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Foreword

This report is one of a series prepared by the Bell Helicopter Company, Fort
Worth, Texas for the National Aeronautics and Space Administration, Amcs
Research Center, Moffett Field, California under contract NAS2-6599. Thesc
Tilt Rotor Research Aircraft studies were jointly funded by NASA ~nd the U.
Army Air Mobility Research and Development Laboratory, Ames Directorate.

The Administrative Contracting Officer was Mr. Richard J. Abbott. The
Technical Monitor was Mr. Martin D, Maisel, Tilt Rotor Research Aircraft
Project Office. Mr. Gary B. Churchill, Tilt Rotor Research Aircraft Project
provided technical support of the effort reported ia Volume V.

Volume I -- V/STOL Tilt Rotor Study, Conceptual Design --
CR11441

Volume IT -- V/STOL Tilt Rotor Study, Research Aircrait Design--
CR11442

Volume III ~- V/STOL Tilt Rotor Study, Research Aircraft Project
Plan--CR11443

Volume IV  -- V/STOL Tilt Rotor Study, Wind Tunnel Investigation
Plan--CR114444

Volume V --  V/STOL Tilt Rotor Study, A Mathematical Mocel for
Real Time Flight Simulation of the Bell Model 301
Tilt Rotor Research Aircraft--CR114614

Volume VI -- V/STOL Tilt Rotor Study, Hover, Low Speed and
Conversior. Tests of a Tilt Rotor Aeroelastic Model
--CR114615
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' LIST OF SYMBOLS
This section describes the symbols used for the time dependent variables that
l are passed between the subsystems (see subsystems block diagram, Section I).
l Key to Nomenclature:
X, Y, 2 Indicate body axes forces
D, Y', L Indicate wind axes forces
1, M, N Indicate body axes moments
1', M', N’ Indicate wind axes moments
l Subscripts
F Fuselage
l W Wing :
WP Wing-pylon {
H Horizontal stabilizer k
v vVertical stabilizer ?
l R kight rotor :
L Left rotor -
Sp Shaft pivot point
l P Pylon !
MG Main gear 3
NG Nose gear 3
l a Aileron 3
e Elevator L
T Rudder 3
PA Pilot station 1
l CG Aircraft center of gravity .
R/W Due to rotor at wing '
l R/H Due to rotor at horizom:al stabilizer
R/V Due to rotor at vertical stabilizers
W/H Due to wing at horizontal stabilizer
l IB Due to rotor at wing in body axes
R/W ue to rotor wing y
l |§/H Due to rotor at horizontal stabilizer, in body axes
l |§/V Due to rotor at vertical stabilizers, in body axes
Symbol Description Uri. s - —
1 1if fficient L L)L
I ays a5 a, Blade lift coefficients ad’ w ’ 2
Pﬂ ‘—‘
I %
' 301-099-001 vii g
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Symbol Description Units

agL Steady flapping component, left rotor rad

A Steady flapping component, right rotor rad

aL F/A flapping, left rotor + backward rad

élL F/A 1lapping rate, left rotor raa/sec

AR F/A flapping, right rotor + backward rad

ae F/A flapping rate, right rotor rad/sec

B Blade tip loss factor ND

BLCG Butt line of aircraft C.G. In.

B1L Forward csclic input, left rotor rad

BIR Forward cyclic input, right rotor rad

b1L Lateral flapping, left rotor, + outboard edge down rad

b1L Lateral fiapping rate, left rotor rad/sec

b1R Lateral {lapping, right rotor, + outbhoard edge down rad

blR Lateral flapping rate, right rotor rad/sec

CB Prandtl-Glauert factor, page A-33

CRF Rotor thrust cocfficient (see page A-18) ND

CTL Thrust coefficient, left rotor ND

CTR Thrust coefficient, right rotor ND

DF Aero drag on fusel:ge Lb.

DH Aero drag on horizcntal stabilizer Lb.

DiWPL Aero drag on portion of left wing-pylon immersed in Lb.
rotour wake

Dipr Aero drag on portion of right wing-pylon immersed in Lb.
rotor wake

DMG Aero drag on main landing gear Lb.

DNG Aero drag on nose landing gear Lb.

DVL Acro drag on left vertical fin Lb.

DVR Aero drag on right vertical fin Lb.

pr Aero drag on portion of wing-pylon in freestream Lb.

E Distance from takeoff point in the direction grid- Nautical
East (+ East) Miles

E Eastward velocity of aircraft Knots

ESAS, RSAS, SCAS actuator inputs to the elevator, rudder, and In.

ASAS aileron, respectively
301-099-001 viii
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Symbol Description Units
l FLN’ F'T,FPD Stick and pedal forces from pilot (+ fwd, + right. Lb.
+ right)
l Fx Flap position indicator -
HL Aero H-force on left rotor + backward (upward) Lb.
l in mast axis system
HPRL HP required to drive left rotor HP
l HPRR HP required to drive right rotor HP
HR Aero H force on right rotor + backward (upward) Lb.
in mast axis system
l h Radar altitude of aircraft ft
h Aircraft climb rate ft/sec
' Ixx Aircraft rolling inertia, body axes slug ft:2
I)(Z Aircraft product of inmertia, body axes slug ft
l IYY Aircraft pitching inertia, body axes slug ftz
Izz Aircraft yawing inertia, body axes slug ft
I Ke Elevator effectiveness factor, p. B-26
LF Aero lift on fuselage Lb.
l LH Aero lift on horizontal stabilizer Lb.
LiWPL Aero lift on portion of left wing pylon immersed in Lb.
rotor wake
l {WPR Aero lift on portion of right wing-pylon immersed in Lb.
rotor wake
‘ LLG Landing gear posit.on indicator ND
pr Aero lift on portion of wing-pylon in freestrea Lb.
I IA,MA’NA Total rolling, pitching and yawing moment on aircraft Lb.
about body X, Y, Z axes
l lF’MF’NF Rolling, pitching and yawing moments on fuselage about Lb Ft
body X, Y, Z axes
l lL’ML’NL Rolling, pitching and yawing moments about body X,Y,Z2 Lb Ft
axes, due to left rotor forces
lR’MR’NR Rolling, pitching and yawing moments about X,Y,Z axes, Lb Ft
l due to right rotor forces
]'WP’MWP’NWP Rolling, pitching and yawing moments due to wing-pylon, Lb Ft
I about body X,Y,Z axes
' 301-099-001 ix
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Symbol Description Units
1&P’M&P’N&P Rolling, pitching and yawing momcnts duc to wing-pylon Lt ft
in wind axes system
LXH’LYH’LZH Distance from the CG to swashplate, Body X, Y, 2 .<s ft
MH Aero pitching moment due to horizontal stabilizer in Lb ft
body axes
Mﬁ Aero pitching moment due to horizeontal stabilizcr in Lb ft
wind axes
MN Mach number ND
“alL F/A flapping restraint moment exerted by left rotor Lb ft
on airframe, mast axes system (nose up)
MalR F/A flapping restraint moment exerted by right rotor Lb ft
on airframe, nast axes system (nose up)
lblL Lateral flapping restvaint moment exerted by left Lb ft
rotor on airframe, mast axes system (hub outboard)
1blR Lateral flapping restraint moment exerted by right Lb ft
rotor on airframe, mast axes system (hub outboard)
NN Distance from takeoff point in the direction grid- Naut.
North (+ North) Miles
NX’NY’NZ Linear acceleration coumponents of aircraft cg in g
body axes system
PAX’PAY’PAZ Position of aircraft cg wr t ground Naut.
Miles
Pa Ambient pressure, absolute psia
P,q,r  Aircraft roll, pitch and yaw rates in body axes rad/sec
system
ﬁ,é,f Aircraft angular accelerations in body axes system rad/sec2
QL Left rotor aero torque, + crying to slow rotor down, Lb ft
mast axes system
Qpr Torque supplied by left powar turbine Lb ft
QR Right rotor aero torque, + trying to slow rotor Lb ft
down, mast axes system
QRPT Torque supplied by right power turbine Lb ft
R Rotor radius ft
RPMNII Power Turbine RPM set at 1007 (overspeed Geverncr RPM
RPM,, Proprotor RPM selected by the pilot RPM
301~099-001-, 3 x
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Description
Left rotor wake contraction ratio
Station location of aircraft CG
Left rotor aero. thrust, in mast axis + up (forward)
Right rotor aero, thrust, in mast axis + up (forward)
Ambient temperature, absclute
Velocity of aircraft CG, w.r.t. air, in body axes
system, in X,Y,Z direction
Velocity components of aircraft CG, w.r.t. air,
along earth-based axes
Ground velocity components of aircraft CG
Wind velocity components w.r.t ground
Induced X-velocity at horizontal stabilizer in
body axes system, due to rotors
Induced X-velocity at vertical {ins, i body axes
system, due to rotor
Induced X-velocity at left wing, in body axes
system, due to rotor
Induced X-velocity at right w'uz, in body axes
system, due to rotor
Calibrated airspeed
Total .inear velocity of aircra’t c.g. w.r.t. air
Waterline of aircraft CG
Uniform component of induced velocity at left rotor,
+ downward, mast axes system

Uniform component of induced velocity at right

rotor, + downward, mast axes system

Units

ND

Ft/sec

Ft/sec

Ft/sec

Ft/sec

Ft/sec

Ft/sec

vt/sec

Ft/sec

MPH

Ft/sec

in.

Ft/sec

Ft/sec
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. Symbol Description Units
l “i B .Induced Z-velocity at horizontal stabilizer, in. Ft/sec
R/H
body axes system, due to rotors
! Uiln Induced Z-velczity at vertical fins, in body uxes Ft/sec ! B
[esv '
! system, diec to rotors
L B Induced Z-velocity at left wing. in body axes system, "Ft/sec
l e due to rotor
xA’YA’ZA Total forces on the aircraft in X,Y,Z directions, Lb.
I body axes system )
i xCOL Collective stick position, inches fcom full down in.
xF’YF’zF Aero forces on the fuselage, in body axes system - Lb.
B ! XFL Position indicator for flap actuator D .
xH ZH Aero forces on horizontal stabiljzer, in body axes Lb i
? ' ¢ -
l‘ svstem ;
i
! XwpL'liwpy  ~ ©© forces on portion of left wing-pylon in rotor Lb. §
wake, in body axes system §
5
! inPL’ziHPL Aero forces on portion of right wing-pylon in rotor Lk ; 3
wake, in body axes system
‘ XL,YL,ZL Left rotor forces in body axes system - Lb.
l Xw Position indicator for lanaing gear actuatcr ND
XLN Longitudinal stick position, inches from full aft In.
l X, Laterai stick position, inches from full left In.
xm,zm Aero ferces on main landing gear, in budy axes Lb.
' system
——
l XNG’ZNG Aero forces on nose gear in body axes system Lb. ,
XPDV Position of pedal, inches from full left In, —
. ¢
l XR,YR,ZR Right rotor forces in body axes system Lb. ?
' 01-799-011 xii ?
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Bescription

Aero forces on left fin, in body axes system
Aero forces on right fin, in body axes system
Angles cf the power levers on the fuel controls
Aero forces on wing-pylon in freestreai, in body
axes system

Position of mast tilt-actuator, percent
Fuselage angle of attack

Rate of change of fuselage angle of attack

Angle of attack at portion of right wing immerscd

in rotor wake

Angle of
in rotor

Angle of

Angle of

attack at portion of left wing immersed
wake

attack at horizontal stabiiizer

attack on portion of wing outside rotuc wake

Fuselage sideship angle

Mast conversion angle, + forward, measured from
body (-Z) axis, 0° is vertical, 90° is zero incidence
Angle of attack at vertical fins

Pitch flap coupling

Aileron mean deflection angle, + right aileron up
Elevator deflection angle, + up

Rudder deflection angle, + right pedal

Wirg wake deflection at horizontal stabilizer
Left rotor root collective pitch

Lc“t rotor cullective pitch input from proprotor

collective go' ernor

Units

Lb.
Lb.
Deg.

Lb.

ND

rad
~ad/sec

Lad

rad

rad
rad
rad

deg

deg
deg
deg
deg
deg

deg

deg

deg
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Symbol Description Units
eoR Right rotor root collective pitch deg
eoR/G Right rotor collective pitch input from proprctor deg
collective governor
koL Inflow ratio at left rotor, neglecting rotor-induced D
velocity
koR Inflow ratio at right rotor, neglecting rotor-induced D
velocity
BL Tip speed ratio, left rotor ND
kR Tip speed ratio, right rctor D
p Air density Slug/ft3
¥,0,9 Euler angles rad
§,é,é Rate of change of Euler angles rad/sec
Yw,ew Grid heading (+ clockwise from N) and Euler pitch rad
angle of wind
QEL Left engine speed rad/sec
“ER Right engine speed rad/sec
QINT Interconnect shaft spzed rad/sec
QL Left rotor speed w.r.t. aircraft rad/sec
QLPT Left power turbine speed, same as QEL rad/sec
QR Right rotor speed w.r.t. aircraft rad/sec
QRPT Right power turbine speed, same as QER rad/sec
¢m Lateral mast tilt deg
Vn Distance from CG to gear In
Te Elevator effectiveness, baH/:fe ND
T, Rudder effectiveness, bav/bér ND
301-099-001 xiv
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I. SUMMARY

This report describes a mathematical model for real-time /light simulation

of the Bell Model 301 Tilt Rotor Research Aircraftl. The mathematical model

was developed under Contract NAS 26599 for mechanization of the NASA Ames .
Flight Simulator for Advanced Aircraft (FSAA)2, The objective of this pro- ’
gram was to obtain a validated mathematical model of the tilt rotor rescavch
aircraft to support the aircraft design, pilot training, and prooi-of-cuncept 4
flight testing. i

The development of the mathematical model involved the “oli.wing specific
tasks:

(1) Derivation of equatiuns representing the kinematic, dynamic, and :
aerodynamic characteristics of the Model 301's rotor, airirame, ;
flight control system and subsystem. The mathematical model is :
described in Section II and the equations are presented in Appendix :
A. Model 301 parameters required as inputs to the equations are
given in Appendix 3.

Gmd B BoN LR G CuE M e e

(2) Checkout and validation of the mathematical model. A non-realtime
digital computer program was ceveloped at Bell {or this purpose.
Comparison of performance and stability and contr>l characteristics
predicted using the subject mathematical modcl with cxperimental
data and with predictions using other computer programns is presented
in Section III.

LAGBE VR T s iee

AN a et
4

(3) Support of the Tilt Rotor Research Aircraft Prcject simulation
effort at NASA Ames. This involved providing technical assistance
during checkout and validation of the FSAA/Sigma 8 mechanization
of the mathematical model, Program BELTR (Program BELTR was . :
developed by Computer Science Corporation under a separate contract R
and was used for the real time simulation) and evaluation of the ;LT
simulation by Bell Helicopter Company experimental test pilots.
The results of the evaluation are given in Section IV and recom-
mendations for further development of the mathe~atical model and
the simulation are given in Section V.

The structure of the mathematical model is indicatc.. ., the block diagram
shown in Figure I-1. The mathematical model differs from that for a con-
ventional fixed-wing aircraft principally in the added requiremeats to repre-
scnt the dynamics and aerodynamics of the rotors, the interaction oi the
rotor wake with the airframe, and the rotor control and drive systems
(Subsystems 1, 2, 8(a) and 19 in Figure I-1). The portion of the block
diagram enclosed by a dashed line is commcn to all simulation mathematical
models; in the BELTR Program the equations given in this report were rc-
placcd by CSC program BASIC3 which contains essentially identical equatiocns
and is used for a'l FSAA simulations. The land ug gear oleo forces were al:
generated using the TASIC program.

301-099-001 1-1
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The rigorousness of the mathematical model of the tilt-rotor research air-
craft was constrained by two factors. One was the requirement to kecp the
fast loop computational time (this was a two loop simulation) to less than
50 milliseconds in order to maintain real time simulation. To achieve this
it was necessary to limit the rotor representation to steady, linearized,
aerodynamics with uniform inflow and to approximate the rotor following time.
Rotor stall and compressibility effects are only used to define a limit for
the maximum rotor thrust coefficient as a function of advance ratio. This
rot r math model is satisfactory for most handling qualities studies, but
m:y be inadequate to evaluate flight conditions or maneuvers where stall,
co-pressibility or rotor dynamics are significant.

Tte second factor constraining the rigorousness of the mathematical model was
th: lack of sufficient experimental data on the rotor wake-airframe aero-
dyramic interactions such as the rotors' downwash (or upwash) at the hori-
zonital tail. The model of the rotor wake-airframe interaction is presently
based on a limited amount of data from the tests of a powered model of a
tilt-rotor aircraft similar to the Model 3014, Tests of a powered model

¢’ the Model 301 to obtain detailed information on the rotor wake-airirame

ze odynamic interaction have been completed and will be used to refine the
mo.el of this important characteristic of the tilt rotor VTOL.
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1I. DESCRIPTION OF THE MATHEMATICAL MODEL

This section describes the mathematical models of the components of the tilt
rotor aircraft; the rotors, the airframe, the control system, the engines and
drive system, and the automatic flight control systems (Subsystems 1, 2, 3,
4, 5,6, 7, 8, 9, 17, 18, 19 and 20 in Figure I-1). The math model used

for the equations of motion (Subsystems 10 through 16) follows that of Refer-
ence 5. The coordinate systems, sign conventions and equat1ons of motion
are also described.

A. Coordinate Systems and Sign Conventions

Earth, body, wind and mast axes systems are used in the mathematical
model, The rotor flapping, forces and moments are calculated in a
"wind-mast" axis system while the airframe aerodynamic forces and
moments are calculated in a wind axis system. Forces and mouments

from the rotor and airframe are resolved into the body axis system for
solution of the aircraft equations of motion. The flight path of the
aircraft i; described with reference to earth fixed axes with the
aircraft orientation given by the Euler angles, ¥, 6, and ¢, in that
order of rotation.

The mast axis system and sign convention used for the rotor sve shown in
Figure II-1. The rotor flapping, forces_and moments are cal-ulated in
the "wind-mast" axis system (al, bl’ T, H, and Y) and are then trans-

formed into the mast axis system (al, b1 Tl H and Y).

- B. Rotor Math Model (Subsystem 1)

1. Rotor Forces and Moments

The mathematical model of the rotor is similar to that given in
References & and 7 except that it is derived in a mast axis system
(the theory in Reference 6 is based on an axis system perpendicular
te the axis of no flapping i.e. the tip-path-plane, and that of
Reference 7 is based on the axis of no feathering) and contains pro-
visions for proprotor characteristics such as non-linear twist,
flapping restraint and pitch-flap coupling.

The major assumptions that are made in the rotor math model are:

(1) Average values for the lift curve slope and profile drag
coefficient arc used over the span of the blade. These are
adjusted to approximate the rotor thrust 2nd power required
characteristics.

(2) The blade angle of attack «_ is approximated by Sin@ , Subsi-
tution of sinx_for o in the blade element equationg makes it
possible to desplop equat1ons for rotor forces without restric-
ting blade pitch, 6, and inflow angle, ¢, to small angles,

301-099-001 I11-1
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(3) Blade stall and compressibility effects are approximated by
limiting the maximum rotor thrust coefficient as a function of ad-
vance ratio and by arbitrarily modifying coeificients in the rotor
power required equation (rotor profile drag is increased as a
function of the cubes of the rotor in{low and advance ratios
multiplied by empirically adjusted coelficients).

(4) Blade flapping with respect to the mast is assumed small so that
the small angle assumption can be made. And harmonics of flap-
ping greater than one-per-rev are ignored.

e s RN S Mt e b

(5) The blade flapping due to cyclic inputs is assumed to occur
instantaneously. i.e. the flapping equations assume the rotor
is in an equilibrium condition. This assumption was mude be-
cause of limits imposed by the computer computation time, Differ-
ential equations for blade flapping that would properly account
for the rotor following time were determined to require a solu-
tion time in excess of that allowable for real time simulation.
Furthermore there is a transport lag between the time a control
input is made at the cab and the time aircraft response is up-
dated at the cab, of from one to twc frame times (0.05C te 0,10
seconds). By neglecting the rotor following time in the equation
of motion, it is approximated by the cab-control input to computer
time lag (for example, in hover the rotor {ollowing time is 0.08
seconds compared to an average computation lag time of 0,075
seconds), 3

M R P 2% ™ WY A% RIS L IRAR AN b

2. Rotor Induced Velocity

The rotor induced velocity is computed by calculaving the induced
velocity of an isolated, out of ground effect rotor and modifying 4
the induced velocity to account for the side-by-side rotor effect

and for operation in ground effect. $
The mean value of the isolated, out-of-ground effect rztorr induced !
velocity is approximated using a modified expression from kcference 8. }
V= @R)C

i

0.6

chl‘S (ICT! - 8,’3x|x!)
(kl+8£)(ki+a¥)

Jo.866r? + 12 +

where C = CT/ZB2

(the 0.866 factor on)? has been added to improve power correlation
in hover)

.i
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The side-by-side rotor effect on the rotor induced velocity is
approximated usirg an expression derived in Reference 9.

( QR)CT
AV. = X, ————=
i SS ZBZH

PPETY" 'S T

The factor xgg is called the mutual induction coefficient and is ob-
tained from Figure 3.7 of Reference 9. The term Avj is added to the
induced velocity for the isolated rotor.

1 B

In the determination of xgg, the increased mass flow of the side-by-
side configuration is taken into account and the rotor wakes are
assumed to remain separate if the distance between the rotor centers
is greater than the rotor diameter. The value of xgg depends on the
direction of rotation, the distance between the rotors, the advance
ratio and the rotor angle of attack. The value of xgg given in
Reference 9 is valid for K greater than 0.15. 1In thi; analysis the
value of xgg for M less than 0.15 has been approximated by providing
a smooth transition between a value of xgg equal to zero at K = .06
and the value at B = 0.15,

il WY B A fa

MY

The reduction in indu-ed velocity caused by ground proximity is
computed using the expression

§
§
b
&
i
}
Ed
&

72 1
o v |reen (P 1)J
IGE  “0GE
where G = 0.76 + 0,24 h/D for h <D
and G = 1.0 if h >D

The constants 0.76 and 0.24 in the expression for G were derived from
model test data. The factor \/U2 + V2/30 washes out the effect of
ground proximity with forward speed; at 30 feet per second and greater
the effect is completely washed out.

The major assumption made with regard to induced velocity is that it

is uniform over the rotor disc. The main effect of this assumption

is that lateral flapping is underpredicted in the low speed helicopter
regime (K = 0.05 to 0,2). However, lateral flapping has only a second
order effect on stability and control characteristics in the helicopter
mode so this is not a serious limitation, Presently the tandem rotor
effect is neglected when in sideward flight. This effect was not in-
cluded in the initial development of the mathematical model since other
factors significant to sideward flight simulation are only approximated.

C. Airframe Aerodynamics (Subsystem Nos. 3, 4, 5 and 6)

The fuselage, wing-pylon assembly, horizontal tail and vertical fins are
modeled separately to facilitate accounting for the influerce of the rotor

301-099-001 I11-3

L
Z «



BELL .
HELICOPTER commany

Use or disclosure at data on this page 15
subject to the restriction on the htie page

wake on the airframe aerodynamics.

In general the airframe aerodynamics

B e I PR,

are extracted from wind tunnel test data; where wind tunnel data was not
available characteristics were estimated using References 10, 11, and 12.

1. Fuselage (Subsystem No. 3)

Equations for the fuselage lift, drag, sicde force, pitching moment,
yawing moment and rolling moment are veferenced to the wind axis
system and defined at the fuselage aerodynamics center. The coeffi-
cients in the equations for angles of attack and sideslip less than
or equal to 20 degrees are based on wind tunnel data. For angles nf

attack greater than 20 degrees the coefficients have been approximated.

Aircraft angular rates and the rotors wakes are neglected in cal-
culating the fuselage aerodynamic forces and moments.

2. Wing-Pylon Assembly (Subsystem No. &4)

The wing-pylon aerodynamic forces and moments are defined in the
local wind axis system, Wing-body interference effects are included
in the aerodynamic data.

