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ABSTRACT

A preliminary design study conducted by Hughes Tool Company - Aircraft
Divigsion (HTC-AD) has defined the configuration and characteristics of the
Hot Cycle Rotor/Wing aircraft shown in Figure 1. This design study was
carried out, in accordance with the Army's Composite Research Aircraft
(CRA) requirements, for the U.S. Army Aviation Materiel Laboratories
(USAAVLABS;.

The Hot Cycle Rotor/Wing combines, for the first time, the helicopter and
the jet airplane in the form of the Hot Cycle Rotor/Wing lifting system.
This is a tip-jet powered heiicopter rotor with a very large hub. The
Rotor/Wing can be stopped in flight to become a fixed wing (Figure 2), and
the aircraft flies as a jet airplane.

The Hot Cycle Rotor/Wing CRA provides the advantages of hovering effi-
ciency, low downwash velccity, and helicopter-like flying qualities for
vertical and low-speed flight, in addition to the high-speed capability and
cruise efficiency of the jet airplane. Its simplicity and light weight is
made possible through the combined use of the all-pneumatic Hot Cycle
drive system and the dual-purpose Rotor/Wing lift system. This elimi-
nates the need for heavy and complex mechanical drive components and
antitorque tail rotor; it permits flight as a helicopter and as an airplane
without recourse to duplicate lifting systems or to folding, tilting, or re-
tracting of lift systems to effect conversion.

With excellent hover and payload capabilities, a maximum speed of 49¢C

knots, and maximum lift-to-drag ratio of 12, the Hot Cycle Rotor/Wing

will exceed all CRA performance requirements and will make possible a
major advance in vertical-lift aircraft technology.

Substantiation of all basic technical aspects of the CRA design is available
from the results of the USAAVLABS XV-9A Hot Cycle Research Aircraft
program and from extensive Hughes- and Governinent-sponsored analysis,
whirl testing, and wind tunnel testing that have defined basic aerodynamic
characteristics of the Rotor/Wing in all modes of flicht. The Composite
Research Aircraft bosed on the Rotor/Wing will further substantiate and
refine the concept.

A convenient performance summary is provided as a foldout on page 307,
Appendix V.
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PPF

out of ground effect
pressure in duct, lb/sq in.
force, 1b

profile power factor (empirical correction factor
from test)

average blade duct pressure/engine exhaust total
pressure

tail pipe pressure loss ratio

roll rate, rad/sec cr deg/sec
elastic constant, 1b/in.
low speed torque, ft-lb

ratio of dynamic pressure at tail to free stream
dynamic pressure

dynamic pressure corresponding to Vvake' 1b/ft

ake
shear flow as noted on Figure 142, 1b/in.

shear flow as noted on Figure 142, 1b/in.

shear {low, lb/in.
rotor radius, ft
stress ratio

duct radius, in.
Reynolds ninmber

load applied to exhaust duct, 1b.
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J r yaw rate, rad/sec
r duct racius
:
r radial station along blade, ft
¥
| § r corner radius of fuselage, ft
é ;
r. radius of curvature, ft
{
: :
| ; S area, sq ft
Y . 1b/hr
: SFC specific fuel consumption b thrust
E
! t i
i disc rotor disc area, sq ft
ST total tail area, sq ft
Swet wetted area, sq ft
T temperature, °R or °k
T total rotor thrust, 1b
T torque, in.-1b
Tnet net rotor thrust after download is deducted, 1b
i
t time, sec
. t duct wall thickness, in.
At change in temperature, °F
t/c thickness-to-chord ratio
UD divergence speed, kn
UF flutter speed, kn
v shear, 1b
\' flight velocity, ft/sec or kn




P oot te o timantpu e ooy as

v
wake

)

Z/D

flight velocity, ft/sez or kn
level flight velocity, ft/sec or kn
limit flight speed, kn

stall speed, landing configuration, kn

blade tip speed, ft/sec
maximum speed, mph
never exceed velocity, kn
blade tip speed, ft/sec
vertical climb speed, ft/sec

vertical tail

fully developed velocity in rotor slipstream, ft/sec

fuselage (or body) group weight, 1b
design gross weight, 1b
fuselage width, in. or ft
. .3
density, 1b/in,

web thickness, in.

r/R nondimensional distance to radial blade station

center of gravity, percent MAC

ratio of vertical distance from rotor plane to rotor

diameter
coefficient of thermal expansion, in./in./°F

fuselage angle of attack, deg

wing angle of attack, deg
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tail angle of attack, deg

local blade section angle of attack, deg
elevon deflection angle, deg
differential elevon deflection angle, deg

coefficients in classical blade drag
coefficient equation (see reference 20)

downwash angle at korizontal tail, deg

downwash angle derivative with respect to angle oi attack

ratio of dynamic pressure at tail to free stream dynamic

pressure
collective pitch, deg

pitching amplitude, deg

rolling amplitude, deg

variable angle for shear flow calculations, deg
leading edge angle of sweep, deg
roior advance ratio

kinematic viscosity, sq ft/sec
Poisson's ratio

radius of gyration, in.

mass density, slugs/ft3

rotor solidity ratio, bCe/nR

direct stress due to bending, 1b/sq in.

maximum combined stress, 1b/sq in.
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Subscripts

o

wing

shear stress, lb/sq in.

rolling parameter, roll angle/velocity, deg/ft/sec

rotor angular velocity, rad/sec

blade tip speed, ft/sec

distributed pressure load, lb/in.

natural frequency, rad/sec

natural frequency/design maximum rotor rpm, cycles/rev
design maximum rotor rpm

rotor speed/full rpm

centerbody

equivalent

induced

profile

based on rotor disc area
segment

ving

based on wing area (centerbody plus 2 blades)

NOTE: The integration of syinbol lists for each of several appendixes
has caused some duplication of symbols. The reader may determine
the appropriate symbol from the context in which it is used.
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INTRODUCTION

A preliminary design study has defined the configuration and characteristics

of the Hot Cycle Rotor/ Wing high-speed VTOL aircraft shown in Figure 1.
This design study and the planning for a program to design, build, and test
this aircraft have been carried out for the USAAVLABS in accordance with
the Army's Composite Research Aircraft (CRA) requirements:

1. Payload - 3, 000 pounds

2. Fuel - 3,000 pounds

3.  Vertical takeoff and landing

4. Hover (OGE) at 95°F and 6, 000 foot pressure altitude
5. Disc loading - 10 psf or less

€. Speed - 300 knots required (400 knots desired)

7. Lift/Drag ratio - at least 10

8. Cargo compartment size - 5.5 feet wide by 6 feet high by 14.5
feet long.

The Hot Cycle Rotor/Wing combines the two major advancements in air-
craft technology of the past 25 years: the helicopter and the jet airplane.
This is accomplished through the 1se of the Hot Cycle Rotor/Wing lifting
system, which is a tip-jet-powered helicopter rotor with a very large hub.
The Rotor/Wing can be stopped in flight to become a fixed wing.

The Hot Cycle Rotor; Wing CRA will provide the helicopter advantages of
hovering and the high-speed capability and cruise efficiency of the jet air-
plane. It is characterized by simplicity and light weight, made possible
through the combined use of the all-pneumatic Hot Cycle drive system and
the dual-purpose Rotor/Wing lift system. This eliminates the need for
heavy and complex mechanical drive components without recourse to dup-
licate lifting systems or to folding, tilting, or retracting of lift systems
to effect conversion, and makes possible an advance in vertical-lift air-
craft technology.
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Substantiation of the technical aspects of the CRA design is ~vri'able from
the results of the USAAVLABS XV-9A Ho: Cycle Research Air.rc.ft pro-
gram and Hughes- and U.S. Government-sponsored analysis, whirl testing,
and wind tunnel testing that have defined basic aerodynamic characteris-
tics of the Rotor/Wirg in all modes of flight.

The performance of this particular aircraft design, which is powered in
cruise flight by a turbojet engine, should not be applied to all Hot Cycle
Rotor/Wing vehicles since others will undoubtedly incorporate tip-turbine
cruise fans or front-fan bypass engines {or lower specific fuel consump-
tion. Cruise flight will also be made at more optimum altitudes.




SEETRETRLESSSINE

HOT CYCLE ROTOR/WING CONCEPT

The Rotor/Wing is basically a Hot Cycle rotor with a large triangular hub
and short-span, wide-chord blades. It acts as a tip-jet-powered helicop-
ter rotor for vertical and low-speed flight, autorotates during conversion,
and stops during flight to become a swept-back fixed wing for cruise and
high-speed flight.

The Hot Cycle system that powers the Rotor/ Wing is the simplest possi-
ble propulsion system for aircraft with both rotary-wing and fixed-wing
modes of operation. As shown in Figure 2, the Hot Cycle system trans-
mits power pneumatically by lightweight ducting and a valve that direct
high-energy gas from a turbine engine to the rotor blade tips to drive the
rotor as a big reaction turbine for helicopter flight and to a jet nozzle to
produce forward thrust for autogyro and airplane flight.

&

A
AIRFLANE MODE Q
= 5

Figure 2. Propulsion System Schematic.




Operation of the Hot Cycle Rotor/Wing in its various modes of flight is
illustrated in Figure 3. The Rotor/Wing aircraft takes off, hovers, and
flies at speeds up to approximately 100 knots in the helicopter mode, with
the rotor powered by its tip jets and with control from rotor blade cyclic
and collective pitch and the yaw fan in the tail. To increase flight speed,
power is shifted from the rotor to the jet nozzle to produce forwardthrust,
and the collective pitch is reduced to put the rotor into autorotation; con-
trol is from rotor cyclic pitch and yaw fan, augmented by airplane-mode
control surfaces on the tail. As the speed reaches approximately 150
knots, the Rotor/Wing is slowed aerodynamically by raising the collective
pitch and is stopped by a brake and locked to the tuseclage to establish the
fixed-wing airplane configuration. Airplane modc control is provided by
horizontai tail surfaces (elevons) that act in unison for longitudinal (pitch)
control and differentially for lateral (roll) controi. Directional (yaw) con-
trol is provided by the rudder. Cockpit controls provide conventional
helicopter characteristics during low-speed flight and cunventional air-
plane characteristics during high-speed flight, with a smooth transition by
using the stick and rudder pedals throughout. Engine power control is
provided by rotor speed governing and the collective stick twist grip for

0-140 knots 80-170 knots ‘IOO - 190 knots >

08 <

Power

Conversion Conversion

Rotor-To-Jet

A A A /A | )
< Helicopter Flight X C°'“’"’“_’“ >\ Airplane Flight )
Reconversion

¥ Y v Y

Running-To-Locked

Figure 3. Flight Modes.



helicopter flight and by a throttle quadrant for airplane flight when the
collective is not used. Both power controls function in parzallei at all
times. Two selector switches are used in the conversion process -- one
to direci the power to either tke rotor blade tip jets or the cruise jet noz-
zle, and the other to establish the rotor lock, fairing, and control config-
uration for either airplane or rotary-wing flight.

Conversion betveen helicorer and airplane modes of flight is a straight-
forward pilot procedure, not requiring recourse to automatic stabilization
devices. It is accomplished by normal pilot control motions, is reversi-
ble at any point, and can be accomplished in climbing, diving, or level
flight - - in smooth or turbulent air,

Mechanical simplicity of cronversion between rotary-wing and fixed-wing
operation with composite-type aircraft is of significance with regard to
safety, reliability, weight, and cost. With the Recior/Wing, this conver-
sion is accomplished by merely starting or stopping rotation.

Since the Rotor/Wing provides iift for all flight regimes, the complexity
and weight of separate low-speed and high-speed lift systems are avoided,
as are the proh'ems associated with transferring the lifting function from
one system to the other. Also avoided are the duplicated structure for
lift system support and other major load paths that must be provided with
separate lift systems.

