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ABSTRACT 

This report discusses a research program, the purpose of which was to 
demonstrate the feasibility of the Hot Cycle Rotor System through the 
design, fabrication,  and test of a flightworthy research VTOL aircraft. 
The XV-9A utilises the Hot Cycle pressure jet rotor system which was 
developed by the U.  S.  Air Force.    The report includes a discussion of 
concepts utilized in the aircraft design and information relating to the 
configuration, weight and balance, performance,  stability and control, 
dynamics,  and structural characteristics of the research aircraft. 
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PREFACE 

This report was prepared in accordance with Contract 
DA 44-177-AMC-877(T) with the U. S.  Army Aviation Materiel Labora- 
tories.    The contract became effective on 29 September 1962.    The 
report summarizes the design of the XV-9A Hot Cycle Research Air- 
craft (U. S.  Serial Number 64-15107). 

The aircraft was designed by the Hughes Tool Company 
Aircraft Division in Culver City,   California.    The design was accom- 
plished under the direction of Mr.   H. O.   Nay,  Program Manager, 
Hot Cycle Programs,  and under the direct supervision of Mr.   C. R. 
Smith,  Engineering Project Manager,  Hot Cycle research aircraft. 
This report was prepared by Mr.   N. B.   Hirsh,   Project Administrative 
Engineer,  on the basis of contributions from the following personnel: 

S.   Cohan Group Engineer,   Propulsion Systems 

J. F.   Conlin Weights Engineer 

R. H.   Heacock Group Engineer,   Controls and Equipment 

W. J.   Leas Structures Engineer 

J. R.   Simpson Group Engineer,   Rotor System and Aircraft 
Structure 

R. J.  Sullivan Chief,  Performance and Dynamics Section 
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1.    SUMMARY 

The design of the XV-9A Hot Cycle Research Aircraft 
(see Figure 1) has been accomplished in accordance with U. S.  Army 
Aviation Materiel Laboratories Contract DA 44-177-AMC-877(T). 
This report includes a discussion of concepts utilized in design of the 
aircraft and also includes information relating to the configuration, 
weight and balance, perforr-ance,  stability and control, dynamics, 
and structural characteristics of the research aircraft. 

The aircraft incorporates the previously tested 55-foot - 
diameter Hot Cycle pressure jet rotor propelled by two gas genera- 
tor versions of the YT-64 engine.    The aircraft has a design gross 
weight of 15, 300 pounds, with provision for future addition of an 
external payload-carrying capability to an alternate overload gross 
weight of 25, 500 pounds.    The aircraft is designed to be flown as a 
helicopter with a 150-knot maximum speed. 
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2.    DISCUSSION 

2.1 INTRODUCTION 

The XV- 9A Hot Cycle Research Aircraft (Hughes Model 385) 
has been designed under U.S. Army Contract DA 44-177-AMC-877(T). 
The principal objective of the contract is "to conduct a research program 
to demonstrate the feasibility of the Hot Cycle Rotor System through the 
design, fabrication, and test of one flightworthy research VTOL aircraft, 
incorporating the Hot Cycle Rotor System powered by two gas generator 
versions of the YT-64 engine. "   The aircraft utilizes the Hot Cycle pres- 
sure jet rotor system developed under U. S. Air Force Contract AF 33 
(600)- 30271, and has been designed in general accordance with the con- 
figuration established by the Preliminary Design Reports, References 1 
and 2, prepared under U. S. Army Contract DA-44-177-TC-832 and with 
the Model Specification, Reference 3.    The general arrangement of the 
aircraft is shown in Figure 2. 

The XV- 9A Hot Cycle Research Aircraft pressure jet rotor 
is driven by hot gases produced by two YT-64 gas generators.    The gas 
generator exhaust gases are ducted through diverter valves, stationary 
ducts, a trifurcated rotating duct, and the blades to the blade-tip cas- 
cade nozzles.    Due to the absence of significant rotor drive shaft torque, 
no tail rotor is required.    A jet reaction yaw control valve, mounted at 
the aft end of the fuselage, is powered by the gas generator exhaust 
and will supply required stabilizing yaw force during hover and low-speed 
forward flight.    Aerodynamic control surfaces will be used for yaw con- 
trol at higher forward flight speeds. 

The work to be done under the contract includes the design 
described in this report, whirl tests, component tests, aircraft fabri- 
cation, ground tests, and a 15-hour flight test program. 

The design of the aircraft employed the simplest design and 
fabrication techniques consistent with the mission of the aircraft.    Off- 
the-shelf components, such as J-85 diverter valves, CH-34A landing 
gear, and OH-6A cockpit section, were used wherever possible in order 
to reduce design complexity and to improve aircraft reliability. 

The design incorporates a separable structural unit, known 
as the power module, containing the rotor system support structure, 
the propulsion system, the hydraulic system, and their attendant 



accessories.    The use of the power module concept both simplified and 
improved whirl testing and,  in addition,  provided for accumulation of 
maximum experience, prior to flight,  on the most complex portion of 
the aircraft. 

The discussion of the design is broken into seven major 
areas covering aircraft characteristics,  rotor system, aircraft struc- 
ture, propulsion and gas transfer systems,  controls system, aircraft 
equipment, and aircraft safety. 

2.2 AIRCRAFT CHARACTERISTICS 

2. 2. 1 Weight Summary 

Empty weight 
Design minimum gross weight 
Design gross weight 
Alternate overload gross weight 

(external cargo) 

8, 641 pounds 
10, 000 pounds 
15, 300 pounds 

25, 500 pounds 

2.2.2 Performance 

Gross 
• Weight Altitude and Speed 
Condition (Pounds) Temperature (Knots) 

Helicopter maximum 15, 300 SL Standard 140 
speed 10, 000 SL Standard 150 

Helicopter maximum 15,300 SL Standard 200 
dive speed 10, 000 SL Standard 200 

2. 2. 3            Rotor Characteristics 

Number of blades 
Rotor radius 
Blade area (total three blades) 
Disc area 
Rotor solidity 
Blade chord 
Blade airfoil 
Blade twist 

27. 6 feet 
217. 5 square feet 
2, 392 square feet 
0. 091 
31.5 inches 
NACA 0018 
-8 degrees 
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Hot gas ducts 
Number of ducts per blade       2 
Total duct area per blade 54. 8 square inches 
Duct utilization 
 duct area         0.451 
blade cross section area 

Tip nozzle area per blade        37. 5 square inches 
(closure valve open) 

v.. 
tip 

rpm (fps) 

243 700 
225 648 
255 734 
225 648 
280 807 

2. 2. 4 Rotor Speed 

Design operational, power-on or power-off 
Design minimum, power-on 
Design maximum, power-on (red line) 
Design minimum, power-off 
Design maximum,  power-off (red line) 

(i. 1 x maximum power-on rpm) 
Rotor speed,  limit, power-on or power- 295       848 

off (1. 1 x maximum power-on rpm) x 
1. 05 

2. 2. 5 Power plant 

YT-64 gas generators -- Government furnished --2 
required. 

The structural design criteria of Section 7. 2,  the preced- 
ing performance characteristics,  and the gas conditions shown below 
are based on exhaust gas conditions of gas generator versions of T-64- 
GE-6 engines as defined by References 4 and 5. 

Temp      Temp      Pressure      Pressure      Mass Flow 
(°R)        (°F) Ratio (psig) (lb/sec) 

Maximum    1,643      1,183 2.87 27.5 24.6 
Normal 1,575      1,115 2.60 23.5 23.0 

2. 2. 6 Empennage 

Area (true) (total) 54. 00 square feet 
Dihedral 45. 0 degrees 



Sweep 
Incidence (with respect to 

rotor shaft) 
Chord 
Span (true) 
Aspect ratio (geometric) 
Airfoil 
Rudder cho?*d (37. 5 percent, 

including overhang) 
Rudder span (true) 
Rudder area (true) 
Rudder deflection 

7. 5 degrees 
1. 0 degree +_ 5. 00 degrees 

adjustment 
3. 50 feet 
15.40 feet 
4. 35 
NACA 0012 
1. 31 feet 

15.40feyt 
19. 9 square feet 
+ 20. 0 degrees 

2.2.7 Overall Dimensions 

Aircraft length (rotor turning) 59. 7 feet 
Fuselage length 44. 17 feet 
Tread of main wheels 11. 00 feet 
Height (to top of rotor hub) 12. 40 feet 
Width (across lateral pylons) 12. 20 feet 

2. 2. 8 Maximum Control Displacement 

Cyclic control 
Longitudinal cyclic pitch travel 
Longitudinal cyclic stick travel 
Lateral cyclic pitch travel 
Lateral cyclic stick travel 

_+ 10 degrees 
13 inches,  total 

_+ 7 degrees 
12 inches,  total 

Collective 
Collective pitch travel 

(75 percent radius) 
Collective stick travel 

0 degrees to 12 
degrees 

7. 5 inches 

Rudder pedal (from neutral) 
Full left 
Full right 

3. 0 inches 
3. 0 inches 

Rudder deflection (+ 3. 0 inches 
at pedal) 

+ 20 degrees 
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2. 3 ROTOR SYSTEM 

The XV-9A rotor system consists of the Hot Cycle pres- 
sure jet rotor system fabricated and tested under U. S.  Air Force 
Contract AF 33(600)-30271.    The rotor system has been modified in 
accordance with the results of that test program.    The three-bladed 
rotor system shown schematically in Figure 3 consists of a free-float- 
ing hub and three coning blades mounted on a shaft that is supported by 
an upper radial bearing and by a lower thrust bearing.    A detailed dis- 
cussion of the basic rotor system development and design may be found 
in Reference 6.    A review of the overall system is presented below. 

2.3. 1 Blade Construction 

The blade design incorporates two laminated steel spars 
(replacing the previously used solid titanium spars) running from the 
blade root to the tip,  and separated chordwise by eighteen identical 
sheet metal duct segments.    The segments are bolted to the spars 
and are joined together by bellows-type flexible couplings riveted to 
the outer skins.    The ducts and skins of adjacent segments are slip- 
jointed.    In this structural arrangement the spars are the only mem- 
bers that react to normal blade bending loads and centrifugal loads. 
Torsional and chordwise shear loads are carried by the assembly of 
segments. 

2. 3. 1. 1        Blade Constant-Section Segments 

Blade constant-section segments are sheet metal assem- 
blies consisting of two ducts contained within nine ribs and outer skins. 
Each segment is 12. 50 inches spanwise and 15. 00 inches chordwise. 
The ribs are die-formed with flanges matching the airfoil and duct 
contours.    The ducts and the inner edges of the ribs are subjected to 
the full gas heat of the power system.    Rene 41 alloy sheet was chosen 
as the material for these parts.    The ribs and ducts were formed and 
spot welded together as a subassembly while in the solution heat-treated 
condition.    This subassembly was then age hardened for maximum 
strength,  and the segment was completed by spot welding outer skins of 
Type 301 corrosion-resistant steel sheet. 

2. 3. 1.2 Flexible Couplings 

At each joint between segments of the rotor blade there 
is a bellows-type flexible coupling riveted to the outer skins. This 
coupling performs a number of functions.    It provides a pressure-tight 
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enclosure around the duct slip joints; it absorbs the thermal expansion 
and centrifugal load deflection differences between the segments and 
the spars; it transfers torsional and chordwise shear loads from seg- 
ment to segment; and it incorporates a high degree of flexibility into 
the assembly of segments so that no appreciable blade bending loads 
are carried by any part of the structure other than the spars.    This 
coupling is made up of two identical Inconel X drop hammer stampings 

* welded together at the centerline of the blade, which is the point of 
minimum cyclic stress.    The welded assembly is heat treated and 
glass peened for maximum fatigue strength.    The riveted joints con- 
necting the blade segments are sealed against gas leakage using Dow 
Corning Silastic RTV 601. 

2. 3. 1. 3        Blade Trailing Edge Segments 

Interchangeable trailing edge segments of the blade are 
conventional sheet metal assemblies consisting of four ribs,  a skin, 
and a spar-type channel section tying all members together at the 
forward end of the assembly.    The channel section also functions as 
one wall of a tunnel for air flow to cool the blade rear spar during 
rotor operation.    The segment, is assembled by means of bonding. 
Skins of adjacent segments are slip jointed. 

2. 3. 1. 4        Blade Leading Edge Fairings 

Leading edge fairings are identical roll-contoured sheets 
of Type 301 corrosion-resistant steel,  each as long as a blade segment. 
Adjacent fairings are slip jointed.    Additional roll-contoured sheets 
are attached internally to the fairings, for adjustment of blade chord- 
wise balance. 

2.3.1.5        Blade Root Structure 

The blade root structure is made up of skin-covered ribs, 
frames, and webs that are bolted to the spars.    As in the blade con- 
stant section, the spars are the only members reacting to normal 

• bending loads.    This is accomplished by dividing the root structure 
into seven sections, joined together with six electroformed nickel 

-} frames of hat-type cross section that readily deflect under bending 
3 loads.    Torsional and chordwise shear loads are carried by the frames 
i» * from section to section. 
n 
> 
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2. 3. 1. 6        Blade Bearings 

A feathering-flapping bearing is located on the inboard end 
of the blade root structure,    This bearing consists of a chromeplated 
aluminum cast ball rotating in a teflon-lined ring attached to the hub. 
An opening through the ball provides clear passage for the hot gas ducts 
connecting the hub and blade ducts. 

2. 3. 2 Rotor Hub and Shaft Assembly 

The rotor hub and shaft assembly forms the central pivot 
for the rotor.    Each blade is attached to the hub by a pair of tension 
strap packs.    The free-floating hub ties the three rotor blades to- 
gether and transfers the total resultant load to the shaft.    The shaft 
in turn transfers the rotor load through an upper and lower bearing 
into the stationary supporting structure.    The hub and shaft assembly 
provides support for the rotating portion of the control system.    In 
general,  4130 or 4340 steel is used in the fabrication of the compon- 
ents. 

2. 3. 2. 1        Hub Structure 

The free-floating hub structure is composed of a central 
hexagonal box with three sets of two vertical parallel beams extending 
from the hexagon to support the feathering bearing housings and pairs 
of blade retention strap shoe fittings.    The radial strap loads from the 
three blades are balanced across the lower surface of the floating hub 
structure by two parallel plates.    Vertical components of the strap 
loads are transferred from the shoe fittings through the parallel beams 
to the hexagonal box.    The free-floating hub is gimbal-mounted at the 
upper end of the rotating shaft.    The gimbal clevis transfers all hub 
loads to the shaft through the gimbal assembly. 

2. 3. 2. 2        Hub Tilt Stop 

A hub tilt stop is provided for two separate conditions: 
two-degree tilt for low rpm and ground handling,  and nine-degree tilt 
for normal flight maneuvers.    The two-degree stop condition applies 
while the rotor is stationary and until it reaches 150 rpm .    The stop 
mechanism is an overcenter linkage actuated by centrifugal forces on 
a weighted arm with a spring return.   Above 150 rpm, the two-degree 
stop becomes disengaged, permitting nine degrees of tilt.   As the 
rotor slows, the two-degree stop again engages at 90 rpm. 