Ce -ulation of the wing aerodynamic forces and moments is made in two
parts; (1) lift and drag generated by the rotors wakes, and (2) the
forces and moments generated by the free stream flow. The math model
of item (1) is discussed in Section II.3., Item (2) is discussed in
the paragraph below.

The wing-pylon lift and drag generated by the freestream flow are
functions of angle of attack, conversion angle, flap setting and Mach
number. The pitching moment is 1 function of flap setting. Wing-
pylon lift and drag coefficients are provided for mast angles of

0 degrees and 90 degrees, and for four flap settings as shown in
Figures II-3 and II-4. Coefficients f{or intermediate mast angles and
flap settings are obtained by intecpolation. Mach number corrections
are made only for the flaps-up airplane mode condition as shown in
Figures II-5 and II-6. The aerodynamic coefficients for angles of

attack up to stall are based on wind tunnel data; at angles of attack
above stall the coefficients shown in Figures 'iI-7 and II-8 are approxi-

mated based on the test data shown in Reference 1l.

The angle o7 attack of the wing is modified to reflect the induction
effect of the thrusting rotors. The exp:ession for the wing angle of
attack is,

2C
o =a - 0.26 x., % RF * 57.3

w F R/W  yax?(u, 0.15)

Where x the induction coefficient is a ‘unction of the distance

R/W’
between the rotor and the wing, and CRF is the non dimensionalized
rotor orce coeificient.
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The lateral-directional aerodynamic forces and moments are calculated
r using equations for stability derivatives from Reference 10. Com-
pressibility effects and the wing loading are included in the lateral-
directional characteristics. The dihedral effect of the wing-pylon )
is based on wind tunnel test data and is a function of angle of attack :
and flap setting. The aileron effectiveness is also based on wind :
= tunnel data and is a function of angle of attack, mast angle and
flaperon deflection.

3. Horizontal Tail (Subsystem No. 5)

PR T

The dynamic pressure and angle of attack at the horizontal stavilizer
as shown in Figure 1i-9(a) takes into acccunt wing-body blockage, mast
angle, the wing-pylon wake, the rotor wake and the aircraft attitude
and angular velocity. The lift and drag coefficients shown in :
Figures I1T-10 and II-1l of the stabilizer are determined from wind- :
tunnel test data for angles of attack up to stall. Above stall the

coefficients are approximated using data from Reference 11, :

PR ST ORE A I

The downwash at the horizontal stabilizer due to the wing-pylon shown i
in Figure II-12 is determined from wind tunnel data for angles of s
attack up to stall. Above wing stall the downwash is approximated
using data for a high wing-low tail configuration given in Reference i
12. ;

The downwash at the horizontal stabilizer due to the rotor wz'e 1s
discussed in Section II.3.

e

4. Vertical Fins (Subsystem No. 6) 2

The forces and moments on the left and right fins are computed sepa- ‘
rately to account for the variation in rotor wake effects with side- oo
slip. The dynamic pressure and angle of attack at the fins as shown 2 '
in Figure II-9(b) take into account the wing-body blockage, mast angle,
wing-pylon wake, rotor wake and fuselage attitude and angular rates.
The lift and drag coefficients of the fins shown in Figures II-13

and II-14 are determined from wind tunnel data for angles of attack

vp to stall, Abhove stall the cocfficients are approximated using

data from Refterence 11.

The sidewash at the fins is a function of flap setting, mast angle,
fuselage angle of attack and sideslip angle.

D. Rotor Wake - Airframe Aerodynamic Interaction (Subsystem No. 2 and paits
of 4, 5 and 6)

The rotor wake-airframe aerodynamic interference representation consists
of three parts: -

(1) The effect of the rotor wakes on the wing lift and drag. :

(2) The effect of the rotor wakes on the horizontal stabilizer and
vertical fins lift and drag.

301-099=-001 II~5
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The net rolling moment induced by the rotor wake-airframe-ground
interaction when hovering near the ground.

Rotor Wake Effect on the Wing

As noted in Section II.C.2.2 the calculation of the wing aerodynamic
forces and moments due to rotor wake effects is mnde separately from
the forces and moments generated by the freestream flow. The calcula-
tion of the rotor wake effect involves calculating the area and angle
of attack and dynamic pressure of the portion of the wing immersed in
the wake; Figure II-15 illustrates the representation of this effect.

The area of the wing immersed in the rotor wake, Sjy (shown in Figure
11-15) is computed as a function of wake radius, conversion angle,
wake angle of attack and sideslip angle of the fuselage. The expres-
sion used to compute wake radius of a hovering rotor as a function of
vertical distance from the rotor disc i: derived in Reference 3.
Experimental data also shows that the contracted wake remains stable
as it reaches the wing and horizontal stabilizer surfaces. The
equation for the walke radius (Equatior 3 of Reference 13) has been
simplified since the wing and stabilizer surfaces are located at
approximately .4R below the rotor disc.

R, =10.78 + 0.22 Exp [~(0.3 + 22 [Cep + 60 Cop)l | % R

The rotor induced velocity at the wing varies with speed and mast tilt
and is given by the following expression:

= (K, + K, b+ K H2+K)\+K4)\2)Wi

0 1 2 3 L

wi'
R/W
where the constants K; are determined from powered rotor test data.
Wing loads at high negative incidences caused by the rotor w:ke at low
speeds are determined using lift and drag coefficient data tables that
are defined up to angles of attack of 90 dagrees,

Asymmetric flight at low speeds, which causes unequal portion of the
left and right wing to be affected by the left and right rotor wakes

and genera.es roll and yaw rioments, is taken into account,

Rotor Wake Effect at Horizontal Stabilizer and Vertical Fins

The rotor induced velocity at the horizontal stabilizer and vertical
fins is based on data from wind tunnel tests of a powered model. The
velocity induced at the tail by the rotors was derived by analysis of
aircraft pitching moment data with the tail on and off, and with and
without the rotors. Figure II-16 shows the induced velocity at the
tail (normal to the horizontal stabilizer chordline) as a function of
airspeed and mast angle.
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E,

F.

The following expression is used to approximate the velocity varia-

tion shown in Figure I1-1l6,
/(U-168.89 +h8,)

8 ) M %

M 168.89 iL

W. = |h, + h.B
i R/M 4] 1M

+ (h2 + h
4

The coefficients h, through h, were determined by curve fit of the

test data, wiL is the induceé velocity at the leit rotor,

The induced velocity at the empem. ge is presently based on the

value for trimmed level flight, and is invarient with angle of

attack and sideslip. Data from tests of a powered aeroelastic

model indicates a significant variation in induced velocity with

angle of attack and/or sideslip. T[his new data will be used to

refine the present representation of the rotor wake effect on the

empennage.

3. Rolling Moment Induced by Rotcr Wake-Airframe¢ “round Tnteraction

When hovering in ground effect (h/D < 1.5) an unstable roll moment is
generaied by aerodynamic interaction between the roto: wake, the

wing and the ground. Figure IT-17 shows the rolling moment as a
function of h/D measured with 1/5th scale powered model of the Mcdel
301. This effect is represented in the - .th model by a polynomial
equation for the rolling moment, curve fitted to the test data, and
applied at the aircraft center of gravity.

Flight Controls (Subsystem No. 8)

he flight contr.ls representation consists of a controls mixing model,
and a force gradient model,

The Model 301 flight control system is illustrated schematically in Figure
I1-18. The math model of the system represents the mixing of the pilot
and automatic flight control inputs, wash out of the rotor controls as a
function of mast angle and airspeed and conversion, landing gear, and

flap controls. Wash out schedules are illustrated in Figure II-19 and are
given in tabular form in the math model., The math model does mnot include
friction or free play, The time constants of the control actuators are
assuned zero, since in practice they are less than the computer frame
time,

The pedal and cyclic stick longitudinal and lateral gradients are sp-ci-
fied as a function of airspeed. The location of the gradient detent
(zero ferce position) may be moved by the pilot to trim out steady stick
forces.

Drive System and Engines (Subsystems 18 and 19)

The drive system is represented by the zero fregquency symmetric mode, e.g.
the rotors speed up or slow down in response to the unbalance between
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aerodynamic tourque anl engine torque. The frequencies of the flexible
modes of the drive system (3.67 cps and 11.6 cps for the first antisym-
metric and second synmetric modes respectively) are too high to signifi-
cantly ir fluence the simulation.

The engine and power turbine (Njj) governor models arc¢ composcd of equa-
tions to calculate engine horsepower during traunsient and steauy state
operation. The equations are based on the operating characteristics of
the cortined engine-fuel controi system. This approach was taken rather
than one involving time constants, inertias and derivation of enginc com-
ponents to minimize the computational requirements.

The engine equations are derived in terwus of the optimum power turbine
speed and the horsepower develcped at that speed. For a given throrctle
setting (or fuel flow rate) the engine will d-velop the maximum horsepowecr
if the turbine is operating at the optimum specd. The commanded optimum
power, referred to sea levei, standard, static conditions is given by

2
K -
g Xpy + Ko Xpy + Ky (for 7 < Ky)

el
ROC = [1-1(11(1‘3-&7)‘ l“u + “13(’(?3"‘14)1 [“5 Xt

N

HP

+ K, X + K

9 Xy 10 (for 'l‘a > K

7

where Kg through K), are constants derived to fit the engine power versus
throttle (xTH) setting characteristics given in the engine installation
manuall®.

The referenced optimum power HPpg at any time t, after a power lever
change is given by th~ equation

where H? is the power before the change in the power lever position and
ROq 3 p

dHPROP is the engine power iccesleration schedule and is given as

dt
. 1. Pro
dHP . . [100] |~ WP
ROP _ sign (HP, . = HP_ ) , . 0 roc 10 . (HPR h)
— - roc ~ "Fro’ % v {1, ———1 0,

where € (HPpny, h) is the engine power acceleration schedule, derived to
correlate with measured engine acceleration charactrristics,
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The actual horsepower HP is then computed by correcting the referred opti-
mum horsepower, HPRg, for ronstandard conditiors using the [ollowing
equation

Qp \2 Qq
we = e 60| IK o) K, g ]+K
RO 1\ Qo 2\ 9 3

where K), K2, and K3 are constants used to curve fit the power to the
engine characteristics given in the installation manual,()R is the actual
power turbine speed and {lgg is the referred optimum power turbine speed,
and & and O are terms used to correct for nonstandard pressure and
temperature, respectively.

The equations used for the power turbine governon (Njyj) are similar to
those for the engine except that the optimum power is referred to the Nyj
speed conmanded by the pilot rather than the throttle setting. It should
be noted that in the Model 301 the Nyj governing speed is set at that
corresponding to the rotor limit 5peed so that the Ny governor is only
used to help prevent overspeeding.

Automatic Flight Control System (Subsystem No. 17 and 20)

The Model 301's rotor rpm governor and Stability and Control Augmentation
System (SCAS) are represented in the rath rodel.

1. Rotor RPM Governor (Subsystem No. 17)

The rotor RPM governor representation consists o:. a2 single channel
model of the feedback network. 1In the Model 3Cl the rotor blade collec-
tive pitch is changed so as to maintain constant rpm; the blade pitch

is proportional to the integral of the error in rpm (e.g. the differ-
ence between the actual and the pilot selected rpm) so that any steady
error is completely washed out. The gain of the integral feedback is
verv low so the governor will not destabilize structural modes.

A position gain is used in parallel with the integral gain to provide
dJdamping to the rotor rotaticnal mode under conditions of low inflow,

such as in low power descents in helicopter mode. The position gain

is phased out as the pylons are converted to airplane mode *o prevent
destabilizing structural modes.

Control of the RPM governor consists of a thumb operated, three posi-
tion switch spring loaded-to-center, located on the power lever head.
Pushing the switch forward, increases the rcference rpm by 20 rpm for
each second the switch is depressed; pulling aft decreases the refer-
ence rpm by 20 rpm per second. A pointer on the rotor tachometer
indicates the selected rpm. This system was modeled in the FSAA cab.
At present, this modeling doues not include capapility to evaluatc
failure modes,

301-099-001 11-9
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2. SCAS (Subsystem No. 20)

The SCAS math model consists of a single channel representation of
the electronic network; SCAS actuator characteristics are not
riodeled, howcver, total system authorities are used. A typical :
channel is shown in Figure II-20. Each channel has three functional :
circuits; rate feedback to augment the aircraft damping, attitude
feedback for attitude retention, and pilot input {eed forward to
improve the apparent response to pilot control inputs. The pitch
channel has, in addition, an airspeed {eedback loop (thitc loop was
implemented but not used). :

The main {eature of the SCAS math model is representation cf the

systems gains. All gains are [unctions of both airspeed and pylon :
angle. This feature was incorporated to [acilitate optimizing . he

SCAS during the design phase,

The attitudes and airspeed hold circuits are switched off or on by
the position of the pedals and cvclic stick. When the longitudinal
cyclic stick is trimred (e.g., in the force detent) the pitch channel ;
holds are switched on; when untrimmed the pitch channel holds are :
switched off. When the lateral cyclic stick and the pedals are
trimmed the roll and yaw attitudes holds are switched on; when
either the pedal or the lateral cyclic is out of trim the roll and
yaw holds are switched off.

H. Equations of Motion and Coordinate Transformations (Subsystem 9, 10, 11, 12)

The equations of motion used to solve for the six degrees of freedom

flight path are identical to the ones given in Reference 5. Change in
aircraft c.g. location and inertia due to pvlon tilt are ccmputed. Equa-
tions derived to compute pilot station acceleration take into account the
c.g. acceleracion due to pylon tilt rate and the c.g. ofiset location,
However, the effects of mast tilt acceleration and rate on the body

pitch acceleration and rate are assumed to be small and thereiore neglected.
The pylon degrees of freedom are neglected as the Model 301 wing-pylon
natural frequencies are well above the frecquency capability of the
simulation software and hardware.

{
!
!
§
:.
g.
?

Transformation of forces and moments from wind to body axes and from
mast to body axes is required for a number of subsystems. These trans-
formations are given in Subsystem 10. The transformation for the

rotor equations are given in Subsystem No. 1. Rotor forces and

moments are computed in the wind axis and referenced to the mast. =
This is noted throughout this report as the "wind-mast" axis system

as described in Figure II-1. The forces and moments computed in

this axis system are then transformed to the mast axis system.

Transformation of rotor forces and moments to the body axis system

are given in Section 10b.

301-099-001 I1-10 .
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- ave! T
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B. "WIND-MAST" AXIS SYSTEM.
Figure II-1., Rotor Axcs Systems and Sign
Couventions
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NOTE: Angles shown are positive values in mathematical
model sign convention,
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b. Vertical Stabilizer
Vector Diagram .

Figure II-9, Sign Conventions and Notation for Horizontal
Stabilizer and Vertical Fin Aerodymamics
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III. VALIDATION OF THE MATHEMATICAL MODEL

The accuracy of the mathematical model has been investigated with regard o
rotor performance and force characteristics, airframe aerodyinamics, rotor
wake - airframe aerodynamic interaction, static and dynamic stability char-
acteristics and control power and damping. Test data were used for com-
parison where avilable; when test data were not available the mathematical
model was compared with BHC computer program C81, the program used to predict
the Model 301's stability, control, and handling qualitics presented in
Reference 1.

A. Rotor Performance and Force Characteristics

Rotor forces and power required a-e compared with data from wind tunnel
and whirl tests of the Model 30l's 25-foot diameter rotor (References 15
and 16) in Figures III-1 through III-5. In general the correlation
reflects the neglec* of stall and compressibility in the mathematical
model. For a given lift, power required is ralculated slightly low and
propulsive force ¢ ;htly high. Collective pitch and longitudinal cyclic
are calculated accurately.

Figure I11-6 compares the rotor damping characteristics with those cal-
culated with program C81. Agreement between the two analyses is good.

B. Airframe Force and Moment Characteristics

As noted in Section II.3 the mathematical model of the airframe force and
moment characteristics in the angle of attack and sideslip range beluw
stall are based on wind tunnel data. In the mathematical model, the wind
tunnel data has been broken ' ~ into the contributions of majur com-
ponents; the fuselage, the w.iug=-pylon assembly, the horizontal stabilizers
and the fins. Above stall the force and momrnt characteristics have been
approxima-ed,

In order to verify that the force and moment data add up to equ=l that of
the complete airframe a computer "wind tunnel" test of the airframe math
model (with the rotors removed) was conducted. The mathematical model
force and moment characteristics are compared t» the wind tunnel data in
Figures III-7 through III-11, Data from two tests are shown: LTV Low
Speed Wind Tunnel Test No. 408 performed at a Reynolds number of 1.2 by
10® and NASA Langley Transonic Dynamics Test No. 195 performed at a
Reynolds number of 3.8 by 10®. Vortex generators were installed or the
wing during the LTV test to simulate wing stall characteristics at the
full-scale Reynolds numbers.

The reasons for significant difference between the mathematical model and
the test data are as follows:

- Lift Coefficient (Figures III-7 and III-8). Correlation is good
for angles of attack up to stall but above stall the mathematical

301-099-001 I111-1
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model 1lift coefficient is high. This error is caused by the
assumed lift characteristic above stall (Reference 11) and will
be corrected for the Phase I! simulations.

- Pitching Moment Coefficient (Figures III-11 and II1-12). The
pitching moment characteristic of the full-scale aircraft is
estimated to be close to the TDT test data, hence the mathemat-
ical model has been adjusted to obtain the slope of the TDT data.
The discontinuity in the mathematlical model pitching moment
coefficient at positive and negative stall angles is caused by
the assumed characteristics of the wing downwash and the fuselage
pitching moment above stall. The difference in pitching moment
at zero angle of attack as shown in Figure I1I-11 results trom an
assumption made in the mathematical model - that the wing-pvlon
zero pitching moment is independent of pylon tilt angle., This
will be modified for Phase II simulations.

- Rolling Mcment Coefficient (Figures III-15 and III-15). The
mathematical model defines wing-pylon dihedral effects accurately
up to t10 degrees sideslip angle. Beyond this range, the dihedral
stability of wing-pylon is maintained constant., (The test data
do not show zero rolling moment at zero yaw because of model

asymetry.)
Figure III-19 compares the mathematical model aileron control nower var-
iation with angle of attack with test data. The decrease in roll control

power at high angles of attack is accurately represented.

C. Rotor Wake - Airframe Aerodynamic Interaction

The rotor wake induced velocity at the horizontal tail and the unstable
rolling moment in-ground effect are represented using a polynomial fit of
test data, The curve it and test data are compared in Figure II-le.

The effect of the rotor downwash on wing lift is calculated using the
analytical model discussed in Section II.D. This effect is compared to
test data (from a model of a similar aircraft) in Figure 111-20. One
to one agreement is not expected because of differences in the con-
figuration of the Model 301 and that of the model. What is significart
is the trend in down load with airspeed which is quite good.

D. Stability Derivatives

Stability derivatives calculated with the mathematical model are compared
with those calculated with program C81 in Table III-1, Significant
differences between the mathematical model and C81 derivatives are evident
but are not fully understood. One of the reasons for the difference in
the longitudinal derivatives may be explained by the fact that C81 air=
frame inputs are linear below the stall angle of attack, whereas the
mathematical model accounts for the variation in the coefficients with
angle of attack. The lateral-directional derivatives are in better
agreement since both the programs use stability derivatives for airframe

301-099-001 I111-2

= - P — - . —_— - ——— e

4

I ks i SRSy o JRNIIY 2 ¢

?

R

APl LR R I B St B e B, 20
AN L h - 1»4' L

o
[
[ S

A

=3




. o . . . ‘ ‘_;_. A .

-.ﬁ,‘ . .“ ‘. N . . ' ,?.,ﬂ"\ [
2 iT G

L
cae - s . .. . .
£ i L R N RUISRO .t U U Y U0 S L ¥ RO AN o e

N

BELL Use or tisclosure of data 2n thiv page 1 r;
HEIICOPTER compPany strsject te the restrictiun on the htle page g:f
3

inputs; the difference in derivatives is primarily caused by differences K

in the rotor mathematical models, 2

5

However, the differences in computed derivatives of the two programs are ¥
small enough that the resulting dynamic stability characteristics are H
similar, as discussed later in Section IV.F. I

E. Static Stability g

L 4
Figure III-2] compares the level flight trim longitudinal stick position,
blade root collective pitch, and fuselage pitch attitude calculated with
the mathematical model with those calculated with program C81l. These
are ir good agreement with the exception of the longitudinal stick
position at airspeeds below 50 knots. This difference is caused by the
difference in the wing download representation in the two programs. In
C81 the center of pressure of the download does not vary with airspeed;
in the simulator mathematical model the download center of pressure moves
aft with increasing airspeed,

vk kb e v g Xl

F. Dynamic Stability

Flight mode characteristics calculated with the mathematical model are

compared with those calculated by program C81 in Table 11I-2, Note that

characteristics for the mathematical model were determined both from

response time histories and by solving the characteristic equations using

the derivatives given in Table III-1, The differences in the flight

mode characteristics (particularly for the phugoid mode) may be caused

by the rotor rpm degree of freedom being active when the respcnse time

histories were obtained. A higher short period damping predicted by

program C81 is due to a higher estimate of the wing downwash lag

derivative Cy.. Differences in short period frequencies are primarily due
. o, . . .

to inaccuraciés in the rotor mathematical model computation of inplane

forces resulting from a neglect of stall effects.,

RGN (ORI s APUTEI A ML L 0t ¢ A 0 SRR L D ¢ Lk a2

kL)

The flight mode characteristics computed by the two programs are compared
with the MIL-F-83300 level 1 requirements in Figures III-22 and III-23,
Characteristics computed from these two programs are such that they meet
the level 1 requirements and would be expected to produce similar pilot

o

i evaluation,
6. Control Sensitivity and Damping
- “igures III-24 and III-25 compare the control sensitivity calculated with
. the rathematical model with that calculated with program C8l., Agreement —
: is good except for the control power at Xast = 30°. 1Investigation of
3 this difference revealed that the C81 data is in error at this mast angle; ' 5?
R the mathematical model reflects the correct sensitivity. 4_m_§§
; Comparison of aircraft damping characteristics as shown in Figure IIT-26
£ is good throughout the speed and pylon tilt range. -—
301-099-001 II1=-3
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IV. CONTRACTOR EVALUATION OF ESAA SIMULATION

Contractor evaluation of the Model 301 research aircraft simulation on th-
NASA Ames FSAA to deline deficiencies of the math model, computer progran,
and the simulator hardware was conducted prior to formal evaluation by the
Army/NASA Tilt Rctor Project Office.

A. Math Model and Computer Program Deficiencies

II)

(2)

(3)

(4)

The rotor math model does not include stall or compressibilitv. The
requirement to include these effects in the math nodel was deleted

in order to meet thc scheduvle for the Army/NASA evaluation. However,
the first order effects of stall and compressibility have been in-
cluded by limiting thrust to a value detcmiued using an analysis
which includes stall and compressibility and by arbitrarily modif: -
ing the r-tor power required eguation to obtain tinc correct power

at maxinum speed in the helicopter and airplane modes.

The rotor flapping tim¢ constant is arproximated by the transport
delay lcgging the response to ~yclic stick inputs by the computer
frame time (0.048 seconds). +his gives a minimum delay of 0,048
seconds and a —ximw. of 0.096 seconds compared to the rotor time
constant in hover of C.08 second-.

A uniforz inflow is assumed which means that lateral flapping in
helicopter mode is inaccurate, and the tandem rotor effect on rotor
Induced velucity in sideward flight is not represented.

Airframc aerodynamics are not adequate in rearward and sideward
flight as accuraite aerodynamics are limited to «,8 = 220 degrees.
While wing and tail stall are represented, the wirg downwash at the
tail is D¢ ieved suljert to error at angles of =*tack zbove wing
stall,

A change in wing flap setting produces an abrupt change in lilt,
drag, and pitching moment. The flap setting changes instantancously
ard is theref.re not representative,

Wing dihedra) efects are accurate only for sidesliv angles less
than 12 degrees.

Rotor downwash at the horizontal tail j; accurate only for level
flight as it is not varied as a function of angle of attack or side-
slip.

Wake recirculation effects at the lcrizontal tal. in ground effect
are not accountad for,

The SCA® and RPM governor systems have not been ontirized. Further
wor on these systems is planned for the P-ase II simulations.
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(5)

(6*

Hr ~ver, their performance is satisfactory for pbreliminary evaluation
of aircraft characteristics.