Unfavorable aerodynamic interference occurs between multiple lift sys-

tems such as separate wings and rotors, and can cause serious stability
problems and performance losses, particularly in low-speed and autoro-
tational flight. The us2 of the single Rotor/Wing lift system in the CRA

precludes this problem area.

The Rotor/Wing is rigidly mount~u on the fuselage through bearings that
allow onlv rotationzl motion, and the blades are similarly mounted to the
hub section, allowing only pitch motion. This arrangement provides effi-
cient support of the snort, stiff blades. The Rotor/Wing also serves as

an aerodynamic tairing of the structure and ~quipment in the hub area, thus
providing the aerodynamic cleanness required for efficient high-speed
flight.

The Hot Cycle Rotor/Wing provides flexibility of operation. Safe landings
can be madz in helicopter, autogyro, and airplane flight configurations.
Overload takeo.fs can be made in either the helicopter mode (in ground
effect) or the airplane mode.
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In the event of power failure or other emergency, the Rotor/Wing air-
craft has the capability of safe autorotational landing from any flight mcde.
From airplane flight, the rotor can be staried by using only aerodynamic
forces. Wind tunnel tests indicate that autorotational landing character-
istics are comparable with those of current helicopters.

The Hot Cycle propulsion system used with the Rotor/Wing transmits
power pneumatically through lightweight ducting, eliminating the weight
and complexity of power turbines, shaf's, gearboxes, clutches, and pro-
pellers of a turboshaft-driven composite aircraft. Since there is no rotor
shaft drive torque reaction on the fuselage, there is no need for an anti-
torque tail rotor; directional control in helicopter flight is provided by a
small yaw fan in the tail.

An extensive background of research and development exists that substan-
tiates many technical areas involved in the Hot Cycle Rotor/Wing. By
marrying the helicopter and the jet airplane, by retaining the best features
of both, and by eliminating the basic limitation of each, the Rotor/Wing
will open up a new spectrum of vertical-lift capability.
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RESEARCH AND DEVELOPMiINT BACKGROUND

The feasibility of the Hot Cycle propulsion system has been established
through an extensive R and D program that culminated in the successful
flight testing of the USAAVLABS XV-9A Hot Cycle Research Aircraft
snown in Figure 4. During 160 hours of rotor operation and 35 hours of
flight testing that were completed in August 1965, structural ard mechan-
ical design, weights, and cooling adequacy were verified. Gas leakage
was found to be negligible (less than 1/5 of 1 percent), and noise was de-
termined to be essentially equal to that of the yuictest type of VTOL air-
craft (turboshaft helicopters). The rotor performance prediction method
used for the CRA was verified, and the reduction in maintenance require-
ments promised by the Hot Cyzle system was illustrated by the low logis-
tical requirements during XV-9A flight operations. The Hot Cycle
propulsion systeni can be applied to the Rotor/ Wing CRA with reasonable
assurance of its successful applicution.

Figure 4. XV-9A Hot Cycle Research Aircraft.




The aerodynamic characteristics of the Rotor/ Wing in all flight regimes

have becn established through model test programs carried out during a

3-1/2-year period,

All essential aerodynamic parameters have heen de-

fined covering a broad range of configurations, including the configuration
chosen for the CRA.

w '
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Figure 5.

Rotor/Wing Whirl Tests.

Hovering performance was es-
tablished in whirl stand tests
{(Figure 5) during which effects
of various blade sections and
hub planform shapes were in-
vestigated to establish appro-
priate Rotor/Wing geometry.

Under U. S. Navy sponsorship,
an extensive wind tunnel test
program was condueted that
covered helicopter, autogyro,
and airplane flight modes and
conversion between stopped-
and running-rotor regimes.
These tests (Figure 6) indicated
that the helicopr  and airplane
mode performance and flying
qualities were satisfactory, that
autorotational capability during
both conversion and emergency

Figure 6. Rotor/Wing Wind Tunnel Tests.




landing was adequate, and that starting and stopping the rotor could be
accomplished in a simj ‘e, straightforward manner by the pilet using only
normal control motions and without recourse to automatic devices.

During the prelimin~ry design program, additional aerodynamic testing
was accomplished on models simulating the specific design of the Rotor/
Wing chosen for the CRA. Wind tunnel tests (Figure 7) validated the fixed-
wing lift, drag, and stability characteristics of the CRA configuration and
verified the suitability of the low position of the horizontal tail chosen for
the CRA. A transonic wind tunnel test (Figure 8) was carried out in coop-
eration with the U. S. Navy Bureau of Weapons, and the results show ex-
cellent lift, drag, ard stability characteristics of the CRA design up to
Mach 0.9. A model closely simulating the specific Rotor/ Wing configura-
tion selected for the CRA was recently tested on the whirl stand (Figure 9).
Results of these tests show that hover performance is somewhat superior
to that of earlier designs; the results provide an excellent validation of the
CRA rotor design.

In addition to the testing briefly summarized above, design and analytical
development applicable to the Rotor/Wing has been accomplished. Per-
formance, dynamics, and flying qualities have received particular atten-
tion, and analytical methods have Leen develcped and mechanized on high-
speed computers (IBM 7094) to cover all modes of flight of the Rotor/Wing.
A thorough analysis of the CRA configuration using these analytical tools
has verified satisfactory dynamic characteristics -- vibration, flutter
margins, and aircraft response -- and has established performance and
flying qualities for all flight regimes.

Figure 7. CRA Low-Speed Wind Tunnel Tests.

10




CKA Transonic Wind Tunnel Tests.

Figure 8.

CRA Whirl Testis.

Figure 9.
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DESCRIFTION OF AIRCRAFT

In the definition of the preliminary design of a Hot Cycle Rotor/Wing air-
craft to meet or surpass all of the stated CRA requirements, the following
primary criteria were followed:

1. Performance and operational capabilities of greatest feasible
scope and flexibility were to be provided to enhance the value and
significance of the test results from the CRA flight research
program.

2. .Safety was to be maximized by placing major emphasis on simplic-
ity, reliability, and fail-safe design. Proven zero-zero ejection
seats were to be provided as an ultimate crew safety feature.

3. Maximum use of proven available components and technology was
to be made to simplity and increasc the reliability of the design
and to minimize the cost of the aircraft development program.

4. Margins were to be provided on all basic CRA performance re-
quirements to maximize assurance of program success.

5. The aircraft configuration was to be defined so that CRA test data
would have maximum direct applicability to future devzlopment of
operational composite aircraft.

The general arrangement of the selected CRA configuration is shown in

Figure 10, and the basic features of the interior configuration are shown
in Figure 11. Table I presents some of the leading particulars defining

the CRA.

The overall configuration selected for the CRA provides a clean acrody-
namic shape. Location of the cockpit forward of the rotor allows the ap-
plication of qualified z  ro-zero ejection seats as an ultimate safety factor
during exploratory research with the aircraft. The use of a single engine
simplifies the installation and t’.e operational characteristics of the power
plant system. A high degree of engine reliability is predicted for the J52
turbojet engine, which has been proven in more than 10 years of successful
service in a variety of military and commercial aircraft. The placement
of the engine just below the rotor allows an unobstructed cargo compart-
ment of nearly twice the minimum size specified in the CRA requirements.
Location of the jet nozzle at the extreme rear of the aircraft avoids any
possible problems frora jet impingement, and its vertical and angular
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TABLE I. BASIC CHARACTERISTICS
Rotor/Wing diameter 50. 0 ft
Wing span 44.9 ft i
Overall length 70.7 ft
Overall height 26.7 1t ;
Cargo compartment height x width x length 6.0 x5.5x29.1 {t
Empty weight 13,169 1b
Design gross weight 19, 635 1b
Alternate gross weight 30,000 1b
Design maneuver load factors ’
Helicopter +3,.0, -0.5
Airplane +4.5, -1.0
Power plant One Pratt and Whitney
J52-P-8A turbojet
L

orientation assures minimal trim changes as a result of power changes in
autogyro or airplane flight,

The design of structure and systermns of the CRA is based on conventional
application of established helicopter and airpl'ane technology and practice.
The fuselage and empennage are typical of conventional subsonic fixed-
wing aircraft structures using semimonocoque construction of skin, frames,
longerons, and spars. The major structure of the Rotor/Wing consists of
a central box beam in each blade section and two parallel box beams in the
wing section adjacent to each blade. Leading and trailing edge structures
are of aluminum alloy honeycomb or truss-core sandwich material. Major
frames occur only at the root transition structure between the blade and
wing. A nonrotating space frame pylon structure provides support of the
main rotor bearing inside the Rotor/Wing hub itself. The pylon in turn is
supported from the fuselage at four points that are the intersections of the
rugged main fuselage frames and the upper fuseiage longerons.

Conventional airplane-type tricycle landing gear employed on the CRA is
designed for use in either the helicopter or the airplane mode. A powered
irreversible flight control systera is supplied by two completely independ-
ent hydraulic systems, with each system serving as a continuous backup
for the other.

Empty weight of the CRA has been established during the preliminary de-
sign program. Since the CRA employs available systems and components
to a high degree, actual weight is known for approximately 35 percent of
the total empty weight. The remaining weight has been established from

14
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the design and stress analysis and is substantiated by compa1 ative statis-
tical analysis,

The CRA is designed for operation by one pilot. However, cockpit accom-
modations and controls are provided for both a pilot and a copilot, as may
be desired for test operations and pilot familiarization.

Provisions are made in the design of the CRA Yor installatior of instrumen-
tation to measure, record, and telemeter flight test data on performance
parameters, strains, positions, acce 2rations, temperatures, pressures,
and so forth. A panel for control and monitoring of flight test instrumen-
tation is located in the cockpit.

A parametric study was the basis for sizing the major components of the
CRA.
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PERFORMANCE DATA

The J52- P-8A turbojet, in a single-engine installation, was chosen to
power the CRA.

Hughes has accumulated extensive data directly applicable to the design of
the Hot Cycle Rotor/Wing CPP* The performance described in this section
has been determined directly from these data by using accepted standards
for converting model test data to full scale. Hughes' experience with Hot
Cycle propulsion encompasses 10 years of design, whirl stand, and fli "t
test activities. This experience has provided detailed documentation of the
characteristics of the Hot Cycle system.

Rotor/Winyg aerodynamic studies have extended over nearly 4 years and in-
clude model whirl stand investigations and wind tunnel tests covering all
modes of flight, from low-speed helicopter flight, through conversion, to
airplane flight at Mach numbers up to 0. 9.

Performance characteristics have been established through the use of wind
tunnel data corrected to full-scale Reynolds numbers.

Table II summarizes the major performance items.

TABLE II. HOT CYCLE ROTOR/WING CRA
PERFORMANCE SUMMARY
At Design Gross Weight Except as Noted

Hover ceiling, out of ground eftect, 95°F, f{t 13,100
Hcver ceiling, out of grund effect, standard day, f{t 19, 500
Disc loading, 1b/sq {t (based on 25-ft radius) 10
Maximum speecd, sca level standard, kn 400
Maximum speed, 13,000 ft standard, kn 490
Range® with 3, 000-1b paylcad (cruise at 35,000 ft), n mi 460
Ferry range™# (cruise at 35, 000 ft, takcoff gross weight -
30, 000 1b), n mi 2,575

“Based on engine specification fuel flow -- no fuel reserves

included.
#*Engine SFC increased 5% -- fuel reserve equals 107 of initial fuel.
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The CRA is capable of hovering out of ground effect at 6, 000 tecet, 95°F,
at a pross weight of 26, 000 pounds, which is 6 365 pounds more than the
desipn gross weight., At an alternate gross weight of 30, 000 pounds, the
CRA c¢an hover OGE at 6, 500 feet, standard day, and can carry fuel and
payload of 16, 365 pounds.

Conversion from helicopter to airplane in level flight can be carried out at
any altitude up to 15,000 feet at design gross weight on a standard day.