12 



2. 3. 2. 3        Blade Droop Stop 

The blade droop stop is located at the lower inboard face 
of the blade structure and contacts the lower outboard face of the 
feathering bearing housing.    The stop has two roller bearings with 
the surfaces ground to a 12-inch radius to provide for misalignment 
as the rollers contact the hub plate during the total blade feathering 
range without change in blade coning angle.    Droop stop loads from 
a single blade are transferred through the feathering bearing support 
ring into the hub,  where they are balanced by loads from the other two 
blades or are transferred by the tilt stop system into the mast. 

2. 3. 2. 4        Shaft Support 

The rotating shaft is supported by two bearing assemblies. 
A lower bearing resists all of the vertical or thrust load.    Moments 
are resisted by radial reactions on this bearing and on an upper bearing 
that is free to float vertically.    The upper bearing outer housing is sup- 
ported by three radial spokes attached to the shaft.    The inner housing 
of the upper bearing is attached to one of the rotor support trusses. 
The lower bearing housing is attached to a similar support truss. 

2. 3. 2. 5 Upper Bearing 

The upper bearing is a cylindrical roller bearing that can 
resist radial loads only.    A circulating oil system is provided to 
ensure optimum lubrication and cooling (see Section 2. 3. 4. 10). 

2. 3. 2. 6        Lower Bearing 

The lower support bearing assembly consists of two tapered 
roller bearings mounted back to back.    It carries all the vertical load 
and those radial loads due to moments.    The bearing has a circulating 
oil system (see Section 2. 3. 4. 10) coupled to the upper bearing lubrica- 
tion system. 

2. 3. 2. 7        Hub Cooling 

By using an air seal between the floating hub and the ro- 
tating race of the upper bearing,  air is drawn through the hub by 
centrifugal pumping of the rotating blades.    This air moves through 
the hub from three directions (down through the gimbal assembly, up 
between the mast and duct,  and up inside the upper bearing stationary 
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race) and flows outward through the feathering bearings,  over the 
articulate ducts,  and is exhausted at approximately blade section 
60. 00 (see Figure 4). 

2. 3. 3 Ducts and Seals 

The ducts receive gas from the gas generators and pro- 
vide a passage through the free-floating hub and along the entire 
length of thr blade to the tip cascades.    A schematic of the duct sys- 
tem is shown in Figure 5.    The hub portion of the ducting has been 
redesigned to reduce weight, and is discussed in Section 2. 3. 4. 7. 
Blade ducts and seals are discussed below. 

2. 3. 3. 1        Blade Ducts 

The duct from Station 15. 50 to Station 42. 50 is articulated 
to allow for hub float and blade coning.    The inboard end of this duct 
is supported by a gimbal using Fabroid bearings for the coning motion 
and flexures for the chordwise motion.    At the outboard end of the 
duct,  freedom of motion is required,  and the design of this point is 
discussed in Section 2. 3. 3. 3.    From the articulate duct inboard seal 
to Station 60. 50 the duct is circular and made of Type 347 corrosion- 
resistant steel. 

From Station 60. 50 to 91. 00 a transition duct starts with 
a circular shape at the inboard end and progresses to two roughly 
elliptical openings at the outboard end.    Due to the noncircular shape, 
a relatively high-strength alloy,  Inconel X,  is used for this duct. 

From Station 91. 00 outboard to the blade-tip cascades 
the duct is contained in the constant-section segments,  discussed in 
Section 2. 3. 1. 1. 

2. 3. 3. 2        Carbon Seals 

Carbon, with no supplemental lubrication,  is used as the 
sealing material for rotating joints in the hub ducts.    These seals are 
shown schematically in Figure 5.    In the hub duct outer seal,  two rows 
of carbon segments are held against the rotating duct by two garter 
springs.    A wave spring holds the carbon segments against the surface 
of the seal housing.    Gas pressure aids the springs in maintaining a 
tight seal. 

14 
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The hub duct inner seal uses a carbon face seal at the 
rotating face and two rows of carbon segments supported by two garter 
springs and a wave spring for the static seal,  as shown in Figure 5. 
The seal allows relative movement between the upper (rotating) and 
the lower (stationary) duct without separation occurring at the face 
seal. 

The articulate duct inboard seal configuration is approxi- 
mately the same as that of the hub duct outer seal described above. 

2. 3. 3. 3 Articulate Duct Outboard Seal 

The articulate duct outboard seal must seal against axial 
movement (due to hub float and blade coning),  rotation (due to blade 
feathering),  misalignment (due to hub float and blade coning),  and 
side impact (due to a change from small positive to negative blade 
coning angles).    Because of the necessity to carry side load and to 
accept reversal of loading,  this seal consists of a nest of three slotted 
lip laminations riding on a tungsten carbide coated cylinder.    Each 
lamination is formed from Rene 41 alloy.    Slots in the laminations are 
staggered to eliminate continuous paths through which gas could leak. 
Two thicker overload leaves were added,  at the top and bottom only. 

2. 3.4 Changes to the Rotor System 

In preparation for flight testing of the XV-9A,  various 
design revisions and additions to the existing rotor system have been 
accomplished,  based on previous whirl test results.    The major revi- 
sions to the rotor system consisted of the following: 

a. New blade-tip cascades incorporating closure 
valves were designed. 

b. Hub gimbal lugs were strengthened for in-plane 
loads,  and thrust bearings were added to provide 
a direct load path for these loads. 

c. Laminated steel spars have replaced the solid 
machined titanium spars previously used. 

d. New blade retention straps have been provided. 

e. Reinforced articulate duct clamps have been provided. 
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f. The stationary swashplate weight has been reduced. 

g. The lower (stationary) Y-duct and the upper (rotating) 
triduct have been redesigned to decrease weight. 

h.     The rotor shaft and the radial bearing support spoke 
have been redesigned to increase strength.    The shaft 
has also been redesigned to incorporate an output 
sprocket for driving the accessory gearbox. 

i.      A rotor accessory gearbox has been added. 

j.      The rotor lube system has been redesigned to provide 
a compact,  flight-type,  rotor-driven system. 

2. 3. 4. 1        Blade-Tip Cascades 

The tip cascades previously used were welded assemblies 
of contoured sheet metal parts,   consisting of two elbow ducts faired 
into the ducts of the blade segments,  four hollow-section airfoil turn- 
ir 3 vanes in each duct,  and an outer cover faired into the skins of the 
bi<ide.    The leading and trailing edges of the assembly each incorpora- 
ted a discharge orifice for the centrifugally pumped air used to cool 
the spars during rotor operation.    The components of the cascade 
were joined by Heliarc and spot welding. 

The need for a blade-tip closure valve to provide the 
Research Aircraft with a single-engine flying capability were estab- 
lished in Reference 1.    A review of various design approaches and a 
selection of the blade-tip closure valve was made,  and was discussed 
in References 1 and 2.    The design selected for installation on the 
aircraft was one in which the blade-tip cascade incorporates the clo- 
sure valve.    The following criteria were used in designing the blade- 
tip closure valve: 

a. Exit area open, 110 square inches (total - 3 cascades) 

b. Exit area closed, 55 square inches (total) 

c. Maximum actuator pressure,   3, 000 psig 
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d. Maximum temperature, 1, 200 degrees F 

e. Actuation time, 0. SO second (maximum) 

The new blade-tip cascade and closure valve assembly 
employs three turning vanes per duct,  instead of the four vanes used 
on the original blade-tip cascades.    One of these vanes is the blade- 
tip closure valve, which can be rotated to close off one-half the exit 
area for single-engine operation.    The material used for the tip- 
cascade assembly is Inconel 718.    Actuation of the closure valve is 
accomplished by a pneumatic cylinder driving a series of push rods 
and bellcranks (see Figure 6). 

The blade-tip closure valve actuators are energized with 
air supplied through tubing attached to the rotor forward spar.    Two 
reservoir bottles,  a fill valve,  a gage,  and a three-way control valve 
are mounted on the hub for a completely self-contained system.    The 
schematic is shown in Figure 7.    Operation of the three-way control 
valve is explained in Section 2. 5. 6. 2. 

The supply tube to each actuator is a 1/8-inch OD stain- 
less steel tube attached to the forward face of the rotor front spar. 
The tube is attached to one spar attach bolt on each blade segment. 
The tube is convoluted to avoid the excessive thermal and centrifugal 
stresses supported by the spar itself.    These tubes are joined to the 
hub-mounted manifold by 1/8-inch OD stainless steel tube flexures, 
which are formed by putting five spring-like turns near each end of 
the tube. 

The 3000-psi reservoir,  consisting of two 50-cubic-inch 
bottles,  contains sufficient gas to operate the blade-tip closure valves 
seven times without recharging.    Only two cycles (one for maintenance 
and one for actual use in case of an emergency) are required per flight. 

2. 3. 4. 2        Hub Gimbal Bearing Reinforcement 

The hub gimbal system installation consists of a gimbal 
clevis,  ring,  and shaft trunnion.    The design of the existing hub 
gimbal assembly was revised to provide for reinforcement of the hub 
gimbal lugs,  in order to increase the strength of the hub gimbal system 
for in-plane loads,  and by the addition of thrust bearings,  to provide a 
direct load path for in-plan» loads. 
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2, 3. 4. 3        Laminated Steel Spars 

The solid machined titanium spars used previously on the 
blades have been replaced by laminated steel spar assemblies.    The 
new spars are made of laminations of AM355CRT stainless steel 
bonded together and bonded to a machined AM355CRT spar root fitting. 
The spar cross sectional area is tapered by dropping laminations off 
before reaching the outboard end.    Great care was taken in the prepara- 
tion of edges and holes in the material,   to preclude the development of 
fatigue cracks.    The laminations are bonded together and to the root 
fitting.    Bonding is accomplished in a vacuum bag enclosed fixture and 
inside a 350-degree-F,   100-psi autoclave.    The spar assemblies are 
then bolted to the blade segments and blade root sections.    A shim of 
low-friction material is installed between the spars and the blade seg- 
ments,  to prevent fretting of the contacting surfaces.    During rotor 
operation,   spars are cooled by centrifugal movement of air outboard 
along the spars and through discharge orifices in the blade-tip cascades. 

2. 3. 4. 4        Blade Retention Straps 

The chordwise natural frequency of the blades has been 
increased to move it further from the operating frequency range by 
design of new blade retention straps incorporating increased stiff- 
ness.    The revised design provides for two strap packs per blade of 
22 AM355CRT stainless steel laminations each and of increased width, 
in lieu of the original strap packs of 20 Type 301 stainless steel lamina- 
tions each. 

2. 3. 4. 5        Reinforced Articulate Duct Clamps 

Reinforced articulate duct clamps were designed and 
fabricated to Hughes Tool Company specifications.    The reinforced 
clamps were required to eliminate duct leakage during severe maneu- 
vers. 

2. 3. 4. 6        Redesigned Stationary Swashplate 

The stationary swashplate has been redesigned to reduce 
weight and to provide for revised flight-type hydraulic rotor control 
actuators.    A saving of approximately 30 pounds was realized by this 
change. 
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2, 3. 4. 7 Redesigned Hub Ducts 

The hub two-branch stationary Y-duct and the three-branch 
rotating triduct previously used were made of Type 347 corrosion- 
resistant steel.    By extensive use of drophammer formed Inconel 718 
sheet,  it was possible to both strengthen the ducts and effect a weight 
saving cf approximately 105 pounds. 

2. 3. 4. 8        Redesigned Rotor Shaft and Spoke 

The rotor shaft was redesigned to increase the strength and 
to incorporate a gear for use in driving the accessory gearbox (see 
Section 2. 3. 4. 9).    The three-armed spoke utilized in transmitting shaft 
radial loads to the upper bearing was redesigned to increase strength. 

2. 3. 4. 9        Accessory Gearbox 

An accessory gearbox driven by a cogged-tooth timing belt 
has been added to the rotor system.    Power for the gearbox is extracted 
from a drive gear added to the rotor shaft.    The gearbox is a basic off- 
the-shelf unit with a 90-degree drive adaptor added.    Three output pads 
on the accessory gearbox are used for driving the rotor lubrication sys- 
tem pump (see Section 2. 3. 4. 10),  the rotor tachometer generator,  and 
the rotor speed governing system drive gearbox, which in turn drives a 
control system hydraulic pump and two rotor speed governing system 
hydraulic pumps.    The accessory gearbox assembly is mounted to the 
rear spar of the power module. 

i 

i 

2. 3. 4. 10      Rotor Lubrication System 

A flight-type rotor lubrication system was designed to sup- 
ply circulating lubricant for the rotor upper radial bearing and the rotor 
lower thrust bearing.    The system employs a combination pressure and 
scavenge pump driven by the accessory gearbox.    An electrically driven 
scavenge pump has been provided and is used to prevent flooding of the 
bearings due to inadequate scavenge flow at low rotor speeds.    A two- 
quart system reservoir is mounted in the fuselage immediately aft of 
the power module and has sufficient volume to permit deaeration.    An 
oil cooler with an electrically driven blower is installed to maintain 
safe lubricant temperatures (see Figure 8). 
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2.4 AIRCRAFT STRUCTURE 

The structure of the XV-9A consists of four major assem- 
blies:   the fuselage,   the power module,  the empennage,  and the landing 
gear (see Figure 9).    These major units of the aircraft structure are 
separable,  to facilitate fabrication,  test,  and aircraft maintenance. 
The simplest structural design consistent with the mission of the air- 
craft was utilized.    The structure was designed in a manner that per- 
mitted fabrication using a minimum of special purpose tools and 
fixtures. 

2. 4. 1 Fuselage 

For design and manufacturing purposes,  the fuselage was 
broken down into three sections:   the cockpit,  the main fuselage,  and 
the aft fuselage.    The fuselage is of conventional riveted aluminum 
alloy,   semimonocoque construction. 

In or<*er to minimize tooling and fabrication requirements, 
a simple fuselage cross section was chosen.    The main fuselage is of 
constant cross section,  allowing the use of identical frames and flat- 
wrapped skin.    The aft fuselage is a truncated cone section covered 
with flat-wrapped skin.    A transition section of compound curvature 
was required to fair between these two sections.    In order to facilitate 
manufacturing,  this section was kept to the minimum size. 

2.4. 1. 1 Cockpit 

The OH-6A (Hughes Model 369) cockpit structure is used 
on the XV-9A.    It is of conventional riveted and spot welded sheet 
metal construction,  with emphasis on lightweight structure,   optimum 
visibility,  and convenience for the pilot and copilot,   seated side by 
side.    Some structural revisions were made to accommodate the elec- 
trical system,   instrumentation,   rotor controls,  and propulsion con- 
trols installations.    Thickness of two of the windshield panels was 
increased to provide additional stiffness end safety. 