With the aircraft on the ground and at full down collective pitch,
a high frequency oscillation (approximately 3 ¢ps) cccurs. This
apparently re_ults from an unstable interaction between the landing
gear math model and the rotor induced velocity math model. Kaising
the collective approximately one inch eliminates the oscillation.

Several unexplainable computer “crashes" occurred when flying at
Omast = 60 degrees. These were not repetitive, in that flying back
to the same condition did not result in a “crash". The cause of
this problem has not yet been determined.

B. Simulatcr Hardware Deficienci-s

(1)

(2)

(3)

(4

The cab controls ar: not representative of the Model 30L. Tie cyclic
stick has tco much inertia which affects the pilots ability to hover
‘particularly SCAS off). In hover, numerous rapid and small ampli-
tude motions are required. The high inertia causes a lag dnd an
overshoot, resulting in over controiling. The cyclic also has an
excess amount of free play in the force detent. The cyclic, with
force feel on, is too "viscous" feeling. Smooth inputs and exact
return to trim are difficult. Additionally, there is a ratcheting
feel when moving the cyclic fore and aft.

With the force gradient off (magnetic brake button depressed) un-
acceptable high inertia and viscous damping forces are preseat.
When the trake is released there is a large stick jump.

The pedals also have a high inertia causing lag and overshoot.

The visual system has no peripheral capability making hovering flight
very difficult, The resolution of the display is low causing diffi-
culty in perception of small velocity and attitude changes further
increasing the difficulty ir hover.

The instrument panel is a compromise between the two contractors,
consequently the panel laysut is not that of the Model 301.

“he abseace of noise and vibration cues characteristic of rotary
wing VTOL's reduces tlhe flight condition information provided the

pilot,
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V. RECOMMENDATIONS FOR FURTHER DEVELOPMENT OF MODEL 301 SIMULATION

The following modifications and additions to the mathematical model, computer
program, and FSAA hardware are recommended for implementation prior to the
Phase 11 simulations:

A. Mathematical Model and Computer Program

1. Rotor

The rotor tip-pat..-plane flapping degrees of freedom sheuld be in-
cluded in the math .aatical modzl to improve prediction of transient
flapping and rotzi inplane shear forces. Differential equations for
votcer flapping hav: already been derived but were unot implemented
because they required a large increase in computer frame time. The
problem with implementing the differential equatio:i: lies with the
forward precession flapping mode which has a natural freguency of
approximately two-per-rev. In order to include the flapping degrees
of freedum in the mathematical model it will be necessary to find a
means of eliminating the foward precession r )de from the solution of
the differential equations.

The rotor induced velocity must be modified to inciude non-uniform
inflow and the tandem rotor effect in sideward flight.

2, Airframe

The mathematical mcdel of the airframe aerodynamics should be extended
to include 180 degrees of angle of attack and sideslip so that the
2erodynamics are completely valid in vertical, rearward, and sideward
flight. Data from the tests of the Model 301 powered aeroelastic
model can be used to guide this effort.

The wing downwash representation at angles of attack above wing stall
should be improved.

The computer program chould be modified to interpolat: between flap
settings and the flap extend/retract time should be aided to the

mathematical model.

A representation of the airframe buffet which a:-ompanies lifting
surface stall should be added to the model to provide the pilot wich

a stall cue

3. Rotor Wake-Airfram -Ground Interaction

The mathematical mou.l of ti.e rotor wake effects on the horizontal
stabilizer and fins should be modified to reflect data from the test
of the Model " ' powered aercelastic model.
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Ground effects on the wing and lorizontal tail should be added to
improve representation of STOL node take off and landing.

&4, Flight Controls and Subsystems

The mathematical model should be modified to include failures in
the subsystems. Tkis will require modeling all channels of the
SCAS and RPM governor, the potential failure modes, and failure
indicators.

5. Engine and Drive System "

-
’

A wathematical model of the second engine and the relinements
required to improve simulation of engine failure should be incor-
portated.

B. Simulator Hardware

1. Cab Cockpit

The FSAA cockpit shculd be mock-up to represent the Model 301 instru-
ment panel layout, pedal and cyclic stick inertia and free play char-
acteristics (new hardware will probably be necessary), and the power
management system. 1In order to use the simulation to optimize the
cockpit layout it wil. be necessary to represent exactly the location,
size and shape of the various levers manipulated by the pilot. It
will also be necessary to represent the instrument location and lacc
characteristics. Location of all switches, knobs and indicator lights
should be represented.

2. Noise Cues
A noise cue generator having noise characteristics app.opriate to tle
Model 301 should be developed. The generator should include rotor,

engine and drive system noise which varies as a function of rpm,
power setting, conversion angle and airspeed.
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SUBSYSTEM NO, l1: ROTOR AERODYNAMICS
INPUTS

A. Variables

SI-3 - NG IGE 0 CP IR IPI I Ry TR W ST L BF S T W PRI T

g1
‘ l Subsystem Block No. Symbol Units
l ? U Ft/Sec
v Ft/Sec
| l ? W Ft/Sec
l p Rad/Sec
@ q Rad/Sec
l r Rad/Sec
: p Slug/Ft;3
= l MN X
I @ BN Rad
LY Ft/Sec
l @ a Rad/Sec
BlR Rad
l eOR Rad i
Alr
. f:a W, Ft/Sec -
iL
' QL Rad/Sec ¥
. e BlL Rad -
: ' 60L Rad
’ AIL =
} ® y v -
1
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B. Coeffici.nts .
Units .
2 ;
ao’al’az 1/rad, 1/p, l/u 'Af
2 .
60’61!62 ND’ I/Deg, l/Deg %
'
B ND 3
C ND !
T } .
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EQUATIONS
A. Blade Twist Constants
(One Time Per Rotor)
. L ™y m
Kso,m = N [cos (61 Xm) cos (91 xm—l)] ;
1
_ 1 m e m }
KCO,m = — [sin (61 xm-l) sin (61 xm)] ;
61 F
K =L [k -((X cos (8,"X ) -X cos(emx))]
Sl,m 8 m CO,m m-l - 1 "m-l m 1 "m
1
. i
- . m . m 1
KCl,rl't 9 m [KSO,m ((Xm-l sin (el Xm-l) B Xm sin (91 xm) ) ] ;
1 %
|
_ 2 o1 _ 132 m _ 2 m ¥
KSZ,m = = KCl,m — [(Xm 1)” cos (91 Xm_l) (Xm) cos (91 Xm)] | 1
®) 6 g .
_ 22 1 2 . em e 32 i am i
KCZ,m - m KSl,m + m [(xm 1)" sin (91 xm-l) (xm) sin (61 xm)] 4
% ® ?:
_ 3 o1 3 m - 3 m 5
KS3,m - m KC2,m m [(xm-l) cos (61 xm-l) (xm) cos (91 xm)] g x
e o 1.
1 1 %
= -3 1 3 . m (x )3 i m g
KC3,m m K32,m + m [(xm-l) sin (61 xm-l) (xm) sin (91 xng ]
1

8 -( )
Where 8.™ = twist raie of mtl segment ={-= m- 1L
1 X - (X )

Xm = Radial station of mth segment

em = Blade pitch angle at mth segment
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K = Blade twist constants
Cn,m

(n=0,1, 2, 3)

B)
0)

m = No, of segments of starting from tip (R

to root (R

Define,
m
TWIn = f KCn,m cos & eOm
m
™2 = f ‘en,m it A eOm

m
= 2 1
TW3n . KSn,m sin A eOm
m
= ¥ I’
TWhn . KSn,m cos A eOm

B, Initial Transformation Equations
(One Time Per Rotor)

A = mR2
4
DN' = AKZ
TD3 = TAN (63)
™ %
Y

m .
Where, A eOm = (em eR) - X 91 , GR Blade pitch at the rotor centex.
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e
L] cR :
Y - I— ‘,:
b s
Y, = PY'
m

C. Long Term Trans formations

R B A R R

1. Rotor Angular Velocity in Space.

" . R . .
Q R OR + p sin BM cos ¢M+ q cos BM sin ¢M r cos BM cos ¢M

1) - : .
0 L =0+ psin BM cos ¢M-§ q cos BM sin ¢M + r cos BM cos ¢,

R N s s B Pl 13, o

2. ‘'Wind-Mast'Axis Angular Rates

Right Rotor
Par = Pnr ©°° Sam T 9 510 Som

P 510 Sam * s 05 Sam

]

= p cos BM ~ q sin BMs'n ¢M+ r s.n F)M c

sl

5

q cos ¢M + r sin sl:M

A Pnvr

o>

Pag = T At
8 R -—
V'
. -1 "HMR
§WMR - Wind azimuth angle defined to be equal to tan T —_—
HMR
L4
i
4 301-099-001 A-6
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Left Rotor
P = P ©°° S T % 510 Soa

% ™ P 1P San t Yma ©°° S

Pyt = -p cos BM - q sin BM sin ¢M - r sin BM cos ¢M

U, q cos ¢M - r sin ¢M
Ao PumL Lo Sa
= A = Q-—l—.-
WL 0 L WML L
-1 Vum,
gWML - Wind azimu*h angle def¥ned to be equal to tan T
HML

3. Rotor Hub Velocity - Mast Axes

Right Rotor

UHMR = UHBR cos BM - VHBR sin BM sin ¢M + wHBR sin BM cos ¢M
VHMR = VHBR cos ¢M + wHBR sin ¢M

wHMR = -UHBR sin BM - VHBR cos ﬂM sin ¢M + wHBR cos BM cos ¢M

where,
(SLCG'SLSP)

UHBR =y-q¥*L, -r * LYH = LXH = 12 + 1M sin BM cos ¢M
(BL ._-B. ..)
| SP CG ,
= * * = — 1
Vg SV H P * Lyt TR Lyy i Lyy 17ty sin 9y
| (WLS - WL

L

P CG)
— - — ———‘- -
wHBR =W+ p* LYH q* LXH m + lM cos BM cos @

12
Teft Rotor

= 7
U U cos BM + V

i
ML HBL L sin EM sin ¢M + W

L cin BM cos ¢M

HB HB

VHML = - VHBL cos ¢M + WHBL sin ¢M

M

b L S

T ST IR Y T, AL

301-099-001
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H

Py

4,

W~ VkBL

where,

U

o
) A AR S

ZH

v

HEL V+p*L

ZH

W

- p %
HBL 1% ] L

sin BM + VHBL co

s 2., 510 9

+r*L

YH

*
+r LXH

- q*
vu - 9% Iyy

Aerodynamic Coefficients

Right Rotor

12

—_ L
DN, = P Q'c DN

DNQ; = DNy (Oé R/550)

2 2 %
ok * Ve

KLTR 2
Iy R

) (ao, 21y 8, - blade lift coefficients)
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Define,

Q=050 a, (DNp)

(For Left rotor replace subscript R with L)

D. Short Term Transformations
(Every update Cycle)

1. 'Wind-Ma-*' Axis Cyclic Inputs
Righe » .or

AR T AR 08 Sam T Bir SIt Sue
B = i F ‘«
BiR A1k 51" St Pir 08 Ko :

(For left rotor replace subscript R with L)

'
A LARY sk

adef o At

2, Blade Pitch Constants
Right Rotor

.

L]

:
§
3

:

cSnR = (TWln - Tw3n) sin eOR + (TWZn + Twan) cos eOR

Conr™ -(TW2_ + Twan) sin 6,0 + (W1 - W3 ) cos 6,

(For left rotor replace subsccipt R with L)

301-099-001 A-9



g
i
4
X

Ly MR y .

(1} BELL

i LICOP TER GO~ ane

-
™
> e

L
" .

3 -t

f Il SEVTL Y

T2 2% 642 0T M ey 13

o0 - L panle

3.

4.

Performance Parameters

Right Rotor

- 7CTR
rR o) aR

CdfR =[og v g () +a 8,01/ 2a

(For left rotor replace subscript R with L)

Thrust and Induced Velocity
Right Rotor

hu
= (0.76 + .24 * — )

If \/U2+V2>3OORG>ISETG=1

TR

Q
R 2
28° DN,

.3 2
Qg = 0-60Gyl "> )/ (IQgel + 8.1

AN = Mor AR

()
Qe 1+ -1) 30

U = ho w2+ 866 \ 2ye3 (1
g * - Qg (1Qgpl .

/3

A
R

RAD

2
(|Q3R| +81 )

x s flg) Qp

38

+
HR
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Mr=Ur T Mo
1 (1Qpg - Ml * -002 Pa l) set Ay = Qg

Ay = 0.7 Qp * 0.3 N

i‘-z‘
= —_— - A ) :
Top = Qg J°s2r ¥ Csor 2 g Cor T
’fil \
"7 ["R (Coor v * 2 Ccm)]
- > =
1f (ﬂ‘m TR| .001 ITRI)set Te Tor
T =
R TZR
C = E‘B——
L
— ]
Vo=t O R)
» o . L3 = s *
(For xiR Initilization use XiR Sign Qg
Thrust Limit

<

If TR > T(p.)’ Set TR = TR

P

T

= C~ *x®
R C'r £(u) DNR

(For Left Rotor replace subscript R with L)

s

Go to

(In IC only)

c, )
dep

Go to

®

Q) *7)
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5.

Rotor Flapping (Wind-Mast Axis Sy;Eem)

Right Rotor

AR(1,1)
AR(2,1)

AR(3,1)

AR(1,1) =

AR(1,2) =

AR(1,3)

AR(2,1)

AR(2,2)

AR(2,3)

AR(3,1) =

AR(3,2) =

AR(1,2) AR(1,3) aoR BR(1)
AR(2,2) AR(2,3) ael= BR(2)
AR(3,2) ARG, | b o BR(3)
o
2 R -
< 4 K. C
' 2 "R “s2r
.2
1= R
2 B1r Csop - 73— Csip)
b2 \
1 ’ + R - R
5 Az Cgap 4 Cer) Br tan 83 (Cepp * 7 Coip)
.2
R
z AR Csir
Co -2 p 2 (Cvw +C, )+ lle +u. B ¢
¢3R4 "R O ‘Yeir T Y4 2 | R "IR “s2R
fR £R
"R A C -C
2 MR “s2r T “kLTR
- tan 5. (C +3 R L +A C_. )
3 % TEHR “clr T R “s2r
i 2 R =
“R.[Ccza +3 Cde *7 Br Csm]
uR—
7 MR Cs2r * Ckrar
+tan6(2pzc + A C + C..y)
3 VPR Ccir T "R Ys2r T “e3r
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AR(3,3) = Cop +3 {Cdf + "R[Bm Csar * "3 "R (Cpp + €4 )
R fR
| “RZ M
= —_ - A - E —_—
l BR(1) = Coap + 53— Coip " " Ccr "Mrtwr Stz Csin
BR(2) = 2C A )1
! (2) = a2 Csor = Com * S, J
R A
B +2nlc 4 c) -4 MR _
l R CcrtaHrR Ccrt 'R Csr Yo :
2 A
m Gp,
- R _ PR
l BR(3) = Ajp (7= Cor *+ P Csor *+ Coar? Yo
I
i
! 6. Rotor flapping in mast axis system ;
alR = aIR cos §HMR + b1R sin §WMR
P1r = 21k SI® Sam * Pir ©° S
. (For left rotor replace R with L)
7. Rotor Inplame Forces in Wind-Mast Axis System
(Right Rotor)
1 A
= 1 - 1 N T
l He = Qe {7 Cson "R *r * Ssar ( 21r 5) -3 S s Pir
" ) _ 3 _ A (Equation
+ ¢ [_3 (a-_ + 32 ) -=A a_+p ;‘] Continued on
ClIRL 2 OR 1R 2 R 1R Next Page) -
32)-;,-099-001. A-13 r
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IR
.

ol b

-

B
PR 2 2 -
2 [soa M * Coap 2im * o (g * g am’]
Ar N -
= [Z Csor *#*r P1r * Cs1r R 20k * Ccor aca] +Cde MR ‘
s
;
A H
_ . T .9, .3 .3 AT !
Y, %r{ sk (P1r " 27) "2 Ssir ™R 0r ~ 2 Ccir R PIR :
1 - A f
*3 Cor g %1k~ Ccir Mk @ :
+§[--1-c Aw bo+1i o A a
1R 8 “sor R"R "1IR Y7 Csir "R %0r 5
+-£ C a -C V3 b :
cR 2R " Ccir MR P1r
IR 2
c A -
= [ sor " "k " *r 218) * Csag Pig

CIR (h PR ZIR)]

8. Rotor Inplane Forces in Mast Axis System

=
[}

R ﬁk cos §WMR + ?k sin §WMR

(For Left

-HR sin gWMR + YR cos gWMR

rotor replace subscript R with L)
[
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9. Rotor Power and Toraue Required
OaR - 2
= - A -\
HPppq » = (PNQg) 51 Ccip Prbg 21 = M)
1 2 2 1
A - = =
*tCm "k "7 Cam @ rt PRt Cde
3 -
3 = 1 -
(1 +280u R + 60 A R) BIR 5 Cear 1R
+ic. po +C... A a ]
2 CIR R'R S2P R lRJ
+a, | c.. b -+c a_+C.. A b
IR|2 “c3R "IR ~ 2 "c2R "R 0r T “s2r "R "R
o - (550) HPRE R
= 1
R ar
(For Left rotor replace subscript R with L)
10. Rotor Moments in Mast Axis System
M = a
a1R KFA 1R
1 = b
b LT IR
(For left rotor replace subscript R with L)
J
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OUTPUTS

Subsystem Block No. Symbol Units

(2f‘"’19) ae Rad

Rad

T Lbs \
HR Lbs '

Y Lbs

QR Lb/Ft

@ M Lb/Ft
IR
1 Lb/Ft
. bir
HeEQ R HP

i
R
i
i
i
1
i
i
i
i ® b Radsec
i
|
|
|
|
|
|
!
i

had/Sec

L Rad
@i T
i L Lbs

H Lbs

Y Lbs

Ft/Sec

QL Lb/Ft

Lb/Ft

& _

1 Lb/Ft

HP

Rad/Sec

G
5
z
L

blL Rad/Sec

301-099-001 A-16
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SUBSYSTCM NO, 2: ROTOR INDUCED VELOCITIES
INPUTS:

A. Variables

Subsystem Block No. Symbol Units
(3:) TR Lbs
HR Lbs
YR
TL Lbs
HL Lbs
YL Lbs
iL Ft/Sec

BM Rad

B. Coefficients

Units
Ko, Kl’ KZ’ K3, K4 ND
hD’ hl’ h2, h3, h4 ND
‘i
301-099-001 A-17
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EQUATIONS:

Rotor Wake

l\n‘ = R(0.78 + 0.22 EXP [- (0.3 + 22y ERFL + 60 CRFL)]

L SIS

[

%

where ; %
(m‘ = = "‘:‘

;- uus ~ ¥lwls, = 0 :

¥ i

§

,, 3

2 2 2] - X

c =(TL +H O+ Y )
RFL A ;
Q' .

pmal®R

Rotor Wake at Wing, Horizontal Stabilizer and Vertical Stabilizer in é

Mast Axes

(For rotor wake effects on the left and right wing, on the horizontal
stabilizer and on the vertical stabilizer, the values of the left rotor

induced velocity will be used.)

OSSN S8 M e G Bl s

Wing
3 W = (K, +K, b, +K u2+1<k+1< kz)w
[ ilR/WL o TRL B TRIBL TRy A TR ML My
¥ g Horizorntal Stabilizer
1
[ ((U - 168.8% + h, BM) 2
- } e |07 By By + (hy + g By) T68.89 Vit
1
1
U
]
1l
T L Vertical Stabilizer
t o -
b Wy L ry = Y| mym
;
_" ' 30 -099-001 A-18
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Components of Rotor Wake in Body Axes:

Wine:

Ui‘:/WL = wilR/WL sin BM

B - cos B
“il R/WL wi‘ R/WL M

e

Horizontal Stabilizer:

Uilg/H =W r/u 510 Py

wi‘ :/H = Wi |gsu cos By

H
1
t
4
¥
2
»
3
3
i

Vertical Stabilizer:
B . |B
A Liln/u

B _. |B
“1|a/v wiIR/H

301-099-001 A-19 r
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‘ Subsystem Block No. Symbol Units
ua Ft/Sec
' i|R/wL
w IB Ft/Sec k
l i|R/WL
;
RVL Ft/Sec :
i : ;
Ui R/H Ft/Sec
i ; :
wi R/H Ft/Sec
B
l Ui R/V Ft/Sec
W B Ft/Sec
il R/V
-
. 301-099-001 A-20 ?
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i SUEBSYSTEM NO., 3-FUSELAGE AERODYNAMICS
' INPUTS
A, Variables
l Subsystem Block No. Symbol Units
l Vo Ft/Sec
dF Deg
I BF Deg
l B. Aerodynamic Coefficients
Units
2
2 Ft
l I"O’Ll Ft Deg
2 2 2
l 2 Ft© Ft~ Ft 2
DO’DI’DZ’D3’D4 Ft, Deg, Deg,z Deg s Ft
! 5 g
3 Ft~ Ft
MO, Ml, M2 Ft~, Deg’ ﬁg
i -
2 Ft~ Ft
i YO’Yl’YZ Fto, Deg, Deg
3
3 Ft
' Lol Ft™ Deg
3
3 Ft
l NO’NI Ft, Deg
. 301-099-001
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EQUATIONS:
o2
@G =7 Yy

o

For aF and BF <2

e
J

= 1 i
9 (by + 5y o)

N 2
D = qp (D +D; o + D) @ + D, B

—

") -

<
]

= Qe (o + Y, B+ Y3 1Bl )

[
e
H

=g (L, + 1,8

LA {
F % _N0+ Nl SF)

d ~
For F and ﬁF > 20

LF = LF .
. = +
dtCYF 20
LF = DF
= = = ° = % °
MF MF at QF 407, BF' 20

)

= ) = "ar - '
ap (uo M o N, ‘Bp' ) A g 1(aF) + M, |EF|)

301-909¢-001
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i

-

'z = = 20°
L= 1 At B 20

l Wind axis
‘ system

.
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OUTPUTS :

Subsystem Block No.

10a

Unics
Lbs.
Lbs.
Lbs.

Ft~Lbs

Ft~Lbs

Ft~Lbs

301-099-001
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SUBSYSTEM NO. 4-WING-PYLON AERODYNAMICS

INPUTS:
A. Variables
. Subsystem Block No. Symbol Units
- 2 U.|B Ft/sec
; HrwL
: WiIB Ft/sec
R/WL

™.

¥ R Ft
‘Sa) BM Deg
F, Fl, Fz, F3, F

) Deg

4

12 i v Ft/sec

-3

o Deg

w
e ]

Deg

Ft/sec
Ft/sec
Ft/sec
Slug/ft3
ND

Rad/sec
Rad/sec
Rad/sec

ﬂ.ﬂ’uz;z~0€<c:

B 301-099-001 A-25
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B. Aerodynamic Coefficients

- e
l Units
o , C ND, 1/Deg
LH'P Lba
i o o
l CMOWP ND
' ‘W/H Deg
Xpw? Xasm ND, ND
C =0
l yslnN 1/Rad
' CY"/CLIMN “ o 1/Rad
C
‘ yr[My = 0 1/Rad
cf —a>sC =0 1/Rad, 1/Rad
Ble, =0 g/ CLWPlHN
=0
C
I lp CL =0 1/Rad
My=0
l |M, =u, C tﬂ/c, WP'MN 1/Rad, 1/Rad
CL =
l Cnp/CLWPIMN =0 1/Rad
2
l c ['ICL w’ Cnr/CD 1/Rad, 1/Rad
l CLss - 16a 1/Deg, ND
a . Knsa 1/Deg, ND
l oba
? "p ND
I 301-091-001 A-26
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EQUATIONS

A. Wing Aerodynamics Affected by Rotor Wake

Computation oi wing areas si and SiwL under the rotor wakes.

WR

In this subsection, K is a dummy subscript. It is replaced by R and L
while computing Sin and SiWL respectively,

The logical flow chart shows the sequence of computations necess.ry for
determining Sin.

Fi(Cygs Co) and Fp(Cpps Cop

of a contribution to the wiug-area in a rotor wake.