The capability and versatility of the Hughes CRA are summarized in the
overali flight envelepe shown in Figure 12, At the design gross weight of
19, 635 pounds, the hovering ceiling is 19, 500 feet on a standard day. The
airplanc mode ¢eiling 1s in excess of 35,000 feet, and the maximum air-
speed is 490 knots,  Conversion from helicopter mode to airplane mode
takes advantage of an autogyro flight envelope that extends to '7, 500 feet
under standard conditions,

The conversion from helicopter mode through autogyro mode to airplane
mode is made in the following manner. After takeoff, the ship is flown as
a helicopter up to a speed of approximately 100 knots, The power divert
switch 1s then placed in the AIRPLANE position, the collective pitch is

Jlowered to miaintain approximately 85 pereent of normal rpm for autogyro

flight, and the forward speced is increased to approximately 150 knots by
adjusting cngine thrust. The mode selector switch is then set to AIRPLANF
position, and, while roughly constant forward speed is maintained, the col-
lective pitch is increased to approximately 10 degrees to slow the Rotor/
Wing. As Rotor/Wing speed decreases, the angle of attack of the aircraft
is inereased to transfer the lift frenm the blades to the wing. When the rpm
slows to approximately 40 percent, the Rotor/ Wing brake is applied with
the toe pedals and the ccllective piteh control is lowered to the zero blade
angle position as the Rotor/Wing stops. When the Rotor/ Wing reaches 5
rpm, the Rotor/Wing locator rices automatically and engages the locking
pin, which stops the Rotor/Wing. Wing and blade locks then engage, the
Rotor/Wing controls are deactivated, the inlet duct is raised, and the yaw-
fan doors are closed. The aircraft is now in airplane flight.

To reconvert from airplanc to autogyro flight, basically the reverse se-
quence 1s followed. After the aircraft is-slowed to the conversion airspeed
of approximately 150 knets, the mode selector switch is placed in ROTOR
position. This unlocks the Rotor/Wing and blades, activates the Rotor/
Wing controls, opens the yaw-fan doors, retracts the inlet duct, and re-
tracts the Rotor/Wing locator. The collective pitch is lowered to full down
(-1¢ degrees) and, as the rpm increases, is raised gradually to obtain
approximately 85-percent Rotor/Wing rpm. Level flight 1s maintained by
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lowering the angle of attack of the wing as the rpm is increasing to trans-
fer the lift from the wing to the blades. After steady autogyro flight is
achieved, the forward speed is reduced to approximately !00 knots while
constant collective pitch is maintained.

At the forward speed for conversion te helicopter flight, the power is di-
verted to the Rotor/ Wing and the collective pitch contrel is raised to
achieve level helicopter flight,

The feasibility of the above procedure has been substantiated in wind tunnel
tests and is discussed further in this report under Stability, Control, and
Flying Qualities. The section entitled Structures shows that the Rotor/
Wing is free from flutter and aeroelastic divergence during the conversicn
and throughout the flight envelope.

AIRPLANE MODE PERFORMANCE

Flight Envelope

Figure 13 presents the flight envelope in the airplane mode. S5iy. curves
are shown on this plot. The maximum and minimum airspeeds with mili-
tary power are based on the drag poiars shown in Appendix I. Both stall
and minimum trim speeds are less than the military power minimum speed,
and therefore are not siown. Curves of speed for best climb and speed

for best range are included. Speed for best range is defined as maximum
epeed for 99 percent of maximum specific range. The V,, design limit is
400 knots equivalent airspeed (KEAS). The inte~section of the military
power limit and V_, curves at a 13, 000-foot altitude shows a maximum
true airspeed of 490 knots.

Takeoff and Landing - Airplane Mode

Takeoff and landing can be accomplished in the air,lane mode with the
Rotor/Wing locked and the engine producing thrust as a turbojet,

The angie of attack for takeoff and landing is limited by the tail clearance
angle, which is 14 degrees. To be conservative, a maximum angle of 12
degrees is assumed. The lift curve slope as obtained from wind tunnel
tests is 2. 49 per radian, or 0. 0434 per degree. C;, maximum ror this
angle is 0. 521.

Figure 4-27 of Refereuce 1 was used to estimate the takeoff distance to
clear a 5)-foot obstacle. At sca level starndard and design gross weight,
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this distance is 3, 100 feet and the takeoff speed is 145 knots. At 3, 000
feet, standard temperature, and design gross weight, the distance is 3, 800
feet and the takeoff speed is 152 knots.

The total landing distance over a 50-foot obstacle at design gross weight is
computed using equation 4. 55 of Reference 1. This distance is 8,850 feet
at sea level, standard temperature and 9, 640 feet at 3, 000 feet, standard
temperature. This distance can be reduced to approximately 4, 000 feet
with the addition of a drag chute.

Rate of Climb

Figure 14 presents rates of climb versus altitude with military and normal
power for a standard day in airplane moce. The graph shows that the rate
of climb exceeds 7, 500 feet per minute at design gross weight.

Payload-Range

Figures 15 and 16 present payload-range data for cruise altitudes up to

35, 000 feet. In computing these curves, to the 2-minute allowance at nor-
mal power for warm-up, takeoff; and climb required by MIL-C-5011A is
added another Z-minute allowance for conversion to airplane flight; no al-
lowance for distance is considered. The climb to cruise altitude was as-
sumed on course; no distance allowance was made at the destination for
descent. Two minutes at normal power was assumed for reconversion to
Lelicopter tlight and landing at the remote hase. No fuel reserve is in-
cluded. Specific fuel consumption (SFC) is taken from engine specifica-
tions, and installation losses are accounted for.

Ferry Mission

The ferry mission is computed with takeoff at the alternate gross weight of
30, V00 pounds. The power requirements at this weight in each mode of
flight are shown in this section under Composite Power Available, which
indicates that there is sufficient overlap in the flight envelope to convert
easily in level flight from helicopter through autogyro to airplane flight.
For the ferry range computation, the SFC is increased by 5 percent and

a reserve of 10 percent of the initial fuel is assumed. As required by
MIiL-C-5011A, 2 minutes ai normal rated power at sea level is assumed
for starting the engines, taking off, and accelerating to climb speed; an
additional 2 minutes at normal rated power is added for conversion. The
mission profile is: climb on course with military power (30-minute rating)
to reach a 35, 000-foot altitude, continue cruise at speed for best range at
35, 000 feet to destination, and land without distance credit for descent to
sea level. Based on the above assumption, the ferry range is 2, 575 nauti-
cal miles. This distance provides worldwide ferry capability.
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HELICOPTER MODE PERFORMANCE

Flight Envelope

Helicopter operation urler standard conditions is summauized in Figure
17. The maximum speed is established by blade stall considerations. A
conservative criterion of 12-degree retreating tip angle has been used.

liovering Performance

Hover ceiling out of ground effect is presented as a function of gross weight
for both standard and 95°F temperature conditions in Figure 18. At 95°F,
hover ceiling at design gross weight is 13, 100 feet. At 95°F at 6, 000 feet,
hover OGE is possible at a weight of 26, 000 pounds. The out-of-ground-
effect hovering power at design gross weight is summarized in Table IIi.

TABLE III. SUMMARY OF HOVERING PERFORMANCE - OGE
Sea Level 6,000 Feet
Ambient temperature, °"F 59 95
Vo, fps 720 720
Download, 1lb 1,933 1,033
Cr C. 00855 0.01141
Crl/o 0.0519 0. 0692
CQ, Rotor/ Wing 0. Cv0972 0.0013791
Figure of merit 0.521 0. 568
Yaw fan thrust, lb 10 38
Yaw fan power, hp 30 25
Rotor/Wing power required, hp 3,077 3,270
Total power required, hp 3,142 3,329
Fuel flow, lb/hr 3, 666 3,800
Total power available, hp 7, 240 5, 065
Fuel flow, lb/hr 8,114 5,648
Excess power, hp 4, 098 1,730

Hover in ground effect is sumn arized in Figure 19. f(he Rotor/Wing con-
figuration expericnces a benefit from ground effect, better than that exper-
ienced by a ccnvenrional helicopter rotor.

Both the basic hoveriag perfcrmance and the effect of ground proximity
are calculated by usingz parameters drawn from r¢ ent Hughes tests of

‘Rot. -/Wing models clusely approaching the CRA configuration.
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Vertical Rate nf Climb

Helicopter mode vertical climb capability is summarized in Figure 20.
Sea level rate of climb at design gross weight is 6, 500 feet per minute.

AUTOGYRO MODE PERFORMANCE

Flight Envelope

Autogyro flight may be thought of as the key to the Rotor/ Wing conversion
process between helicopter and airplane operating modes. Since autogyroc
flight involves the propulsion mode of airplane flight combined with th.. lift-
ing mode of helicopter flight, it pezrmits a two-step conversion from one to
the other. Accordingly, the autogyro flight envelope of Figure 21 is of in-
terest since it controls tile region wherein conversion can be effected. Note
that autogyro flight is possible to an altitude of 17, 500 feet on a standard
day.

EMERGENCY LANDING CHARACTERISTICS

Figure 22 presents autorotational rate of descent versus forwasd speed for
design gross weight at sea level standard. From helicopter flight, auto-
ro*ation is entered by lowering the collective pitch to maintain the rotor
rpm. Autorotation is entered from the autogyro mode by simply lowering
the nose without changing the collective setting. At forward speeds of less
than 90 knots, the rate of descent is computed assuming 85-percent rpm.
For values greater than 90 knots, the collective pitch is assumed to be 2
degrees, which is the value used during the autogyro mode of flight.

In case of power failure durirg helicopter or autogyro flight, normal heli-
copter autorotational landings are performed. The regions marked '""avoid"
on Figure 23 represent those flight regimes where transition to autorotation
is either difficult or impossible. These regions have been defined by cal-
culating differences from Hughes OH-6A flight test results with the aid of
the autorotational constant, K, as described in Reference 2.

In case of power failure during airplane flight, the pilot can elect to land
the CRA as an air-lane or to convert to autogyro mode and make an auto-
rotational landing. This latter procedure is carried out as follows. The
first phase, in airplane flight, is a speed reduction to roughly 150 knots.
If at low height above terrain, a zooming climb is made in which altitude
is gained and speed is reduced to 150 knots. The aircraft kinetic energy
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(less drag losses) is traded for a gain in altitude, follcwed by a pushover
to approximately 150 knots. The conversion takes p'ace at a roughly con-
stant speed of 150 knots in a descent, during which potential energy is
traded for the kinetic energy required to bring the Rotor/Wing up to nor-
mal rotational speed and to supply the aircraft drag losses. Following
conversion to autogyro mode. airspeed is reduced to aparoach speed (60

to 80) followed by the final flare to an autorotative landing. Figure 24
presents the region in which conversion cannot be effected and an airp:ane-
type power-off landing must be made.

1,400 —[ [
In case of power failure in
airplane mode, pilot can
elect to land as airplane or
1. 200 to convert for autorotational__‘
4 / landing except in shaded
zone, where conversion
% should not be attempted.
=~ 1,000
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Figure 24. Emergency Landiag, Airplane Mode.
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PERFORMANCE PARAMETERS

The following pages summarize the essential parameters used in calculat-
ing the Hughes CRA performance. Comparison of these parameters with
actual test data is shown wherever such a comparison can be made simply.
In cases where parameter derivation from test results is more complex,
full development will be found in the appropriate Appendix.

Dimensional Data and Performianca Constants

Pertinent constants of dimansional and performance significance are.pre-
sented in Tables IV through VII for airplane and helicopter modes. These
constants, in addition tc the graphs that follow, facilitate spot calculations
to confirm or to extend the performance charts.