2. 4. 1. 2        Main Fuselage 

This portion of the fuselage is of a constant cross section, 
matching that of the OH-6A cockpit,  and extends from the cockpit aft 
approximately 15 feet.    Structurally,  this main section provides for 
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the attachment of the power module,  main landing gear,  and forward 
fuel cell,  and contains the payload compartment. 

This structure is of typical longeron, skin, and frame con- 
struction.    Typical frames are C-sections,  approximately three inches 
deep, hydropressed out of 2024 aluminum alloy sheet and spaced at 
seven- to eight-inch intervals.    Longerons are made from 7075 T6 
aluminum alloy T-section extrusions,  and the skins are 2024 T3 
aluminum alloy sheets that vary in thickness from 0. 016 inch through 
0. 040 inch.    Two main frames provide for the attachment of the power 
module through tension fittings. 

The main landing gear legs are inserted into a heat-treated 
steel tube that runs across the ship under the floor line.    Landing gear 
leg bending stresses are taken across this tube,  and only the resultant 
loads are taken by the adjacent stiffened frames and skin.    In the for- 
ward end of the main fuselage section is one of the fuel cells,  supported 
by an inner liner riveted to the flanges of the lower half of the frames. 
The cell end bulkheads are designed to react hydrostatic loading and 
are of a aluminum alloy honeycomb construction. 

The remainder of the main fuselage section is floored 
with removable aluminum alloy honeycomb panels,  and incorporates 
provisions for installation of flight test instrumentation equipment. 

An upward swinging main entrance door (approximately 
30 inches x 40 inches) is installed on the left-hand side of the fuselage 
and provides for access to the payload compartment.    A hatch (approxi- 
mately 24 inches x 24 inches) is installed directly under the rotor 
centerline and provides for future addition of an external payload car- 
rying capability to the aircraft. 

2.4.1.3        Aft Fuselage 

This section of the fuselage extends from the side entrance 
door aft to the tail cone fairing.    Structurally,  it must provide for the 
aft fuel cell,  yaw control valve and supply ducting,  tailwheel,  and em- 
pennage attachment.    As in the main fuselage section,  this structure 
is made up of a continuation of the four longerons,  similar C-section 
frames (on 10-inch spacing),  and skin,   riveted together.    Access to 
the yaw control valve is through the tailwheel well.    Fuel cell pro- 
visions are almost identical with those for the forward fuel cell.   Bulk- 
heads are provided for the attachment of the tailwheel and empennage. 
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2. 4. 2 Empennage 

This assembly consists of stabilizers set at 45-degree 
dihedral and 7-1/2 degree sweep with aerodynamically ?nd dynamically 
balanced rudder surfaces.    The total empennage area is 54. 0 square 
feet. 

2. 4. 2. 1        Stabilizers 

The assembly consists of frc  t and rear spars,  hydro- 
pressed ribs,  and skin,   riveted together.    The material is aluminum 
alloy throughout.    The airfoil (NACA 0012) is a constant section from 
root to tip,  greatly simplifying the structure.    Sweep back and dihedral 
require a small amount of complexity in the root ribs and fittings.   The 
stabilizer area is 32. 4 square feet. 

2. 4. 2. 2        Rudders 

The rudders are aluminum alloy structures made up of 
spars,   ribs,  and skin.    They are hinged to the stabilizer by three 
hinges plus a torque tube support.    Aerodynamic and dynamic balance 
are provided.    The total rudder area is 21.6 square feet.    Operation 
of the rudders is described in Section 2. 6. 2 

2. 4. 3 Landing Gear 

The landing gear installation consists of Government fur- 
nished CH-34A components. 

2. 4. 3. 1 Main Landing Gear 

As previously noted in Section 2. 4. 1. 2, provisions are 
made in the forward fuselage to permit installation of the main landing 
gear legs.    A fitting on the power module at the intersection of the 
horizontal pylon front spar and both nacelles supplies the attachment 
point for the upper end of each oleo strut.    The length of the oleo strut 
has been modified to adapt it for use on the XV-9A. 

2. 4. 3. 2        Tail Gear 

The tail gear yoke casting attaches to a bulkhead at fuse- 
lage Station 581. 00 and the tail gear oleo strut attaches to a bulkhead 
at fuselage Station 616. 50 (see Figure 9).    The tail gear assembly is 
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fully caste ring for ground handling,  and can be locked for flight. 
Operation of the tailwheel lock system is described in Section 2. 6. 4. 2. 

2. 4. 4 Power Module 

The power module structural assembly consists of the 
nacelles,  the horizontal or lateral pylon,  and the vertical or rotor 
pylon.    The complete assembly is bolted to the fuselage at four points 
(see Figure 10).    Structural requirements for this section consist of 
providing for engines,  diverter valves,  ducting,  controls,  hydraulic 
system,  and auxiliary gearbox installations,  in addition to providing 
for the rotor and the main landing gear oleo strut attachments.    The 
high temperature environment surrounding the engine and ducting was 
one of the primary factors that influenced the design. 

2. 4, 4. 1        Nacelles 

The nacelle structure supports the engine,  diverter valve, 
tailpipes,  and tail cone.    The engine mount support structure is com- 
posed primarily of welded 4130 steel tubing and A286 steel skin and 
formers.    Nonstressed cowling panels are constructed of aluminum 
alloy sheet,  with the exception of the one over the hot section of the 
engine,  which is constructed of Type 347 stainless steel.    The diver- 
ter valve is located between the two main nacelle frames, which are 
integral with the forward and rear spars of the horizontal pylon.    The 
diverter-valve support yoke is attached to the intersection of the out- 
board or canted rib and the forward spar.    The structure in this area 
is predominantly A286 steel formers,  longerons,  and skins.    Some 
titanium structure is also used in this area.    The stressed access door 
for installation of the diverter valve is made of aluminum alloy.    The 
tail cone assemblies cantilever aft from the rear spar frames,  and are 
made in two parts.    The upper half is attached permanently to the frame 
and provides for the tailpipe support.    The lower half is removable,  to 
permit installation and removal of the tailpipe.    The tail cone skins 
are titanium and the formers are Type 347 stainless steel. 

2. 4. 4. 2        Horizontal Pylon 

This structure attaches the nacelles and rotor support 
trusses to the fuselage,  and also provides the reactions to large loads 
from the hydraulic power control cylinders.    It is constructed almost 
entirely of aluminum alloy.    The main structural members in this 
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assembly are a front and rear spar,  which run across the fuselage and 
terminate at their attachment to the nacelle main rings.    These spars 
are in the form of a truss between the four fuselage attach points,  and 
are made up of a shear web and caps between the fuselage and nacelle. 
Nonstructural leading and trailing edge fairings complete the horizon- 
tal pylon.    The rotor is supported from the horizontal pylon by two 
welded steel tube trusses,  one supporting the radial bearing and the 
other supporting the thrust bearing at the lower end of the rotor shaft. 

2. 4. 4. 3        Vertical Pylon 

An aluminum alloy sheet metal assembly made up of 
formers and skin provides the nonstructural fairing around the rotor 
radial bearing truss,  Y-duct,  and yaw control duct.    Portions of it are 
removable,  to permit access to the hub ducting and to the auxiliary 
gearbox installation. 

2.5 PROPULSION SYSTEM 

The propulsion system installation includes those compon- 
ents required to provide the energy for the Hot Cycle pressure jet 
rotor system.    The design,  therefore,  embraces the physical configu- 
ration of the gas generators,  the attendant gas generator systems,  the 
hot gat« transfer system,  the rotor system,  and the helicopter jet re- 
action yaw control system.    Description of the rotor system has been 
covered in Section 2. 3 of this report.    This section will deal with all 
other elements of the propulsion system. 

The design features excellent inspection and maintenance 
accessibility,  convenient gas generator and diverter valve handling, 
an aerodynamically clean gas generator air inlet,   safety precaustions 
for the minimization of gas generator bay fire hazard,  and,  in the 
event of fire,  complete coverage for both detection and extinguish- 
ment. 

The general arrangement of the propulsion system is shown 
in Figure 11. 

2. 5. 1 Thermal Characteristics 

During operation of the aircraft,  heat will be flowing from 
the hot gases into the adjoining hardware.    In addition,  heat will be 
generated in the gas generator lubrication circuit and in the hydraulic 
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pumps and actuators.    There are five areas in the aircraft having dif- 
ferent cooling requirements:   gas generator lubricant system,  hydrau- 
lic fluid,  gas generator bay,  pylon and fuselage structure,  and rotor 
system.    These areas represent a wide range of thermal conditions 
and require various means to accomplish overall control of tempera- 
ture.    An extensive study was conducted on this subject before any 
particular insulation or cooling arrangement was finally selected. 
Simplicity of installation had high priority in these design considera- 
tions and is reflected in the selection of methods and materials con- 
cerning thermal problems.    Whenever forced cooling was not readily 
available,  one or more of the following methods were used to ensure 
safe operation of the system: 

a. Insulation of hot ducts to reduce heat flux 

b. Local protection for critical parts 

c. Ventilating holes to induce air circulation 

d. Leaving the area at elevated temperature and 
using temperature-resistant materials. 

2. 5. 1. 1        Thermal Criteria 

Limit temperatures and heat transfer data are taken from 
the YT-64 gas generator data given in Reference 7.    Additional data 
were supplied directly by the manufacturer. 

Heat generation in the hydraulic system was estimated on 
the basis of system analysis and information supplied by the manufac- 
turers of individual components. 

Characteristics of heat exchangers and thermal properties 
of insulation were based on the test results supplied by the manufac- 
turers. 

2. 5. 2 Basic Powerplant 

The basic powerplant is the YT-64-6 turboshaft engine 
modified to a go i generator for application to the XV-9A by the re- 
moval of the second or power turbine.    This modified gas generator 
includes a 14-stage axial flow compressor,  a through-flow annular 
combustion chamber, a two-stage axial flow turbine,  a fixed area 
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exhaust cone,  and an integral control system.    The gas generator con- 
trol system,  in turn,  consists of a fuel pump and filter,  a hydrome- 
chanical fuel control assembly,  and a pair of compressor stator vane 
actuators.    The first seven stages of compression include variable 
stator guide vanes.    Angular position of these vanes is automatically 
controlled by the fuel control. 

The quick engine change (QEC) or gas generator assembly 
includes the basic powerplant,  the gas generator air inlet,  the gas 
generator lubricating system,  the gas generator starting system,  the 
gas generator mounted accessories, the fuel inlet, the power control 
attachments,  the gas generator mounts,  the fire extinguishing mani- 
fold,  the fire detection cabling,  the gas generator flight instrumenta- 
tion,  the gas generator exit adaptor,  and the required gas generator 
vents and drains.    These items are discussed in the applicable para- 
graphs. 

All gas generator mounted items such as accessories, 
ignition generator,  ignitor,  filters,  and so on,  can be inspected, 
cleaned,  adjusted,  removed,  and/or replaced without the use of 
special tools or the removal of the engine or prime structure. 

2. 5. 2. 1        Accessories 

The helicopter accessories mounted on and driven by 
each gas generator included a 6-gpm,   3, 000-psi hydraulic pump,  a 
24-vdc,   150-amp electric generator,  a tachometer generator and a 
governor drive hydraulic motor. 

2. 5. 2. 2        Starting System 

The YT-64 gas generator features an integral air impinge- 
ment starter (AIS), by way of a manifold on the turbine casing,  pass- 
ing compressed air from an external source to turn the gas generator 
turbine second stage up to starting speed.    The AIS horn diameter is 
1. 75 inch; provision for attachment of a V-band coupling connector is 
included. 

Each gas generator will be motored by a Government- 
furnished USAF Type MA-1 mobile air compressor (air at 45 psig 
and 360 degrees F approximately) for individual starting. Cross- 
bleed starting has not been considered necessary. 
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The hose connection from the MA-1 cart is made to each 
gas generator through an access door in the lower aft nacelle cowl 
panel by the mating of a quick-attach-detach coupling (attached to the 
hose) to a standard MS33740 nipple (attached to the gas generator). 

Since the MA-1 supply line is 3. 50 inches in diameter,  a 
transition duct is mounted on the gas generator to reduce the diameter 
to the 1. 75-inch diameter noted above.    The duct and duct supports 
are fabricated of Type 347 corrosion-resistant steel,  and are mounted 
to the forward and aft turbine flanges (see Figure 12. )   Between the 
starter nipple and the transition duct,  the system incorporates a flap- 
per check valve.    The purpose of this valve is to prevent backflow of 
the exhaust gas through the manifold.    The flapper check valve assem- 
bly incudes the MS33740 nipple upstream of the valve.    It attaches to 
the transition duct by a V-band coupling. 

2. 5. 2. 3        Gas Generator Air Inlet 

The gas generator inlet assembly is made of 6061-0 alum- 
inum alloy formed and welded into a homogeneous unit.    The complete 
assembly,  which mounts on the gas generator compressor inlet,   serves 
as the gas generator air inlet duct,  the nacelle nose fairing,  and the gas 
generator oil tank (see Figure 13). 

The assembly consists of three formed pieces:   a 360- 
degree inner skin forming the inlet duct and duct inlet lip, a 360-degree 
outer skin forming the nose fairing,  and a closing frame for assembly 
rigidity.    The inner skin and outer skin were fusion welded at the lead- 
ing edge,  ground,  buffed,  and reformed to maintain smooth aerody- 
namic contours.    Nose ribs were used to maintain the shape.    The clos- 
ing frame and the nose ribs were spotwelded to  the  subassembly to 
complete the unit. 

The closing frames and two solid nose ribs define the oil 
tank.    Seam and fusion welding were used in this area.    The tank 
cavity is designed to withstand a pressure differential of three pounds 
per square inch. 

The gas generator inlet duct profile is sized to provide 
efficient inlet recovery for both hovering and forward flight operations. 
The outer nose fairing is contoured for low drag at the higher forward 
speeds. 
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Figure 13.    Gas Generator Inlet 
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The assembly is mounted to the gas generator inlet flange 
by a V-band coupling,  and to cne of the gas generator mount pads by a 
support bracket.    Air loads in the axial direction are transmitted to 
and carried by the gas generator inlet flange.    The support bracket 
serves only as a centering device for locating the inlet assembly and 
as a steadying link to resist inlet assembly rotation in the event of 
inadvertent loosening of the V-band attach coupling. 

2.5. 2.4 Lubrication Sy3tem 

The complete lubrication system consists of:  (a) the 
internal or power unit system, which includes a supply system,  a 
scavenge system,  and a sump vent system; and (b) the external or 
airplane system,  which includes the external supply and cooling 
systems. 

The power unit system is shown schematically in Figure 
10-1 of Refeience 7, and the aircraft system is defined by Figure 14 
herein. 