) are proczdures representing computation

)
Fl(r C..)

K TUZK

Siwk = Sk T Ak

XA

kAK + XAlK

YA, = YAy XAy Sin b,

F)(Cixr Cox)
R
1 WYK

Sy = S + = A, + 2 2

iWK Wk * 2 "IK ZRWXK (sin 6k)(C2K CIK)
- YTIPK(CZK ST

1 R Y 3 3

Xy = XA + 3 XA+ 3 - (sin 8)(Cy - Chp)

- Y 3 -¢3) e
TIPK ‘“2K = 1K
YA, = YA + lXA sin 6 + RWYK (sin2 8, - c052 &)
A = YA +| Ak k ¥ &R K K
WXK
€3-c3H+i® R cos?s -v..2) x(c. -cC.) h
2K 1K 2 WXK WYK K T1PK 2K 1K way
wtere:
Cc
GC = sin”} ﬁlﬁ
IK WXK
301-099-001 A-27
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; l Siwn*0 E
5 XAR =0 5
g Yax*O M
' XQ_K‘ MAX(XT!,‘RWXK) » §
f‘_ XakMIN( e Rwxk) JX'\ ) :
: . 2> :
l . < miY‘n P %
- X
' i
1 ' :
. 1
. K]
4 1 §
g CALL
- - NO 3
. Fe (Xewix, Xmiwze) Fa (X1x anzx) o
= l A 4 - \ ‘ g
< » CALL CALL
3 CALL ] CALL
g ﬁ(xﬂnx, sz) F. (XTIPZK XZK) >
4 I Fe (Xvipex .anzx)lﬁ 1 2 Fo K Xe) | ig
2 I *F(XCM)EL ) ﬁ‘
- - N CALL L CALL - 1 m" TIPLK 3
3 l - R (X1ipsx R Xex) Fo (X3x , XzK)
. A Y
CALL
E ' Fz (Xax , XTip2K) RlXvpak Xek
X 1 1 | CALL
l < L F Rk Xrpgn)
- CALL
. SSiwk:e \ v Fe (XripyxsXe
. Y 4 CALL
X=0 X = XAK/Siwk F|\X1x,XTlO£K)
& l y=0 P = Yo/ Siwx CI?LL '
: l - Fg(x'nrmx-rwia]
3 A 4
& 1 ) R
END
F .
l 301-099-001 A-28 3
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X
- sin B cos § + 0 -6
1k Gk Cx cn(]
R 2
.2 2 2.3/2 . _ . 2.3/2
g = -3 ® leos 8l [Repy - € Pk ™~ C1
WXK
and:
1’ =
lM cos ﬁM
UWK = - - wi'g/uL sin SM
vw-R = V, va = -v
W =-W+W | cos B
WK .
i] R/WL M
I
If MAX (JU) [Vigl) > 100 IwWK
Use:
UWK ~ 100 UHK
WWK MAX ( UWK , ik )
Ve 100 Vo
WWK MAX ( UWK Vi)
¢ is the distance forward from wing trailing edge to shaft pivot,
- _(SLWI‘E - SIISP)
€= 12
301-099-001 A-29
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U
- WK
X =-6¢-1,sinB - 1'—
TEK M M wWK
=c,+X
xLEK W TEK
Vv
Y = - _.W_ls 1'
T1PK wWK
V
61( = t:an-1 ( ‘.—W—K sin BM)
WK
U
_ ) WK,
RWXK RWK ( cos QM + _wm( sin BM)

v 2
WK .
R = R \/1+(— sin B )
WYK WK Wm( M
If (Rz -)(2 or R2 - YZ)S'J then(\/Rz - X2 or\/Rz - YZ )= 0

2.2 _
If xTE > RVK an§ XTE > 0, then SiWK =0
Rk 2 2
2 emssm— 1 - 6 - Y,
YrEIK R Xpgg Sin Oy = leos & I \Roy - Xppy

RWYK

. 2 2
TE2K ~ Rypy (XTEK sin oy + leos Ol \Ryxx - Xpeg )

o]
|

2 2 _
If XLE > wa and xLE < 0 then SiWK =90

R —
= WK - R2 -.x?2
YLElK = wax (XLEK sin 61( |cos 6KI RWXK XLEK )

301-099-001
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LEK TR

. 2 2
Y (XLEK sin 6K + |cos 6K| RWXK XLEK )

2 2
> > < =
If YTIP RwY and YTIP 0 then SiWK 0

. _
Rk (. : ) [2 2
s LI S — (‘Tlpx sin & - leos Sl \Rve ™ Yok

Mok . 2 2
Xrip2k = - (YTIPX{ sin 5, +| cos & | \/;wm Yripk

Tk - Sleg T Shyre T Xk t Xk

T =BL., -~ BL_ A + Y

YWK Sp cC TIPK ~ YR(for right wing)

= - BLSP + BLCG - YTlPK + Y, (for left wing)
where: X = XAK
K S.
iWK
Y
Yk = sj('
iWK
If By, > 30° , set S;ur’ Siwr = ©

Total Velocity:

\Y =

TiwL R/WL

1/2
(U+Ui|B ) 2 +v2+(w+wi|]3 )2]
R/WL
Resultant angle of sideslip,

v
2 .
Y+ (W + W,

-1
ﬁé'w = Tan
B
[(U+Ui|

B )2 ] 1/2
R/WL

R/WL

)
)

301-099-001
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.

Resultant angle of attack

B

W+ WiI N
[} - s
Cl; WL = tan 1 - g/WL .
U+ U.I 3
1 Ty
R/WL §
Dynamic pressure: o
12 p

q. == pV

iwePL 2 TiNL

Lift in (local) wind axis system:

(left): Lowpr = Ywpr Siwe CLwP

(right): Lipr = wpr Siwm Cpr

WA . i) Vs B RIS T W, 2 Fav s i ¢ SR

Drag in (local) wind axis system: ,

(left): Dupr™ Yypr Siwi CDwp

(right): Dyupe= Yiupr, Siwr CDWP

P

B, Wing Aerodynamics in freestream fiow

| (Wing area subjected to freestream - %ow)

Soow = Sw ™ iy 7 Siyr?

Dynamic Pressure:

1 2
94 = 75 PV e

A-32
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Rotor fluw field effects at wing:
2C

22 (57.3)
MAX (uL, .15)

AaR/W = 0,26 xR/w

Angle of Attack at the wing:

oy = % 7 My

Lift in (local) wind axis system:

=4q.S c +C * 6a]
Lee ) [ Lop Lsa
Drag:

Dyp = 9 S oy CDWP By By Fyr M)

Note: CLwP here is a function of aw

Pitching moment:
M' =gq.5 C
Op % T W W M

C. Lateral-Directional Equations

Prandtl - Glauert compressibility factor CB:

i AR, + &4 cos (Ac/a)w
CB ARw Bc + 4 cos (Ac/Q)W

where:

oo
"

2 2
c \/1 - MN cos (Ac/a)w

301-099-001

A-33

B i T

-~



]

i
&

-
4

|
|
i
i
i
i
i
R
i
I
i
I
i
i
i
1
!
i

BELL
HELICOPTER company

Use or disclosure of data on this page 15
subject 1o the restriction on the htle page

for U > 15 ft/sec,

Y - Force in the (local)

Yip = % Sey [CYB

=)
"

p cos

| ' = -p sin ¢
P W

1. CYB =(CYS‘MN =)0 (Gg)

C

Y
“ E"| = 0
P L Yy

3¢, =(cY )(Cﬂ)
T r MN = 0

CL
My =0

C. =0

My =0

1' = o _‘J- J 4
wP quwwbw “IBF+2U(C1 p+c1r)+c16 5a
B P T a
L. N ' '
NWP quwa cnasF+2U(cnp +cnr)+cn 63
! P T 6a

o) -

wind axis system:

by

- 1 ~ 1
BF+ 75 (cYp p' + LYr r )]

Roll and yaw moments in (local) wind axis:

where the aircraft angular velociti:s in wind axis system are,

ces BF+q sin BF + r sin ay cos BF

+ r cos aw

and the lateral-directional stability derivatives are,

A ( )(ARN B, + cos (A, w))
LWP Cﬁ ARw + cos (Ac/4 W)

N I
CLWP MN =0

L )= 0 for IBFI > 15 Deg

301-099-0C1
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. -bCLWP T
da. o
W W
= *—
G ¢l =o0f © *c
' P p| L L
WP
My =0 oo, | C
2 Le =0
C L .
ll _ l_ C . LWP
8 pr T ARW
i , .
Ak (1 - B ) 1
i S | v} o ‘
1
r c ARW c pr MN 0 LWP
I e
1
T do
! tlTa 5 \ 0 ) o
P F
f
_ A0
‘ If F1 then 6F =0
l If F. then 6 = 30°
o
If F3 then 6F = 60
- . o
l if F, then éF =-15
7, C = K C
l 1 lg * "l | F, i
a a a o <8
l Where,
K16 = f(Fx9 BM’ Q’w)
Il a
C
I 8. C_ =[c c = +(cﬁ)+—zh * [C 2
o\ e |G <, e
l My = Lap/ Py
. an1-099-001
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AR B C
9. ¢ =-¢C, o -K -C, o -{c) & np * C
n 1 W n 1 W AP. C . I
p P p p CB W pr AN =0 WE
C C
Ty 2 "
10. C | —; C
n el (LVP) He CDO
Lup Do "la =0
WP W

D. Wi..;; Wake Deflection at Hnrizontal Tail is 2 {unction of angle of attack at
e inboard section of the wing, mast tilt, flap deflection derived from
test data.

Sa/u £(a, ., BM’ Fx)
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OUTPUTS :
Subsystem Block No. Symbol Units

(Ei) ew/H Deg
] []
® e, Fl

LiHPL Lbs
LiHPR Lbs
DiNPL Lbs
Piwer Lbs
aw Deg
LHP Lbs
DWP Lbs
Méup Ft-Lbs
YQP Lbs
1'wp Ft-Lbs
N.HP Ft-Lbs

AR
g
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SUBSYSTEM NO. 5-HORIZONTAL STABILUZER AERODYNAMICS

INPUTS:
A. Variables

Subsystem Block Ne.

11

2
(83’
)
12

?

B. Aerodynamic Coefficients

R £ <«
o]

o
"1

©

Units

In
Rad/Sec
Ft/Sec

Ft/Sec

Deg
Deg
Deg

Ft/Sec
Ft/Sec
Ft/Sec
Rad/Sec
Rad

ND

Slug/ft3

A ISP A R
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Lt e

- ’%7’%»@” " E'R

LL AT
e

S L5

KRl TR

-1.4%&.« e "i‘,' a'

e



. ig‘ﬂ: “-.:1 Py

~ LR N v - oy
PV ¥ U0 55 - S IR L I e .

h BELL

HELUICOPTER comPny

e e -

Use or discivyare 9t date o0 this page s
subject 10 the rectr rhign on the title pdge

EQUATIONS

UR/H

YR

UR/H and wR/H

-

Body-axes velocity components due to vect.or(vT + wiIR/H)

. |B
U+ Li|R/H

B
+
W "ilR/H

affected by wing wake ( ) and bodv pitch rate (q),
Y %’/H 8 q

UH = UR/H cos(ewlﬂ) + VR/H sin(ew/H)

W, ="Up/u sin(s, /H) + We/u cos(e, /H) + 1.9

where,
= f(a F
1 = (SL - SL L
XH H cG 12

Total velocity:

2
= 2 + 2

Angle of attack for lift equation:

a,. =i +tan-1 w—H- (for < 1,0)
HL H UH MN *

W
= 3 -1 \H \ > 1.0
i, + tan (E!;) - (xeTe)ce (for M )

Angle of attack for drag equation:

HD H U

W
o =i +tan'1(—" - (Krt)b
H e e [

3
A

301-099-001
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HEUCOPTEIR ~ommany SUDJECL 12 N tente 00 A e e Do A
a Dynamic pressure:
_1 2 :
‘ i 9 =3 P Yy (T
Lift in (local) wind axes: 7
' For U< 67.5 ft/sec, set o = 0; if U< 35, set U = 35 ft/sec l
1 dC de . :
XH LH W/H :
= q S C (& 76 ’ ) + ( ) ( ) a r
l I‘H H H LH HL’ e MN ) Fols3 HL corw F ;
+ C, B I :
‘ > > o = 2z 0 :’
Z ' For |BF| 15°, LHB r.l_b AT IBF| 15
% Drag in (local) wind axes: s?
S D = P
= w - % Su CDH @ M) % )
21 2
A3 2 -
. Local angle of attack (for resolving forces) :
21 . {
; 1 H) .
’ o = tan — 5
g l H (UH ;
. Pitching moment: ;“:‘ A
X
' _ e
i l M= % Su Gy CMH £y My :
3 - o~
" ‘ 301-099-001 A-40 i
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OUTPUTS :
Subsystem Block No. Symbol Units
@ aH Deg

Lbs
Lbs

|~ =
o =

M ' Ft-1bs

301-099-001 A~41
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v‘ ! SUBSYSTEM MO, 6-VERTICAL STABILIZER AERODYNAMICS
- INPUTS :
' A. Variables :i
Subsystem Block No. Symbol Units £
I ‘ 12 ’ U Ft/sec 3
v Ft/sec zg
l W Ft/sec sig
; ‘11’ P Rad/sec k.
. l q Rad/sec f;
' T Rad/sec g
. U, B Ft/sec §
R/V 2
Wi B Ft/sec §
l R/V 5
" w :
3 ¥
l p Slug/ft
6R Deg
— l - BM Deg
- Fy Fi» By, Fyo Fy
: ' @ Bp Deg
: aH Deg
. S .
: ] l “ec In
E 2 "LCG In.
: ' B. Aerodynamic Ccefficients
_w \D
/ (1 - Xfag,)
i - .
. vl
Cc ND
: Dy --
/ A
'; 29/dp, /T ND -
' - ND
/ r

301-099-601) A-42
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EQUATIONS

v

vi = (u+ui|B
L R/V

The H-Tail is represented as a left and right fin,

Velocity at the left fin,

2

B 2
+(w-w| + qxl -p*l)}
RV XV YV
UiiB =0 5°<g < 28°
R/V
for
"iB =0 |Bg| > 60°
R/V
where,
1 = (SL, - SL -
w o Sy 12
- . L.
y = (Bl‘v BL.¢'12
= ¢ - L
oy = WMy WI“cc)lz
Velocity at right fin,
2 B 2
Vo, = (U+U.| - qkl_ - %l )
VR i R/V YA'S YV
H(V - TR+ pELy )2
XV
+(w-wB +q*1 +p*l)g
R/V
ulf - -5° >8> -28°
R/V
wiB - |s[>eo
R/V

Define sideslip angle due to vector (VT + Wi R/V)

v

-1
vL,R - tan

\J{b +

B 2 B 2
UiIR/v) + W W)

301-099-001
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£

De ine Zero Rudder Sideslip Angle, if ¢ + U, B ) €10, set = 1¢.0 [t/sec
IR/V

' b 2].2
8 =l (1-%y 4 —H (__‘l -.99.) p
VL,RO VL,R B 2U + UilB ) bw bé
R/V

Sideslip Anglz for Y Force Enuation,

‘?‘ -~ - - ‘ “ I" s
~
~N
él—‘
]

BVYL,R = BVL,RO (For MN< 1.0)

= BVL,RO + (KgTg) * 6, (for My > 1.0)

Sideslip Angle for Drag Equation,

PypL,r = BVI.,RU + (Kgrp) * &

Dynamic Pressurc,

WA NN NI 35l SRR ik Yl 5 A 2

= 2 . = . 2
Q. (1/2 p VVI.) T\V and Qg (rL/2 p VVR) Tlv

Forces in the local wind axes are,

1
' =
Yvr,”zquvr,‘:‘zv

1

¢ = e
YR =7 5 qVRCYV

=1
Dy =3 Sy 9y CDV
p =L1g c
v 2 °v W D,

.y

301-099-001 A-bd
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OUTPUTS :

Subsystem Block No.
10

Units

Deg
Lbs
Lbs
Lbs

Lbs

3-1-099-001
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i SUBSYSTEM NO, 7: RETRACTABLE LANDING GEAR
INPUTS :
' A. Variables ;
- Subsystem Block No. Symbol Units §
l lic ND
5
I h Ft 3
QP Deg ﬂg
l VT, WG Ft/Sec ,
3
. @ p Slug/Ft g
l e, ¢ Deg g
. . |
l B. Aerodynamic Coefficients 43
Doy (*) Domgp' )
l Dowgy*? Dowgp(*?
I C. Strut Force Coefficients
' Ksm1 Ksr2 Ksr3
I)STl DSTZ DST3
' Bs1 B2 Be3
' o My kg
3 ' d—
R l 301-099-001 A-46 :
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LandiggﬁGear Locations

X =SL..-SL

n CG Gn
= 1 -

Yo “c6 BLGn

Z =VWL..~- VWL

n CG Gn

Butt lines positive to right, Water lines defined
with zero loads in landing gears.

Where,
n=1, 2, 3
1 = Left Main Gear
2 = Right Main Gear
3 = Nose Gear

Aerodynamic Force Equations

1 2
UG =3P Vp

A, Gears Down
Dyg = 9p Pyogp ()

Dyg = 9F Doygp ()

B, Gears Up

D (t)

MG = 9% Pomcu

Dye = 9f Doneu(t)

Strut Force Equations

Strut Deflection

L .
Gn = Xn sin @ - Zn cos 6 - Y,
Nogr = [Yn sin @ + (2 +v,) (cos ¢ - 1)] cos 6
hyy = (h + hoen - hG¢n)/(°°s 8 cos @)
301-099-001 e
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E Strut Deflection Rate
' ‘ he =+W, |[——g—)+Xq-Y
Tn G \cuos O cos ¢ nd nP

: Strut Vertical Force
| IF hy >0, Fop =0
) <

l IF h, <0,
: ' Fezn = Xsmn Pta *Pstn Prn

' Strut longitudinal Force

F =« (s +pB.) F., —0

l pn - " o T HPen) Fezn VU

l IF U=0, F“n-o.

l Strut Side Force
. V = =
; ' IF 0, an 0

IFV #0, Fo_ = -b_F v ‘

: l » fsn = "Psfezn TV i
+ |
. |
&
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Force and Moment Contributions of Gear Struts

X, = F - Fop8

AYn = F_+F, 09

sn GZn
8Z = Fpn e - FSn o+ Forn
AMn = -AZan + A,Xn (Zn + Y, + th)

AL = A2 Y - Y (2 4 Y+ hy)

ANH -Aann + xn AYTI

3
Mg = & &)
1
3
AYLG = -'1- AYn
3
AZLG = L AZn
1
3
AlLG = ? Aln

AN = AN

- Mw
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{ OUTPUTS

Subsyster. Block Nc. Symbel Units

10 Dnc Lbs

DNG Lbs

AXLG Lbs

AYLE Lbs

AZLG Lbs
AlLG Lb, ft
Lb. ft
AN Lb, ft

Vil ENR SR Gved  sug e e e RN IR e AU OB B BB e
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%
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SUBSYSTEM NO. 8a CONTROLS MIXER

INPUTS:
A. Variables

Subsystem Block No. Symbol

eOL/G’ eOR/c

XLN

xLT

xPD

xCOL
ESAS
RSAS

ASAS

® —@ —0O0C

®

B. Control System Gearing

0B, /% x> OB, /%Xpp

09, /BK s B0G/BKegy» 6

B/ BX s °6R/°XPD

b{)a/bXLT

Units

Deg

Inch
Inch
Inch
Deg
Deg
Deg

Deg

Fwd, 0, Aft

Fys Fyu F
UP, DX

Ft/Sec

Deg/In, Deg/In
Deg/In, Deg/In, Deg

Deg/In, Deg/In

Deg, In

3’ Fa
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CONTROL c

LONGITUDINAL STICK

X
LN A
ESAS
8B f
PEDAL W A
RSAS
Xp ] - 4
D <
Veus P T TABLE ¢ II
oRRi + &
o8 _69 > O ®r
[ IXr
a
3,£@,)
LATERAL STICK
)
X 9
ASAS
TABLE C III
28 |+ 5
Yy A
COLLECTIVE STICK
36. + <, e
*coL® 0%
coL T oxa] ™ 5.C) Y &
By P—- L
.ZEJ 60
TABLE C V 1 L
8 ,L.R/G
> —> O ¥y
TABLE C VI

301-099-001
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Limit 0°

PILOT'S
NACELLE
TILT BEEP Pl
SWITCH
TABLE C IV Limit 90°
1
PILOT'S 1
FLAP Vol ) 2
DEFLECTION LOGIC O F,
SELECT 3 3
SWITCH
4 4
UP
PILOT'S
LANDING
GEAR ——e O Ly
SELECT
SWITCH
DN
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EQUATIONS

A. Collective Pitch

B. Longitudinal Cyclic

(& Bl
B -
1R (b X

)* (xL ~ X ESAS)

N
'(b__ ) Xpp = Xppy + RSAS)
o }
3_- + ESAS)
*(a ) Xppy + RSAS)

Sor (°°o/b < ) * Xeor + Oorr * Oorsc
CoL
- [ %
— - h Y
X, o (Xpp = Xppy © ASAS)
\
SoL (beolb X ) o ¥ %ot Corsc
COL
beo (
+ =2 J* x._ + asas)
3 X, LTN
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C. Elevator, Rudder, Aileron

D. Nacelle Tilt

Py = .fotau at

E. Flap Selector

Flap/Flaperon Setting is:

= < A -
5, 5 Xy, (7LN — ESAS)
6
T
= {7 - N
5: =% op *(Xpy - Xppy + RSAS)
568
= . a ® - >
S, %% X (X g = Xpqy + ASAS)

, = 1) (Fwd, Neutral, Aft)

Limits 90° <B, < -5°

F1 (0,0)

F2 (40,25) Use to
select

F3 (75,47) table

F" (-28’ -17c5)

301-099-001

A-55

o U IR A NN e )
W Mo N A s gl .

voah LA

'

7
Il

AN 7od EAR b N | HRITSEMMAS =8 5. R NN L 7

S '.!,f

f

. 1‘Fﬂ&m



‘ -;‘\ Voo . ""'n‘\
3
1 Ve . o
PR ARSI S FUWTR-T U Ou— Pyy ', RAe e e e - P - A ——————
l BELL Use or disclosure of datz on this page s
HELICOPTER company subject to the restriction on the title page
. F. Landing Gear Selector
i Le = (G,1] (Up, Down)
l G. Variable Incidence Stabilizer
5 Iy = iuol = i oy - X F g Ky - xI.NN)2
4 X = X
+ 11{3| X =0 * Tys *coL
COL
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OUTPUTS : ;
Subsystem Block No. Symbol Units g
@ eOR Deg
#
Ot Deg 1
i Deg :
I
2
| Bin Deg :
6& Deg ﬁ
iH Deg :
§
6 6R DEg ;
63 Deg }
P
! L ND {
0 iy |
@ BM Deg/Sec 3
De )
BM g
i -
i "ﬂ;l,w
301-099-001 A-57
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SUBSYSTEM NO. 8b:

FORCE FEEL SYSTEM

INPUTS:

A. Variables

Subsystem Block No. Symbol Units
(%E) XLN Inch
‘ XLT Inch
X
PD Inch
<§E> xLNT Inch
XIIT Inch
XDt Inch
Y VT Knots
B. Stick Foic: z'ien’ s
Fino® Frro® Feoo Lb/In
Fini’ Fiwe
Lb/In/Ft/Sec
Frr Fure
Fpnl’ FPD2
Lb/In
Fy
Vl, V2 Kts
301-099-001
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EQUATIONS:

F
F.n = |F + F
PD PDO PD1

Feor = ¥4 *|%cor]

(Vy = V) + By (Vg - vz)] x|y - X

2

4/

p - V)t Fpp (g - Vz)] * | oy - Xprr |

2

(Vo - V) + FPDZ(VT ' Vz)] * l(pr ) XPDT)l
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' OUTPUTS::
Subsystem Block No. Symbol Units
l 8d F Pounds
Q LN
o
l FLT . Pounds
[ 4
l FPD Pounds
] FCOL Pounds
)
(]
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SUBSYSTEM NO, 8c: CONTROL FORCE TRIM SYSTEM

INPUTS:
A. Variables ’

Subsystem Block No. Symbol Units

@ XLN Inch

XLT Inch *

XPD Inch

B On or Off

e

S e e
B Ty feget

e i i B & e .