TABLE IV. AIRPLANE MODE DIMENSIONAL DATA AND
FPERFORMANCE PARAMETERS

Dimensions

Rotor/Wing planform area 526 sq ft
Rotor/Wing aspect ratio 3.95
Rotor/Wing span 44 ft 11 in.
Fuselage length 70.0 ft 8 in.
Total wetted area 3,090 sq ft
Frontal area 171 sq ft

Aerodynamics
Equivalent flat plate drag area 8.8 sq ft
Span efficiency factor, e 0. 895
Maximum lift/drag ratio 12.0
Mach number for drag divergence 0.75

ProEulsiun

Engine One J52-P-8A
Tail pipe pressure loss ratio = APt/Pt5 6.4%

Engine accessory power extraction 19.7 hp
Engine air bleed 0.2%
Diverter valve leakage 0.7%

Inlet mass flow ratio at cruise 0.5

Inlet pressure loss at cruise 0.5%
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TAY LE V. DIMENSIONAL DATA AND PERFORMANCE
PARAMETERS FOR HELICOPTER AND

AUTOGYRO MODES

Dimensions

Rotor/Wing diameter
Rotor/Wing disc area

Blade weighted equivalent chord
Blade solidity

Normal rotcr speed

Normal rotor tip speed

Yaw fan diameter

Yaw fan moment arm

Yaw fan normal speed

Power Requived Parameters

Equivalent flat plate drag area

Rotor figure of merit (sea level standard,
design gross weight)

Yaw fan thrust

Rotor power extraction (sea level standard)

Fuselage download (hover)

Propulsion
Autogyro - Same as airplane mode

Helicopter

Engine

Overall pressure recovery at rotor tip nozzle
Tip nozzle velocity coefficient

Engine air bleed

Diverter valve leakage

Engine accessory power extraction

Engine inlet pressure loss (hover)

Engine inlet temperature rise (hover)

50 ft

1,964 sq ft
4,32 ft

0. 165

275 rpm
720 ft/sec
4.7 ft

30.0 ft
2,930 rpm

16. 35 sq ft
0.521

40 1b
64 hp
1,033 1b

One J52-P-8A
0.96

0.96

0. 270

0.9%

40.7 hp

0.2%

4°F
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? TABLE VI. GIiOSS WEIGHT BREAKDOWN (LB)
& =i
§
¢
¥
£ Rotor/ Wing group 2,753
E Tail group 704
H Body group 2,098
' Landing gear 600
g Tlight control group 729
; Fingine section 240
Propulsion group 3, 545
"E Auxiliary power unit 150
§ Instrument and navigation equipment group 120
{ Hydraulic group 205
§ Electrical group 300
] Electronics group 900
Arinament group (gunfire protection) 259
i Furnishings and equipment group 412
} Auxiliary gear group 8
i Air conditioning and anti-icing group 40
Undefined weight 115
EMPTY WEIGHT 13,169
Crew (2) 400
Fuel (usable) 3,000
t Fuel (unusable) 30
0il 36
Cargo 3,000
DESIGN GROSS WEIGHT 19, 635
TASLE VII. ENGINE DATA
Guaranteed Sea Level Static Ratings - Pratt and Whitney J52-P-8A
(Model fT-8B-3)
Thrust SFC (Maximum)
Condition (1b) (Ib/hr/1b thrust)
Maximum Q, 300 0. 86
Military 9, 300 0.86
Norinal 8, 200 0.81
90-percent cruise 7,380 0.79
75-percent cruise 6, 150 0.76
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Airplane Mode Aerodynamics
Airplane mode performance of the CRA has been calculated by standard
techniques, using the family of drag polars presented in Appendix I. These
calculations can be summarized in terms of overall lift/drag ratio versus
lift coefficic .t as shown in Figure 25.
| ' 14 T T
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to Full Scale 7 ~Full-Scale CRA
(Inciudes 15% Allowance for)
‘ i Leakage and Protuberances
12 ri |
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Jla / o
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Figure 25. Airplane Mode Aerodynamic Efficiency.
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Helicopter Performaace

Tne helicopter mode performance reported herein has been calculated
through a computer program containing all the terms and corrections
available to modesn rotary-wing technology as described in Appendix IL
It s impossible to present a single performance parameter curyve that
adequately summarizes all of the factors that are involved in these calcu-
lations. However, the net result of the calculations is a series of power-
required curves that can be related to the classical Cy versus Cg cuives
of Figures 26, 27, and 28 for u =0, 0.25, and 0. 35, respectively. It
must be recognized that these CT - C curves do not present the inter-
actions of blade Mach number and C../0 in sufficient detail to permit ex-
tensions of the calculated helicopter flight envelope in terms of either
altitude or maximvm speed. This must be done during the complete
aialysis procedure.

Whirl tower test data from Reference 3 are included in Figure 26 as an
indication of the excellent correlation between the CRA performance cal-
culations and the actual test data. The difference that does exist repre-
sents a conservative value of scale and configuration effects. Helicopter
forward flight aerodynamics are summarized and compared with model
test data in Figures 27 and 28. At pu = 0.25 (Figure 27), the CRA calcu-
lated perfermance is in even closer agreement with the wind tuninel results
than was the case for hover performance in Figure 26. Note that the hover-
ing model test results reported here are from whirl tower tests at the
Hughes plant, whereas the forward flight data are from tests at the Navy
Ship Research and Development Center Aerodynamics Laboratory.

At 1 =0. 35 (Figure 28), tip Mach number effects have assumed sufficient
importance in the calculational procedure that the CRA predicted torque
coefficients substantially exceed the model test values. The calculated
values are considered to be conservative; however, helicopter maximum
forward speed is a sensitive quantity in the conversion procedure, and
conservatism is appropriate. All of the performanre curves for the CRA
include the effects of download on the fuselage in hovering and download on
the tail in forward flight, in addition to the power extracted for the yaw
fan and for cooling.

Autogvro Performance

The statements of the preceding paragraphs regarding the difficulty in pre-
senting 2 parametric curve that adequately represents the helicopter per-
formance calculational procedure are equally applicable o the autogyroe
situation. A significant overview ot ine autogyro perforrnance situation
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can be obtained from a plot of overall autogyro lift/drag ratio versus
advance ratio.

As shown in Figure 29, the CRA autogyro pcrformance implies overall life/
drag ratios in the range of 3.0 to 4. 5. Raw wind tunnel data from Rotor/
Wing tests as reported in Reference 4 have been transferred to Figure 29
for comparison with the CRA calculations. The very close agreement bc-
tween the small-scale test results and the full-scale calculations suggests
that full credit has not been taken for Reynolds number effects in deriving
the full-scale factors from the wind tunnel data. However, since autogyro
flight is the key mode in the conversion of the CRA from helicopter to air-
plane flight, it is appropriate :i-at the autogyro mode calculations be based
on the most conservative performance parameters.

Hot Cycle Propulsion Performance

The helicopter mode propulsion system of the CRA is very closely related
to that of the XV-9A Hot Cycle Research Aircraft, which was tested during
1964 and 1965.

8
0
® 0° | Data From Rotor/Wing Model Tests
A-2.5[at DTMB, Ref 4, Figure F-24
Q -5°
a6
o ,— From CRA Computing Method
g / [ ————————O——d )
g 4 ‘ﬁ/ , ra 2 ;
Q Z
=
fy
Lan)
Q2
0
0.2 0.3 0.4 0.5 0.6 0.7 0.8

ADVANCE RATIO

Figure 29. Lift/Drag, Autogyro Mode.
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The performance of the Hot Cycle system depends primarily upon two
parameters; namely, overall pressure recove., from the engine exhaust
to the blade tip, and tip nozzle effective velocity coefficient. Both param-
eters have been identified during the XV-9A program, and the values used
for the CRA represent a conservative application of the XV-9A test results
as summarized in Figure 30.

Overall pressure recovery for the CRA is calculated to be slightly lower
than for the XV-9A, as a result of somewhat higher duct Mach numbers
in the CRA design. This cffect is opposed by the effect of smaller duct
length/diameter ratio in the CRA, and the net penalty shown in Figure 30
is conservatively stated.

In the XV-9A tip nozzle cascades, turning and accelerating losses could
not be isolated. Accordingly, the tether test (Reference 6) Cye of 0. 94
was based on flow conditions prior to the final turn. For the CRA coniig-
uration, it is easier to calculat: the turning losses separately and to use

a nozzle velocity coefficient based on conventional turbojet nozzle experi-
ence; the value used, CVe = 0.96, is again conservative. Complete de-
tails of the procedures for calculation of helicopter, autogyro, and airplane
power available are included in Appendix IIi.

Composite Power Available and Power Required Curves

Power available and power required curves covering all three flight modes
have been prepared for a variety of weights at sea level standard; 5, 000
feet standard; and 6, 000 feet, 95°F conditions. These curves are included
here as Figures 31, 32, and 33, respectively. They represent the com-
bined effects of the parameters just discussed.

Power required and power available calculations for the CRA are in every
case built upon test data from closely related configurations. Any correc-
tions to the test data for minor configuration changes and for the effects of
small-scale test conditions follow accepted techniques.

Figure 34 presents curves of specific range versus true airspeed in the
airplane mode for the two weights and various altitudes.
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ROTOR AND THRUST HORSEPOWFR

‘'d.66 ‘399 000 ‘9 ‘olqe(reay iamod pue paiinbay zemog -¢¢ 2andrg

[T 1T ]

— — = 120% Design Gross Weight = 23,562 1b
Design Gross Weight = 19,6351b
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Figure 34. Specific Range Versus True Airspeed.
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WEIGHT AND BALANCE

This section of the report presents the results of the weight and balance
analysis performed during the CRA preliminary design study. It includes
a Part I Summary Weight Statement that has been prepared in accordance
with the format and content requirements of MIL-STD-451. Weight and
balance calculations are also presented with substantiation for the esti-
mated weight ernpty. The weight substantiation includes a detailed de-
scription of the design and the analytical methods used to determine CRA
weights from the design.

Since the design employs proven, fully developed systems and components
to the maximum practicable extent, actual weights were used to determine
35 percent of the total weight empty. The remaining 65 percent of weight
empty was determined by using design analysis vevified by comparative
analysis and parametric study.

The estimated weights and center of gravity limits for the Composite Re-
search Aircraft are as follows.

Weight empty 13,169 1b
Design gross weight 19,635 1b
(with 3, 000-1b payload

and 3, 000-1b usable fuel)

Forward cg limit Sta 585 (at design gross weight)
Aft cg limit Sta 600
Lateral cg limit %8 in. from centerline

These data are based on the following design and weight considerations:

Rotor/Wing radius 25 ft
Speed 400 KEAS
Disc loading 10 1b/ sq ft
Helicopter mode ultimate load factor 4.50
Airplane mode ultimate load factor 6.75
Engine (1} J52-P-8A
Fixed specification weights:

Furnishings and equipment 1, 200 1b

Avioaics 900 1b

Armor protection 100 1b/crew member 250 1b

50 1b/engine

Auxiliary power unit 150 1b

Payload 3,000 1b

Fuel 3,000 1b
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MIL-STD-451, PART I

NAME__ PAGE
DATE. MODEI
REPORT . __

DETAIL WI'GHT STATEMENT
ROTORCRAFT ONLY
ESTIMATED—

(Cross out those no® applicable)

CONTRACT. DA Lh-1T7-ANC-33C (T)

ROTORCRAFT, GOVERNMENT NUMBER

ROTORCRAFT, CONTRACTOR NUMBER
MANUFACTURED BY__:lughes Tool Cammany - Aircralt Division

Main Auziliary
Manufactured by Pratt & Waitney
.é Model J52-P-8A
Number
g Manufactured by
g Model
Number
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MIL-STD-451, PART |

NAME
DATE

ROTORCRAFT

SUMMARY WEIGHT STATEMENT

WEIGHT EMPTY

PAGE

MODEL

REPORT

“ajwotorR~ — Vin: Growns

2,153

™ BLADE ASSENILY

700

HUB = \/In;

2,003

HINOE AND BLADPF. RETENTION

FLAP [PING

LEAD] LAG

oleo|v e eola

POLDIING

WING GroOUP

WINO PANELS—BASIC STRUCTURE

CENTER SECTION—BARIC STRUCTURR

INTERMEDIATR PANEL—BASIC STRUCTURE

OUTER PANEL—-BASIC STRUCTURE—~INCL TIFS

SECONDARY STRUC—INCL POLD MECH

AILERONS—INCL BALANCE. WTS

FLAPS

—TRAILING EDGR

—LEADING EDOR

SLATS

BPOILERS

TAIL OROUP

704

TAIL ROTOR

—BLADES  ¥qv Ion

—~PUB Yavw Fan

STABILIZER—BASIC STRUCTURE

7INB—BASIC STRUCTURE—INCL DORMAL

BECONDARY STRUCTURE—STABILIZER AND FINS|

"Elevon —INCL BALANCE WEIGHT

RUDDER—INCL BALANCE WEIOKT

BODY OROUP

2,095 _

FUSELAGE OR HULL—BANC STAUCTURR

BOOMS--BASIC STRUCTURE

SRCONDARY STRUCTURE—FUSKLAOR OR ULL

—DOOMS

~DOCRA, PANELS & M

|~ "LOCATION

ALIOKTING OEAR—IAND __Tricycle TYP|
.