The function of the aircraft system is to provide the power 
unit with an adequate supply of oil to lubricate and cool the gas genera- 
tor components to meet the following installation requirements: 

Gas generator oil MIL-L-7808D 

Pump inlet 
Minimum supply pressure 
Maximum aeration by volume 
Maximum supply temperature 
Optimum supply temperature 
Minimum flow 

5 psia 
10 percent 
225 degrees F 
175 to 190 degrees F 
5. 7 gpm (at 225 degrees F 

and 5 psia) 

Pump scavenge 
Maximum discharge pressure 
Maximum aeration by volume 
Maximum temperature 
Maximum flow 

30 psig 
78 percent 
360 degrees F 
25. 5 gpm (at 360 degrees F 

and 30 psig) 
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Sump vent 
Maximum pressure at vent 

connections 
Maximum inflow (air or 

air/oil vapor) 
Maximum outflow (air or 
air/oil vapor) 

Gas generator operating oil 
pressure 

Oil consumption (maximum 
average) 

5 psig at 100 percent 
gas generator rpm 

1. 25 cfm 

1. 00 cfm 

35 to 55 psig 
power 

15 to 25 psig 
power 

1. 1 pph 

military 

ground idle 

The oil reservoir is an integral part of the gas generator 
air inlet assembly located on the left-hand side of the assembly.    The 
reservoir has a total volume of five gallons (1, 155 cubic inches),  a 
total oil capacity of 3. 6 gallons,   and an expansion space equivalent to 
40 percent of the total oil capacity,  as detailed below: 

Cubic 
Pounds Gallons Inches 

Usable o*i (1, 1 pph for 4.4 0.59 137 
4 hours) 

Nonusable oil (sump) 3.6 0.48 111 
Transient residual oil 4. 0 0. 53 123 
Dwell time oil 15. 0 2. 00 462 

Subtotal 27. 0 3.60 833 

Expansion (40 percent 
oil capacity) 

10. 8 1.40 322 

Total 37.8 5.00        1,155 

To provide the required air-fise oil to the engine,  a dwell 
time of 20 seconds was established.    At the rate of flow of approxi- 
mately 6 gpm,  a dwell time of 20 seconds necessitated an additional 
required oil capacity of 2. 00 gallons. 
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The oil filler is located at the 3. 6-gallon full line,  and 
features a positive locking cap and dipstick assembly {see Figure 13). 

r«j The dipstick is graduated to indicate quantity of oil to be added to bring 
the reservoir to the full line.    A 10-mesh wire screen is provided in 
the filler neck. 

All external lines are fire-resistant, teflon-lined flexible 
tubing,  sized as shown in Figure 14.    The oil flows, by gravity, from 
the reservoir directly to the engine.    Return oil is directed back to 
the reservoir by engine scavenge pump pressure.    Deaeration of this 
oil is ensured by directing the return flow tangentially against the tank 
forward wall.    The shape of the tank itself and the amount of space 
above the solid oil level is such as to ensure successful deaeration of 
the return oil.    The return flow is at a low velocity,  so that deaeration 
is accomplished without splashing or further aeration. 

Cooling of the oil is accomplished by means of a 68-square- 
inch air-to-oil heat exchanger located in the return side of the system. 
Airflow through the heat exchanger is induced by means of an ejector. 
Compressed air bled from the fourteenth stage of the gas generator 
compressor is used as the source of primary flow.    One oil cooler 
with the associated equipment is provided for each gas generator.   The 
estimated heat rejection to the lubricating oil for the YT-64 gas genera- 
tor is: 

2. 

Zj 

MY 

BTU per Oil Flow 
Hour KPh 

Maximum power 89, 000 354 
75 percent power 83, 000 350 
60 percent power 77,500 342 
Flight idle 24, 000 300 
Ground idle 10, 000 280 

The oil cooler design conditions are: 

Maximum air temperature 103°F 
Air flow at 2 inches H2O 65 pounds /minute 
Design temperature 

OIL IN 225°F (maximum) 
OIL OUT 360°F (maximum) 

For oil cooler heat rejection data see page 10 of Reference 8.    For 
air ejection data see Figure 15 
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Figure 16 defines the gas generator bleed air ejector sys- 
tem geometry.    Installation of components has been shown in Figure 12. 

A check valve is located immediately upstream of the heat 
exchanger to preclude backfiow to the gas genera'      and prevent en- 
gine sump flooding during and after shutdown. 

The 0as generator front frame sump vent and midframe 
sump vent are manifolded and vented to the reservoir.    The reservoir, 
in turn,  is vented to atmosphere. 

2. 5. 3 Mounting System 

The load limitations of the YT-64 gas generator exhaust 
casing necessitated independent mounting of the diverter valve.    Con- 
sequently,  the mounting system consists of three independently 
mounted component systems (see Figure 17): 

a. A gas generator support system 

b. A diverter valve support system 

c. A tailpipe support system 

2. 5. 3. 1        Gas Generator Mounting 

The gas generator mount supports form a statically deter- 
minate system with three points of support.    The forward supports 
located on the gas generator front frame are spherical-type bearings. 
The inboard mount on each gas generator is retained in a two-piece 
hinged socket rigidly attached to the gas generator mount structure. 
This support point reacts vertical, side, and thrust loads.   The out- 
board mount is also retained by a two-piece hinged socket.    However, 
this socket is attached to the truss by a ball rod end stabilizer link, 
and can resist vertical load only,    The aft mount is a spherical univer- 
sal linkage attached to the mounting points at the gas generator com- 
pressor rear frame.    This support reacts vertical and side loads 
only,  with no fore and aft restraint,  so as to permit gas generator 
linear expansion.    This fitting is part of the gas generator buildup and 
is attached to the structure at the time of gas generator installation. 

The forward mounts are located in a relatively cool area 
and are fabricated from Type 410 corrosion-resistant steel heat treated 
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to 180, 000 to 200, 000 psi.    The aft mounts,  located in a higher tem- 
perature region, are fabricated from Type 17-4 PK steel heat treated 
to 190, 000 to 215, 000 psi.    The uniball bearings are 52100 steel,  heat 
treated to 300, 000 psi. 

2. 5. 3. 2        Diverter Valve Mounting 

The configuration demands flexibility of the three compon- 
ents, to prevent transmission of loads as well as to permit relative 
motion and allow for axial thermal expansion.    Comparison of several 
proposed mounting systems,  their attachment to the structure,  and the 
degree of freedom allowed indicated that a yoke-type support for the 
diverter valve was superior in action and simplicity. 

The hot gas transition duct is sized and arranged so that 
the resultant of the diverter valve forces acts through the center sup- 
ports of the yoke when engine gas is diverted to rotor position.    When 
in straight-through or overboard flow,  the induced loads are small and 
result only from the pressure loss through the valve and small changes 
in momentum.    For the one-engine-out condition,  the component of 
load out of the yoke plane is reacted by the two auxiliary support struts. 

Th^ weight of the diverter valve is supported by the gas 
generator exhaust adaptor at the forward end,  and by a cable sling at 
the aft end.    Up-loads are resisted by a link at the aft end. 

The materials used in the support of the diverter valve are 
high-temperature,  corrosion-resistant steel. 

2. 5. 3. 3        Tailpipe Mounting 

The tailpipe assembly is supported from the structure at 
two points.    The forward support consists of two struts and a gimbal 
ring assembly that carries the thrust loads into the power module rear 
spar.    This arrangement is designed so that a portion of the tailpipe 
assembly weight is supported by the diverter valve,  but prevents any 
diverter valve loads from being transmitted into the relatively thin 
walls of the tailpipe assembly. 

The rear support consists of three struts to react side and 
vertical loading but not fore and aft loads,  thereby permitting thermal 
expansion.    Like the diverter valve,  the materials used for the tailpipe 
assembly support are high-temperature,  corrosion-resistant steel. 
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2. 5. 4 Component Removal 

Each component of the propulsion system car    e installed 
and/or removed easily without effect on the other component systems. 

Points are provided on the gas generator,  two at the for- 
ward mounts and one at the exhaust front frame,  to attach the removal 
sling.    Installation and removal of the gas generator are made verti- 
cally by means of a cable attached to the sling.    The sling is removed 
when the gas generator is secure in the mounts or on the transportation 
dolly. 

The diverter valve is installed and removed through the 
large access door incorporated in the lower portion of the nacelle 
between the power module front and riar spars.    The yoke and linkage 
supports are permanently installed in the nacelle and are rigged for 
true gas generator and tailpipe alignment.    Installation and/or removal 
of the diverter valve is made with the aid of an hydraulic lift and two 
cradle adaptors. 

The tailpipe assembly is installed and removed through the 
large access door provided in the lower portion of the nacelle tail cone 
fairing.    Installation and removal can be made without use of special 
fixtures.    Supports are the two forward gimbal links and the three aft 
links,  as well as the seal interconnect. 

2. 5. 5 Interconnect Seals 

The seal interconnect between the components is a metal- 
to-metal seal.    The seal consists of an inner ring or adaptor attached 
to the component and an outer seal assembly that slides over the adap- 
tor and is attached to the mating component after both components are 
secure.    The seals consist of three layers of 0. 010 Rene* 41 high- 
temperature steel ground and cut to fit the inner ring circumference. 
The seal is angled to promote additional sealing from gas generator 
exhaust gas pressures.    This type of seal will allow free axial and 
limited angular movement between the components while effecting a 
relatively gas-tight connection.    Tests to date have demonstrated leak- 
age to be negligible with this configuration.    Friction loads are mini- 
mized by tungsten carbide surfaces on the inner ring and by moly- 
disulphide treatment of the ground sealing edges of the Rene 41. 
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Flight vertical and side loads are reacted by four studs, 
90 degrees apart,  located on the seal assembly.    The seal configura- 
tion is shown in Figure 18. 

2. 5. 6 Hot Gas System 

The purpose of the hot gas system is to transfer the gas 
generator exhaust gases from each gas generator to the rotor blade-tip 
cascades in order to provide the driving force for the Hot Cycle pres- 
sure jet rotor.    The system,  exclusive of the gas generator and jet 
reaction yaw control system,  consists of: 

a. Diverter valves and controls 

b. Transition ducts 

c. Tailpipe assembly 

d. Fixed Y-duct 

e. Rotating triduct 

f. Rotor system ducting,  including blade-tip closure 
valves and controls 

2. 5. 6. 1        Component Description 

The diverter valves are J-85 valves modified to meet 
Hughes Tool Company specifications.    The gas generator diverter valve 
seal has been shown in Figure 18.    This seal provides a smooth transi- 
tion area from the gas generator to the diverter valve,  as well as 
allowing for thermal expansion and unit misalignment.    Flow through 
the diverter valves may be overboard for engine starting and operation 
or diverted for rotor operation.    The valves are operated by hydraulic 
actuators and the hydraulic supply system described in Section 2. 7. 1. 2. 

The transition ducts are located in the lateral pylons. 
These ducts are fabricated from Inconel 718 corrosion-resistant steel, 
and contain bellows to compensate for thermal expansion cr installa- 
tion misalignment.    The transition ducts are insulated to maintain 
acceptable structural temperatures. 
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The attachment of the transition duct to the diverter valve 
is by V-band coupling.    The flanges are of special design to ensure 
minimal leakage.    Configuration is shown in Figure 19.    This method 
of attachment is standard for the vehicle. 

The tailpipe assembly,  fixed Y-duct,  and rotating triduct, 
as well as various details of the lotor ducting system, have been de- 
fined in other sections of this report. 

2. 5. 6. 2        Hot Gas System Controls 

The hot gas system valves are all two-position devices 
that can be controlled by switches on the pilot's control console,  or, 
at the pilot's option,  can be controlled semiautomatically by the cross- 
flow warning system (paragraph 2. 5. 6. 3).    To prevent inadvertent re- 
duction in engine exit area,  the blade-tip closure valves are interlocked 
with the diverter valve limit switches.    Thus,  the blade-tip closure 
valves cannot be closed unless either or both of the diverter valves 
are in the "gas overboard" position. 

2. 5. 6. 3        Crossflow Warning System Description 

The Y-duct crossflow warning system is designed to sense 
an unbalance in the output of the gas generators,  to visually display 
this unbalance,  to give the pilot a visual and an aural warning of exces- 
sive unbalance,  and to set up control circuits to aid the pilot in divert- 
ing the flow of a defective gas generator.    These operations are 
accomplished as follows.    An aerodynamically unbalanced vane installed 
in the intersectic n ox the two gas streams (Figures 20 and 21) senses 
the relation between the output of the gas generators and drives a dual 
tandem potentiometer.    The output of the potentiometer is detected by 
the warn-divert circuit,  which drives the crossflow indicator and 
trigger-s the visual and aural warning signals (Figure 22).    If the gas 
generator mismatch reaches an arbitrarily designated value,  the warn- 
divert circuit triggers a blinking amber light and warbling tone in the 
crew headsets.    The illuminated lights and the position of the crossflow 
indicator designate the gas generator w**h the low output.    If the mis- 
match approaches the potentially dangerous level, the warn-divert 
circuit triggers a blinking red light and .nodifies the warbling tone in 
the headsets.    Simultaneously, the divert circuit arms the collective- 
stick-mounted divert switch.    If the pilot accepts the mismatch warn- 
ings,  he simply pushes the divert switch,  and the malfunctioning 
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engine is isolated by diverting its flow overboard.    The blade-tip 
closure valves are then automatically closed,  to maintain proper en- 
gine exit area.    The pilot can utilize this semiautomatic divert system 
only if his manual control switches are initially set to automatic posi- 
tion and only if the warn-divert system indicates excessive mismatch. 
The valves may be returned to their normal flight position by use of 
the manual control switches or by opening and reclosing the system 
circuit breakers. 

2. 5. 6. 4        Warn-Divert System Components 

The following listed components comprise the major units 
of the system: 

a. Y-duct vane.    A vane located in the Y-duct juncture 
from the two gas generators.    It is positioned to 
center,  and is deflected away from center if the ex- 
haust gas flow from the two gas generators is not 
balanced.    The angle of deflection is a measure of 
the magnitude of the unbalance. 

b. Transducer.   A dual-tandem potentiometer.    It is 
coupled to the Y-duct vane by sprockets and a chain. 
The output of the transducer provides a signal of the 
Y-duct vane position. 

c. Indicator, Y-duct vane position.  A 270-degree dial, 2-inch 
indicator using a standard electrical meter move- 
ment.    It is coupled to the warn-divert unit to 
indicate the position of the YJ.uct vane. 

d. Warn-divert unit.    A completely solid-state signal 
conditioning unit.    This unit accepts the signal from 
the position transducer and provides the following 
outputs: 

(1) Analog position signal to operate the position 
indicator. 

(2) Right or left amber light flashing simultaneously 
with a modulated tone in the radio headsets, if the 
vane moves + 5 degrees from center. 
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(3)    Right-or-left red light flashing simultaneously 
with a drastic change in the tone in the radio 
headsets if the vane moves +10 degrees from 
center; in addition,  provides a grounding 
circuit for the external control circuitry of 
the malfunctioning engine's diverter valve and 
for the blade-tip closure valves. 

e. Signal balancing potentiometer.    A potentiometer 
that provides capability for zero setting of the 
indicator and for pilot adjustment of the switch 
points for the warning light and the audible warning 
signal. 

f. Pilot's activate switch.    A momentary pushbutton 
switch on the collective stick.    When a ground circuit 
has been set up by the warn-divert unit as described 
above,  pushing this switch operates the solenoid of 
the diverter valve of the malfunctioning engine for 
overboard operation and the blade-tip solenoid valve 
for reduction of blade duct area. 