—— e Gl o UGN TSI 4N OGN BN A BN &0 BN BN A e e

i .
! 1

¢
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! EQUATIONS:
If trim button is depressed (B ON) ‘
!
Xiar = Xy
Xeer = Xt
Xpor = *ep
If trim button is not depressed (B o7 OCF)
Xt = Xt
Xerr = *por
Xeor = Xepr
i
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OUTPUTS :
Subsystem Block No. Symbol Units
@ XLNT Inch
XL'[‘T Inch
xPDT Inch
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SUBSYSTEM NO, 8d:

PILOT'S CONTROL FUNCTION

INPUTS:

A. Variables

Subsystem Block No,

()

Symbol Units
d
FLN Pounds
FZT Pounds
FPD Pounds
FCOL Pounds

G s e o S AN O M e W AN e o G B B T w ..

EQUATIONS:
Pilot in the Loop
OUTPUTS :
Control
Subsystem Block No. Symbol Mechanism Units
(EE) XLN Long. Stick Inch
§ XLT Lat. Stick Inch
' h
g XPD Pedal Inc
% Coll. Stick Inch
XCOL oll, ic ne
Xb Beep Fwd, Neut., Aft
M Switch
X Grip F
FL (Fluor Mounted) X
i X Switch Up, Down
o m
(::) RpMp Beep RPM
% (&) B Switch ON/GFF
e
s 301-0$9-001 A-64
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Control
Subsystem Block No. Symbol Mechanism Lnits

@ xps AS Switch ON/OFF

X : .

WK
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SUBSYSTEM NO, 9-CG AND INERTIA SHIFT WITH PYLON TILT

1

INPUTS

A, Variables

Subsystem Block No, Symbol
»

h

B, Inertia Coefricients

Kipr Kipo Ky Kppo

Units

Deg.

Rad/Sec.

Ft.

Slugs - Ft
Deg.
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EQUATIONS

CG Displacement as a Function of Pylon Tilt Angle

ch = 2 sin EM + X (1 - cos BM)
ZCG = ¢ (1 - cos BH) < X sin Bm
Where,
¥p
X = @ (Slgp - SLp)
¥p
Z = @ (VLgp - WLp)
CG Location,
Sbeg < SLcc! * Xee
<ﬁ - 0
m
Weg = m"::l * Zeg
Bm =0

Rotor Hub Height From Ground,

1 cos B + (WLSP _ wLCG)
m m 12

h = h+

CG Velocity Due to Pylon Tilt Rate,

Xe = 2[R, * cos B + X[f, * =in B,

fig - oh, ¥ Byl - X[B, * cos B,]

301-099-001 A~67
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CG Acceleration (Neglecting .S.M)

“CG = -2 [éM * sin BH] + X[éMZ * cos BM]
ECG = 2 [éH2 * cos BM] + X[éuz * sin BM] ;

Aircraft Inertia Change Due to Pylon Tilt

=t
[
B R N 1% SR P LR U TP

x = x|, =0 Fu Py

=3

leaM =0 %2 By

EV TR VTR T PSRTY SN

Tz = Tazfg, =0t *13 Py
e = IszaM=o’K11.sM :
3

301-099-001 A-68
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OUTPUTS
Subsystem Elock No, Symbol Units
@ @ SLCG Inch
l "Lcc Inch
‘ 11’ xCG Inch
ZCG Inch
xCG Inch/sec
ZCG Inch/sec
[y 2
X Inch/sec
.0 2
ZCG Inch/sec
I S1 th
XX ug -
I Slug - th
YY 14
1 s1 th
22 us -
2
Y Ly, Slug - Ft
oJ© S "
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SUBSYSTEM NO., 10: AXES TRANSFORMATIONS

10a. Transformation of Airframe Aerodynamic Forces and Moments
from Wind to Body Axes

INPUTS ¢
Subsystem Block No. , Symbol Units
@ ozF Rad
BF Rad
LF 1bs.
DF Lbs
[}
YF Lbs
Ml'-‘ Ft-Lbs
IP" Ft-Lbs
' -
{ N Ft-Lbs
1 .
‘ 4 ’ GF/W ) Rad
[}
F/W Rad
LiWPL Lbs
LiWPR Lbs
DiWPL Lbs
DiWPR Lbs
ozw Rad
pr Lbs
DWP Lbs
M(') Ft-Lbs
NP
L
pr Lbs
I;IP Ft-Lbs
Y N!:IP Ft-tbs .
301-099-001 A-70
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Subsystem Block No. Symbol Units !
@ ch Rad .

LH Lbs 1

¥

DH Lbs g

M Ft-Lbs

g

®

' x

YVL Lbs :

' F

YVR Lbs ;

DVL Lbs %

| x

DVR Lbs é

@ Dye Lbs é

| Dyo Lbs :

o,
[ S
§ £
301-099-001 A-71
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EQUATIONS:

A. General Form of Transformation

p— —

cos , cos B, - cos @, sin B, - sin o, X,
i i i i i i
= sin B, cos B, 0 Y.
B1 Bl Y
sin @, cos B, - sin ¢, sin B, cos . R

i i i i i i,

Bodyl_ - | _JWind

This transformation matrix is also used for the moment
transformation. o, and Bi are the component angle of

attack and sideslip angle, respectively.

B. Transformation of Fuselage Forces and Moments

X =

- - . : s o
D cos ap cos BF Y. cos a_ sin BF + Lo sin ap

F F F
= - ; '

Yp = -Dg sin BF + Yg cos BF

2, = -Dg sin o cos BF - Y% sin g sin BF - L cos oy
= [] - ' . - ] .

L 1F cos a cos BF M cos ay sin BF Np sin o
= ] . ]

MF lF sin BF + Mg cos BF
= 1" of oM el . '

NF IF sin oy cos BF M, sin o sin BF + Np cos ap

301-099-001 A-72
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C. Transformation of Wing Forces and Moments

1, Forces Generated by Rotor Wake

= - ' ' . (]
xinR DiWPR COS ¥p . COS BF/W + L.pp Sin Y

B

= 3 1] 7
Yiwer = Diwer 53" Prsw y
Z.. . = -D, in a' J ' K
iwer - Diwer 1" %F/w ©° Prw T Liwpr ©°° %/w .
3

s

2. Forces and Moments Generated by Freestream Flow ':
i

: . : 5

pr = -Dp cos a cos BF - Yo, cos ¢ sin BF + Lo sin o %
;

- i ' k:

pr sin BF + YWP cos BF 3

= - i - ¢ 21 3 -
pr pr sin o cos BF Yp 3in o, sin BF LWP cos &,

5

t - ' ’ : - ' 2
]"WP cos o cos BF M, cos , sin BF N, sin a,
wP
- ' : .
wa lWP sin BF + Mowp cos ﬁF

=1 s YL : '
Np IWP sin &, cos BF Apr sin o sin BF + N cos a

D. Transformation of Horizontal Stabilizer Forces and Moments

»~
"

- 3 o -
" DH cos a cos ﬁF + LH sin o, )

o]
]

-DH sin ﬁF

T~

N
]

- 3 - [
H DH sin & cos BF LH cos &,

{
k'
!
301-099-001 . A-73 %
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—
]

M
H MH cos &, sin BF

=

= Mﬁ cos BF

= -M!
N, MH sin @, sin BF

E. Transformation of Vertical Stabilizer Forces.
- - " P [] s
xVR = DVR cos a, -0s BVRO + YVR cos a sin BVK
= - - ]
YVR DVR sin BVRO YVR cos BVRO
= - . s . .
ZVR Dy sin o, cos SVRO + Yyp sin o sin BVRO
F. Transformation of Landing Gear Aerodynamic Forces
xMG = -DMG cos aF cos EF
Ym = -Dm s.n SF
zMG = —DMG sin aF cos ﬁF
301-099-001 A-74
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QUTRUTS :
Subsystem Block No. Symbol Units

B % 1 0,

(x’ Z)inL Lbs "

(x9 Y) Z) Lbs

(xy Z) Lbs

( .
\x) Z)NG Lbs g

Y) Lbs

VL

VR

—
o]
gt |
P
|
l-‘
o
w0
W N e Tt S T e s
1

e N B Ul N EaN N N BN S BN BN 3R Ml e
L)
>
2

Mo Ft-Lbs
NF Ft’LbS ’ ]
1‘.
L Ft-Lbs i
Mp Ft-Lbs ‘
Np Ft-Lbs
1, Ft-Lbs
MH Ft-Lbs
| Ny Ft-Lbs
a5 —
i’ : y-
- l 301-099-001 A-75 ,2
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10b. Transformation of Rotor Forces and Moments from Mast to Body Axes

INPUTS:
Subsystem Blecck No, Symbol Units
O 4
HR Lb:
YR Lb.
OR Ft-Lbs
M Ft-Lbs
3R
1 Ft-Lbs
bR
T Lbs
HL Lbs
YL Lts
QL Ft-Lbs %
M Ft-Lbs
21t i
1 Ft-Lbs
i %L "

ﬂh.‘«?’:‘ﬁ P S N
o

e

-—— eaem W MR WN N G N N BN EE N B B T Ew o
=

5 5
L“\
!
-
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EQUATICNS :
XR = -HR ccs EM cos ¢M - YR sin BM sin ¢M + TR sin B, cos ¢M
- in . + a .
YR HR sin EH sin QM + YR cos ¢M TR cos 8, sin ¢M
zR - —HR sin 3, cos @ 4 Y cos B, sin @ - T, cos &, cos @
M M R M M R “M M
= - - i i 31 S
XL HL cos BM cos ¢H YL sin BM sin ¢M + TL sin B cos ¢M
YL = -HL sin ‘BM sin ¢M - YL cos ¢H - TL cos SM sin ¢H
= -} . si ; - <3 co-
ZL i!L sin 'BM cos ¢M + YL cos SM sin ¢M TL cos By ¢ ¢M
= 1 e - i i - i s @
IR 1ir ©°8 ‘BM ces ¢M M, g Sin SM sin ¢M Qg sin EH cos
= 1 s : . _ it
M’R Ipim Sin SH sin ¢H + HAIR cos ¢M QR cos 'BH sin ¢M
No= Lo si s i
R pig Sin SM cos ¢H + MAIR cos BM sin ¢H + Q, cos BM cos 9‘.“

cos GM - M sin BM sin ¢M +Q sin 'BM cos ¥

AlL M

sun 9, + M, cos ¢M +Q cos BM sin ¢M

1L

cos P, + M cos BM sin ¢M - Q

ALL cos SM cos ¢M

L

301-099-001

A-77
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l OUTPUTS :
Subsystem Block No. Symbol Units
' @ (X, Y, 2)g Lbs
| (X, Y, 2) Lbs
l @ (1, M, N)R Ft-Lbs
1 | (1, M, N), Ft-Lbs
l i
" l
s
T 8
kS 3
§ I 301-099-001 A-78
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10c. Subsystem for Euler Angles

INPUTS:
Subsystem Block No. Symbol Units

P Rad/Sec
q Rad/Sec
r Rad/Sec

@ b4 Rad
0 Rad
¢ Rad

EQUATIONS :

\
?
H

=qgco: P -r sin@
p+r tan 6 cos ® + q tan O sin ¢

-

gy=xcos@®+qsind
cos ©

IG dt

a
]

atin e G G G G 4O D B BN N B an  we.
e D
" non
S
-0
o
rr

OUTPUTS:
Subsystem Block Ne. Symbol Units
@ Y Rad/Sec
8 Rad/Sec
¢ Rad/Sec
‘ ® @ :

¢ Rad

@ @ ‘ ° -

‘ 301-099-001 A-79 i




\ R ' ;N [
- TR e : B ';'u . e o pmm————
T
{ BELL
Use or disclo t Y €1
HELUICOPTER commany Su;pc'l Io“m:ur:i?o(:‘(:; 3: ::e ho!;{ 90:40
| {
10d. Subsystem for Earth Based Velocities
l INPUTS :
l Subsystem Block No. Symbol Units s,
»
Y Rad %
(105 2 2
g2
l e Rad i
&5
¢ Rad 3
&
' Y Ft/Sec §
l v Ft/Sec %
. L Ft/Sec 2‘3:?
®
l EQUATIONS: 3
UEB=UcosYcose+VcosYsinesin¢-VsinYcos¢ %
' + Wcos ¥ sin B cos ® + W sin ¥ sin @ - U wind E 3
VEB=Usin\rcose+VcosYcos¢+Vsin\'sinesin¢ ;}
l +WsinyYsin9cos @ - Wcos ¥ sing -V wind E
"EB = - sin 6+ V cos sin @ + W cos B cos o + W wind E
OUTPUTS ;
l Subsystem Block Nc. Symbol Units
@ Uy Ft/Sec
. vEB Ft/Sec ,
' wEB Ft/Sec
- ,.
1‘ 301-099-001 A-80 ?
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10e, Subsystem for Ground Velocity Summation
] INPUTS ¢
l Subsystem Block No. Symbol Units
@ u, Ft/Sec g
S
. Gw Rad E
k1
Yw Rad ,{
' @ UEB Ft/Sec .,
I Ven Ft/Sec ‘
: L Ft/Sec ;
' EQUATIONS: ;
- ' UVE = lJw {cos Yw cos 69) E
Ve = Y (-sin Yw) §
l "V[-: = UW (ces Y“ sin 6") i
l % = Ym " Uy -
' Ve " Ves ~ Vue 5
l ¥ = Ve "
OUTEUT:
. Subsystem Block No. Symbol Units
l UG Ft/Sec
v F+
6 /Sec
W Ft
l o /Sec
p—
| X
i
‘ 301-999-001 A-81
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10f. Subsystzm for Ground Reference Distances
INPUTS *

Subsystem Block No. Symbol Units
UG Ft/Sec
vG Ft/Sec
"G Ft/Sec

@ m'Cu Inch

EQUATIONS

% = 16878 f Ug 9t Pax = Ny + X,
E = —0 J' v, dt P,_.=E+Y
1.6878 ¢ AY 0
(chc - 11.0)
ho = 13 + hI (hI - Initial CG altitude)
J' dat + h s PAZ =h <+ ho
h= -HG
OUTPUTS:
Subsystem Block No. Symbol Units
NN NM
E NM
0000 h :
PAX NM
PAY NM
P
AZ Ft
h Ft/Sec
30i~099-001 A-82
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n ’ SUBSYSTEM NO, 11: AIRCRAFT ANGULAR ACCELERATIONS AND VELOCITIES
¢ INPUTS :
2
' A. Varizbles ;‘:
p Subsystem Block No. Symbol Units i
i . ;
A Lts. f
2
a
' ZA Lbs %
3
' 1 Lb Ft :
. M, Lb. Ft. a
. be Pt i
A Lb. F :
. 2 3
' @ P Rad/Sec F
i
q Rad/Sec2 g )
l 13 Rad/Sec’ -
p Rad/Sec
l q Rad/Sec
i ‘ r Rad/Sec
Py Rad
' M Rad/Sec
@ IXX Slug th
l IYY Slug th
2
l Izz Slug Ft
2
IXZ Slug Ft
l xCG’ ZCG rt
. - ”‘—
l xCG’ ?CG Fi/Sec
o - 2 —
xCG’ ZCG Ft/Sec
' i
P
‘ 301-099-001 A-83 .
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Subsystem Block No. Symbol Units
SLCG Inch
Inch
WLcc nc
301-099-001 A-84
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Wt R wdma
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EQUATIONS:
A. Aircraft CG Angular Accelerations (Body Axes)

H

Roll Equation:

B RN IR ¥

Ixxp=(IYY-Izz)qr+1xz(i'+PQ)+1A

o TN

sy ew

Pitch Equation:

ny 't

(I, = L dPr + L, (> - p%) + 1,

Iy 4

P S SN

Yaw Eguation:

L. r= (L - I )pq + I, (P - Ta) + N,

Angular Rate Equations:

é

1

E

i

3 ..
* ‘,
L

UL G Gl G O D A GE EE D ik

La ]
[
ey
e
a
(nd

B. Pilot Station Accelerations (Body Axes)

X

- _A . _ 2 2 - -
apa =t @+ Pr)(Zp, - Zeo) + (q7 + £ (Xpm Lp,) of

’ + YPA\pq -r) - 2q ZCG - xCG -~
301-099-001 A-85 i
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Y, .
agpy = Tt (B - ar)(Zeg - 2Zp,) (X + pa)(lp, - Xep)
2 2 . K
Yp, (7 + %) + 2(pZg r‘i(CG) -
a =-ZL+(&-pr)(X -1 )+(pz+q2)(z -2.,)
ZPA m CG PA CG PA e
s
. C 3
+ YPA(p + qr) + 2q Xeo Zeg %
%
7
C. Pilot Station Velocities (Body Axes) ?;
#
U =U-q#*2' -t#Y -X 2
PA 97 pyp PA _ "CG é
= ' - * 2!
Vpa =V T Iy v R I, 3
= - ' * ' - 2 ’i
Wopa =W - q*lp, +p*Yp, = Zeg '
? — - = - %4 :.‘:_
where, 1, = (sx,cG SI.PA)/lz, Loy (SLgp SLg,)/12 8
BL -
’ = - - —ﬁ-— ? f’: -
Yoo (BLy, BLCG)/IZ, You 3 8
— . - - &,
2'py = (Wlp, - WLee)/12, Zp, = (Wip, - WLgp)/12 *
37
Y-
S——
:3;;
301-099-001 A-86 Lg
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OUTPUTS
Subsystem Block No. Symbol Units
l 11 P Rad/Sec”
E
I 3 Rad/Sec? 1
r Rad/Sec2 :
4
.'-'!
I 00006 06 - s ||
SAA
l CAB q Rad/Sec !
) T Rad/Sec “
2
FSAA a Ft/Sec 3
I 5
2 §
l aYPA Ft/Sec 3
2 § ’
4
l 3,04 Ft/Sec g N
l UPA Ft/Sec | "
VPA Ft/Sec ' o
' 5
wPA Ft/Sec : ‘
)
iﬂs 301-099-001 A-87
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SUBSYSTEM NO, 12: BODY AXIS LINEAR ACCELERATIONS AND VELOCITIES
INPUTS:
A, Variables
Subsystem Block No. Symbol Units
XA Pounds
XA Pounds
ZA Pounds
U Ft/Sec
' Ft/Sec
W Ft/Sec
P Rad/Sec
q Rad/Sec
r Rad/Sec
<:;:> 6 Rad
¢ Rad
301-099-001 A-88
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EQUATIONS:

o~ m

L] xA

U=-gsin9+Vr-Wq+T

. Y\ '
V=gcos 8 sing -rxU+W =

ZA
- g cos B cos ¢ + qU - pvV + —

b 3
H)

.
Lt
v

<3
]
<
a,
r

[ 3]
[N
[N
AT S e s 4 ATt IR IR SRR, ¢t Sur T
fay . 3 " . .
* A

Angle of Attack, ‘sﬁgi
_ _1 y- J:i
Q'F = tan U
Angle of sideslip
8 = tan™t L
F Vol st
e

— e wese A IR A I DN N N D D EER aE -
(=1
]
e
Q.
'

| =

301-099-001 A-89
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OUTPUTS :

Subsystem Block No. Symbol Units

eobloelc .

v Ft/Sec

W Ft/<=¢

o Rad
P
8. Rad

s e

W}.\h AP Rk A e v
STt
i A

wrﬁ“-&“
g -

. TR T e
AR W e " o i . ;
‘ - § T FRINE AR TV A - . Lt

O Y
s

301-099-001 A-90
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' 1
' SUBRSYSTEM NO, 13-FORCE SUMMATION
INPUTS:
l Subsystem Block No. Symbol Units
10a (x, Y, Z)F Lbs.
l X, 2);00 Lbs.
l (X, 2);upm Lbs
l X, ¥, Zhp Lbs.
(xl Y) Z)H Lbso
‘ (X, Z)Hc Lbs, o
i (X, Z)HG Lbs, .
. (X. Y, z)L Lbs. 3
3 g
E (ns Y, 2)g Lbs, §
: Lbo. g
. X, Vyy 3
- § l (X, Y) Lbs.
o { B »
¥ i
) %_ l (ax, av, AZ)LG Lbs,
b ’
i 1
!",
]
‘:? ~ -
- -
% |
@ '
x5 . -
?’ .
5 .
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EQUATIONS :
Xa = Xp * Xiupr Y Np Xyt Xyt Mg Xy
X X H Xy Y G Y Xup 7

%

‘A=YF+\W+AYLG+YL+YR+YVL+YVR+YH :

ZA=ZF+ZIHPL+ZHP+ZH+ZHG+AZLG . -

+ZNG+ZL+ZR+ZinR
i
$
;
;
g @
E .
H
bl o 2
— -
P
301-099-001 A-92
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OUTPUTS :
Subsystem Block No. Symbol Units
@ X A Lbs,
Y A Lbs.
)
Z A Lbs.
301-099-0061 A-93
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SUBSYSTEM NO. 14-MOMENT SUMMATION
INEUTS:
Subsystem Block No. Symbol Units
SLCG Inch
WL.. Inch
BLCG Inch
10a x, Y, Z)F Lb,
(x, Z)ﬂm_ Lb.
¥, 2) o Lo.
(x, v, Z)wp Lb.
X, Y, Z)H Lb.
(x, \r)vL Lb,
(x, Y)vn Lb,
1 (X, 2),,. Lb.
(X, Z)NG Lb,
(x, Y, z)L Lb,
x, v, Z)R Lb.
(1, M, N)F Ft.lb
(1, M, N)wP Ft.lb
M, Ft.lb
(1, M, N)L Ft.lb
(1, M, N)a Ft,.1lb
(a1, aM, AN)w Inch
@ (rXV' tW)R Inch
(ryy 'w)L Inch
@ ¢ Deg.
4
301-099-001 2-94
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EQUATIONS :

uA = Xgp (m‘cc - m.F)/lz + ZF(SLF - SLCG)/IZ +(xim>L + xiwpn + x,ﬂ) *
(WLeo = WL/12 - 2,00 * rmllz - Zyn * rmnz + 2, (SIV-SLCG)/IZ
+ X, (WL, - WL)/12 + 2, (SLy - SL.0)/12 + X, (‘"‘cc - WL,-)/12
+ Ty (Shyn = SLo)/12 + Xo (WL - WLy)/12 + 2 NG (SLys = SL.)/12
+ (X, + Xyg) (WL - WLG)/12 + (X + XWL - (WL o+ 12 1, cos 8,)]/12
+ (2, + 2p) [(SLgp - 12 1, sin B) - SLogJ/10 + Mo + M,

M A Tl 7

1, = Yp (VLg _ WLeod/12 + Zpy * Tyyy /124 Zi0pp * Tuyr /12

H¥upr t Yiwpr + Yap? (Wiy - WEe)/12 + (Y, + Yy ) (WL, - WL ()/12

- / -
HY, +Y) [ (WLgp+ 12 1, cos BH) WL.o J/12 + Z, (BLgp, BL)/12
+Zp (BLgpe = BL.)/12 + 1o+ L+ 1, +1p 1. %0 + 4L,

Where,

. h
) y 2 "3 - aw)
lg=llgg+1g *x +1* GR)“ + 15 * Gl xe T
For 0.5<o8 < 1.4
)
301-099-001 _ A-95
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Ny = Yp (SLeg = SLR)/12 = Xyupy * ry, /12 = Xjopp * Tyyp/12
+ YiHPR * "xuk/u + YinL * rm/u + Ym, (SLCG - sx.w)/u
+ X (BLCG - BLSPL)/IZ + Xy (BLCG - BLSPR)/].Z +Y, (SLgg - SLH)/12
i
+ (YVL + YVR) (sr.cc - sr.v)/lz + (xvx. - xvn) (BL VR " sx.cc)/lz |
+ (YL + YR)[SLCG - (51.SP - 12 1, sin p“)]/lz + N + N + N
+ Ny + AN,
|
|
301-099-001 A-96
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4 OUTPUTS :
' Subsystem Block No. Symbc 1 Units
' M, Ft.Lb. 3
2
4
. lA Ft - Lb . N
NA Ft.Lb.
i
H
l i
-
. ' -~
- l ;
4
N & 3 301-0v9-001 A-77
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SUBSYSTEM NO, 15: FLIGHT ENVIRONMENT DATA

INPUTS:
A. Variables

Subsystem BElock No. Symbol Units

h Ft.
(::) VT Ft/Sec

B. Constants

L i A, e IO st AR 2 e

3 v .
PR L 330 B e

g

N CGF TN m Ak AN AN ) BN NN R oW
-
=]
(=}
o
[ B R

301-099-001 A-98
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HELUCOPTER commny subject to the restriction on the ttle page %

‘i
P
EQUATIONS: ;

T = 288,15 - .0019812 h + T,

Ta
Oy = 788.15

T 5.25587¢6
) = .___a_-_—
T 288.15

S LT
TR

3
158

Byl

o - Jgu - 00000687 h)>-23387%) %
- | 1 - .000687 h + 6 i 3.

p = (.002378)(c") 5
. 1/2

Ve = 661,48 (8;)

Ve/Vs

=

1/2

v o, /2 \ 27
v 5. (1+22 ( —L—
cas = 661.48 ) 5)f1 + 'r( 6 ( T ) ) -1 1

i

301-099-001 A-99
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OUTPUTS :

Subsystem Block No. Symbol Units

OO Stuge-re?
Veas MPH
T, %k

@ @ @ v Ft/Sec

L B

DR R TS A

P

i

i

!