ROLLINO STRUCT CONTROLA

ABSEMBLY

Main

156 300 T

473

liose

ol 2 | 15

127

ALIGETING OKAR GROUP-WATER TYPE

LOCATION

FLOATS STAUTS CONTROLY

a[e[g|e[e|s]=|2|s|e|s|s|e|z|c|a|=]alw| x| a|x|x|x|n|u|=|n 8|n||w]e|:|s]|u|=]|s|s]|5|z]5|3]=|5

Whesls, Brobes, Tives, Tubes and Al
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3
i E MIL-STD-451, PART |
! 4 ROTORCRAFT PAGE
i NAME _ SUMMARY WEIGHT STATEMENT MODEL
DATE WEIGHT EMPTY—Continued REPORT.
|1
§ | FLIGHT CONTROL3 GROUP i TRy
3| COCKMT CONTROLS i 50 i
4| AUTUMATIC STABILIZATION t i
1 5 | AYSTEM CONTROLA—ROTOR NON ROTATING | ¢
. . ROTATING - D5e.
7 Tail Sectfion ol
O = Yow lon-Rotating 20 |
[ =~ Yaw Rototin: 5L
| 18 | ENGINE SECTION 240
! 11{ INBOARD
1 zngine Mounts Lo
7 1 Structure 171
14| DOORS, PANKLS AND MISC 29
1"
' 16 | PROPULBION GROUP 3,545
1 3 AUXILIARY XX MA[IN X
18 | ENGINE INSTALLATION
" ENOTAER 2,10
j » T:? BURNERS
i n LOAD COMPREASOR
: 3| REDUCTION GEAR BOX, BTC
! 20 | ACCEMORY GEAR BOXES AND DRIVES 57
i M | SUPERCHARGER--FOR TURBOS
! 3 |"AIR INDOCTION SYFTTM 130
i 3 | KXBAUST 6YSTEM 210
! 17| COOLING SYSTEM
3 [ LUBRICATING SYSTRM L1
L » TANKS
» BACKING 8D, TANK SUF & PADDING
3N COOLING INSTALLZ 0N
n PLUMBI%.0. BTC . _
2| IR SVATIM 2Ch
) TANKS—U VPROTRCTRD 53
» —FEOTRCTRD
» BACKING ED, TANK SUP & PADING 151 .
¥ PLUMBING, ETC L
3 | WATER INJECTION SYRTEH
3 [ ENGINE CONTROIS 25
® | STARTING SVETEM 30
41 | PROPELLER INSTAILATION
. @ | DRIVESYSTEM
o OREARBOIES  Yaw Fan 23
“ LUBE SYS'BM
“ CLUTCH 4 ND MISC
) TRAKSMNMON DRIVE X4V Fon 2C
a ROTOR MIAFT
% | JETORIV o202
-
™|
[
| 88 | AUXTLIARY PWER PLANT GROC? 150
[]
)
"
»
[]

#This weight fixed by the stetement of work.
]
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MIL-STD-451, FAKT |

ROTORCRAFT PAGE
NAME_ BUMMARY WEIGHT STATEMENT MODEL
DATE. WEIGHT EMPTY—Coatinued REPORT.
1
»
»
« | INSTRUMENT AND NAVIGATIONAL EQUIPMENT QR|OUP 120 [«
o | INSTRUMENTS
9| NAVIOATIONAL EQUIPMENT
T
. -]
9 | HYDRAULIC AND PNEUMATIC GROUP 200 _1*e
| MYDRAULIC 209
1 | PNEUMATIC
1 —
u {
14 | BLECTRICAL OROUP 300
W | A CoveTEM
19| DCSYSTEM 300
G
M
19 | ELECTRONICS GROUP Q00
®» [ BqUIrMENT 58
91| INSTALLATION 20
8| Undefined Welpght oo
]
3¢ | AKMAMENT GROUP—INCL GUNFIAE PROTRCTION Las _250 {"*
»
3 | FURNISRINGS AND SQUIPMENT GROUP o< ™
37 | ACCOMMODATIONS FOR PERSONNKI, 20 %
3 | MISCELLANFOUS BQUIPMENT X L8 | BALLARTX 25
| FURNISHINGS L2
| EMERGENCY EQUIPMENT [
w | Unde?ined Welght 115
1
8 al
3 | AIR CONDITIONING AND ANTIICING BQUIPMENT 40
3 | AIR CONDITIONING
¥ | ANTIICING
]
-
3 | PHOTOGRAPHIC GROUP
© | FQUIPMENT
L] 12 STALLATION
o
O | AUKILIARY GEAR OROUP 8
4| AIRCRAFT HANDLING GEAR
@ | T LOAD HANDLINO GEAR
« | atToorar
o
L ]
)
»
A
n
n
8 | MANUFACTURING vARIATION
u
*
57 | TOTAL—WEIGNT EMP{Y—PAGES S, § AND ¢ 113,169

¥Stateaent of work allows a total of 1,200 ib. for these items.
##These weights fixel by statement of work.

| e

4
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NAME
DATE.

SUMMARY WEIGHT STATEMENT

USEFUL LOAD

GROSS WEIGHT

PAGE.

MIL-STD-451, PARY |

MODFLmo

REPORT

LOAN CONDITION

CREW—NO. 2

400

PABMENGERS--NO.

FUEL

LOCATION TYPE

GALS

3,030

UNUSABLE

30

INTRANAL < Cells

JP -l

3,000

wielwleolowa|lw

EXTERNAL

BOMB DAY

oL

UNUBABLE

ENGINE

36

BAOGGAGE

CLRQO

31000

ARMAMENT

GUNS—LOCATION

TYPR™ | QUANTITY

CALIDER

AMN

ROME INSTL®

Ta0MBs

“\ORPEDO INSTLS

ROCKET INSTY.S

ROCKETS

FAQUIPMENT—PYRCTECHNICS

~—PHOTOUR WWHIC

—*0XYGEN

—MISCELLANEOUS

USYFUL LOAD

6,66

s[elzic|s[=[s]s s]a[e]e]2]elal=! sl ] x]u]x]x] x| n]ul=]u]s] x| 2|2 w| x| u|u|=|x

87 | GROMS WEIGHTI—PAGES 3-8

® 1 not spesified a0 Waight Empty.

** Fined, Plenihvs, cte.

S
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MIL-STD-451, PART |

SUMMARY WEIGHT STATEMENT PAGE
NAME DIMENSIONAL STRUCTURAL DATA MODEL
DATE ROTORCRAFT REPORT.
I | LENGTH—OVERALL FT T0.0 X BLADZS POLDED. Ff
1 | GENERAL DATA | BOOM TUS NAC CABIN
3 | LENGTI —~MAXIMUM FEET | 0.8 205 20,2 |
4| DEPTH —MAXIMUM FEET T9 3.0 L,0 !
¢ | WIDTH —MAXIMUM FFET (¥ G.3 9.5
¢| WETTED AREA TOT.. ©Q. Ft. 1,060 320
7| WETTED AREA GLAS8_ Gg, Ft. 5.7
8 [ WING, TAIL & FLOOR DATA WING HTAIL V TAIL FLOOR
"¢ | OROBS AREA—SQUARE FEET 501 150 130 10T
10 | WEIGHT/GROSS AREA—POUNDS PER 8QUARE FE KT L.7 2.3 2.4 0.9
i1 | BPAN—FEET 45,3| 27.0 15.5
13 [ FOLDED SPAN—FEET
13 | *THEORETICAL ROOT CHORC—INCHES 100 | 90 131
14 MAXIMUM THICKNESt, -{NCHES 26 12 21
18| CHORD AT PLANFORM BREAK—INCRES 265 86 131
18 MaYIMyM THICK VESS—INCHES 20 12 21
17 |~ THEORETICAL TIP CHORD—INCHES
13 MAXIMUM THICKNESS—INCHES
19 | DORSAL AREA INCLUDED IN FUSELAGE 8 rr TAIL 8Q rr
2 | TAIL LENGT. 28% MAC WING TO 35% MAC HORIZO NTAL TAIL 2.5 FEET
11 [ AREA—8Q FT PER ROTORCRAFT FLAPS AILERONS SPOILER3
8LATS WING LK WING TE
38 | *ROTOR DATA-TYPE ARTICULAT ING—FLAPPI NO—TRETER INO—RIGID - Tcil Rotor X
(10 X ___ MAINROTOR-Rirdd X |X Yaw TAILROTOR Fan X
34 | PROM CL ROTATION—INCHES 165 [ ROOT TIP 300 roorll| 2C  TIP
% | CHORD—INCHES 80 30 6.2 C.2
37 | THICKNESS—INCHES 17 7 1.7 1.7
n MAIN—FWD | MAIN=AFT | TAIL
9 [ BLADE RADIUS—FEET 29,0 2.35
% | NUMBER BLADES 3 €
3 | BLADE AREA—TOTAL—OUTJOARD {R/V )/ YF 165 11 INCHES RA DIUS 182.7 |Sq. Ft. L.h
31 | DISC AREA—TOTALSWEPT 1004 SQFT - OVERLAP
33 | TIP BPEED AT DESIGN LIMIT ROTOR—SPEED—POW ER—FT/BEC > 720 720
34 | DFBIGN FACTOR USED BY CONTRACTOR 1,12 1.12
35 | LOCATION FROM HORIZONTAL REF DATUM INCHES 600 96k
% | PRFSSURE JET % BLADE BECTION AREA FOR DUCT
37 | TIP JET THRUST = GEAR™*
"33 | POWER TRANBMISSION DATA 1ts Thrast RPM RATIO
3 | MAX POWER—TAKE-OFY G, 300
4 | ALIGHT GEAR TYPE TRICYCLR OUTRGR|MAIN—AFT | AUX—FWD
41 | GEAR LENGTH—OLEO EXTND CL AXLE TO CL TRU NNION 113.C 36.5
@ | OLEO TRAVEL—FULL EXTEN DED TO COMPRESSED INCHES 10 n
6 | WHEEL BIZE AND NUMBER REQUIRED X Main  I11.00-12, 2 ea. X X Aux 15.00-4 ¢ ce
44 | FUEL'AND OIL BYSTEM LOCATION | NO. TANKB | =~GAL8 | NO. TANKS | *~~QALS
o UNPRTCTD PROTECTD
% | FUEL—BUILTIN Fuselace) 2 L0
47 | FUEL—EXTERNAL
| LUBRICATING 8YSTEM
" | AYDRAULIC BYSTEM
80 | STRUCTURAL DATA—CONDITION FUELIN | DESIGN STRESS
[T WINGS—LB | GROM WT | GROGBSWT | ULTLF
82 | FLIGAT 19,635 | 6.75
8’| LaNDING
84| % DESION LOAD WING % | PWD RTR % | A'TRTR %
- - TT5 Pounds Per _ |Square |Foot
88 { “TYPE OF POWER TRANSMISSION—GEARED—PRESSURE JET—RAM JET
[Q

* Penalled to CL @ CL Rotorersft.
*¢ Cross out aoa-applicable type.
%¢ Qear ratio-eng to rotor.