2. 5. 7 Yaw Control System 

In hovering and in low-speed forward flight,  the direc- 
tional control of the vehicle depends on the operation of the jet reaction 
yaw control system.    This yaw control system utilizes the rotor system 
gases,  and produces the required yaw force by discharging these hot 
gases through variable area nozzles located diametrically opposite 
each other at fuselage Station 598. 85.    The system has been shown in 
Figure 11,  and consists basically of a supply system,  a directional 
valve,  and a control system. 

2. 5. 7. 1 Supply System 

The supply system embraces the ducting required to carry 
the hot gases from the rotor Y-duct to the directional control valve. 
The ducts {5. 00-inch and 7. 00-inch diameter thin wall Type 347 cor- 
rosion-resistant steel tubing) are interconnected by stainless steel 
bellows,  which compensate for duct thermal expansion.    Loads induced 
into the bellows by thermal expansion are kept small by selected duct 
lengths and methods of support.    The ducts and bellows are insulated 
to maintain safe operational temperature levels in the surrounding 
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structure.    The system employs the metal-to-metal V-band coupling 
configuration (Figure 19) with formed flanges on the ducts and the 
machined flanges on the bellows. 

2. 5. 7. 2        Directional Control Valve 

The directional control valve assembly is shown in Fig- 
ure 23.    It consists essentially of a 9. 56-inch-diameter rotor (cylindri- 
cal closure) contained in a 10-inch cylindrical housing (plenum cham- 
ber) that includes two ducted diametrically opposed outlets of 23. 5 
square inches each.    The rotor, which is supported in the housing by 
sleeved carbon bushings, has corresponding cutouts,  located so that 
rotation of Jh 58 degrees from the neutral position will select the out- 
let and vary the flow from full closed to full open.    The leakage from 
the plenum is controlled by carbon seals at each outlet.    The seals are 
lapped in place for full coincidence with the rotor surfaces,  and are 
designed to produce the maximum amount of sealing by taking advan- 
tage of the valve operating pressures.    Rotor operation loads are 
minimized by the low coefficient of friction of the carbon used. 

The valve body,  the rotor,  the valve end plate,  and the 
side outlets are fabricated from Type 347 corrosion-resistant steel, 
welded and machined into homogeneous units.    Springs used in the 
assembly are fabricated from Inconel X. 

The valve assembly is insulated to ensure safe operational 
temperature levels in the adjacent structure. 

2. 5. 7. 3        Yaw Control Valve Design Criteria 

Maximum yaw thrust required at 300 pounds 
the design point with the fully open 
valve 

Maximum nozzle exit area 23. 5 square inches 

Gas power as required in hover- 15, 300 pounds 
ing at gross weight 

The thrust available for the adequate directional control of 
the XV-9A varies with flight conditions.    Or.co the valve opening is 
fixed,  yaw thrust becomes a function of gas power that is utilized at 
that moment in the rotor system.    Whenever tie rotor power increases, 
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yaw control becomes more effective.    Therefore,   after exceeding a 
certain engine power level,  only a partial opening of the yaw control 
valve is necessary to satisfy the specified yaw control requirements. 
This engine power level is approximately 60 percent of maximum 
power. 

There is also an interdependence between the engine output 
and the operation of the yaw control system.    Opening of the valve in- 
creases the total exit area used by the engines,   resulting in a pressure 
drop in the system and a reduction of mass flow to the rotor.    The 
subsequent decrease in power must be compensated by the adjustment 
of power lever angle (PLA). 

2. 5. 7. 4        Control System 

J The yaw control valve is controlled through a cable and 
lever system by the pilot's yaw control pedals.    It is also connected to 
the rudders by a cable and push-rod system so that the valve and rud- 
ders move together.    For a more complete description,   refer to 
Section 2. 6. 2. 

2. 5. 8 Compartment Cooling 

The front part of the gas generator bay is comparatively 
cool.    Temperatures are rising toward the rear end of the gas genera- 
tor, where the bay is subjected to intensive radiation and convection 

I from the gas generator hot sections; namely,  the combustor,  the tur- 
\ bine,  and the exhaust casings.    In this area,  fuel and hydraulic lines, 
j electrical runs,  and control cabling are routed into closed insulated 

compartmented areas.    Ventilation is provided in these areas by holes 
I at each end of the compartments. 
;i 

Cooling air is introduced to the nacelle through a 1. 00-inch 
annular opening at the leading edge of the accessory cowling and then 
induced to flow through by the action of the ejector described in Section 

I 2. 5. 2. 4.    Additional cooling is provided by cutouts and louvers in the 
accessory cowl panels. 

YT-64 gas generator heat rejection data are delineated on 
I Figure 6-5 of Reference 7,  and the estimated temperature profile for 

the nacelle skin and adjacent structure is showi* in Figure 24 herein. 
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The diverter valve is covered with an insulation blanket. 
This insulation,  the airflow induced by the oil cooling ejector,  and the 
use of high-temperature steel in the nacelle construction make air 
openings in this area unnecessary.    The tailpipe section is designed to 
operate at elevated temperature. 

The transition duct in the pylon is wrapped with insulating 
material combined with radiation shielding.    The heat flow inside the 
pylon is reduced to a degree where natural convection is sufficient to 
maintain acceptable structural temperatures.     Tests,  to date, have 
demonstrated temperatures of the pylon skins to be within the allowable 
limits for safe operation.    Ventilation holes are provided at the top and 
bottom skins of the pylon to permit circulation.    The pylon is isolated 
from the nacelle by a firewall baffle that seals around the transition 
duct insulation. 

2. 5. 9 Cowling 

Four accessory cowl panels are utilized to cover each 
YT-64 gas generator.    In addition to providing weather protection for 
the gas generators,  the cowling serves as a means for introducing 
and directing the cooling airflow through the single-zone gas genera- 
tor bay. 

2. 5. 10 Fuel System 

The airplane fuel system consists of two individual systems, 
one for each gas generator,  with crossfeed feature.    Under normal 
conditions,  each gas generator operates with its own system; however, 
by pilot operation of the system valving,  fuel can be made available to 
both gas generators from either fuel cell or to either gas generator 
from both fuel cells. 

2. 5. 10. 1      Description 

Each system consists of a 250-gallon bladder-type rubber- 
ized fuel cell,  boost pump,   shutoff valves,   strainers,  vents,  and 
drains.    The cells are of urethane synthetic and comply with Hughes 
Tool Company dimensional requirements.    The left-hand gas generator 
system cell is located between fuselage canted Station 200. 00 and fuse- 
lage Station 256. 37.    The right-hand gas generator system, cell is loca- 
ted between fuselage Stations 377. 75 and 430. 22.    Cell support is con- 
ventional,  by nylon chord and by bolted connections through the upper 
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access door and sump.    Each cell is vented to atmosphere by two 
0. 625-inch-diameter aluminum alloy lines.    The vent outlets are safely 
located in areas isolated from gas generator exhaust or hot surfaces. 
The fillers for each cell are located on the left-hand side of the fuse- 
lage. 

Fuel is supplied to the gas generator through 0. 750-inch- 
diameter aluminum alloy lines in the fuselage and through a 0. 750-inch 
fire resistant flexible line in each gas generator section.    The supply 
to the engine is maintained at continuous pressure by the boost pumps 
located in each cell.    Operation of boost pumps,  as well as system 
shutoff valves,  is by 28-volt dc.       Each system employs two shutoff 
valves,  one at the tank and one at the firewall.    The firewall shutoff 
valve is also coordinated to close when the fire extinguishing switch is 
energized. 

The system may be drained by gravity at the fuel strainers, 
or may be disconnected at the engine and pumped out by the boost pumps. 
The fuel system schematic is shown in Figure 25. 

2. 5. 10. 2      Fuel-Hydraulic Heat Exchanger 

Gas generator fuel is used to remove the heat generated in 
the hydraulic system.    Two hydraulic fluid-to-fuel heat exchangers 
are installed to provide independent cooling for primary and utility 
hydraulic systems.    The hydraulic cooling requirements are discussed 
in Section 2. 7. 1. 

2. 6 CONTROL SYSTEMS 

2- 6. 1 Rotor Pitch Control 

The rotor pitch control system (see Figures 26 and 27) 
may be divided into three distinct installations: 

a. Pilot linkage 

b. Stationary power linkage 

c. Rotating linkage 
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389-«120 MIXER 
INSTALLATION  1~f 

MS-«WO  MW CONTROL 
SYSTEM INSTALLATION - 

3*5-«ISO CONTROLS 
INSTALLATION STA ISS 

385-8140 CYCLIC PITCH ' 
CONTROL INSTALLATION 

MS-63ZO BRAKE PEDAL 
INSTALLATION  (REF) 

389-6150 RUDDER 
PEDAL INSTALLATION 

385-«ISO FLIGHT CONTROL 
INSTALLATION  DUAL 

iN« 

X 

-RA 
MSI 

MS-T005-SROD LATERAL 
CYCLIC CONTROL ASSEMBLY 

Figure 26.    Flight Control System (Sheet 1 of 2) 
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385-6i?0 MIXER 
INSTALLATION 

)   YAW CONTROL 
•• INSTALLATION 

369-7005-5 HOD LONGITUDINAL 
CYCLIC   CONTROL ASSEMBLY 

B 

365-610« CYCLIC 
TRIM INSTALLATION 

m 
365-6105-5 TUBE 
COLLECTIVE ASSEMBLY 

0 
385-6105-7 TUBE 
CYCLIC  iSSEMBLY 2 REG 

LU 
369-7357  ROD COLLI »TIVE 
CONTROL  ASSEMBLY 

365-6160 FLIGHT CONTROL 
INSTALLATION DUAL 

385-6180 FLIGHT CONTROL 
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383-6'SO YAW CONTROL 

SYSTEM INSTALLATION 

385-6105-5 TU8E L.H. 
LATERAL CONTROL 

® 
385-6105-1 TUBE 
LONGITUOINAL CONTROL 

385-6105-3 TUBE R.H. 

LATERAL CONTROL 
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HS626-4-335 

HSW6-4-3I0 
HS626-4-Z75 

HS626-4-2I7 

HS626-4-163 

NAS464P4-I3 

NAS464P4-I8 

NAS464P4   IT 

NAS464P4-I6 

NAS464P4-I5 
NAS464P4-I4 

NAS464P4-II 

AN960P04I6-L 

AN38I-2-I2 
AN320-4 
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388 - 6106 
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BOLT 
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BOLT 

WASHER 

NUT 

CYCLIC  TRIM INSTALLATION 

DRAG LINK INSTALLATION 

TUBE  CYCLIC 

TUBE COLLECTIVE 

TU3E LATERAL CONTROL 

TJBE L0N3ITUD1AL CONTROL 

FLIGHT CONTROL INSTALLATION DUAL 

RUOOFR CONTROL INSTALLATION AFT LINKAGE 

YAW CONTROL INSTALLATION 

RUDDER PEDAL INSTALLATION I 583- 6100 
CYCLIC PITCH CONTROL INSTALLATION 

CONTROLS INSTALLATION 

MIXER INSTALLATION 

ROTOR CONTROL POWER LINKAGE INSTALLATION 

ROO COLLECTIVE 

ROD LONGITUDINAL 

ROO LATERAL 
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Figure 27,    Flight Control System (Sheet 2 of 2) 
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363-6160 TAW CONTROL 
SYSTEM INSTALLATION 

NOTES: 

LH   FOR KINEMATICS STUOY SEE W3-6I03 AND 383-6)04 jpC* 

fgj   CONTROL RODS ANO TUBES ARC TO BE INSTALLED  WITH THE    iDL 
FOLLOWING HARDWARE J^N 

38S-6I05- I                                                [NAS464P4- iT Kk>>6IC 
3iS-6*05- 3 I^38'«"4-*75 **»«« 

SSS-6I05-S      UPPER  END [NAS464P4 -  17 BS|. »>C 
LHS8M- 4-173 m. 

LOWER END [*NAS464P4- 0 Bt 
[HS62S-4-IS5 K 

3tS-«103-7     UPPER  END      LAT S      fNAS4t4M - 17 Bfe»6IC 
LONG [HSC26-4-275 Ml' 

LOWER END      LAT ("NAS464P4 - 17 BC 
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[HS62C-4-2I7 m 

369-7337           UPPER  END ["NAS464P4-16 BO»73! 
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1 389-6140 CYCLIC PITCH CONTROL INSTALLATION I 1 
I 389-«30 CONTROLS INSTALLATION 
1 389-600 MIXER INSTALLATION 

1 38S-WK3 ROTOR CONTROL POWER LBKAOE INSTALLATION 

;'L     •                                                                 ANM0P04IS-L     WAJH-IREQ                              31 I 388-7397 ROD COLLECTIVE 
*►                                                                 ANS6I-2-IZ           PIN                                               [JO 1 388- 7009-3 ROD LONGITUDINAL 

g] 
TC SPBSj^cTUATORS PURCHASED IN ACCORDANCE  WITH  HTC SPECIFICATION 

|8X  DRAWING 385- «10»                                                                                                              — 

1 388-7009-3 ROD LATERAL 

1 285-0300 UPPER CONTROLS INSTALLATION 

CES  PMfER 383-8710. REPAIR PAINT ON DAMAGED SURFACES  PER MS-87K) %MT , W.ftf Hfl -„     ■        JUtlBkdL 

hfTROLS PER ENGINEERING INSTRUCTIONS I9|l:r I"2u!33njBNT 0OWTROL9 1 jBJgBaEk 

5pf^  !'%OT o»«■ »«mm IIMWW* —^— I SjSi*t  
■Ü» ■                            -                         ' vrr   , 

■Ran B^ ■   TIM».      -T»»^ggt 

0 



r 

2.6.1.1 Pilot Linkage 

The pilot linkage consists of the cyclic and collective pitch 
levers,  their associated mounting structures,  bellcranks,  and push 
rods,  the mixer and its support structure,  the artificial feel system, 
and the linkage attached to the power control actuator servo valve 
spools. 

The pilot system in the cockpit is derived from the OH-6A 
helicopter,  and is modified only as required to satisfy different move- 
ment and load specifications.    The collective lever has been modified 
to provide the throttle-pitch coordination required by the propulsion 
control system. 

A dual control installation has been incorporated into the 
cockpit system.    The copilot stick installations do not incorporate the 
friction stops,  cyclic trim switches,  or complete radio intercom con- 
trols. 

Stops are attached to the cyclic and collective levers to 
limit the control lever motion.    The stops incorporate friction pads 
so the pilot can manually adjust stick friction.    This is required 
because the servo spool dynamic forces and friction forces are greater 
than pilot linkage friction.    In addition,  the sticks are not weight bal- 
anced. 