P
é .
L
',

301-099-001 A-100
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i :
, SUBSYSTEM NO. 16: PILOT'S FLIGHT INSTRUMENTS :
' COCKPIT INSTRUMENT DISPLAY
3
:é
! |
[
:
L
i =
E R
l Gear Touchdown Lights !
/ 1 \
Attitude
Deviation i
Indicator .-
NI
l 's 69 ¢ l"";ﬂ"
B :
' Horizontal "
Situation -
l Indicator ;e
. 0y Nacelle Tilt Angle h  Baro Altineter
F_ Flap Position h, Radar Altimeter
' X R
' Q Engine Torque ¥&V Turn and Slip
VT Airspeed a Angle of Attack
' W Vertical Velocity Indicator P Side Slip Angle
i Rotor RPM g Normal Acceleration # T
l —
l FSAA - MODEL 301 PILOTS PANEL ‘
;
]
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SUBSYSTEM NO, 17: ROTOR COLLECTIVE GOVERNOR
INPUTS:
A. Variables
Subsystem Block No. Symbol Units
@ RPMP RPM
Q QINT Rad/Sec
B. Coefficients
Kepe ND
ch ND
bnO INT
——m ND
RO
EQUATIONS:
1 QINT %* 9.55 s is Laplace
8. = (B.) * 1+ K‘G ] - RPMp operator
oc - Xree Py s _J ( m'r)
X
o RO
5 s ) - ]
If eOG 0 then eOL/G’ eOR/G MIN[ oc’ eOG J
max
! £p.. < )
| TE By < 0 then 8 0, 80 MIN[BOG, eocmm]
OUTPUTS :
Subsystem Block No, Symbol wits
Le
@ Sosc’ Cor/c &

T 1.759-001
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SUBSYSTEM NO, 18: ENGINES AND FUEL CONTROLS

INPUTS:

A, Variables

Subsystem Block No, Symbol Units
@ Xrar neg I
X rHL Deg
@ h Ft.
1 -~ <
.? VT Ft/Sec
15 P Psia '
a !
Ta oK
Q o
@ RPT Rad/Sec
QLPT Rad/Sec
B. Engine Coefficients
Kl’ k?, K3 ND
K,» Kg» K, RPM, RPM//HP, HP
o
K7 K
2 '
Kgs Koy Kyqs Ky Kigy Ky HP/Neg”, HP/Deg, HP,21/°K, 1/Deg,
1/Deg”, Deg
S
tD ec
pctmxs, pctmxp %s %
P Lb/In?
o
T °K
0
301-099-001 A-103
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EQUATIONS
l A, Power-Turbine (N2) Governor
1
| ¢
/~PTG dHPROS
HP .= (HP_ ). + - dt.,
I ROPTG RO 0 d"PTG G
tD
*
. ) 9.55 QRP’I‘ .
l s RIMy
RP o f
l MNH = 22200
" l Integration begins when |€S| has exceeded 0.002 for tD seconds, 4
I and continues until €g < 0,002 at which time <HP°0)0 is .eset .
to the current HPR.O’ and tPTG is reset to zero. :
|
l GHP 100 * |eg]| ) )
ROS . 5 S - ¥
—— = sign (~¢.) * MIN {1, ——— ,* i, (HP_, h) "a‘
l dtore S l pctmxs ‘ 1 RO
l HPpopTc = MIN {HPROPTG, HPROTH}
B. Throttle Control
l HPROC is the comma:.’- | referred optimum HP on one engine,
1 .
If XTHR < 46.0 HPROC 150,
' If T, < #q
-~
I HPeoc = Kg X * %o *mur * ¥10
—— N
‘ 301.06 - 00" A-104

i



TH

C. Actual Power Developed

Referred optimum horsepower of one engine

= HPpo = min { HProprc? HPROTH}

. a 2 Q
% HP = (WP & B ) [ 1(9 53 % RPT ap'r) + K, (—-—-——9'55 * BT )+ K, ]
B RPN, B RPY
‘é‘ where RP K, + Kg |MAX [(HP -K), 0 ‘] 172
Mro = ro ~ K20 0. -

. R N
B M ORI L Y SYRORE T TS TS A - C e . AAL ET TSN - b e —— .
' BELL ) Use ur arisciotare ety cn Y pas o
: HELICOPT . ! commny subel 10 e restnchir on Pk it pdue
% |
>
' If Ta : K7 ’
- 2
- - - 3
HPpoc = [1 = Ry (T, = KKy, + Ky Gy - Ky, )oKy Xy
| :
+ |(9 x’l'HR + KlOJ .
: <
¢ =
I HPdHPROT 4
HP (HP ) + tou
I RC. 0 dtTH
s
l ¢ HPRO'l‘l-[ 1 &
~ WP
p ROC :
| . i
Integration begins when 'p has exceeded 0,002 for tD seconds, § -
and continues till ¢ < 0.002, at which time (HP_ ) .
l Pp - RO 0 is reset
to the current HPRO’ and tTH is reset to zero. ] -
' X
d:{PROT 100 * ¢
——— = -¢ ; % mi %
I at SIGN ( ‘p‘ min {1, Dctmp fl (HPRO, h)

301-099-001 A-105
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P .0000461 v | 772
i P 1 I T
PO Ta
2 :
T .C000461 V :
8 <(,—_?-) [ 1+ I ] %
1 T -
[ a i

p
¢
;;
The actual power developed by the two engines is given by: ?
HPp = HP * T !
= % !
nER nEL Comments g’
1 1 Both engines operating §~
1 0 Left engine cut 5
x
0 1 Right enginc out i
1
HP_ * 550 gh
Q = _L..._.—._ }
RPT QRPT :
HP. * 550
Qpp = —&
LPT LPT

Initial values: (at the beginning of simulation)

(HPRO) = HP

0 ROC

s eax s W NN ER 5 SN N N SE TR EE B e see ..

301-099-001 A-1006
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OUTPUTS :
Subsystem Block No. S''mbol Units
Q QR" Lb - Ft -
Qpr Lb. Ft. |
301-099-001 A-107

:
i
4
B

s
¥
N
3
£
%
b 4
=
£
-4
-3
3
3
*
g
4




EI{.

ud

BELL Use or disclosure of datd on this page 13
HELICOPTER commmy subject to the restriction on the tlte paye
SUBSYSTEM NO, 19: DRIVE SYSTEM DYNAMICS
INPUTS:
A. Variables
Subsystem Block No, Symbol Units
QR Lb-Ft
QL Lb-Ft
@ Yer Lb-Fe
QLPT Lb-Ft
B. Constants
Symbol Units
Il Slug-th
ND
eR.PTl
SIN’I‘l ND
301-099-001 A-108
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EQUATIONS:

Drive shaft angular accelerationm,

. b (v)
ST

1

Fi(e) = -(Qq + Q) + pppy (Qupp + Q)

301-099-001
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M
OUTPUTS : :
Subsystem Block No, Symbol Units 3
1 QR . Rad/Sec g
Q Rad/Sec ¢
L
Q Rad/Se
@ RPT ad/Sec
QLPT Rad/Sec

Q
@ INT Rad/Sec

TUN U Ay WG -4 2 e AR MR 4 % -
N

301-099-001 A-110
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SUBSYSTEM NO, 20: STABILITY AND CONTROL AUGMENTATION SYSTEM

Ih: T'TS:
A. Varia.'es

Subsystem Block No. Symbol

8a BM

10 P

® —O6 B

B, SCAS Gains and Time Constants

Kp (u, BM],.....KIOP[U, SM]

TlP’ Tzr’ T3p’ Tap

Ky (u, EM],.....KSY (u, BM]

Tive Toyr Tayr Tay

Units
Ft/Sec
Ft/Sec

Deg

In.

In.

In.

Rad/Sec
Rad/Sec
Rad/Sec

Rad

Rad

Rad

(Pitch Gains)

(Pitch Time Constants)

(Yaw Gains)

(Yaw Time Constants)

301-099-001

A-111
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ﬂ l‘?‘ﬂ'

]

Kip [u, EM],.....KIOR[U, SM] (Roll Gains)

L

T (Roll Time Constants)

1R’ Tzn’ T3h

A ATy AL L

B X TR AR

all B D N B

Son ARy T e .

o s
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EQUATIONS :
A, Pitch SCAS Electronics

PSCAS = q * | K, + 3 K
[ K] (STZP)(STBP +1) zp]

REFD

e (0) = 57.3 * 6(0)

IFUH and IFPH defined on page A-115.

s K * K
+ Oy - X * | 7T R -
{(sT)p (sT,p + 1)(5Tap + 1)
+ PHOLD
(s is Laplace operator)
where,
PHOLD = SIGN(PHOLD) * MIN [IPHOLD | PHOLDmax]
PHOLD = K, * {57.3 % 8(t) - Gpr (t)]
+ Kgp * L-u(e) + UREFD(t)} + Koy, * 57.3 * 6(t)
t
Ch—— =J X,p ixbp * IFPH * [U(t) - uREF(c)]
(o]
+ [1-1FPH(t)] * [57.3 = o(t) - o . (£)]} at

REFD
t

Ugep(t) =f Kop * (1 - 1Fud (v)] * (u(e) - UREF(t)] dt
(o)

UREF(O) = U(0)

PHOLD is the output from the pitch-attitude-hold and eirspeed-hold circuits.

301-099-001

A-113
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K,.Ps
Kip __1o
LI, . T—WSTIP Tp s+ Iy
+
qp— 57.3 K
+ 2p ST+
2P
> K3p
+
6 »— 57.3
REFERENCE | © perp
PITCH ANGLE Kop
K Y
_4p
s
ON %)FF 0
- W T KSP PHOLD
PITCH
HOLD
* SEE NOTE ON
PAGE A-120
Kop
i LIMITER
U — f— o KBP
¥ U -
REF
] |
Kre
s
ON OFF SCAS ELECTRONICS PITCH CHANNEL
(o) -
SPEED * SEE NOTE ON
HOLD PAGE A-120
301-099-001 A-114
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Waﬁ .

IFPH = O, If pitch-attitude~hold is Off,
= 1, If pitch-attitude-hold is Cperative
IFCH = 0, If airspeed-hold is Off.

= ], If airspeed-hoid is Operative and if U > !02 Ft/Sec

. Bt W

When the airspeed-hold is tripped off due to U dropping below i
102 FPS, it can be re-engaged only manually after the aircraft

has reached a new trim-point. ! 4
{
¢
Pitch SCAS Parameters f
K Ko * K :
10 ™ Xy * Kiep 4
¥y 1
20" 2pu T T2mB,

el

)
»
*
ol

If IFUH = 0 * K

» Ksp = Kspuo 588,,0

i

dniéd ets wis NN G GE G DB D S e Gl Gl
=
i
=
 J
ol

FAEN .
s
amm———

]

If IFUH = 1 * K

» Ksp = Kepy 568, 1

sp ~ Nepu * g,

~
\

4

‘ 301-099-0"1 A-115
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)
B. Yaw SCAS Electronics
YSCAS * | K,y + X KZY
- -T ¥ 1
3¥ 7 (sTy, + 1)(sT,, )

. < . s (sT“ + 1) KlY
+ -
PD pnu) (s'l‘“ + 17(sT2Y + D(ST3Y + 1)

+ YHOLD

where,

5
k4
»
by
*
:
_g
K
3
d

YHOLD = SIGN (YHOLL) * MIN[' YHoDD | , Yuommax]
YHOLD = - 57.3 %
THOLD = Ky, * {YREFD(t) 57.3 % ¥(t)}
i :
¥Yerrp(t) =j Ky * [1 - TFYH(t)] * [57.3 * ¥(t) - i’REFD(L)] dt
l °
I ‘YREFD(O) = 57,3 % ¥(0)
' YHOLD is the output from the yaw-attitude-hold circuit.
l IFYH = 0, If yaw-attitude-hold is Off.
=1, If yaw-attitude-hold is Operative.
Yaw SCAS Parameters ‘
l K,, =K * K
1y 1Yu IYEM -—
= *
I Koy = Koyy * ¥y, -
K * K {
l Ky = Kayu * avp, F
3 301-099-001 A-116 H
:
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i
g K
3 1y
s X - X ).—— (ST +1)
( PD PDN (STIY +1) 4y

S
r »—457.3 > K
2Y (sT2Y+1)(sT3Y+1)"T

T — YSCAS
AN +
T3Y 1)

Fay

AXpp - Xpp) > K10y )

FEE NS T

b p—] 57.3 ‘J\g A ‘
+
' REFERENCE |  ¥REFD YHOLD

YAW ANGLE

X
*
i
b
g
3
)
4
%

Kuy
S

ON OFF Va
o) > K
YAW o /

HOLD

3

LIMITER

SCAS ELECTRONICS
YAW CHANNEL .-

*See Note on page A-120 i

301-099-001 A-117
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= = *
If TFUH = 0, Ky = Kgpoo KSYBMO
IE TFUH = 1, Ry = Koo * KSYBHI
Koy = “1018,,

Roll SCAS Electronics

s KZR
RSCAS = ~p * K3R + T+ 1)(ST3R T

2R
(x. - x, )* S Kig * Kn
- TN | (sTlR + 1)(s'l‘2R + 1)(5’1‘3R + 1)

+ RHOLD

where,

Mo
RHOLD = SIGN (RHOLD) % MIN llRHOLD |, RHOLD ]

RHOLD = Kep * {¢REFD(t) - 57.3 % ¢(t)} - Kgg * 57.3 * 3(t)
t

“rerp(t) =f K,p * [1 - TFRA(E)] * [57.3 % g(t) - ¢ () ] at
[o]

’pREFD(O) = 57.3 % 9$(0)

RHOLD is the output from the roll-attitude-hold circuit.

IFRH = 0, If roll-attitude-hold is Off.

=1, Tf roll-attitude-hold is Operative,

301-099-001

A-118
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SCAS ELECTRONICS

1R ROLL CHANNEL
(sT 1R+1 )

&pp - XLTN)'

+
pYy——-57.3 o ‘ KZR S -

6T,p + I)Ts'r3R + 1) A
V . -
Y 4
3 K3r _‘_
F ;l - i.
t. - K g
~ (Xpp = Xppy) > 10R E
o -

§ RHOLD

?»57.3

RN MR Nk s en it st e L

RELI S AN

ON OFF -
(o) — KSR _‘;‘@_ % |

*
ROLL
HOLD LIMITER
g *See Note on Page A-120

301-009-001 A-119
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Roll SCAS Parameters

K,. =K

IR *K

IRU = 1R,

.5

K = Xaru * Xarp,

K,, =K * K

3R~ 3RU T OT3RB, ;

“or = Xoru * Forg

If IFUH = 0, Koo = Koo * K5R3M0 :
;

If IFUH = 1, Kop = Ko * xsw“l
I0R  10R i

i
3
é
%
3
€
é,

ESAS = SIGN (PSCAS) * MIN ESASmax, ABS (PSCAS)

RSAS = SIGN (RSCAS) * MIN RSAS__ ., ABS (RSCAS)

ASAS = SIGN (ASCAS) * MIN ASASmax, ABS (ASCAS)

*NOTE
ATTITUDE/AIRSPEED HOLD SWITCH LOGIC

R SRR Y
wat B wac oan W I UGN DD 0 NN AR OV D U D OO o e
~
§
~

1. Turn all holds to Off if Mag brake r~'rase depressed

) 2. Turn pitch and airspeed holds off if long stick is out of forcc detent.

% 3. Turn roll and yaw holds Off if Lat stick or pedal is out of force -~
§ detent.

# 301-099-001 A-120 :
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QUTPUTS:
: 4
Subsystem Block No. Symbol Units :
(82) ESAS Inch 3
t‘s'(
RSAS Inch 3
ASAS Inch 5
]
b

L MUY LA KA e s P TR 7
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TARLE I - MODEL 301 CG AND INERTIA DATA
DESIGN GW = 13000 lbs
Aft CG Fwd CG
¢
SLCABm= 0 301.2 291.7 ¥
=0 0 0
BL’\ 'JBm .
= 0 81.65 81.6 .
"LCGl Bm 6 5
= 7 N
IX)(le 0 42379 42379 :
LYY|Bm= 0 14230 14351
Izz|3m= 0 49459 49580 ?
Fixed and water “
bai].?st (aft tanks :
15000 oI LA T, only N
T YUY
Fixed and wateré i
/ /ballast WA ¢
14000 % ;/77 TR — 3
AV A AR KN A A 3
/ il amZ %
/] %P7 % % \ i
" X R
13000 ’I e Water ballast %\7“ }
5 | ! el l }
S 12000 } 3 }
. | |
£ t {
- ' | /
¢ 11000 i + f |
® 1’ H |
5 i . Airplane ! |
10000 , 3 limits i - }
] ! Llﬁlicopter [} b '
¥ imits ¥
o / | I uhelels up :
900 : Helicopuer
limits 1 ]
T v wheels down
I I
8000 - - v —
287 289 291 293 295 297 299 301
Fuselage station, inches
301-099-001 B-2 :

*
i
H
]
'
2



1
e s ‘;'..v K

mid e Dol R W

-w IR SN S SN BN Ul BN BE IR DY B AR B e ok

Eisd
SN

S

PR S
’

A e D

EH

¥,

BELL
HELICOPTER commny

L

-

2 4:3"\‘.h_

.~ .
. < "W R
g certme vt . RIA e LR et ST e e s————

Use or disclosure of ddta cn this page iy
subject to the restriction an the title page

TABLE II-AIRCRAFT DESIGN DATA

ITEM

Fuselage

Center of pressure

Wing-gzlon

Center of pressure

Area

Span

Chord

Sweep

Aspect Ratio
Trailing Edge

Horizontal Stabilizer

Center of pressure

Area
Span
Chord
Leading Edge

Vertical Stabilizoar

Center of pressure

Number of Panels

Area (Per Panel)

SYMBOL

SLF

s &
)

1) > 0 (7] @ wn
é"}b:!: tu't: ;{ﬁr

M301
VALUE

293.0 In.
0.0 In.
84.0 In.

291.17 1In,
102.5 1In.
95.85 1In.
181.0 Ft2
32.17 Ft.
5.225 Ft.
6.5 Deg.

5.7

560.0 Inm,
0.0 In,
103.0 1In,
50,25 Ft,
12,83 Ft.
3.92 Ft.
548,25 In,

570.02 1In,
77.0 In.
115,69 In,
2.
25.25 Ft.

301-099-001
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M301
' ’ ITEM SYMBOL VALUE
l Vertical Stabilizer (Continued) p
Span bv 7.68 Ft. f
Choxd cy 3.725 Ft. 3
l Leading Edge SLy1E 555.1 1In, ¢
I Rotors ;
SLSP 300.0 1In. i
' Location of Shaft Pivot Point BL., 193.0 In. ’
: WLSP 100.0 In. ,
l Number of Blades P:r Rotor 0 3
Radius R 12.5 Ft. i
Chord cp 1.167 Ft. §
l Mast Length 2, 4.667 Ft. ¢
3
Pitch-Flap Coupling 63 -15.0 Deg. 1
l Solidity o 0.089
Lock Number Y 3.83
l Direction of Rotation ;‘
-inb¢ - 4 tip motion-helicopter/airplane Aft/Up 3 '
I Rotor RPM o
Helicopter 565 RPM &
Conversion ‘ 565 RPM \
I Airplane 458 RPM
Blade Flapping Limits %12 Deg. ) |
l Flapping Inertia per Blade I, 102.5 Slug-Ft.
. - .4/ .
Flapping Spring Rate/Rotor KFA/’KLAT 225.0 Ft-L"./Deg
. Blade Twist Distribution: Xy QM
xMO’ eMO 1.0, 0.0
l Xy1? Oy 0.6,10.2 i
I XMZ’ eMZ 0,5333, 12.3
i
X'M3' 6M3 0.4667, 14.5
l Xus Oua 0.4000, 17.75 3
N 301-099-001 B-4 !
1 4-
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M301
ITEM SYMBOL VALUE

Rotors (Continmed)

P

Xys® Bys 0.3333, 21.90
)(le ] Galqb (); 2()6 7 Py 2()‘ 1.5
XM7, 9M7 0.2000, 30.65
xMB’ BMS 0.1333, 34.65
XM9’ 9M9 0.0667, 38.00

leO,eMIO 0.0 , 40.90

K
3
%
2
%
N
&
#
&
=
e
E
i
3
t
4
K
S
=

Angle of outboard tilt of mast axis

Helicopter ¢M 1.0% Deg.
-— Airplane 0 Deg.
Conversion range BM -5 to + 90 Deg.
291.7 1In.
Center of Gravity BL, 193.0 In.
WLP 118.0 1In.
Weight (Two pylons) W 3986 Lbs.

o

Sl.4 Slug-Ft.2
431.0 Slug-!’t.2
380.0 Slug-Ft.>

Inertia (Per pylon)

2l e
N 5 %

Landing Gear
SLMG 324.0 1In.
Main Gear Coordinates BLMG 54,75 In.