**0% Total tweable sapeaity.

6
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The requirements of Mil.-S-8698 (ASG) govern the helicopter flight struc-
tural criteria; MIL-A-8861 (ASG) and MIL-A-8865(ASG) govern the airplane
mode. MIL-S-8698 (ASG) applies to landing and ground handling.

Weight loadings are summarized in Table VIIIL

TABLE VIII. SUMMARY OF WEIGHT LOADINGS
Weight

Item (1h)
Weight empty 13, 1649
Crew (2) 400
0il 36
Unusable fuel 59
Minimum flying weight 13,635
Pavyload _3,000
Zero fucl weight 16, 635
Fuel 3, 000
Gross weight 19,635

Weight and balance calculations for the CRA are contained in the following
group of tables and illustrations. Figure 35 shows the reference data
planes for the CRA. The center-of-gravity envelope is shown graphically
in Figure 36. Cargo compartment weight and balance calculations, includ-
ing permissible cargo loading limits, are shown in Figures 37 and 38.

SUBSTANTIATION OF ESTIMATED WEIGHTS

It is of particular significance that the weight estimate for the Composite
Research Aircraft ic more conservative than that which was forecast for
the prototype OH-6A. No significant extrapolation or unusual mechanical
innovations have been used in the Composite Research Aircraft.

Table LX presents a comparison of the CRA group weights with those of
other helicopters and of airplanes.

The weight empty for the CRA was determined by using actual weight data,

where available, and from specific design analysis, comparative analysis,
and parametric analysis, as applicable for each case.
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Figure 35. Reference Data Planes.
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GROSS WEIGHT - LB/1000

30 -@— @-8—
28
/ Rotor g,
26 /
Forward cg Limit
(Depends on Gross Weight)
24 /
6# Aft cg Limit
22 /
5C
20
4 QNox:mal Gross 39
/ Vﬁelght and cg
I
Weigh
7 , glbl) '
18 1 1 Weight empty 13,169 e
l Crew (2) 400
i 36
/ / 3n‘ullble fuel 30
) 2  Minimum flying weighi 13,635
Add cargo* +3,000 — 1
3# ;fNormal Zero Fuel 3 Zero luell de:nln grosa* 16,635
Wei ht and c .Add l‘:el - + 3,000
16 /T Pt s cEic g
cargo* 2
/ l / 5 ZeroAl?:lel all:rnlle wte LZ;::T;
fuel 4000
/ yi / 6 AllerAr:‘:e gross weight+ ‘Z:. :61
7 / Re:-:;)vel all cargo -16, ;}:7
Add fuel* +13 5
1 ernate weight* R
J_IJ( Al Rer:-:ove l‘ue‘l‘ -:g,g::
14 &-Minimum Flying Weight Add fuel o 413,365 ——
—_— 8 Alternate wulghl"' . :2222
2 by SR — Rem::: :.r:y uelee -13,
11— -()l 9 De-I::dlro-:wughl'- ‘l;,:‘;:
Empt we 1ght *Most forward cg
I I **Most aft cg
12 | B ] 1
578 580 582 584 586 5883 590 592 594 596 598 600 602
HORIZONTAL ARM STATION - IN.
Fiéui‘e 36. Center-of-Gravity Envelope - All Flight Modes.
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Maximum Floor Loading at 175 1lb per sq ft

Based on Minimum Flying Weight of 13,635 1b at Sta 581-2
3,500

3,000

2,500

CARGO WEIGHT - LB

2,000

1,500

1,000

500

Sta 530 Sta 704
Rotor/Wing

Sta 685
Sta 587 \\ G /

Forward
Limit
Cargo cg < Aft Limit

\ Cargo cg ~

®
(M

~

<

S 5

o M

© o

f Y

‘; o

5 =

b <

] '

bt e

g Main Compartment g

g=! b — d

— / 14. 5 ft Length -l

Maximum Compartment
Loading Range
] ] I ] I 1 ] |
440 480 520 560 600 640 680 720 760 800

FUSELAGE STATION

Figure 37. Permissible Cargo Loading Limits.
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Lateral cg Limit = %8 in.
Minimum Flying Weight = 13,635 1b

4, 000 1b
>
3,000 1b
2,0001b
1,000 1b
=——— Cargo Compartment Width ——s=
BE= T T T T T T T T T T T T S
70 60 50 40 30 20 10 10 20 30 40 50 60 70
- +
LEFT SIDE RIGHT SIDE
e AIRCRAFT _— v
(IN.) g (IN.)

Figure 38. Permissible Lateral Center of Gravity Loading. '

The fixed weights specified in the Statement of Work total 2, 500 pounds,

which, together with the fixed weight of the engine, amounts to 35 percent .
of the weight empty. Of the ren.aining 65 percent of the CRA weight

cmpty, 85 percent was calculated by analysis of the design. The remain-

ing 15 percent of the CRA weight empty was verified by comparative analy-

sis and validated by statistical and parametric study. In addition, nearly

all weights derived by design analysis were verified and validated against
statistical data.
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Method of Analysis

The following paragraphs present ¢ brief review of the methods emploved
B L i 1

in estimating the various component weights,  Included also arce tables,

charts, and graphs used to derive or to validate the weight estimates,

Rotor/Wing Group

Rotor/ Wing weights shown in Table X were derived by calculating the
major structural elements and supplementing these weights with estimated
allowances for minor elements. (See Figure 39.)

TABLE X. ROTOR/WING WEIGHT BREAKDOWN
Component Weight Total Woight
Item (1b) (1b)
Blade Assemblies (3) 700
Spars 204
.aterspar panels 66
Leading edge pancls 18
Trailing edge panels 57
Ribs and stiffening 109
Torque tube and attackment 165
Balance we'ghts 51
Wing Assembly 2,053
Box beam structure 352
Structural skin panels 240
Structural ribs 516
Blade retention system 280
Hub structure and bearings 418
Leading-trailing edge fairings 221
Blade lock system 20
Total Rotor/Wing Group 2,753
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10, 000

8
AT
¢ /,
5-650 v/
4 —+ | Hs-64
5 |
S-56
CRA Va —
A YCH-1B
@ XV-9A9/
=) 2 /
[ |
= /
G
% | /gs-se
ES
a 1,000
3 UH-1D
& e 3s-55
U -
o |
o 6 ¥s-51
2 - //
XH-5:A0
4 - Z
| Kun-12-L4
H-13HO L on-13s
O
H-13BY/ H-23D
4
2 /
// OOH-6A
O 269B
L
s 2 4 6 8 2 4 6 8
103 10? 105
DESIGN GRCSS WEIGHT - LB
Figure 39. Main Rotor Group Weight Versus Design Gross Weight.
Tail Group

The tail group comprises the yaw fan assembly, the yaw fan doors, the
vertical stabilizer including the rudder, and the all-movable horizontal
surfaces that funct.on as elevons.

Yaw Fan
The CRA yaw fan has six blades, cach a scaled-up version of the light-

weight blades used on the U.S. Army OH-6A light observation helicopter,
The similarity of the blade size, power requirements, and construction
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of the two aircraft permits a meaningful comparison of weights derived by
design anajysis with known data from the OH-6A design. The weights of
the OH-6A components and the resulting yaw fan weights are summarized
in Table XI.

: TABLE XI. COMPARISON OF CRA AND OH-6A TAIL
i BLADE ASSEMBLY

; Item OH-6A CRA
Unit blade weight, 1b/blade 2. 25 3.70
4 Total blade weight, 1b/rotor 4.50 22. 20
i Hub weight, 1b 2. 80 12. 00
t —

Total yaw fan assembly weight, 1b 7.30 34. 20

Tail Surfaces Group

The basic dimensions and weights of the vertical and horizontal (elevun)
surfaces are shown in Table XII.

TABLE XII. BASIC DIMENSIOMS OF TAIL GROUP SURFACES
'! Item Vertical Tail Elevons (Total)
Span, in. 186 334
Area, sq ft (exposed) 130 158
Tip chord, in. 81 69
Root chord, in. 131 90
N Aspect ratio 1.75 4, 20
Leading edge sweep angie, deg 17 18
Airfoil section root NACA 64, A0l6 NACA 64, A0l5
Airfoil section tip NACA 64, A0l2 NACA 64 A010
Tail length to roter, ft 30.1 29.5
Rudder hinge line (% chord) 80 =
Rudder span, in. 123 -
Weight, 1b 306 364

Figure 40 presents the results of a parametric analysis of tail group unit
weights taken from a group of representative aircraft. The correlation of
the data derived by structural analysis with the historical data is good,
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Figure 40. Tail Group Weight Comparison.

and the computed unit weight of the CRA tail surface compares favorably
with the curve.

Body Group
The CRA fuselage weighs 2, 098 pounds. A study of unpressurized aircraft
fuselage weights (Wg) (Figure 41) shows an excellent correlation between
weights and parameters containing the following variables:

1.  Ultimate load factor (n)

2. Design gross weight (Wg), 1b

3. Fuselage length (L), ft

4. Fuselage width (w), ft

5. Fuselage height (h), ft

The weight equation derived is as follows:

0.651

6

B 10

W, L(w +h)
W_ = 117.7“0.50[____8 ]

This curve clear!y substantiates the CRA body group weight calculation
based upon the structural analysis.
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Figure 41. Fuselage Weight Comparison.

Lianding Gear Group

The weight of the CRA landing gear is based on the analytical weight esti-
mating procedures outlined in SAWE Technical Paper No. 210, "Rolling
Type Alighting Gear Weight Estimation, " dated 18 May 1959. The landing
gear is designed for a vertical sink rate of 8 fps at the design gross weight.
The weight breakdown for the landing gear is given in Table XIII.
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TABLE XIII. LANDING GEAR WEIGHT BREAKDOWN
Weight Total
Item (1b) (1b)

Main Gear 456

Wheels (11.0 - 12) 44

Tires (32.2 x 11. 20 Type II1) 80

Brakes 32

Mechanism, oleo, actuators 260

Support structure - body 40

Nose Gear 112

Wheels (4.4 - 10) 16

Tires (18 x 44 Type VII) 21

Mechanism, oleo, actuators 65

Support structure - body 19

Gear Controls 32

Total alighting gear group 600

Flight Controls Group

The flight controls group as defined in this report consists of the following
system controls:

Rotor/Wing blade controls (longitudinal, lateral, and vertical)
Rotor/Wing brake lock

Yaw fan and rudder controls (directional)

Elevon controls (longitudinal and lateral)

Yaw fan doors

Aerodynamic trim (artificial load "eel)

Deactivating system {(mode conversion)

~N oL bW~

The flight controls group weight has been estimated to be 729 pounds, based
upon data obtained from layouts and structural analysis. Of the 729 po'nds
of total weight, 128 pounds is for controls, including actuators not usually
associated with pire helicopter functions:
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_(b)
1. Elevon controls 60
2. Deactivating system 13
3. Aerodynamic load feed system 10
4. Rotor/Wing brake-lock system 25
5. Rudder controls 20
Total aircraft mode controls 128

Figure 42 presents the results of a study of the variation of helicopter cva-
trol systems weights with gross weight. The weight of 601 pounds for the
conveational helicopter control systems correlates well with t'.¢ curve.
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Figure 42. Flight Control System Weight Comparison.
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Engine and Nacelle Section

This section consists of the engine mounts, fire walls, and tixed and re-
movable panels enclosing the engine, diverter, and tail pipe sections. The
combined weight of this group, including engine mounts, is calculated to be
211 pounds.