The rotor control mixer,  designed specifically for the 
XV-9A,  is used to:   Mix collective and cyclic signals, match the 
otherwise incompatible motions of the OH-6A cockpit linkage and the 
power linkage,  act as direction changing bellcranks at the junction 
of the cockpit and fuselage,  and provide attachment for the artificial 
feel system. 

The mixer consists of a double set of four-bar linkages 
pivoted on a frame that is acted upon by the collective signal.    The 
configuration is shown in Figure 28.    The ratio of mixer input to out- 
put motion through each cyclic path may be adjusted in order to ob- 
tain the following sets of control lever travel and rotor pitch motions. 

my m-< 
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LONGITUDINAL 
OUTPUT BELLCRANK 

LATERAL OUTPUT 
BELLCRANK 

CYCLIC 
DRIVE LINK 

LATERAL 
INPUT LEVER 

LONGITUDLNAL 
INPUT LEVER 

COLLECTIVE 
MOTION FRAME 

SUPPORT 
FLANGE 

COLLECTIVE 
INPUT BELLCRANK 

Figure 28.    Rotor Control Mixer 
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Pilot Lever Blade Pitch 
(Inches) (Degrees) 

i±4-5 i Longitudinal cyclic  < + 5. 5 > +^10 

( ±6-5 ) 
i ±4.0 1 

Lateral cyclic { + 5. 0 > +7 

Collective 7. 5 0 to 12 

The artificial feel system,  mounted on the aft face of the 
cockpit bulkhead, applies forces to the two cyclic input levers on the 
mixer.    The force derives fron-i two opposed springs whose fixed end 
can be adjusted by an electric actuator.    The pilot can adjust the stick 
trim position by use of a cvclic stick mounted switch 

The remainder of the pilot linkage is mounted on the power 
module front spar,  and is used to increase the mixer output motion and 
adapt to the position and direction of travel of the power control actua- 
tor servo valves. 

2. 6. 1.2        Stationary Power Linkage 

The stationary power linkage consists of the hydraulic 
power control actuators and servo valves,  the actuator attaching link- 
age and support structure,  the stationary swashplate,   and the swash- 
plate drag link. 

The forward (longitudinal) actuator,  with a stroke of 6. 50 
inches,  is attached to the forward edge of the stationary swashplate 
through a toggle joint that permits swashplate tilt but prevents rotation 
of the actuator and consequent misalignment of the servo spool rod. 
The lateral actuators,  with a travel of 5. 16 inches,  act on the swash- 
plate through offset bellcranks and push rods.    This arrangement 
allows the use of the standard 90-degree T-arrangement of the station- 
ary swashplate,  and at the same time permits all the actuators to be 
supported entirely by the power module structure. 

Both the lateral and longitudinal hydraulic actuators are of 
identical design, and differ only in the length of the replaceable stroke 
stops.    They are balanced tandem cylinder actuators controlled by 
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separate servo valves {see Section 2. 7. 1. 1) fed by independent hydrau- 
lic supply systems.    The hydraulic power control actuators were de- 
signed and fabricated to Hughes Tool Company specifications. 

In order to protect the rotor pitch control mechanism from 
unpredictably high blade pitching moments,  a load relief device is 
placed across each piston of the tandem actuator.    This pressure relief 
device limits the pressure across each piston so the actuating or resist- 
ing load is limited to 6, 000 pounds,  and also limits the pressure applied 
across each piston to a nominal 1, 500 ps»i when both hydraulic supply 
systems are operative.    If either of the two independent hydraulic sys- 
tems should fail,  the pressure limit is automatically reset to a nominal 
3, 000 psi. 

To restrict the maximum rate of hub tilt,  the actuator 
stroke rate is limited to 5. 90 inches per second.    This is accomplished 
by external hydraulic flow control valves in each supply line.    They are 
set at a maximum flow of 2. 45 gpm.    These performance limits are 
shown in Figure 29 for either or both hydraulic systems in operation. 

2. 6. 1. 3        Rotating Linkage 

The rotating linkage was designed and fabricated under 
Contract AF33(600)30271 and has been used with slight modification on 
the XV-9A.    The rotating linkage consists of the rotating swashplate, 
the swashplate centering spindle,   the lower linkage and support housing, 
the central push rods,   the upper linkage and support structure,  the hub 
mounted torque tubes,  and the instrumented blade pitch links. 

In designing the rotating controls,  an attempt was made to 
make the system, as conventional and maintenance-free as possible. 
The components were located so as to keep them accessible and as far 
as possible from hot gas components. 

As the rotating system is subjected to high cyclic stresses, 
the control system bearings were selected on a very conservative basis. 
Available bearings were evaluated in terms of limit loads,  weighted 
fatigue loads,  and past field performance of the bearings.    Reduced 
clearance,  high-quality bearings were specified for all locations. 

Bearing forks have been oriented to minimize misalignment 
in order to increase bearing life and permit the use of standard + 10- 
degree misaligning bearings in most places.    In order to avoid multiple 
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bearing installations,   self-aligning roller bearings were used wherever 
V possible.    At only one point in the system was the misaligning angle too 

large for use of a single bearing; a multiple bearing joint was used in this 
instance.    This is the bearing on the inboard end of the upper torque tube 
mounted onto the rotor hub. 

A lubrication fitting is provided for each bearing.    With 
the present configuration,  none of the bearings operates at over 200°F. 
For this reason,   conventional low-temperature greases are used. 
MIL-G-25537 lubricant,  especially developed for helicopter bearings 
with small oscillations,  is used on all but the swashplate bearings. 
MIL-L-7711 lubricant,   compounded for rotating helicopter components, 
is used on the swashplate bearings- 

2. 6. 1 Yaw Control System 

The yaw control system consists of rudder pedals,   support 
structure,  pedal output linkage,   cable system,  valve drive installation, 
and rudder drive linkage (Figures 26 and 27).   The yaw valve and the rudder 
are mechanically linked together.    They move simultaneously,  although 
yaw force is produced by the yaw valve during hovering and forward 
flight and by the rudder during forward flight only. 

The yaw control system has been designed for _r 3. 0 inches 
of rudder travel to obtain full valve rotation of _+ 58 degrees and full 
rudder deflection of + 20 degrees.    There is no provision for ratio 
adjustment.    Dual controls are provided. 

2. 6. 3 Power Control System 

Each gas generator incorporates a hydromechanical fuel 
control assembly that automatically regulates fuel flow in accordance 
with the throttle setting called for by the pilot.    The gas generator 
power control system will enable the pilot to satisfy the hot gas require- 
ments of the lifting rotor through the control of the outputs of the two 
gas generators.    The control system provides for: 

a. Independent (individual) gas generator power control 

b. Simultaneous (twin) gas generator power control 

c. Overriding of collective stick power input 
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d. Limitation of power reduction to preset minimum level 

e. Separate power-matching capabilities for each gas 
generator 

f. Power control by either pilot or copilot 

2. 6. 3. 1        Rotor Speed Governing System 

The power control system featuring rotor speed governing 
consists of two principal installations:   (a) the speed sensing feedback 
link (Nf link) to drive the fuel control governor (Figure 30),  and (b) the 
mechanical power control linkage to set and adjust gas generator power 
and set rotor rpm (Figure 31).    For the T-64 engine,  Nf represents 
power turbine speed with respect to the fuel control; however,  on the 
Hot Cycle system the rotor is the power turbine,  and therefore Nf repre- 
sents rotor speed with respect to the YT-64 gas generator fuel control. 

2. 6. 3. 1. 1    Speed Sensing Feedback Link 

There are two Nf links,  one for each gas generator; except 
for minor installation differences,  they are identical.    Each Nf link con- 
sists of a hydraulic pump driven by the accessory gearbox, the trans- 
mission line,  and the hydraulic motor that drives the gas generator Nf 
flyball governor (Figure 32). 

The rotor driven pump and its hydraulic coupled motor are 
not synchronous,  due to internal leakage of pump and motor and due to 
flow through the micrometer bleed valve.    The rotor driven pump runs 
at 4, 200 rpm for 100 percent rotor speed,  while the governor driving 
motor operates at a nominal 3, 660 rpm for 100 percent rotor speed. 
This speed difference,  and consequent bypass flow,  is adjusted by the 
bypass valve tö provide governor speed adjustment and to make up for 
changes in pump and motor internal leakage.    This system has been 
tested as a breadboard test assembly (Reference 9) in order to verify 
dynamic characteristics.    Test results indicated that the system is 
mechanically sound in all respects. 

2. 6. 3. 1, 2    Mechanical Power Control System 

The mechanical power control linkage has been defined 
by Figure 31.    It is a manually operated arrangement of driving and 
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A — A   (ZONE ») 

VIEW  ROTATED   90* 

AOJUSTMLE STOP (REF) 

INSTRUMENT PANEL (RET) 

TWIST GRIP-ENG». 
WER CONTROL (i 

12 il 

Figure 31.    Gas Generator Power Control Systjm - Mechanical Linkage 
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TDRiuL'C    SC«EM4T,c\r FEEOBAC«   LiN« 

-1—MT M—I 

--> 
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MAGNETIC   PiC«JP-30'M (2   PLACES 

HOSE   AEBOQUiP  «666  6 
LENGTH   A/R   12 PLACES!-..^ 

VICKEBS   MF  24-3906   l?.BC-4 
HYDRAULIC   MOTOR  12    PlACES)- 
(REf) 

MOTOR    HYDRAULIC    SUPPLY 
LINE-1/4 « 062   * 304 STAIN- 
LESS   STEEL   (DEVELOPED 
LENGTH • 281"   INCLUDING 
FITTINGS) 

-T64 FUEL   CONTROL (REF) 

385?654-NF   HYDRAULIC   M0T0R 
SUPPORT   INSTALLATION (2 Pi ACESMREF) 

',    SUPPLY 
804 STAIN - 
€LOPED 
iLUOlNG 

Figure 3?.    Gas Generator Power Control System - Nf Link 
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driven levers and linkages whose movements are transmitted by flexi- 
ble cables to the power lever of the gas generator mo"nted fuel control. 
Movement of the power lever to a higher or lower power setting,  as 
required by flight conditions,   can be made by the pilot through either 
the gas generator control quadrant assembly,  the collective stick,   or 
the collective stick twist grip. 

With the rotor speed governing system,  the normal operat- 
ing range of the engine fuel control is between power control shaft 
angles of 76. 5 degrees and 121.5 degrees.    In this range,  the fuel con- 
trol will automatically vary engine power between flight idle and mili- 
tary,  to match load power at rotor speed.    The gas generator fuel 
control load signal shaft is locked in the 90-degree position to obtain 
the maximum gas generator power for any throttle setting. 

The gas generator power control quadrant assembly was 
manufactured to Hughes Tool Company specifications.    This control 

a. Transmits the desired power and/or speed setting to 
either or both of the fuel control units 

b. Overrides any power setting initiated by the collective 
stick travel or twist-grip rotation 

c. Limits power reduction to a minimum preset gas gen- 
erator speed 

d. Employs a self-locking principle to permit infinite 
positioning and prevent creepage or change of setting 
due to vibration or feedback forces 

e. Provides a visual check of the gas generator control 
setting 

The power control quadrant levers will be used to individu- 
ally start,   idle,   and stop the gas generators,  and to conduct operational 
checks.    The assembly incorporates stops at gas generator idle speed 
for each engine.    Once the rotor is in operation,   changes to gas genera- 
tor power setting will be normally made by collective stick or by col- 
lective stick twist grip.    However,   individual gas generator power mav 
be adjusted by the quadrant.    A reverse locking clutch mechanism is 
incorporated in the linkage from the quadrant to the collective stick. 
This clutch will transmit motion from the collective stick to the quad- 
rant.    The irreversible mechanism in the clutch assembly prevents 
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motion originating at the quadrant from being transferred to either the 
collective stick or the twist grip. 

Movement of the collective stick will accomplish two things; 
it will change rotor pitch angle,   as well as power lever angle.    Rota- 
tional movement of the twist grip will change engine power setting with- 
out affecting the rotor pitch angle. 

The total movement of the collective stick is 30 degrees, 
while rotational movement of the twist grip is j+ 120 degrees.    Adjust- 
able linkages are employed to vary total power lever angle travel,  as 
required,  from 30 degrees to 45 degrees in 5-degree increments. 
The operational stops noted above are duplicated on the collective stick 
position lever.    Overtravel of the collective/twist-grip combination is 
absorbed by an overtravel spring incorporated in the collective stick 
assembly.    This spring also acts as a decoupler to permit continued 
use of the flight control in the event of jamming of the power control 
linkage. 

2. 6. 4 Ground Handling Controls 

2. 6. 4. 1        Brake System 

The XV-9A uses all principal componerts of the CH-34A 
brake system.    The wheel brake system consists of the toe brake 
control on each of the pilot's yaw control pedals,  a brake cylinder 
attached to each of the pilot's pedals,  a dual parking brake valve with 
a handle on the pilot's side of the cockpit,  a wheel brake assembly at 
each main landing gear wheel,  and interconnecting hydraulic tubing 
and hoses.    Each main wheel can be braked separately.    Depressing 
the toe brake control actuates the piston in the brake cylinder,  to apply 
the wheel brake.    Depressing both toe brake controls and pulling out 
the Parking Brake handle closes the dual parking brake valve and locks 
both wheel brakes.    Depressing both brake pedals or the right pedal 
only will release the parking brakes.    The parking brake valve incor- 
porates a dual temperature compensator that provides for independent 
brake line operation.    Access to the system is gained through the pilot 
seat hatch and through the cockpit floor hatch. 

In order to meet the requirements of MIL-B-8584B (develop 
a coefficient of friction of 0. 55 between tires and ground),  the CH-34A 
brake hydraulic pressure must be increased by 34 percent to approxi- 
mately 1, 100 psi.    This increase results in an actuator load of 290 
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pounds and a pedal load of 115 pounds.    MIL-B-8584B specifies that a 
brake pedal load not exceeding 125 pounds shall develop a coefficient 
of friction of 0. 31 between the tires and ground. 

2. 6. 4, 2        Tailwheel Lock 

The CH-34A tailwheel assembly used on the XV-9A 
incorporates a shear pin to lock the full castering wheel in the cen- 
tered position.    This pin may be pulled by the pilot to unlock the tail- 
wheel.    Actuation is by a manual push-pull control (located on the 
right-hand side of the pilot's seat) that is connected to the locking pin 
by a cable running the length of the fuselage.    A spring returns the pin 
to the locked position on release of the push-pull control. 

2. 7 AIRCRAFT EQUIPMENT 

2. 7. 1 Hydraulic Systems 

The two XV-9A hydraulic systems furnish power for opera- 
tion of the helicopter flight controls and the hot gas diverter valves (see 
Figure 33).    One system also furnishes fluid to the Nf signal feedback 
system (Section 2. 6. 3. 1). 

With the exception of the rotor control actuators and di- 
verter valve actuators,  all units used in the hydraulic systems are 
standard off-the-shelf items manufactured in accordance with the 
Military Specifications appropriate to the indicated service and func- 
tion.    The power control actuators are described below and in Section 
2.6.1.2. 