WLMG 7.40 In,

Nose Gear Coordinates SLNG 139.0 1In, )
-
BLNG 0.0 1In,

WLNG 4.95 In,

-
#The builtin dihedral of the pylon is 2.5 degrees; in hover elastic deformation N
reduces the dihedral to 1.0 degree, 0° was erroneously used during Phase I i

55420

simulation.

r872

101-099-001 B-5

wY SIE R BN N e S N E T e R BN TR e e e
[ 2]
=
o

L



- . E"Y .

v N el -

iy
PR ¥

i N R . © W N
::g!"‘ m im.ﬁmmﬁ’"m:m e g ot . MIAe i e SRR mv e ewe—————— et .
{
¥
= BELL Use or disclosure of data on this page 15
HELICOPTER compmany subject to the restriction on the litle gdye
Item Symbol M301 Value

Pilot Control Limits :
llective Stick .0 In. A
Collective Stic xCOL 12.0 In ;
Longitudinal Stick xLN 4.8 In. é
Lateral Stick . #4.8 In. f
1 £2.5 In.
Peda XPD 2,5 In .
Blade Pitch Governor Lever 7.5 In. '
SCAS Actuator Limits g
Longitudinal ESAS 1.54 In. i
max i
Lateral ASAS 1.54 In. H
max H
hd
Pedal RSASmax 0.8 In. ;

Pitch Attitude Hold PHOLDmax 0.77 1In.
Yaw Attitude Hold YHOLD 0.4 In. ]

max
Roll Attitude Hold RHOLD 0.77 In.
max

Engine Ratings

2 Min, Contingency 1760 HP
10 Min. Takeoff 1550 HP
30 Min, Military 1400 HP
Normal Rated 1250 HP

Pilot Station Coordinates

| SLy, 215.25 In.
i Pilot Station BL 17.00 In.
5 I PA
\. ’ WLPA 50.5 1Ia.
. {W'“
& l
4 301-099-001 B-6
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SUBSYSTEM NO. 1:

MODEL 301 ROTOR AERODYNAMIC DATA

Equation Constant M301 value
aR,L 3, 5.88
a, 9.20
a, 20,0
c 6 0.002
der,R 0
61 -.01
62 0.50
Q3R,L B 0.97
T . . £/ -
TR,L CT £u) P Cs
0 0146
.057 L0146
114 L0144
171 ,0138
.228 .0132
.285 .0127
342 .0125
.399 .0123
456 .0122
K
x.. - f
QR,L S8 (p')oo 046,08 .12 .16 .20
'oo“
m ]
w
»
-.08 o —
301-099-001 B-7
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Yy HELUICOPTER commany subject to the restriction on the title page ;
%4 }
v .
' f:i Equation Constant M301 Value
, Blade Twist X .. 8 See Table II ;
i Constants K, mi’ “mi
: ijm .
. TD3 TAN & 3 0.2068
Y' Ib 102.7 Slug-Ft:2
l CKFAR L, 225 Ft-Lb/Deg ,:
l - K 225 Ft-Lb/Deg }
i
i
g | = i
i
?c.
I -
1 301-099-001 B-8 i
)
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SUBSYSTEM NO, 2: MODEL 301 AERODYNAMIC DATA
Equation Constant M301 Value
Wi R/W Ko 1.6
Kl 0
Ky
K,
K{, ]
Wi R/H ho - .5838
hl .01158
h2 5967
h3 .002547
h bl
4 2.2519
301-099-001 B-9
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SUBSYSTEM NO. 3: MODEL 301 FUSELAGE AERODYNAMIC DATA
g Equation Constant Model 301
Value
i LF Lo 7.23
L1 0.905 N
' DF D0 1.56
D]. 0. : s
l D2 0.036 For
Flaps Up
l Otnerwise = 9
L)
D3 0,0023
' Da 125,
. - {
l MF Mo 146.6 \‘
(o< 8° ;
M, 17 8 (@< 8 )
M 9,5 1
_ l 2 i
- - I
Mcv f (aF) (Table F-1) j
' 4
' YF Yo 0. l z ‘
Y1 -1.44 ¢
. i
Y2 0. .
)
I lF 10 0. g
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W) HECCOPTER comemnr A e
TABLE F1 FUSELAGE PITCHING MOMENT COEFFICIENT (Mu)
a g M o
-40 -282
-36 -282
-32 -282
-28 : -282
=24 -282
-20 -282
H -16 -282
-12 ~320
-8 -287
-4 -217
-146
-75
-11.3
12 -56.5
16 -94.1
20 -112.9
24 -112.9
28 -103.5
32 -75.3
36 -75.3
40 -94,1
301-099-001 B-11
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SUBSYSTEM NO. 4: MODEL 301 WING-PYLON AERODYNAMIC DATA
Equation Constant M30}) Value
I'iWPL
L. - ' Tables WI, WII
iWPL C“up f(aFlw/ow SM. Foo HN) ,
“wp
LUP CLé = f(Fx) Table A III
a
l)in’L
D, c Tables W III, W IV
WPR = ! ’
' Dyp = f Flw /“w Bar Fio My
DWP -
Mowp c“ = f(Fx) +0.051 Fl( 0/0 )
Oup -0.057 - F,(40/25)
4+0.085 - Fh(-—28/—17.5)
Jie4 = f
R/W X = £6Y Py
0 30 60 90
0 T
- .05 |
£ .10 =
.15
o -
&% /ror Xasror = £ "
0 04 .08 .12 .16
0
g o4
\ L]
’F
.08
301-099-001 B-12
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Equation Constant M301 Value

- '
w/n Su ~ECply / % By Fy)  Tablewv

cYBlHN =0

£,

2 0 G e we

1 = 3
c f(Fx, BF, Sh) Table W VI B}

we lﬂCL=0 B

Y

[
[=]

== f(l-‘x, BF’ BM) Table W VII

C ~ T

B4 65 g R S 6 o I AL o B SR H2 0 e 4 v e )

0.27
T
<
e |w, =0
ac, -.0016
~ r
b\ 5
» A
i da/dd 0.45 -
’
301-099-001 3-13 ;
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* Equation Constant M301 Value

N

"00-315

C
“Bch=0
M, =0

o b

(2}
o

st

-
T/ 11y = 0

=l
ﬂﬂ

--016

c -.32

1 ] ——
Lo K . = £( By F) Table A II
; c 0.005
S i L, | F ,
. :{' @ o, < 80
N' Ca -
= wp p .06
‘e M, =0
_‘_ Kn 100
Y
Knog, = FFxr Py Table A IV
< -
fw Kn5 = f(Fx, BM) Table A IV
i a
7 -
i:if,

301-099-001 B-14 ;

e Eu wme ess G G G GIBD A G D VD D W AP G we.
[
[
Mﬂmeﬂn&‘m R F70 R % o oae

5,
)
¥



i"g EMrppoeaye ORI o~ = i . WA s S T—
- H
D relicorrer comm o e e s v e |
i
i TABLE WI WING-PYLON LIFT COEFFICIENT (C ) |
l FLAP SETTING (F,) F, (0/0) ] :
MAST ANGLE (B,) AIRPLANE (90°) HELICOPTER (0°) é
MACH NUMBER (M) 0-.2 N .5 N 0-.4 .
' *elu/ %
-40 -.93 -.68 ,
l -36 -84 -.58 #
-32 -.84 Not -.57 :
' -28 -.89 Defined Not ~.be
-24 ~-1.00 Defined Not -.72
' -20 | -1.15 -.84 Defined -.88 .
-19.5] -1.15 -.86 -.88 2
I .16 | -.95 -9 | -.675] -9 -.73
-15.5| -.91 -.945] -.080] -.49] -.70
-13.0) -.73 -.65 -.805] -.50| -.57 ;
l -12 -.67 -.772| -.800{ -.50| ~-.s0 | g
P -1 -.60 -.68 -.7950  -.s0|  -.45 %
l -8 | -.383 | -418 | -.445| -.46] -.272 I %
-4 -.0625{ -.075| -.094| -.109 -.045 %
l .257 260 .272|  .29d  .183
.577 .610 .630 690 412
l .88 .960| 1.00 928  .640
11 1.10 1.23 1.10 .94  .800
12 1.19 1.28 1,09 940  .870
l 13 1.26 1.29 l .930
16 1.48 1.23 1.095
' 17 1.50 Not 1,100
20 1,38 Not Defined .98
' 2 1.22 Not | Defined .80
28 1.20 Defined .78 —
l 32 1,27 .86
36 1.40 .98 -
40 1,46 1.06 :
‘ L
! 301-099-001 B-15 ;
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TABLE WII WING-PYLON LIFT COEFFICIENT <CLWP)
FLAP SETTING (F_) 5&(40/25) F, (75/47) F, (-28/-17.5)
MAST ANGLE (B ) 90 0 90" 0° 90" 0"
MACH NUMBER (MN) MN =0 - .40
%clw/ %
-90 0 0 0 0 |
-80 ~.325 -. 245 -.235 -.190
-70 -.520 -.400 -.385 -.305
-60 -.610 -.480 -.450 -.333 |
-50 -.590 -.420 -.390 -.220
-40 -.410 -.265 -.240 -.105 -1.17 -.96
=36 -.400 -.250 -.220 -.09C -1.08 -.33
-32 -.425 -.260 -.240 -.095 -1.06 -.805
~-28 -.515 -.300 -.275 -,120 -1.11 -.85
~24 -.660 -.380 -.340 -.160 -1.21 -.945
~21.5 -.690 =440 -.400 -, 21¢C -1.31 -1.03
~-21.0 -.680 -, 440 -.400 -.210 -1.33 -1.06 “
~20 -.640 -.395 -.367 -.188 -1.37 -1.10
-19,2 ~.580 -.360 -.310 -.140 -1.38 -1.12
-16 ~-.320 -.165 -.048 040 -1.23 ~.95
-12 0 .0628 .272 .268 -.95 -.73
-8 .320 .291 . 591 .496 -.68 ~.502
-4 .64 .581 .910 .724 -.3843 ~.275
0 .96 . 749 1.237 .952 -.2643 ~.0460
4 1.24 .975 1,460 1,170 .2557 .182
8 1.49 1,205 1.680 1.390 5757 408
11.0 1.68 1.380 1.80 1.50 770 «590
12 1.75 1.433 1,79 1.47 .840 .638
13.6 1.80 1,500 1.71 1.29 .950 .730
16 1.70 1.400 1.60 1.24 1.10 .864 #
18.4 1.56 1.260 1.49 1.16 1.20 .950
20 1.51 1.200 1.46 1.14 1.15 .890
24 1.48 1.15 1.46 1.16 .93 .680
28 1.48 1.20 1,54 1.29 .87 .630
32 1,69 1.32 1.69 1.38 .91 .680
36 1.76 1.41 1.78 1.44 1.05 .80
40 1.80 1.47 {;52:, 1.48 1.144::=L .89

301-099-001
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TABLE WIIT WING-PYLON DRAG COEFFICIENT (CDNP)

{
i
FLAP SETTING (F,) F, (0/0) ;i
l [MAST ANGLE (B,,) 90° 0° :
[MACH NUMBER (M) 0-.2 A .5 .6 0-.2 3
l elw [ v E
-40 .575 .685 p
l ! -36 505 | wét .635 5
E -32 .425 | pefined Not .580 ‘g
! -28 327 Defined Not .522 B
' -24 230 | .312 Defined | .450 H
-20 Ja50 | .175 | 275 I .370 3
I -16 .089 .089 .135 . 240 .295 3
-12 .042 042 .050 .110 245 %
I -8 025 | .0250} .025 | .052 | .219 &
-4 .0170| .o170] .o170| .040 212 <
' .0170| .0170| .0170| .040 .212 -
.0353 | .0353| .0353| .0555 | .231
.0602 | .0602| .0700| .1150 | .262
l 12 .1000 | .1100{ .1500| .2500 | .300 -3
16 .1620 | .1850| .2800 .3564
l 20 .247 .3050 .436 :
24 .354 .500 Not .512
l 28 .493 Not |oefined | .580
32 .600 Not Defined 642
36 .660 | Defined .698
' 40 .705 .748
1|
|
-
i
| p
3 301-099-001 B-17 }
~ b
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TABLE WIV WING-PYLON COEFFICILENT (CDHP)

.

EZAP SETTING (F,) FGA(AOIZS) F, (75/47) F, (-28/-17.5)
MAST ANGLE ®) 90 0 90" 0" 90" 0
MACH NUMBER (M) My =0 - .4
%y /%
-90 1.18 .93 1.145 | .90
-80 1.10 .91 1.050 | .878
-70 .93 .855 .89 .822
-60 .705 | .775 .67 740
-50 .565 665 .507 .640
-40 .430 | .540 450 | .550 622 734
-36 335 | .468 .400 | .525 .566 .682
-32 .245 | .405 .350 | .500 .500 632
-28 .180 | .352 .309 .480 .430 .575
-24 .130 | .310 .278 | .462 .345 .502
-20 .090 | .282 .260 | .450 . 255 422
-16 065 | .263 .23 | .440 .186 .350
-12 .058 | .253 246 445 .130 .298
-8 063 | .254 .261 464 .086 .267
-4 .081 | .282 .288 494 .055 . 248
109 | .313 .328 | .53 .047 .239
.148 | .356 .378 | .590 L0671 | 243
.200 | .410 Gahb | 658 .0653 .258
12 .275 | .490 .530 | .728 .0950 | .284
16 .380 | .566 642 .789 .138 .332
20 .528 | .630 .730 .839 .195 .402
24 630 | .690 .790 | .880 .287 476
28 .710 | .748 .838 | .920 RATA . 540
32 .764 | .800 .883 .955 .510 .600
36 .805 | .845 .950 | .985 .583 648
40 .865 | .888 1.025 | 1.015 .640 .695
41-099-001 B-18
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1 TABLE WV VING WAKE DEFLECTION ON HORIZONTAL STABILIZER (g /)
1 MACH NUMBFR (M) My =0 - .2
: FLAP SETTING (Fy) F,(0/0) F,(60/25) |F,(715/41) [F,(-28/ 7.5) .
. ‘
' L ATRPLANE MODE (By = 90°)
-90 0 0 0 0 %
I -25.0 ~ | 0 0 0
-17.94 0 0 2.40 0 &
I -8.82 0 2.00 5.48 0 g
-2.353 1.92 4.38 7.70 0 %
0.0 2.52 5.25 8.50 .800 H
ﬂ 12 6.00 9.90 12.58 4.88 3
13.8 6.50 10.75 12,80 5.70 ,
l 16 7.18 11.40 12.35 6.24 z
. 16.5 7.40 11.40 12.10 6.40 g
; l 18.8 7.20 10.60 11.10 6.80 %
20 6.7 10.00 10,40 6.55
I 24 4.20 6.50 7.10 4.00
g 28 0 0 0 0
! 40 0 0 0 0
2 I HELICOPTER MODE (8,, = 0°)
. -90 0 0 0 0
l -28.65 0 0 0 0
B -22.15 0 0 0 0 ,
B l -17.8 0 0 0 0 :
' -15.5 0 0 0 0
I -12.41 0 1.2 2.0 0
-7.6 0 3.2 3.75 0
I -2.94 2.0 5.0 5.4 0
0.0 3.1 6.15 6.3 1.00
8 6.3 9.25 9.2 3.72
' 12 7.8 11.00 10.7 5.08
& 13,0 8.30 11,40 11.0 5.40 B
3 ' 14,8 9.00 11.95 11.5 6,00 -
16.0 9.6 11.90 11.4 6.44 .
- 4 ‘ 301-099-001 B-19 ;
- H
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TABLE WV WING WAKE DEFLECTION ON HORIZONTAL STABILIZER (CONT)
F, (0/0) F,(40/25) [F,(?5/47) [F,(-28/-11.5)
Xy
HELICOPTER MODE (CONT)
18.0 10.00 11.20 11.2 7.00
20 9,30 10.20 10.20 6,70
24 6.00 6.80 6.80 4,20
28-40 0 0 0 0
301-099-001 B-20
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TABLE W VI - WING-PYLON DIHEDRAL STABILITY
AT C. =0 {cC C, = 0 }PER RAD,
i e~ 0 el
l FLAP 1(o/o)&r“‘(-za/-u.s) F, (40/25) F, (75/47)
SIDESLIP/B,/| O 5 10 0o | 5 10 0 5 10
| “a ‘
0 -.06 | -.065| +.045 [-.2 | -.094| -.045) -.223] -.015]| -.125
30 -.032| -.061] -.02 }-.079| -.074] -.147] -.085 | -.087 | -.225
' 60 -.021] -.051] -.052 |.067 | -.052| -.148] -.008 | -.088 | -.222
90 -.025| -.025| +.035 {-.11 | -.025] -.025| +.033 | -.04 | -.08
' TABLE W VII - WING-PYLON DIHEDRAL STABILITY
AS A FUNCTION OF WING LOADING [C,. /C. ]
18p Lup
l FLAP F1(0/O)&F“(-28/-17.5)1 F, (40/25) F, (75/47)
SIDESLIP/B./| 0 5 10 0 5 10 0 5 10
l By
0 0 0 0 H.105) +.013] +.035 | +.104 | -.045 | +.110
I 30 +.049 | +.079 | -.016 H.069 | +.062| +.062 | +.049 | +,047 | +.107
60 +.039| +.071{ -.018 W.032|+.061| +.058 | -.013 | +.055 | +.082
' 90 -.065) -.065] 0 0 |-.085]-.065]-.043]-.045] o0
1 301-099-001 B-21
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TABLE AI ATLERON EFFECTIVENESS (Clba)

(]
claa .005/deg o, <8

Where 6a = (§1-6r)/2

for 6!-‘
aH

90° s (Airplane)

TABLE AIT AILERON EFFECTIVENESS CORRECTION
FOR FLAP AND MAST (K, ) FOR < le°}

ba
Flap Mast K (1)
Setting Angle 16a
Fy 0° .68
90° 1.00
F, 0’ .66
90° .73
Fy 0o° .45
90" 34
F, 0° .67
O
90 .90
= = %25°
(Ryga =0 @ = 2257)

(1) Straight Line Variation with Mast Angle

TABLE AIII AILERON EFFECT ON WING LIFT (CL )

ba
Flap Mast c
L8a
Setting Angle (per Deg)
T F, All 0
; Fq All 0 _
F4 All 0 :
301-099-001 B-22 ‘
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TABLE AIV AILERON YAW (Cn )

ba

Flap Mast Knc Kh
Setting Angle ba ba
F) 0° .00046 | -.0348
30° .00092 | -.0354
90° .30143 | -.0238
F, 0° .00046 | -.0137
30° .00109 | -.0052
90° .00103 | -.0137
Fy 0° -.00003 | -.0232
30° .00035 | -.0050
90° .00029 | -.0157
F, 0o° 0 -.0205
30° 0 -.0301
90° 0 -.0215

301-099-001

B-23
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SUBSYSTEM NO, 5:

MODEL 301 HORIZONTAL TAIL AERODYNAMIC DATA

Equations Constant M331 Value
<
QHL Te 0,0 for MN 1.0
(For lift) 0.565 for MN > 1,0
%0 Te 0.565
(For drag)
q , [Phe effect is includeé}
o in calculating SW/H
— t
IH CLH = f‘aﬁ’be’MN) Tables HI, HII
c -.001°
L
by b
DH (:DH = f(ozH, MN) Table H IV
' P
"y G, = Bl M) 0
QH K,e = f(6 . MN) Table H IIT
301-099-001 B-24
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TABLE HI HORIZONTAL STABILIZER LIFT COEFFICIENT (CLH)

ELEVATOR ANGLH  0° 10° 15° 20° -10° -15° -20°
MACH NUMBER Mg =0 - .2
- aH
=90 0 0 0 0 0 0 0
-80 -.425 | -.560 | -.980 | -.600 | -.360 | -.285 | -.220
-70 -.720 | -.865 ] -.800| -.920 | -.600 | -.49C -.380
-60 -.900 | -1.060 | -1.090 | -1.120 | -.770 | -.640 | -.510
-50  }1.002 | -1.175 | -1.205 | -1.240 | -.890 | -.745 | -.600
-40  }1.050 | -1.240 | -1.260 | -1.300 | -.960 | -.800 | -.64G
-36  }1.030 | -1.230 | -1.255 | -1.290 | -.890 | -.735 | -.600
-26  }1.010 | -1.210 | -1.240 | -1.280 | -.840 | -.680 | -.560
-24 -.980 | -1.185 | -1,220 | -1.260 | -.780 | -.615 | -.500
-20 -.930 | -1.160 | -1.198 | -1.235 | -.699 | -.500 | -.420
-18.4 }-.920 | -1.200 | -1.210 | -1.240 | -.660 | -.540 | -.480
-17.5 |-.930 | -1.260 | -1.250 | ~1.250 | -.710 | -.565 | -.450
-16.8 }-.990 | -1.310 | -1.230 | -1.310 | -.740 | -.550 | -.420
-16.0 }1.,12 | -1.40 | -1.330 | -1.33¢ | -.710 | -.510 | -.380
-15.6 }1.10 | -1.44 | -1.380 | -1.350 | -.700 | -.480 | -.350
-14.2 }1,01 | -1,40 | -1.55 | -1.450 | -.610 | -.400 | -.270
-12.5 ,-.880 | -1.31 | -1.49 | -1.60 -.480 | -.280 | -.150
-12 -.852 | -1,260 | -1.4%4 | -1.59 -4 | -.240 | -.110
8 .568 .160 | -.044 | -.18 .976 | 1.180 | 1.330
12,0 | .850 442 .240 .100 | 1.250 | 1.420 | 1.500
12.2 | .860 .450 .260 .120 | 1.270 | 1.430 | 1.480
13.0 | .920 .520 .330 .170 | 1.30 1.370 | 1.450
15.0 |1.0 .650 .450 .290 | 1.200 | 1.270 | 1.360
15.0 | .98 .690 475 .320 } 1.160 | 1.240 | 1.320
16.8 | .94 .700 .490 2360 | 1.150 | 1.200 | 1.320
18.0 | .89 .680 .500 .370 | 1,130 | 1,220 | 1.340
20 .88 .600 .465 .380 | 1.180 | 1.280 | 1.380
2% .935 .660 455 0330 | 1.300 | 1.380 | 1.440
28 1.00 .730 .500 .380 | 1.370 | 1.430 | 1.500
32 1.05 .780 540 L400 | 1.430 | 1.490 | 1.540
36 1.08 .820 .560 .410 | 1.470 | 1,535 | 1.570
40 1.10 .R40 .570 .410 | 1.510 | 1,560 | 1.590
301-099-001 B-25
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TABLZ YII HORIZONTAL STABILIZER LIFT COEFFICIENT (CLH)
ELEVATOR ANGLE o = 0°
MACH NUMBER (M,) 0 - .2 .4 .5 .6
il ) ] ]
-20 -.930 Not Not Not
-16 <1.12 Defined Defined Defined
-12.2 -.870 -.95
-12.0 -.852 -.92
-8.8 -.630 -.680 -.72
-8.0 -.568 -.620 -.660 -.50
-6.5 -.460 -.500 -.540 -.55
-4.0 -.284 -.310 -.330 -.350
0 0 0 Q 0
4,0 .284 .310 .330 .350
4.2 .310 .330 . 340 . 390
8.0 .568 .620 .600 440
16.5 .820 .800 .570
12.0 .850 .798 . 560 Not
15.5 1.00 &ot &ot Defined
16.0 .980 Defined Defined
20.0 .880

TABLE HIII - ELEVATOR/RUDDER EFFECTIVENESS (Te/Tr)
CORRECTED FOR MACH NO, AND DEFLECTION EFFECTS

ELEVATOR MACH
ANGLE - DEC NUMBER Ke OR K,
*15° 0-.2 1.0
A .965
. .950
.6 .930
*15° 0-.2 1.0
*20° .920

301-099-001
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HELISOPTER comrmnr oo o
i TABLE HIV HORIZCNTAL STABI “._R DRAG COEFFICIENT (S 2
‘ ELEVATOR ANGLE 5 =0
MACH NUMBER (M) 0-.2 A .5 .6
| &
=90 .92
-80 .91
' -70 .87
-60 .81 NOT
l -50 .72 DEFINED NOT
-40 .60 DEFINED NOT
l -36 .54 DEFINED
-32 47
-28 .39
' -24 .30
-20 .20
' -i6 115 .135
-12 .068 .068 .088
l -8 .035 .035 .035 .045
-4 .015 .015 .015 .015
' .00875 .00875 .00875 .00875
.015 .015 .015 .015
.035 .035 .045 .065
l 12 .068 .075 .105
16 .115 . 145
I 20 .20 NOT
24 .34 NOT DEFINED
l 28 .48 NOT DEFINED
32 .61 DEFINED
' 36 72
40 .80
-
-
]
) 301-099-001 827

Y.
. ot 33

* Vb Y

M-“WWMO‘NM PP



. e . . Yr nibe s - . . o
) RAREFANIEAE LW A P e o . ) - i ek
Ty L - . . e B
X J P Lo R I .
5 + A 8 ' & i T " \ B « E
- g ki N ?
e GEE G SIN HID R W09 W TeE W MR A T B TR oG we ..