Propulsion Group

The various systems comprising the propulsion group of the Hot Cycle
Rotor/Wing Composite Research Aircraft consist of the following:

Engine

Air induction system

Exhaust system

Accessory gearbox

Lubrication system (Rotor/Wing)
Fuel system

Engine controls

Starting system

Rotor/Wing jet drive system
Yaw fan drive system

O D 00 N0 N~

p—

Engine
The Pratt and Whitney J-52-P-8A engine weighs 2, 118 pounds.
Air Induction System

The weight of the air induction system is 181 pounds and includes the re-
traction system for the inlet duct assembly.

Exhaust System
The weight breakdown of this system is shown in Table XIV.
Accessory Gearbox

The weight of the accessory gearbox is 57 pounds and is based on the fol-
lowing design criteria:

High-speed rpm = 5,000

Low-spced rpm = 275

Gear ratio (G—R) 18. 2

High-speed torque 105 ft-1b (weighted average)
Low-speed torque (Q) 1,908 ft-1b (weighted average)

(O LB R

]
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TABLE XIV. EXHAUST SYSTEM WEIGHT BREAKI OWN
Weight

Item (1b)

Exhaust duct 107

Thermal insulation 21

Seals, bellows, clamps, and connectors 38

Tail pipe ejector 20

Supports and miscellaneous 25

Total exhaust system weight 211

e el e gea e y Figure 43 is within 4 per
The calculated weight of th rbox plotted on Fig 43 is within 4 per
cent of the statistically derived curves.
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Figure 43. Gearbox Weight Comparison.
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Lubrication System

The lubrication system weight of 39 pounds includes the elements required
to supply circulating oil to the Rotor/Wing hub bearings and accessory
gearbox.

Fuel System

The fuel system consists of two lightweight bladder-type fuel cells having
a capacity c¢1 1, 500 pounds of fuel per cell. A system v-eight of 264 pounds
was derived by comparative analysis with a similar XV-9A aircraft instal-
lation. Table XV presents a weight comparison of the CRA and the XV-9A
fuel systems.

TABLE XV. FUEL SYSTEM WEIGHT BREAKDOWN
CRA XV-9A
Item {1b) (1b)
Fuel cell installation 184 182
Pumps 32 16
Valves and plumbing 48 62
Total 264 260

Engine Controls

The engine control system consists of linkages, cabl:s, and levers con-
necting the fuel control power lever on the engine to the control devices in
the cockpit. On the basis of design analysis, the weight of the system has
been established at 25 pounds.

Starting System

The engine is started using an engine-mounted impulse-type air turbine
unit that operates from compressed air delivered by an M1-Al gas-turbine
cart. The starter rotates the rear compressor of the engine to a speed
high enough to permit light-off. The cn-board start system consists of the
weight items listed in Table XVI.
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TABLE XVI. STARTING SYSTEM WEIGHT BREAKDOWN
Weight
Item (1b)
Starter (Bendix Model 36-E83 x 60A) 24.5
Air supgply duct system 2.0
Air control valve on5)
Total engine starting system 30.0

Rotor/Wing Jet Drive System

The CRA Hot Cycle Rotor/Wing jet drive installation consists of the diverter
valve and the duct system required tc direct the high-energy gas to the

rotor blade tips for driving the Rotor/Wing. The weight estimate of 128
pounds for the CRA diverter valve has been obtained by a comparative siz-
ing from the J-85 diverter valve, which weighs 85 pounds. A weight of 55
pounds has been estimated for the nonrotating portion of duct, stationary
seal, and valve supports.

The rotating section of the jet-drive system begins at the rotating seal
located on the lower end of the gas distributor duct manifold and terminates
at the Rotor/Wing blade tip nozzles. The weight of this portion of the jet-
drive system is 337 pounds; the total jet-drive system, including the di-
verter valve installation, weighs 520 pounds.

Yaw Fan Drive System

The yaw fan drive system consists of two gearboxes and a drive shaft sys-
tem with weight estimated at 49 pounds.

Miscellaneous Fixed Equipment and Furnishing

In accordance with the requirements outlined in the Statement of Work, the
empty weight includes allowance for the following equipment weights:

1. Auxiliary power unit - 150 pounds (including a 20-kva alternator)

2. Furnishings and equipment - 1, 200 pounds to include the following:

a. Instruments and navigation group
b. Hydraulic and pneumatic group
c. Electrical group
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d. Crew accommodations group
e. Air-conditioning and anti-icing group
f. Auxiliary gear group (ground handling or hoisting)

3. Avionics - 900 pounds

4. Armor - 25C pounac {100 pounds per crew member plus 50 pounds
per engine)

The weights of the APU, the armor, and the avionics are listed under their
propet entries in the Detail Weight Statement. The 1, 200-pound allowance
for furnishings and equipment has been distributed among the listed groups
based on weight estimates of proposed group systems.

Instruments and Navigation Group

Forty-eight instruments and indicators will be used, and the estimated
weight of the instrument and navigation eqguipment installation is 120 pounds.

Hydraulic and Pneumatic Group

The hydraulic and pneumatic roup consists of the components that make
up the central power system. ‘This group includes pumps, drives, reser-
voirs, accumulators, regulators, valves, controls, plumbing, fluid, sup-
ports, and other items. It does not include actuating cylinders and
associated components, which are properly allocated to their respective
functional group. The CRA hydraulic system has been estimated at 205
pounds. Figure 44 is presented to validat~ the estimated weight of the
hydraulic system.

Electrical Group

A 28-vdc electrical power system with a 400-ampere generator is used to
provide primary power for the CRA. The weight of the electrical group
installation has been estimated at 300 pounds, based on the system require-
ments. Figure 45 presents the results of a study showing the relationship
between helicopter electrical group weights and gross weight. A plot of

the CRA electrical group on this graph shows that the weight is reasonable.

Furnishings and Equipment Group (Crew Accommodations)
The furnishings and equipment group consists of the crew accornmodation

items and miscellaneous pieces of equipment. A total weight of 420 pounds
has been estimated for this group.
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Air-Conditioning and Anti-Icing Group

The cockpit air-conditioning system consists of a lightweight air-cycle
turbine fan assembly that operates from engine bleed air. The weight
breakdown cf the system is as shown in Table XVII.

TABLE XVII. AIR CONDITIONING AND ANTI-ICING GROUP
WEIGHT BREAKDOWN
Weight
) Item (1b)
Conditioning unit {Hamilton Standard, 18
P/N HS 570839-5)
Ram-air fan 4
Valves 6
| Ducts, plumbing, and fittings 12
! Total air-conditioning system weight 40

Auxiliary Gear Group

The auxiliary gear group consists of aircraft zad cargo load-handling gear.
A weight of 8 pounds has been allotted to this group.

Avionics Group

In accordance with the Statement of Work, an allowance of 900 pounds of
avionics equipment has been included in the weight empty of the CRA. The
weight of the HTC-AD-installed avionics equipment, however, has been
estimated at 78 pournds.
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STABILITY, CONTROL, AND FLYING QUALITIES

The stability and control characteristics of the helicopter, autogyro, con-
version, and airplane flight modes of the Hot Cycle Rotor/Wing Composite
Research Aircraft have been investigated. It was found that satisfactory
flying qualities are achieved in all flight regimes. MIL-H-8501A and MIL-
F-8785 (ASG) have been followed to assure satisfactory flying qualities in
helicopter and airplane modes. In general, the handling qualities are
superior to those required by military specification.

The extensive wind tunnel model data obtained during the Rotor/Wing model
research program conducted under the sponsorship of the Office of Naval
Research (References 4 and 7) and the Hughes-sponsored model test
program (Reference 8) form a reliable basis for the stability and control
‘nalysis. During the Rotor/Wing research program, the major area of
investigation has been directed toward developing the technique for conver-
sion flight between the rotating and the stopped-rotor modes, to demon-
strate that the Rotor/Wing could be successfully stopped and started in
flight. Successful conversions were repeatedly accomplished in the wind
tunnel from the running-rotor to the stopped-rotor mode and back again.
The conversion procedure is simple and straightforward such that a pilot
can perform conversion manually and have a large margin of control. An
analysis of the vibratory acceleration at the pilot station during the time
that the Rotor/ Wing is starting or stopping in flight shows that this is less
than 50 percent of the allowable limit in accordance with MIL-H-8501A.

Adequate control margins exist for all flight conditions fronr 40 knots
rearward to the limit dive speed. The summary curves presented in
Figures 46, 47, and 48 show the required control positions for trimmed
level flight in the helicopter, autogyro, and airplane flight modes. It can
be seen that there are no large control position changes during conversion
from one flight mode to another.

In the helicopter and autogyro flight modes, the Rotor/Wing configuration
provides angular response and damping in both pitch and roll, superior to
that required by MIL-H-8501A. The yaw fan provides satisfactory handl-
ing characteristics in yaw. For the higher helicopter and autogyro flight
speeds, the elevon and rudder surfaces become effective, and additional
pitch, roll, and directional control is available.

The airplane flight neutral point of 68-percent wing mean aerodynamic

chord (MAC) and the maneuver point of 74-percent wing MAC are well aft
of the recommended aft cg of 36. 6-percent wing MAC, demonstrating
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ad¢ juate margin in accordance with MIL-F-8785 (ASG). This large static
margin will provide good longitudinal dynamic stability characteristics for
the Rotor/Wing aircraft.

The differential deflection of the elevons provides the roll control needed
to meet the rolling requirements of MIL-F-8785 (ASG) in airplane flight.
The normal adverse yaw characteristic experienced by the wing-aileron
type ci roll control is eliminated by the elevor roll control system. In
fact, model test data show a favorable yawing moment with elevon deflec-
tion. Analysis shows that the damping of the lateral-directional oscilla-
tions of the aircraft is in compliance with MIL-F-8785 (ASG) requirements,
and thus the aircraft will have satisfactory lateral dynamic characteristics.

The vertical tail provides positive directional stability for all flight modes.
The tail was sized to provide satisfactory directional stability in helicopter
flight mode. The tail area sized for this conrition also satisfies the direc-
tional stability requirements for airplane flisht in accordance with MIL-
F-8785 (ASG). The rudder was sized to provide steady-state sideslip
angle of at least 10 degrees during landing at 1.1 VSL (MIL-F-8785 (ASG)).

All flight control systems incorporate irreversible, hydraulically powered,
tandem actuators with artificial feel systems. Satisfactory longitudinal
cyclic stick forces are provided by the combination of a conventional q
bellows-spring artificial feel system. At low speeds, the spring provides
the desired level of stick force per inch. At high airplane fiight speeds,
the q spring provides the desired level of stick force per g. The “ystem
incorporates an electric actuator to trim fece) forces to zero. The lateral
and directional feel forces are provided by simple spring artificial feel
systems that incorporate electric trim force actuators.

Discussion of the stability and control characteristics of the CRA and the

conformation with requirements for each flight mode is presented in the
subsequent paragrauphs.

HELICOPTER FLIGHT

Hover

To study the hover control response of the CRA, a six-degree-of-freedom
system of analysis was formulated. The effects of the flexibility of the
rigidly attached Rotor/Wing- to-hub system are calculated with the rotor
blades, wing, and pylon-fuselage combination represented by a series of
concentrated mass-spring systems. The equations of rmotion were
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programmed for the IBM 7094 computer to obtain the hover control
response time histories for the CRA.

Figures 49 and 50 present the hover contrcl response time histories in
pitch and roll. Also shown for comparison purposcs are the control
response characteristics of an articulated rotor with 3-percent hinge off-
set. The results show that the pitch and roli rates of the Rotor/Wing air-
craft develop much more rapidly than those of the articulated rotor system,
resulting in excellent control response.