Two hydraulic systems are atilized,  to provide at least 
one reliable source of power for the three tandem-cylinder hydraulic 
rotor control actuators and the diverter valve actuators.    The two 
systems are entirely independent of each other.    Both the primary 
system (1) and the utility system (2) are powered by engine-driven 
variable displacement pumps.    System 1 is also supplied with oil by a 
rotor accessory gearbox driven pump whose prime function is to 
power the flight controls in the event of dual engine failure. 

The hydraulic system flow capability has been based on 
the flow limitation imposed on the power control actuators by flight 
control dynamic considerations (Section 2. 6. 1. 2).    The total actuator 
flow is thus 2. 45 x 3 = 7. 35 gpm.    The diverter valve actuators require 
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0. 2 gpm each,   or 0. 4 gpm total.    Thus the maximum flow require- 
ment never exceeds 7. 75 gpm.    Each pump is capable of delivering 
6. 5 gpm at 4, 400 rpm.    The rotor pump,  during autorotative descent, 
will deliver approximate1'; 7. 4 gpm.    The maximum possible actuator 
requirements can thus be nearly met in the event of dual engine failure. 
Normal control requirements can easily be met during these conditions, 
so no loss of control capability is expected as a result of hydraulic flow 
limitations. 

The heat generated in the hydraulic system as a result of 
hydraulic energy losses and hot bay heat transfer is transferred to the 
gas generator fuel by means of the oil-fuel heat exchanger.    Each 
hydraulic system is cooled by one heat exchanger.    The heat load for 
the "hottest" hydraulic system has been estimated to be: 

Fixed load 7, 000 btu/hour 

ir     •  Li    i     J oc   T   htu        / btu/min \ Variable load 85. 2  —      [ —:—:—— 
gal.       \gal. /mm/ 

Estimated maximum load   13, 000 btu/hour 

This load schedule,  together with cooler performance data,  is shown 
in Figure 34. 

Test data indicate that the maximum temperatures to be 
expected on a 110°F day will be less than 

Hydraulic oil system 175  F 
Fuel at igniters 175°F 
Hydraulic oil at diverter valve    200°F 

2. 7. 1. 1 Rotor Control Actuator Servo Valves 

In normal operation,  both System 1 and System 2 supply 
fluid at 3, 500 psig to the flight control servos.    The flight control 
servos incorporate sequence and relief valves so arranged that when 
the systems are operating a full pressure the low-pressure relief 
valves are operative and will allow only 1, 600-psig pressure differen- 
tial across the actuator pistons.    When one of the system pressures 
drops below approximately 1, 500 psig,  the sequence valves shift so 
that the portion of the tandem servo connected to the remaining "good" 
system blocks off the low-pressure relief valves and connects the 
fluid to the high-pressure relief valves.    These allow a pressure 
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differential of 3, 200 psig across the actuator piston.    At the same time, 
the sequence valve in the low-pressure portion of the tanden. servo 
shifts so that free flow is established from one side of the piston to the 
other. 

Flow limiters,  which are set to deliver 2. 45 gpm regard- 
less of pressure,  are installed in the pressure lines to the servo 
valves.    Thus, all the servos are limited to the same stroke rate and 
force level,  regardless of whether one or both hydraulic systems are 
operating.    The shifting of the individual servos from low-    to high- 
pressure output is accomplished automatically; thus,  a loss of one of 
the two hydraulic systems during flight does not require the pilot lo 
take emergency action in order to maintain hydraulic power. 

2. 7. 1. 2        Djverter Valve Actuation System 

As shown on the schematic diagram (Figure 33),  the utility 
system (System 2) normally provides power for operation of the di- 
verter valves.    The diverter valve subsystem is made up of a dual 
three-way supply selector valve,  two four-position selector valves, 
two rate limiting re stricto r valves,  and the diverter valve actuators. 

The solenoid-operated dual three-way valve selects the 
hydraulic system that provides power for operation of the diverter 
valves.    In normal operation,  with both systems at full pressure,   fluid 
from System 2 is directed to and from the subsystem. 

In the event of loss of pressure in System 2,  the unit may 
be switched by the pilot to supply fluid to the actuators from System 1. 
The pilot would switch the supply only in the event of an engine mal- 
function or for test or checkout purposes. 

The diverter valve actuator is a Hughes Tool Company unit, 
designed to replace the existing actuator.    It is an unbalanced cylinder 
especially designed to operate in a high-temperature ambient atmos- 
phere.    It incorporates an orifice across the piston head that bleeds 
fluid at the rate of approximately Ü. 2 gpm at 3, 000 psi. 

This constant flow of fluid through the unit serves to 
absorb heat and carry it back to the oil-to-fuel heat exchanger.    This 
fluid flowing from tVe diverter valve actuator may be considered to be 
the '"hotspot" of the entire hydraulic system.    Temperature recordings 
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taken during whirl testing show that the maximum fluid temperature 
in this area will be less than 200°F on a 110°F day. 

2. 7. 2 Electrical,  Instruments,  and Radio Installations 

7. 2. 1        Supply System > 

The aircraft electrical system comprises two systems: 
the primary 28-volt d-c and the secondary 400-cps systems (see Fig- 
ure 35). 

The 28-volt d-c system is a regulated single-wire system 
with negative ground structural return and has three primary buses: 
(a) the main bus for power devices such as actuators,   solenoids, 
motors,  igniters,  lights,  and so on,   (b) the bus for flight instruments, 
and (c) the bus for all aircraft warning lights. 

All wiring is standard per MIL-N-5086 and MIL-N-5088. 
High-temperature wire is used in the hot bays.    Where terminals are 
used,  they are standard preinsulated,  crimp type. 

The 28-volt d-c system is supplied with power by two gas 
generator driven d-c generators and a 24-volt battery operating in 
parallel.    The generators are rated at 150 amperes each over a speed 
range of 7, 900 to 12, 100 rpm.    They are mounted by quick-attach- 
detach rings to the gas generator starter pads.     The output of the 
generators is regulated by a transistorized voltage regulator.    The 
regulation sensing circuit produces a transformed a-c signal that is 
compared with a diode reference voltage and thereby maintains genera- 
tor voltage at the set level.    Reverse current relays are provided to 
allov*. parallel operation of the generators. 

The battery installation is composed of two 12-volt lead 
acid batteries of 24-ampere-hour capacity wired in series to obtain 
24-volt dc. 

External power is connected to the aircraft through a stand- 
ard external power re  eptacle mounted on the left side of the fuselage 
just forward of the entrance door.    An external power relay is pro- 
vided,  wired into ehe interlocking portion of the external power recept- 
acle so that if the external power is on the circuit is made and broken 
in the relay,  not in the pins of the receptacle. 
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Cockpit controls are provided to adjust generator voltage, 
to open or close generator line and field,  and to connect or disconnect 
either battery or external power. 

The secondary electrical system is a 400-cps single-phase 
system with two subsystems,   one at 115 volts and the other at 26 volts. 
They are used to power synchros,   gyros,  and portions of the flight test 
apparatus.    Power for the 400-cps system is obtained through a tran- 
sistorized inverter with capacity of 250 volt-amperes at 115 volts.    A 
variable transformer is used to obtain an adjustable low voltage of 
approximately 26 volts.    The a-c bus is energized anytime the d-c bus 
is energized,  and may be disconnected only by circuit breaker. 

2. 7. 2. 2        Lighting Installation 

For adequate flight safety,  a lighting installation has been 
provided.    Rotating and anticollision lights are installed on the aft sur- 
face of the vertical pylon and on the underside of the cockpit.    Naviga- 
tion and tail lights are also installed.    A 450-watt land/hover light can 
be installed at an angle for best coverage.    In the cockpit,  a utility 
flood light is mounted on the upper canopy bow to serve as a cockpit 
light,  portable trouble light,  and instrument panel light. 

2. 7. 2. 3        Cockpit Installations 

The arrangement of the cockpit control console,  instrument 
panel,  warning panel,  and emergency panel is shown in Figure 36. 

All controls have been grouped along the aircraft centerline 
for ready access by the pilot.    The controls for the most important 
systems,  those systems that must be manipulated during flight and es- 
pecially during an emergency,  have been placed in easy reach of both 
pilot and copilot,  even though they may be restricted by their inertia 
reel harnesses. 

The fuel system panel is directly aft of the power control 
qucJrants.    It is arranged in a simplified schematic representation of 
the dual fuel feed system.    Rotary switches instantly show the actual 
fuel flow path from tanks,  through crossteed,  to the gas generators. 
Alongside the fuel control panel are the hydraulic and gas system panels. 
There are five hydraulic control switches,  for manual operation of the 
firewall valves,  the bypass valves,  and the diverter valve actuator sup- 
ply selector valve.    The gas system switches are for manual control of 
the diverter valves and blade-tip closure valves.    These valves are 
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normally controlled semiautomatically by sensing engine p~ «•*. ^r differ- 
ences (Section 2. 5. 6. 2),  but manual control is required for   .reflight 
and maintenance purposes. 

Wherever possible,  circuit breakt^* switches have been 
incorporated.    Where the switching function will r»ot permit this,   sepa- 
rate circuit breakers are provided on a recessed panel directly under 
the pilot's collective lever. 

Alongside the power control quadrant are the gas generator 
start switches.    The gas generator air-start switch is wired to connec- 
tors in the external power connector panel for control of the MA- 1 
ground air start cart.    Forward of these switches are the electrical 
system controls and instruments and the aircraft light switches.    Ad- 
justment is provided to match the voltage output of the two generators. 

A VHF radio is installed for use during the local flight test- 
ing.    It is controlled by a two-position press-to-talk switch incorpora- 
ted into the cyclic grip.    The first position is for intercom.    This posi- 
tion energizes a radio relay to provide side tone intercom,  but leaves 
open the transmit circuits.    The second position is for transmit.    The 
antenna for the radio is installed on the V-tail.    At this frequency,  no j 
matching equipment is required.    The headset and mike is a standard 
carbon mike-headphone set.    An alternate headset-mike system is a 
part of the pilot's flight helmet.    The aircraft intercom system has 
connectors at the external power connector panel to permit communica- 
tion with ground crew during engine checkout and runup. 

ARC-45(UHF) and ARC-73{VHF) radio installations are 
planned when the flight test requirements demand greater flexibility 
and greater range.    The control boxes for these radios will be installed 
on the control console.    The radios will be installed in the cargo com- 
partment.    Antennas will be installed as required. 

The flight instrument installation is nonshock mounted an<\ 
uses standard MIL types,   FAA types,  and standard aircraft instru- 
ments.    It has been arranged to conform as nearly as possible to accep- 
ted practices and yet be as small as possible to reduce interference 
with the pilot's vision.    As can be seen in Figure 36,  the flight attitude 
group is quite conventional,  except that the gas generator and rotor 
tachometers are separate instruments.    This is preferred since the 
rotor and the gas generators are gas coupled rather than shaft coupled; 
thus,  there is no fixed relationship between the speed of either gas if 
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generator and that of the rotor.    The standard gas generator instru- 
ments,   gas generator rpm,   exhaust gas temperature,  and discharge 
pressure are displayed under the flight attitude instruments.    Additional 
propulsion ai.": accessory instruments are arranged to the left,   in a sub- 
sidiary position. 

There are two instruments peculiar to the Hot Cycle system. 
The first is the rotor tilt stop indicator,  which is located beneath the 
flight attitude group.    This indicator tells the pilot when the hub-tilt 
limiters are disengaged and full rotor control motion can be applied. 
The second unique instrument is the crossflow indicator that indicates 
the relative gas flow from the two gas generators.    The operation of 
this system has been more completely described in Section 2. 5. 6. 2. 

On the instrument panel are several warning lights.    These 
are the rotor lube overheat light,  the fuel low-level lights,  the rotor 
overspeed switch warning lights,  and the crossflow warning lights (see 
Section 2. 5. 6. 2).    In addition,  on the aircraft centerline and atop the 
instrument panel is the aircraft warning light panel.    This panel is as 
directly in line with the pilot's vision as possible,  without interfering. 
High intensity dual bulb lights and glare shields assure that warning 
indications can be seen during all exterior light conditions. 

The lights are arranged so that the most serious malfunc- 
tion -- rotor spar overheat   -- is at the top.    The necessary system 
position indicating lights are at the bottom.    The lights are also arrayed 
in columns -- left-hand gas generator,   rotor,  and right-hand gas gen- 
erator --to distinguish the source of trouble. 

Associated with the warning panel is the emergency panel. 
It is located on the center cockpit canopy bow above the pilot.    Its 
position is dictated by the reach of the pilot when restricted by his 
inertia reel.    On this panel are fire extinguishing switches to control 
fire in either the left-hand or right-hand gas generator bays.    These 
switches close the hydraulic and fuel firewall valves,  disable the gen- 
erator,  open the line  contactor,  and discharge the fire extinguishing 
agent after a one-second delay.    The crash switch does everything both 
the fire switches do except discharge the fire extinguishing agent.    In 
addition,  the crash switch disconnects the battery after a two-second 
delay.    On the bottom of the emergency panel are located the fire 
detection test switch and the warning light test switch. 

Also mounted on the cockpit canopy are the magnetic com- 
pass and the outside temperature indicator. 
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2. 7. 3 Aircraft Furnishings 

The airr.ai: furnishings are all installed in the cockpit, 
and are items for tht safety and convenience of the crew.    These items 
are: 

a. Seat cushion assemblies 

b. Safety harness and inertia reels 

?       Portable fire extinguisher 

d.      Mau case 

The seat cushions,  safety harness,  inertia reels,  and map 
case were designed a*id tested for the OH-6A,  and are used in the XV-9A 
with no modifications.    The portable fire extinguisher is a 2.5-pound dry 
chemical typ.-1 e* cinguisher. 

2.8 AIRCRAFT SAFETY 

Aircraft safety is promoted not only by complete structural 
integrity but by fail-safe operating systems, by a complete fire preven- 
tion program,  by fire detection and extinguishing,  and by provisions for 
crew protection.    Each of these areas will be discussed separately in 
this section. 

2. 8. 1 Failure of Operating Systems 

2. 8. 1. 1        Hydraulic Systems 

Hydraulic power is obtained from two completely separate 
hydraulic systems.    Power is supplied by a pump on each gas genera- 
tor and by a rotor-driven pump.    Both systems operate continuously 
at 3, 500 psi,  and all power actuators and their controls are designed 
to work with either or both hydraulic systems in operation.    In the 
event of dual gas generator failure,  the rotor-driven pump will ade- 
quately supply the system. 

2.8.1.2        Electrical System 

Electrical power is obtained from three sources:   a genera- 
tor on each gas generator and the 24-volt battery.    If both generators 
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fail,   sufficient energy is available from the battery for approximately 
20 minutes of normal aircraft operation (including test instrumentation). 
Most valves are motor operated,   so they will stay in their normal posi- 
tion if the electrical failure is at the valve.    Solenoid operated valves 
are spring loaded in the normal position when deenergized.    With a 
complete electrical failure of all components,  the aircraft can still be 
flown and landed in a normal manner,  although instruments,  radio, 
valves, and so on,  are inoperative and not usable to cope with further 
emergencies.    The gas generator fuel pump will sustain normal fuel 
flow under most conditions,  should the electric fuel boost pumps be- 
come inoperative. 