e ] Mﬁw -

LR N

~
LN

AL Say WY W SR dts -

ORI NN ey

BELL Use o aisclosure of datd o My paGe 1y
HELICOPTER commany sultiec! 10 the restrutiyn e the title page
SUBSYSTEM NO. 6: MODEL 301 VERTICAL FIN AERODYNAMIC DATA
Equations Constant M301 value
B
VL:R, (1 - %;iF) = €@ By Fyo @) ‘ables V IV, V V, V VI
= f (b
BVYL,R N EVDL,R KR ( o HN) Table H III
T «385
L+ 0.1
o )
2 0.0
of ’
yvL,R
vI-, nv l
Y =
VL,R CYV— £@,, 6., M) Tables VI, VII
DVL,R CDv=f(Bv, br, MN) Table V III
301-099-0G1 B-28
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' TABLE VL VERTICAL STABILIZER LIFT COEFFICIENT (Cy )
RUDDER ANGLE 0° 10° 20° -10° -20°
. MACH NUMBER M =0 - .2
By
' -90 0 0 0 0 0 y
-40 | -1.0 2,96 -.92 -1.07 | -l ?
l -32 -.93 -.84 ..82 -1.02 -1.12
-28 -.94 -.90 -.87 -1.02 -1.09
l -26 -.98 -.93 -.91 -1.07 | -1.11
-26 | -1.03 -.98 -.92 -1.11 -1.15 E
l -22 -1.05 -.98 -.85 -1.14 -1.19
-20 -1.05 -.88 - 74 -1.15 -1.22 :
-18 -.96 -.77 -.64 -1.14 -1.24
. -16 -.86 -.66 -.52 -1.05 -1.18 4
-12 -.635 -.45 -.30 -.84 -.99 E
l -8 -2 | -.225 | -.09 -.63 -.76
8 425 .625 .76 .23 .10 p
l 12 .635 .84 .99 R .31 %
16 .86 1.05 1.78 .66 .52 3
l 18 .96 1.14 1.24 .77 .64 g
20 1.05 1.15 1.22 .88 .74 3
22 1.05 1.14 1.19 .98 .85 E
' 24 1.03 1.11 1.15 .98 .92 }
26 .98 1.07 1.11 .93 .91 g
3 l 28 .94 1.02 1.09 .90 .87 3
32 .93 1.02 1,12 .84 .82
. 40 1.0 1.07 1.11 .96 .92
90 0 0 0 0 0
i
\
|
|
1 301-099-001 B-29 g
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TABLE VII VERTICAL STABILIZER LIFT COEFFICLENT (ch)
RUDDER ANGLE 6r = 0%
MACH NUMBER (M) 0-.2 A .5 .6
Bv
Y -1.05 NOT NOT NOT
-2 -1.05 DEFINED DEFINED DEFINED
-20 -.96
-16 -.86 -.60 -.45
-12 -.635 -.60 -.45 -.32
-10 -.52 -.575 -. 445 -.34
-8 -.425 -.52 -.44 -.34
-6 -.33 -.43 -. 405 -.33
-4 -.22 -.30 -.32 -.30
0 0 0 0 0
.22 .30 .32 .30
.33 .43 .405 .33
8 425 .52 A .34
10 .52 .575 .445 .34
12 .635 .60 .45 .32
16 .86 .60 .45
20 .96 b!orr N'o'r NOT
22 1.05 DEFINED DEFI 7D DEFINED
24 1.05
L—
301-099-001 B-30
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TABLE VIII VERTICAL STABILIZER DRAG COEFFICIENT (Cp,)
RUDDER ANGLE 6_=0
MACH NUMBER () 0 - .2 4 | s .6
By
-90 .800
-40 600
32 350 ined
-28 .435 bt Not
=24 .290 Defined | Defined
-20 .1l62
-16 .080 .165
-12 .040 .0750 .120 .160
-8 .0120 .0220 .0250 .060
-4 .0070 .0070 .0075 .010
0 .00355 .00355 .00355 .00355
4 .0070 .0070 .0075 .010
8 .0120 .0220 .0350 .060
12 .040 .0750 .100 .160
16 .080 .165
20 162 N Not
24 .290 Defined Defined
28 435 ot
32 «350 Defined
40 600
90 .800
301-099-001 B-31
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TABLE VIV - SIDEWASH FACTOR (1-60/63) FOR FLAPS F1 & F4
F
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TABLE VV SIDEWASH FACTOR (1 -'%%—) FOR FIAPS F, :
F 3
FLAPS F, - (40/25) ;
SIDESLIP ANGLE |Bp| - DEG 5
Py °F 0 4 8 12 16 20 >50
DEG DEG : to :
11) -
0 | < -22.0 | 1.0] 1.0 1.0 1.0 1.0 | 1.0 1.0 Py
-3.2 | 1.0 1.315) 1,26 | 10185) 1.1 | 1.059 1.0 by
1.0 | 1.0 1.228| 1.208] 1.12 | 1.045 1.0 1.0 5
7.3 | 1.0] 0.89 | 0.91 | 0.8 | 0.809] 0.86 1.0 ;
13,5 | 1.0 0.535] 0.59 | 0.396 | 0.443] 0.678 1.0 :
2 28,0 | 100 1.0 | 1.0 | 1.0 | 10 |10 1.0 z
30 | <-21.0 | 1.0] 1.0 1.0 | 1.0 1.0 | 1.0 1.0 )
-3.1 | 1.0 1.065) 1,027} 1.055| 1.14 ) 1.055 1.0 5
1.1 1.0] 1.1 1.115] 1.058 | 1.12 | 1.065 1.0 -
7.4 | 1.0} 1.025| .93s| .972| .s82) .8 1.0 -
13.6 | 1.0] .884| 0.82 | 0.629| 0.456| 2.689 1.0 L
> 280 | 1ol 1.0 | 1o | 1.0 | 1.0 talo 1.0 N
60 | <-19.5 | 1.001.0 | 1.0 | o | 1.0 |1.0 1.0
-3.0 | 1.0] 1.02 | 1.03 | 1.08 | 1.117] 1.04 1.0 .
1.2 | 1.0} 0.945 ) 1.07 | ©0.998 | 1.05 | 1.09 1.0 _
7.6 | 1.0] 1.03 | 0.985| 1.015| 0.95 | 0.908 1.0 :
13.6 | 1.0 0,915 0.9 | 0.8 | 0.61 | 0.745 1.0 '
2 2.0 | 10|10 | 1.0 1.0 1.0 | 1.0 1.0
9 | <-18.0 | 1.0{ 1.0 | 1.0 1.0 1.0 | 1.0 1.0
-3.1 | 1.0) 1.07 | 1121 1.16 | 1.072] 1.04 1.0 ,
1.2 | 1.0} 0.98 | 1.15 | 1.09 | 1.05 | 1.064 1.0 ‘
5.6 | 1.0]0.982| 1.035] 1.03 [ 0.993] 1.015 1.0
14,0 | 1.0]0.8462| 0.74 | 0.77 | 0.695] 0.725 1.0
2 28,0 | 1.0/1.0 | 1.0 | 1.0 1.0 [1.0 | 1o

301-099-001 B-33
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TABLE VVI SIDEWASH FACTOR (1 -%%-) FOR FLAPS F,
F

FLAPS F3  (75/41)
B @ _ SIDf SLIP 2NGLE|T§? - 1:EG _ -
DEG DEG . Yo
: 50
0 < -30.0 .0 1.0 | 1.0 1.0 1.0 1.0 1.0
-3.1 1.0| 1.8 | 1.22 | 1.155| 1.105| 1.048| 1.0
1.2 1.0 1.128] 1.185| 1.125| 1.045| 1.01 | 1.0
5.3 1.0 | 0.846] 0.99 | 0.948| 0.92 | 0.862] 1.0
13.5 1.0 | 0.535] 0.65 | 0.44 | 0.51 | 0.65 | 1.0
> 28.0 1.0| 1.0 | 1.0 1.0 1.0 1.0 1.0
30 < -29.0 10| 1.0 | 1.0 1.0 1.0 1.0 1.0
-3.0 1.0 1,05 | 1.072| 1.14 | 1,135 1.08 | 1.0
1.3 1.0 o0.579| 1.01 | 1,105 1.1 1.035| 1.0
5.5 1.0 | 0.82 | 0.862| 0.998| 0.98 | 0.932} 1.0
13.5 1.0 | 0.65 | 0.72 | 0.7 0.52 | 0.78 | 1.0
Zz 28.0 1.0| 1.0 | 1.0 1.0 1.0 1.0 1.0
60 < -28.0 1.0 1.0 | 1.0 1.0 1.0 1.0 1.0
-3.0 1.0 | 1.025| 1.082| 1.15 | 1.115| 1.075 1.0
1.3 1.0 | n.915| 1.005| 1.1 1.1 1.04 | 1.0
Lk 1.0 0.855| 0.90 | 1.015( 0,955 0.995| 1.0
13.5 1.0} 0.73 | 0.8 0.8 0.61 | 0.82 | 1.0
2 28.0 1.0 1,0 | 1.0 1.0 1.0 1.0 1.0
90 < -26.0 1.0| 1,0 {1.0 1.0 1.0 1.0 1.0
-2.9 1.0 | 1.058f 1.15 | 1.145| 1.075| 1.04 | 1.0
1.3 1,0 1.0 | 1,12 | 1.12 | 1,65 | 1.088; 1.0
5.6 1.0 | 0.905| 1,005 1.03 [ 0.99 | 1.028| 1.0
13.5 1.0| 0.782} 0.76 | 0.72 [ o0.66 | 0.71 | 1.0
> 28.0 1.0 1.0 | 1.0 1.0 1.0 1.0 1.0
301-099-001 B-34
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SUBSYSTEM NO. 7: MODEL 301 LANDING GEAR DATA
Equation Constant M301 Value
D D £( 4
MG oMopt (¥)
D ..J
3 OMGD
~N
Dye Donapt(t) y A
]
. Q 2
[=]
1 / , ~ Donep —
ol L |
0 2 4 6 8 10
TIME, t - SECS.
4
0 3 D meu
o N
[ 2 N
Dye Doneuf(t) o -
1 b “ONGU
oy ]
0 I I |
0 2 4 6 8 10
TIME, t - SECS.
301-099-001 B-35
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SUBSYSTEM NO., 8(a): MODEL 301 CONTROL SYSTEM DATA

"

Equation Constant M301 Value

b6,
3% Table C IV
COL

-

eOL’ eOR

& vesred.}

90 =f (B.,) Table C IV

=
e sy Nr A

=t B Table C III

Il

o - . o Y
- WHE EEE TEN EOEE SN WEN N N IR N AT N BN e G
(4]
o
>4
P’w&“ g R A M, Y W e KTl Sl b
.

=f (BM) Table C I

1R’ 1L o) XLN
OB

X XPD=f (BM’ VT) Table C II

d 6e =4.16

LN

f; O : i:n 8.0
5, : i“‘ + 3.93
LT
Py éM= £@) Table C V
iy ol = X o [

Hl i
H3|XCOL 0

H2
Y

301-099-001 B-36
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TABLE CI FORE AND AFT CYCLIC PITCH (°B1/°XLN)
dB,
MAST Y
ANGLE LN
(DEG) (¢ /in)
0 2.1
10 2.09
20 1.98
30 1.81
40 1.60
50 1.35
60 1.04
70 .71
80 .362
90 9
(X = 4.8 in)  (By = 10,0625° @ By= 07)

TABLE CIT DIFFERENTIAL CYCLIC PITCH (bBl/beD)

‘6§1 .
ANGLE :
(DEG) 0 - 60 KTS 80 KTS 100 KTS=»
0 1.6 1.04 .40
10 1.58 1.025 .39
20 1.51 .975 .375
30 1.39 .90 .345
40 1.225 .795 .305
50 1.035 .67 257
) .803 .52 .200
70 .55 .325 137
80 .28 .18 ,069
90 0 0 0
= %
! XPD 2.5 in
8B, = £4,0° 0-60
tz.b: 80
£1,0° 100
301-099 -091 B-37
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TABLE CIII IFFERENTIAL COLLECTIVE PITCY
MAST ANGLE %8 /A% 1
(DEG) (°/in)

0 0.625
10 .606
20 .575
30 \541
40 .50
50 438
60 .365
70 ,293
8¢ .209
90 121

(XLT = i40.8 in )

(86, = 5 @B, = 0)

TABLE CIV COLLECTIVE PITCH (beo/axCOH; 90 )

LL
beclbeol eoLL
MAST ANGLE

(DEG) ¢ /in) (DEG)
0 1,17 35.5
10 1.12 36.0
20 1,08 37.1
30 1,00 39.5
40 0.85 42,7
50 0.69 46 .6
60 0.50 50.4
70 0.31 53.5
80 0.13 55.9
90 0 57.5

301-099-001
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TABLE CV CONVERSION RATE (BM)

MAST

ANGLE By
(DEG)  /sec)
-5 3.0(D)
0 3.0
2 3.0(D)
2.5 15.0(2)
19 16.25
20 13.3
30 12.45
40 11.7
>0 11.4
60 11.4
70 11.63
80 12.5
87 1%.0(?
87.5 2.8(1)
90 2.1

M 2.8 or 3,0,

(1) When conversion starts at mast angle of
-5, 0 or 90; B
stops at mas* angle of -5, 0, or 90; EM =0

When conversion

(2) At from quarter rate to max rate; ot = .05 sec
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TABLE CVI Xp.o VS X oo
XcoL XTHR
(INCH) (DEG)
0 46.0 ‘
1.0 51.0 §
2.0 56.2
3.0 61.2
4.0 65.8
5.0 70.5
6.0 75.0 ;
7.0 79.3
8.0 83.7
9.0 88.0 ,
10.0 92.3 ‘
11.0 96.2
12,0 100.0
TABLE CVII B GOVERNOR GAIN
BM
(DEG) Krec
0 0.1
15 0.1
30 0.1
45 0.1 ‘
60 0.1 i
75 0.1 |
90 0.1
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TABLE CVIII B GOVERNOR LIMIT

G Max

0 -6, +32
15 -6, 432
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SUBSYSTEM 8(b): WMODEL 301 FORC". GRADIENT DATA
Equation Coristant M301 values
FiN Fino 2 :
F E;
<
LN1 0 for VT \l1 .
.0264 for VT > \I1 *
< '
ITLNZ 0 for VT V2 i 3
.056 for V. >V i :
T — 2
Vl 35
V2 175 | %
1 -
it FLro :
F 0 for v. <V é’
LT1 T 1 i
g
> 3
.0107 for VT > V1 g
<
. FLTZ 0 for VT V2 3
: !>
: .0336 for ‘T > V2
V1 35
17 :
V2 5 :
6 .
Fep Fepo
FPDI 0 for VT < V1
.148 for v_>V
T— 1
<
FPDZ 0 for VT V2 !
i
! 1.21 fot \'l' - |
‘ t
i vy 0 ‘ -
]
i V2 135 ' )
] - .
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SUBSYSTEM NO. 9: M301 INERTIA COEFFICIENT DATA (AFT CG)
Equation Constant M301 Value
2
K 20.5 S -
Ixx I 0 lugs - Ft"/deg
2
IYY KIZ 11,24 Slugs - Ft /deg
2
Izz KI3 9.26 Slugs - Ft™/deg
1.76 S1 F 2/d
Lo LSTA . ugs - Ft"/deg
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SUBSYSTEM NO. 14: M301 GROUND EFFECT ROLLING MOMENT COEFFICIENT DATA

Equation Constant

1, leo

1o

oo

G3

M301 Value

-8270 Ft. lbs,
Deg.

26186 Ft. lbs
Deg.'Ftt

-23369 Ft, 1lbs,
Deg - th

6336 Ft. lbs,
Deg. "Ft3
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SUBSYSTEM NO, 17:

M301 COLLECTIVE GOVERNOR DATA

Equation

®oc

Constant

anOINT

bnRO

Kig By

KRPG (BM)

M301 Value

1.0

11.3
:
: |
&; .5 hﬁ~‘-~\"‘-.\~hﬁj

0 30 60 90

P
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SUBSYSTEM NO, 18: MCDEL 301 ENGINE DATA
Equations Constant M301 Vilue
HP Ky -0.94
K, t.¢
K3 0
RPHRO l(.,‘ 13100
l(5 235
Kb 475
T, K, 288
P oC Kg 0.266
Ky -8.97
KIO 0
Kll 0.0032
K, 0.875
K13 0.00125
K14 0
®s tD 0.1
:tPROS petmxs 6.0
PTG
-3;2595— pctmxp 6.0
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: j SUBSYSTEM NO. 19: MODEL 301 DRIVE SYSTEM DATA
) Equation Constant M301 value
»’ £ I, 824.0 Slug-Ft2 :
* #
' Fl(t), QRPT eRPTl 35.2 f
' QINT BINTI 11.3 ‘
Qg Qro S
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) i SUBSYSTEM NO. 20: M301 SCAS DATA
i Equation Constant M301 Valu:
l PSCAS Kypy (V) Table SAS I |
: Kgpy (V)
|
KlPBM (BM) Table SAS 1
| K108, ®,)
I TlP 0.5 Sec
TZP 3.153 Sec
, l T3P 3.15 Sec
I TAP 1.0 Sec
_: I YSCAS Kiyy @ Table SAS II
l Ksyu (v)
." Kiyg (BM) Table SAS II
“sve, (B,
l TlY 0.6 Sec
l T2Y 2.7 Sec
T3Y 2.7 Sec
” ' T4Y 1.0 Sec ’
i I RSCAS Kigy (U Table SAS TI!
1 - 1
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B K ®,) Table SAS IIT ¥
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T1R 1.0 Sec é
k]
3.0 Sec 3
" oo ;
T3R 3.0 Sec ;
ESAS ESAS 1.54 Inch
max

RSAS RSAS 0.80 Inch
ASAS ASAS 1.54 Inch
PHOLD PHOLD 0.77 Inch

YHOLD YHOLD 0.4 1Inch

RHOLD RHOLD . +77 Inch
max

»
M R A e B e Al e

wetii omme mEE NN TER NN N DN AN D D DHE B eadh sl

301-099-001 B-51

wnmmsanes il

3



o ey 3 1 AR

er BT BT

g

e

-

v Ddur

Use or gisclosure of dats wn thiy pdye
subject 10 the restrictizn on the hitl

HELICOPTER commany

BELL

)

we—

~
= v
> [
1 m
i eyl 9
-t . .
b o
o i P
o
=
o
- JUPILES SN
-3
o o
U 4@
—
= . -
3 .
(7, IR o
S ©
t - -
ol - r
o !
) {
M :
o k] .
w“ '
w - SRS
[~} )
for) LI
a ) .
(&) 4.
] ) - .
o~ i
2 18 a
w - L4,
. (94
E ) . .
- SR B
= X
2 g
L s
: —
[  +.
i o
-
e o
- o =
= o
i o
) o
; - '
r o —
L o
; P

IR R e M Eas D e B oo oW el NN TR s e e




T L AL I WA X

B N ‘ﬁ%‘.\liwgleuﬁ%?wx_%% t | 8 -

B=33

.l'L

90 By
90 3
{ 90 EH

K )
SPﬁH M
i e

!

NS SUTOIS RN SO

o .. e
i

.
S

Use or ginciosure Jf Cdtd o Ty pae 1y
subiect 10 the restrichion or the htie pdoe

PN S
.
.

[ Ogﬁ‘ b + e N U SO 7.-.....|lr.|9!.. ¢+A-L..'.l
_ UL J o

30
30 |

4

-1 -
& B

i
‘
RS VSO SEU-SN N
.

IR

JO-QUR S -—-i
HE
i”‘, 1 :....v..
SRS S

PO S
: .
- !‘.. -3
e
’

. TABLE SAS I (Contd)

e e

'
2
o

i

1}
...'.f .

R

z

]

. L
. oy . 4
JUBGSISE g Y TR B

. er = . . R PP ...... [EEITRRE TSNS TEEE I et
: o : . . o s A T '
4 m cermd oo, e rabe S e et e s endecomy
’ ! . o : :
N | P.y [ ST WO NN : .

D S
:‘ T

- |

:

e e

-3 :;1_—*-- :
Bl ¥

U - Kts

Gl
160} - :-300

00 - Kes!
i
L
-
!

4 - *
I'
¢ .0 60:‘;

1-.02
J
T
'
i
}
i
1

BELL

HELICOPTER commany

|

4

1

!
IS

i

—.

t

!

301-099-001

)




DAGE 1S
Ce pae

Use or aisc!
subect 10 the rente

- -
T Sl B

. 1
X % - %_4.)W -
b e et ! .
P S peie-
! . : b i
_ ° 5 _
| P 16. 46. s wl -
v v

3 3~0‘

H
T
f

.905M

60

B-54

PR AL S % T

TG B0 e e

HELICOPTER commny

)

"
O]
oed
6
S .
9
mh
= P ! Coa -
« . . = . .T..ll PR— N R
E o . . * . . H
- , Lo . ' '
: ; P .
= = - : - . _ ! T — t :
@ L B i A _ T A .. * . § b )
od o _ i : " . . ! ' : ! :
FC SR R o NN SRNTS N IO tedeecde o
& ¥ - | T | T |
, N i e . oot IR B ! vee e r.... L .. ' T - ; ... ~ -y !
‘ -, : . ' oL ] . i H
- ~ee g 4 m “, ” : :“\U“ : 2 i.:yw\U) . *._1 Nette s .:..-.rit.w- R S
. ' : ‘ : ,
- ' 1< t. ; 2 S . TN wl\ W ' ot - & \"ﬂ : T ,
23 ..} Bi 48 DR -2 . Jeg 121t o
R m 3 NP OOV b_ Sl e - s w. artatEe <N | ot 40
“ o =3 B NS YA . ) B s | B ”
care IEEREY =2 J e »e .o . 1 . = verben [} . - . .
9 R A i F 1 e | I S ekl B . ol
, n { I.IL cecmand lv‘.lu.rl — e .h‘lm ' J VE—— m ) . *t 4.!.! [ S m 1 F [ N .c..fnv. [yr—_— mx
N } ' . : ' : A [ '
- . T . H . _”4 S AT A ﬁ . =] P S ,
— cee od ...'l..m' [TUIRY R < . m R .rr.uT 3 ) m aee .l.q(.«_ et m D S s 3 I..EL. - L w..U
f i : N B ! i ! .ﬁ o , — _ . —
b I : ‘ NS T T -4 - NORME SRTIN e
. . ' . + ' .
" .o + SIS POOU SR _ o f - O g —tam ; o =
™ LAnC 1 L]
: .m”N.S o $ NN ~NO B o = ~ o <
i BN ' i A ! o ! o
- .o .. < fewenes X S . - b .- B H m
(. 1 r : '
B - L
(=]
)

S "R " I B N EE O e Il IR Sy e Aae  ees

b o b e 04 TS T PR S

a e w_“;k:,.r.
J f

. « ?. s w.+ L



hed i T o S -K”-:l

SELL
HELICOPTER comPany

Use or dssisure ' 2a%a 0 iy o e s

subect 10 tre rertr ot r e

e 1% o

: 05]

«017

B SR G

[
SYPTIFNED WP
i .
. H
.
‘.

|
ol
-

N NPT S
.

0 A ;....1 .,.-f.. _4...‘.;_
Y
]

301-099-001

B-35

ST

PORE tnas M W S B o

Ty

It



- .4
PR A LR R T~ SRS S

S g

. e

« vune B PP Poas s M chr el e o n

i
z .w 0
: ' E T
X ; ' @ o0
.mm -1 - R & cernm e e é.ou
" =)
5¢ ! -~ o &
3t ] “ H
“«tm M!u _' b R PP TR TR Leon e wecafle
5 ¥ SO B o
L1 _ | . x
Ea - oo e o il " (=4 o
prrbef s 8o 2
]
g2 P o
5% + O G IS - ceee o] IER
v o ' 3 : 1 .
-] T S : o :
= “ M“ v e m. . , ; LR+ 4”. r w
RTINS SUUS) S VO ISP SRS NN SUUUURN W .
M : + 1 Eo i :
ool 1. - oo
i : o !
- ﬂ et coain - o s mpmmden o -- o

i-

iy

360.

::-U - Kts

-
150
U - Kts

TABLE SAS III - Gains for Roll SCAS Electromics .

-~ QT 1100 | 2004 300 - [~

[

%

00350 -

BELL

@HELICOPTER COMPANY
1
R e oe

301-099-001

oS "R R WD R U W R R TR P IS e seee e

Lo

Y .a ) Vot
(ST S s il e
I




Use or disclosure of datd on thiy pdge
subject to the restricion on the Utle pdye

T, MNPSOS PAT TR W N

TMREROGR S T~ e
1 Ty
HMELICOPTER commany

oo

—
T
!

T e i e

‘e w L e it temesem . emie o

i— 1*: TABLE SAS III - Contd
e . . N .t H *

een d

i
T -
PO S W I
- v
.

'

.
[

§ -

B=57

301-099-001