Table XVIII presents a summary of the angular response characteristics
of the CRA in pitch and roll and compares them with the minimam angular
resronse requirements of MIL-H-8501A for visual flight. As can be seen,
the angular response in both pitch and roll is much superior to that re-
quired by MIL-H-8501A,

TABLE XVIII. ANGULAR RESPONSE IN HOVER -
PITCH AND ROLL
Minimum Requirements
CRA per MIL-H-8501A
Item Angular Displacement in Degrees

Pitch
Response to 1-inch control 12. 6 1.6

(t =1 sec)
Response to full control 75. 6 6.7

(t =1 sex)
Roll
Response to l-inch control 6l 15 1.0

(t =1/2 sec)
Response to full control 39.0 3.0

(t=1/2 sec)
Design gross weight = 19,635 1b

Table XIX presents the angular velocity damping in both pitch and roll
and compares it with the damping requirements of MIL-H-8501A. As can
be scen, the damping of the CRA is 1pproximately 12 times the minimura

81




RATE OF PITCH

ANGLE OF PITCH

LONGITUDINAL
STICK

UP 20 T T
Sea Level Standard Day
10 Design Gross Weight = 19,635 1b
QR = 720 ft/sec
O a = 5. 73/rad
B)J 0 -r""“---..___ Articulated Rotor
a -§\--~~/
Bl -10 '"‘JL‘ =
A \<l——Rotor/Wing ‘*-_ﬁ
| \
-20 e ———
DN -30
UP 20
/Artir:ulated Rotor
10
X £ S Rotor/Wing
U \ — \-.~
b Y
[al ‘10 Ty ’ ‘\‘~
| \
-20 \\
-30 \
. DN  -40
Z
'-: FWD 1.0 p— e S SN, S
Z
o
> 0
Q
[
2 AFT -1.0
o) 0 0.5 1.0 1.5 2.0

TIME, t - SEC

Figure 49. Aircrafi Response in Hover to a Forward Longitudina:
Control Input.

82




_—

RT 40

30
]
30

a:g 20
[-l-q\

&) 10
Ha
<|
o

0

LT -10

RT 30

I 20
5
o

e 10
B
OCn

K :
O
Z

< -10

LT -20
% Z

O RT 1.0
82
a9

30 0
0
Eh

<:[L3 LT -1.0
al

Figure 50.

a = 5.73/ra

Sea Level Standard Day
Design Gross Weight = 19,635 1b
QR = 720 ft/sec

d

T

rd
r'd

Rotor/Wing
> Articulated Rotor

/\<—

P

Rotor/Win
// \ I g

TIME, t - SEC

- 1
/ e iArticulated Rotor
-
Jb’
0 0.5 1.0 1.5

Aircraft Response in Hover to a Right Lateral Control

Input.

83




AL ea s o e

g e S

damping in pitch and 23 tiines the damping in roll required by MIL-H-
8501A. The high damping and high control power that are characteristic
of the rigidly attached rotor-to-hub system will provide the CRA with
excellent handling characteristics.

TABLE XIX. DAMPING IN HOVER

Angular Velocity Damping
(Ft-Lt/Rad/Sec)

Axis CRA Per MIL-H-8501A
Pitch 372,000 29,700
Roll 372,000 15,372

Design gross weight = 19,635 1b

Figure 50 shows that the roll rate is slightly greater than the maximum
20 degrees per second per inch of stick specified by MIL-H-8501A. If
this condition is achieved by the full-scale aircraft, the lateral rotor
cyclic pitch travel could simply be reduced. since adequate lateral pitch
range exists for all {light conditions.

The directional angular response of the CRA presented in Table XX for
hover and for a 35-knot side wind is expected to provide satisfactory
handlin7 characteristics in yaw for the tip-driven Rotor/Wing aircraft.
Although the control responses are less than those required by MIL-H-
8501 A, it is felt that the response requirements of MI1L-H-8501A are
Frimarily for shaft-driven helicopters, which require large tail rotors to
counteract the torque reaction of the main rotor and, in addition, to pro-
vide directional control. These large tail rotors are rnuch more sensitive
to rusts, and they require greater directional control response. Thus, it
is felt that the directional control requirements of MIL-H-8501A are
considerably greater than those necessary for the tip-jet-driven CRA. At
normal helicopter flight speeds, the rudder surface becomes effective,
and additional directional control is provided.

Forward Flight

Using the data and method of the analysis described in the preceding
section, the helicopter forward flight trim control positions are shown in
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Figure 51. The control positions are preseated for both the forward and
aft cg conditions at the design gross weight of 19, 635 pounds for sea level
standard day.

TABLE XX. ANGULAR RESPONSE IN HOVER YAW

Requirements
CRA per MIL-H-8501A
Item Angular Displaccinent in Degrees

Yaw
Response to 1-in. pedal 2.¢ 4.0

(t =1 sec)
Response to full pedal 7.3 i2.0

(t =1 sec)
Response to full pedal in 3.5 4.0
35-kn side wind

(t =1 sec)

Design gross weight = 19,035 1b

The results show the stick pcsition variation with speed throughout the
flight range from 40 knots rearward to maximum forward speed. The
maximum helicopter forward speed as limited by a retreating blade angle
of 12 degrees occurs at approximately 140 knots. This maximum forward
speed provides more than the desired speed ov rlap of 20 knots between
the helicopter mode and the low-speed end of the autogyro mode, for con-
verting from the helicopter mode to the 2utogyro mode. This can be seen
from the summary curves of Figure 46; in Figure 51, it can be seen that
there is adequate stick margin, both longitudinal and lateral, throughout
the helicopter mode speed range.

Figure 52 presents the results of the angle of attack stability calculations.
Reference 9 shows that some instability with angle of attack, My, may

be allowed, depending on the stabilizing effect of the pitch damping. The
results presented in Table XIX show that the roter of the CRA has approx-
imately 12 times the damping in pitch required by MIL-H-8501A, In addi-
tion, the damping contribution from the large horizontal tail in forward
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Figure 52. Helicortcr Flight Angle-of-Attack Stability.

flight results in an aircraft with high pitch damping. Thus the CRA has
good maneuver characteristics.

Figure 53 presents the directional stability charac:eristics in forward
flight. The results show positive directional stability throughout the heli-
copter speed range. The CRA also possesses good directional control
characteristics from the combination of the yaw fan and rudder.

The CRA has positive effective dihedral thrcughout the helicopter flight
mode. This can be scen from the results presented in Figure 54. The
aircraft aiso possesses good lateral control cheracteristics frora the
rotor control in conjunction with the differential elevons.
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Figure 54. Helicopter Flight Effective Dihedral.
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AUTOGYRO FLIGHT

Autogyro flight is an extension of the helicopier flight mode, where the
rotor autorotates and the engine functions as a conventional turbojet;

control is primarily from the cyclic pitch, augmented by the elevons,

The flight control characteristics required for level autogyro flight are

presented in Figure 55 for the forward and aft cg conditions.
are based on the data and method of the analysis.

effects of tail pipe thrust on the control analysis are considered.
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The longitudinal cyclic-stick position with speed for both the forward and
aft cg is fairly flat. However, with the q-bellows spring artificial-feel
system, the increased force required to attain higher speed results in
satisfactory flying characteristics. As can be seen, there is adequate
contrcl margin throughout the autogyro mode.

To simplifv the flight control procedure for the pilof in the autogyro mode,
flight is performed at a constant collective pitch setting. The setting is
such as to produce an initial autorotating rotor rpm of 247 (90 percent)
when going from helicopter to aivtogyro flight. The setting, of course, is
dependent upon the weight and altitude conditions. A typical curve of rotor
rpm versus airspeed is presented in Figure 56 for an up collective pi‘ch
setting of 2. 0 degrees. This setting corresponds to the design gross
weight of 19,635 pounds at sea-level standard conditions. In the initial
return phase of the autogyro mode (V = 150 knots), the collective pitch ix
set to produce approximately 91 percert of full rotor rpm. This collective
pitch then results in the proper rotor rpm for minimum power at the point
of converting from autogyro back to helicopter flight.

The directional and effective dihedral characteristics of the CRA in the

autogyro mode are very similar to the stable characteristics that the air-
craft possesses in the helicopter configuration.

CONVERSION FLIGHT

During the Rotor/Wing model research program, the major area of
investigation was directed toward establishing the technique for con' ‘rsion
between the rotating and stopped-rotor modes. These model tests have
demonstrated repeated successful conversions in th2 wind tunnel from the
rotating-rotor to the stopped-rotor mode and back again. The extensive
model data accumulated during these tests are used as the basis for
analyzing the conversion flight characteristics of the CRA. The results
are presented and discussed herein in two parts: first, the conversion
from autogyro flight to airplane; second, the reconversion from airplane
back to autogyro.

Autogyro Flight to Airplane Flight

The longitudinal and lateral cyclic stick positions, collective pitch angles,
and fuselage attitude required for conversicn from the autogyro mode at
90-percent rotor speed to the stopped mode at a typical conversion speed
of 150 knots are presented in Figures 57 and 58 {or the forward and aft cg
conditions. As can be seen, adequave longi.udinal and lateral cyclic
control iz available throughout the conversion mode.
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The collective pitch angles and fuselage attitudes shown during the level
flight conversion are based on the model test results. The angles are
considered to be typical of the angles expected during actual in-flight con-
version., However, depending on pilot technique, these angles may vary
somewhat. As can be seen from the test conversion map in Figure 59,
there is a large latitude in the allowable combinations of fuselage attitudes
: and control positions that can decelerate the rotor in flight (outside of

Cq = 0 boundary) and yet maintain balanced 1-g flight.

] ; Again, looking at Figures 57 and 58, when the pilot starts to decelerate

i the Rotor/Wing by applying up collective pitch (6 = 10°), he will also move
the cyclic stick forward and to the right to trim out the resulting rolling
and pitching moments. At approximately 40-percent rotor speed, the
pilot begins to apply brake pressure with the toe pedals to further decel-
erate the Rotor/Wing, gradually lowering the collective stick toward zero
blade pitch until the Rotor/Wing reaches approximately 5 rpm. Upon

j reaching 5 rpm, the Rotor/Wing locator mechanism automatically raises

: and engages the locking nin. After the Rotor/Wing is locked, a deactivat-
ing mechanism automatically disengages the rotor cyclic and collective
pitch control and locks the blades in zero-incidence position. The yaw fan
doors close. The aircraft is then in airplane flight and is flown with
normal airplane controls; namely, stick and rudder pedals.

A typical conversion time history is shown in Figure 60. The time re-
quired to aerodynamically decelerate the Rotor/Wing from autogyro
rotational speed (90-percent) to 40-percent spced is calculated to be
approximately 10 seconds, based on model test data (Reference 4) cor-
rected to the full-scale Rotor/Wing configuration. Time to decelerate

the Rotor/Wing from 40-percent rpm to 5 rpm using the Rotor/Wing brake
is calculated to be betv.een 3 and 5 seconds, depending on the rate of
application of the toe pedal brake in conjunction with the use of rudder
pedals to react the resulting torque. As the Rotor/Wing slows down to
very low rpm's, the aircraft, for a brief period (1 to 2 seconds) until the

! Rotor/Wing is stopped, is subjected to the typical 3-per-rev rotor pitch-
ing "nd rolling mo.nent amplitudes shown in Figure 61 measured during an
initial startup of the Rotor/Wing (also applicable to the Rotcr/Wing slow-
down condition), Converting the moments into angular motion for the CRA,
the maximum aircraft angular motion, based on the conservalive assump-
tion of zero damping, (as shown in Figure 62), is approximately £3 degrees
in roll and less than %0.5 degree in pitch and occurs at approximately 5-
percent rotor speed. At lower rpm, the combined ctaracteristics of the
low rpm and the collective pitch reduction remove the 3-per-rev moments.
A more detailed discussion and presentation of data appears in Reference 4.
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