefore, a
separate CDC ccmpatible version nmust be eairtained.

The complete source and object are stored at the LRC computer center on
disc and tape {source only). CDC core requirement for compilation (OPT=1) is
approximately 60,000 octal words. The field length for the execution phase is
approximately 140,000 words. CDC 6600 compilation time for the complete pro-
gram has been measured at approximately 200 seconds. The program auxiliary
storage device requirements are the same as described in Section 6.1. Beyond
the actual definition of the units. the program accepts default system
defiritions.

The CDC overlay structure is conceptually similar to the IBM version;
however, the physical implementation is quite different. The CDC overlay
program structure is presented in Figure 12,

6.3 Graphic Hardware/Software Requirements

Graphic output capebility is highly installation dependent. Even though
the two installations at which REXOR II has been installed all use CALCOMP
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Flgure 12, - IMM job control language
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Figure 12, « Concluded
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drum plotters, the driving software is somewvhat different. The two
installations are characterized in Table 59.

TABLE 59. - CALCOMP OPERATION

Hardware
Facility Identification Software
Calac CALCOMP T65 CALAC enhanced
12-inch drum CALCCMP software
langley CALCOMP T€5 LRC Graphic
12-inch drum Output System
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LE2

OVERLAY (0, 0)
PROGRAM REXOR2
ABLOCK DATAP PAGE
BLOCKA DTPREP PDATE
BLOCKB EULERT REDATB
BLOCKD GRAPH TABFIX
CLCDCM INIT TABGEN
CMPRESS OUTPUT TABOUT
OVERLAY (1,0) OVERLAY (2, 0} OVERLAY (3,0} OVERLAY (4,0)
PROGRAM INPUT PROGRAM PROCESS PROGRAM HARM PROGRAM PLOTS
BLOCKC ACCEL HUBF RMSTOR
BLOCKE ANGVEC HUBM ROTORF FORIT BSCALE
PRINTD AUXOUT INTGAX ROTORM
BLADSF INTGGC SAS
BLADSM JETTB SHAFTF
CHOSKY LINVEC SHAFTM
CNTROL LOADS SIGGEN
CONMFS MASGEN STALL
COORD MASSSP SWASHF
couLom MOTION SWASHM
CcycLiCc MTMULF SWEEP\
DMSTOR MXMULF TFORM
DWASH MXOUT TORS
ETORQ PDERIV TRIM
FLY PHORN XTERMO
GFORCE REFF XTRP1
GMASS REFM ZEROM
RETRVE
Figure 13, - CDC overlay s-ructure
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