2. 8. 1. 3        Gas System 

The semiautomatic gas system controls protect the air- 
craft by instantly indicating a defective gas generator.    This system 
allows the pilot to isolate a defective engine and close the tip closure 
valves without the hazard of erroneous interpretation of instrument 
data.    Failure of the semiautomatic system can be corrected by manual 
pilot override. 

The blade-tip closure valves are gas loaded and centrifu- 
gally loaded to the "Open" position,  which is normally desired.    There- 
fore,   if pneumatic or electrical failure occurs,  full rotor power can 
be obtained.    The tip closure valves cannot be closed unless one gas 
generator is diverted overboard. 

If a structural failure of the gas system occurs,  the diver- 
ter valves are put into the overboard position to protect the damaged 
component from further and possibly catastrophic damage.    If this 
occurs,  the helicopter can be flown as an autogyro.    The overboard 
jets provide sufficient thrust to maintain altitude at approximately 
13, 500 pounds,  and would extend the aircraft glide at greater gross 
weights. 

2.8.1.4        Flight Controls 

The flight controls are a simple mechanical system with 
adequate safety margins,  but could be disabled by complete hydraulic 
failure.    Dual hydraulic supply systems,  dual servo valves,  and tan- 
dem actuators ensure against such disabling. 
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The pilot's collective lever is connected to the power con- 
trol system through an override assembly, so that power control fail- 
ures do not disable the collective pitch system. 

The yaw control system has a yaw jet and rudders.    If 
engine power failed completely,  the helicopter could be autorotated 
with rudder control above forward speeds of approximately 30 to 40 
knots. 

2. 8. 2 Fire Prevention 

The most important phase of fire protection is the mini- 
mization of the fire hazard to prevent the occurrence of fire.    Recogniz- 
ing this fact, the following commonsense safety precautions have been 
incorporated into the design and fabrication of the powerplant installa- 
tion- 

a. Combustibles have been isolated from sources of igni- 
tion.    Fuel and hydraulic oil lines are isolated from 
the gas generators by compartmentation.    Tempera- 
tures of these fluids are kept to a minimum by gold plat- 
ing the compartment skins and by insulation blankets. 

All combustible-carrying-line runs in the gas genera- 
tor compartments aie kept as short as possible.    If 
rigid,   lines are stainless steel with generous bend 
radii.    If flexible,  lines are fire resistant and have 
ample slack for relative movements.    All lines are 
adequately supported by cushion-type clamps. 

b. Electrical wiring has been isolated from the hot por- 
tions of the gas generators, having been run through 
the above compartments. .{ 

c. Drain holes have been provided in the gas generator 
cowling,  to assure drainage of combustibles from the * 
aircraft for all attitudes of flight and ground operation. 
All drain lines are clear of the aircraft so as to pre- 
vent impingement and poscible reentry. \ 

I 
•3 

d. High-temperature gas-carrying ducts have been insula- 
ted to reduce the heat flux, with resultant lowering of 
temperature.    Heat shields installed over the ducts 
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provide local protection in areas of possible hydraulic 
fluid leakage by reducing temperatures below the auto- 
genous ignition temperature of the fluid. 

e. Ventilation holes and louvers have been provided 
throughout to induce air circulation. 

f. Drain lines have been extended below the exterior sur- 
faces to negate impingement,  and sealed to prevent 
entry back into the vehicle.    Fuel vent lines are de- 
signed to prevent spillage,  and are located in areas 
isolated from any exhaust or hot gas generator sur- 
face and away from electrical ignition sources. 

g. All fuel system equipment,  such as lines,  valves,  and 
so on,  have been located remote from ignition sources 
or isolated by compartmentation.    All electrical equip- 
ment in the fuel cells has been grounded. 

h.     Overheat and fire warning systems have been installed 
on each engine.    An overheat system has been installed 
in the Y-duct bay. 

2. 8. 3 Fire Containment 

the design: 
Fire is kept from spreading by the following features of 

a. Fuel and hydraulic oil supply lines passing through the 
firewall bulkheads incorporate shutoff valves located 
outside of fire areas. 

b. There are multiple fuel and hydraulic shutoff devices. 

c. Gas generator bays are ventilated and are isolated 
from the rest of the airplane so that fire cannot travel 
inward through the lateral pylon from the nacelles. 

d. No absorbent materials or materials that could consti- 
tute a source of reignition are used. 
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2. 8. 4 Fire Detection System 

The fire detection system installed on the gas generators 
is shown diagrammatically in Figure 37.    The system will: 

a. Indicate a heat hazard,  either a fire or an abnormal 
temperature condition 

b. Remain on for the duration of the overheat condition 

c. Indicate when the overheat condition is resolved 

d. Indicate reoccurrence of fire or abnormal tempera- 
ture 

The system consists of continuous-resetting temperature- 
sensing elements mounted on the gas generators,  a fuselage-mounted 
control unit to monitor the sensing element,  and a warning circuit to 
inform the pilot that a heat hazard is detected. 

The sensing element assemblies mount on each gas gen- 
erator in one continuous loop,  covering all potential fire and high- 
temperature areas.    The detector alarm will trigger when the tem- 
peratures are 150 degrees F above the maximum operating tempera- 
tures. 

The overheat warning system in the Y-duct area is also 
noted in Figure 37.    This system will indicate an abnormal tempera- 
ture condition. 

The system,  like the fire detection system,  consists of a 
temperature-sensing element loop,  a control unit, and a warning cir- 
cuit.    The detector alarm will trigger when the temperatures are 100 
degrees F above the maximum allowable ambient. 

2. 8. 5 Fire Extinguishing System 

The fire extinguishing system is a one-shot system con- 
sisting of a fire extinguishing agent container,  distribution systems to 
each nacelle,  and an electrically operated discharge valve for each 
distribution system.    The selected agent,  bromotrifluoromethane 
(CßrFß),  offers unusual advantages,  particularly against Class B 
(flammable liquid) and Class C (electrical) fires.    From a fire extin- 
guishment standpoint,  CBrF3 is the most effective agent,  is 
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noncorrosive to aluminum,  steel,  or brass,  and has a low toxicity in 
the natural condition as well as in the pyrolized state. 

Eleven pounds of ager.t are carried in a single container 
located on the centerline of the airplane.    The container has dual out- 
lets,  and makes use of a cartridge and a disc-type valve in each out- 
let.    Switches in the pilot's compai-tment select one gas generator or 
the other as required to receive the eniir«; charge.    When such a 
switch is actuated,  the cartridge in the applicable valve fires a slug 
that ruptures a frangible disc.    The pressurized liquid agent is forced 
out of the container,  and is directed to a stainless steel engine mani- 
fold through runs of 1. OO-inch-diameter x 0. 049-inch-wall aluminum 
alloy tubing.    A flex line,  to compensate for relative movement between 
the gas generator and the structure,   connects the two line assemblies. 
The agent is discharged forward through a series of 0. 055-inch-diame- 
ter holes in the 0. 750-inch-diameter x 0. 028-inch-wall gas generator 
manifold.    Coverage is 360 degrees around the gas generator and for- 
ward to the gas generator inlet assembly.    Total time for effective 
agent discharge,   including a one-second time delay for closing fuel 
and hydraulic firewall valves, is calculated to be 3. 8 seconds.    The 
system is shown diagrammatically in Figure 38. 

When the fire switch is pulled,  the fuel and hydraulic fire- 
wall shutoff valves are automatically closed prior to the discharge of 
the agent to the selected nacelle.    The generator is also disabled,  to 
avoid the reignition by a defective or fire-damaged electrical system. 
The crash switch duplicates the action of both fire switches used to- 
gether,  except for discharging the fire extinguishing agent,  and in 
addition disconnects the battery after a delay of two seconds. 

MIL-E~ 5352 was used to determine the required quantity 
of agent.    Air Force Technical Report 6430 was the basis for analyzing 
discharge times. 

2. 8. 6 Cockpit Safety 

Several items of furnishings (Section 2. 7. 3) contribute to 
cockpit safety in the event of crash.    The crew is restrained by lap belt 
and by double shoulder inertia reel harness with standard quick-release 
feature.    A 2-1/2-pound dry chemical fire extinguisher is available for 
small cockpit fires.    A data case is installed for safe stowage of miscel- 
laneous small items required by the crew. The pilot door has emergency 
release devices and transparent panels that can be knocked out if the 
door is jammed. 
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3.    WEIGHT AND BALANCE 

Weight calculations have been made for all systems that 
contribute to the empty weight of the XV-9A.    Additional calculations 
and estimates have been made to reflect the design gross weight and 
the alternate overload gross weight of the vehicle.    The weight,  bal- 
ance,  and inertial characteristics are presented in the following 
sections. 

3. 1 WEIGHT ANALYSIS 

The design gross weight of the research vehicle is com- 
posed of two components:   weigh', empty and useful load. 

3. 1. 1 Weight Empty Determination 

The empty weight of the XV-9A has been determined by 
compilations of actual,  calculated,  and estima*  d weights.    Prior to 
actual weighing of the craft,  the weights were approximately 55 per- 
cent actual, 43 percent calculated,  and 2 percent estimated.    The 
weight breakdowns follow the methods outlined in MIL-STD-451. 

3.1.2 Inertia Characteristics 

The roll,  pitch,  and yaw inertias about the helicopter 
center of gravity have been computed for the weight empty and gross 
weight conditions.    These values are tabulated on the weight,  balance, 
and inertia summary that follows in Sections 3. 2 and 3.3.    It will be 
noted that the inertia about the three conventional planes of the heli- 
copter is higher for the 15, 300-pound design gross weight than for the 
25, 500-pound alternate overload gross weight.    The reason for this is 
that the design gross weight assumes use of full capacity of 500 gallons 
distributed in the forward and aft tanks.    These are located at some 
distance from the eg and produce a large inertial moment about the eg. 
For the alternate overload gross weight,   only 200 gallons of fuel are 
distributed in these tanks,  which produces a much smaller inertial 
moment about the eg.    The externally slung payload is assumed sus- 
pended from a point source at the eg,  and therefore contributes no 
inertial moment about the eg. 
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3. 1.3 Contract Weight Reductions 

As outlined in this report,   redesign was accomplished to 
reduce the weight of three major components that were carried ove'" 
from the original Model 285 whirl test program.    Total weight re- 
duction realized was 133 pounds.    The Y-duct and triduct were fabri- 
cated with lighter gage ducting,   less flange material,  and lighter stiff- 
ening,  to reduce the weight 26 pounds for the triduct and 77 pounds for 
the Y-duct.    The stationary swashplate was redesigned to reduce the 
sectional area and simplify the geometry.    The new swashplate design 
resulted in a weight reduction of 30 pounds. 

3.1.4 Sketches and Charts 

During the design and development of this aircraft,   stress 
and aerodynamic calculations required reference to load distributions 
in the nacelles,  fuselage,   and rotor blades.    Appendix I includes fig- 
ures that depict nacelle,  fuselage,  and rotor blade weight distributions 
as utilized during aircraft loads analysis. 

3.2 WEIGHT STATEMENT 

ROTORCRAFT 
SUMMARY WEIGHT STATEMENT 

Weight Empty 
(Pounds) 

Rotor Group 
Blade Assembly (3) 

Front Spar Installation 
Rear Spar Installation 
Interspar Structure 
Leading Edge 
Trailing Edge 
Hot Gas Inboard Duct 
Tension Straps 
Droop Stop 
Balance Weights 
Tip Cascade 
Cascade Valve and Mechanism 
Blade Root Bearings 

2,797.4 

268.8 
212.5 
802.0 
33.2 
55.8 

179.2 
133.3 

4.8 
111.0 
17.3 
15.0 
21.0 

1,853.9 
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Hub Installations 
Structure 
Installation Hardware 
Bearings,  Housing,   etc 

Gimbal Assembly 
Shaft and Spoke 
Miscellaneous Spacers,  Tubing,   etc 

Tail Group (V-Tail) 
Tail Cone Structure 
Fixed Stabilizer Surface (2) 
Rudder (Including 7. 6-lb ballast) (2) 

Body Group 
Fuselage Basic Structure 
Rotor Pylon and Fairing 
Cockpit Canopy 
Doors,   Panels,  Miscellaneous 

658.6 
502.0 

9.8 
146.8 

124.5 
115.2 
45.2 

27.6 
78.7 
28.4 

625.8 
187.4 
23.6 
40.4 

134.7 

877.2 

Alighting Gear Group,   Land Type 
(CH-34A Landing Gear) 

Rolling 

475.5 

Location        Assembly       Structure Controls 

Main Gear 
11.00-12            166.6 231. 3 13.7 411.6 

Tailwheel 
6.00-6                  13.4 47. 8 2.7 63.9 

Flight Controls Group 
Cockpit Controls 28.5 
System Controls - Linkage 91.6 
System Controls - Rotor Head 584.4 

Upper Beams 63.1 
Upper Rods 24.6 
Upper Torque Tubes 106.5 
Uppf r Supports 81.8 
Control Rods 36.5 
Rotating Swashplate 59.6 
Fixed Swashplate 44.0 
Spindle and Support 73.9 
Lower Links and Beams 47.5 
Hardware 46.9 

954.7 
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Hydraulic Cylinders Installation 88. 7 
Yaw Control Installation 161. 0 

Ducting 40.2 
Bellows 34.7 
Clamps,   Supports,   etc 27.7 
Yaw Control Valve 42.8 
Rudder-to-Valve Controls 16. 1 

Nacelle Group 
Engine Mounts 30. 9 
Cowling,   Structure,  and Firewall 412. 0 
Nacelle Support Pylons and Fairings 241. 2 

Propulsion Group 
Engine (2) 1, 160. 0 
Accessory Gearbox and Drive 74. 2 
Air Induction System 32. 2 
Exhaust System 78. 2 

Tailpipe 27.0 
Connectors 26.2 
Supports 25.0 

Lubricating System 60. 4 
Tanks 3.4 
Coolers 16. 1 
Ducts 7.9 
Plumbing 19.2 
Rotor System 13.8 

Fuel System 255. 2 
Forward Tank 92.2 
Aft Tank 94.4 
Sump Pumps 15.8 
Fill System 2.0 
Distribution System 26.4 
Vent System 3.7 
Drain System 0.3 
Valves and Miscellaneous 20.4 

Engine Controls 76. 1 
Starting System (Ram Air) 11. 2 
Rotor Drive System 423. 2 

Diverter Valve (2) 173.3 
Diverter Valve Support 51.3 
Connector to Engine 39. 5 
Duct,  Seals,  and Insulation 159. 1 

684. 1 

2, 170.7 
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Instrument and Navigational Group 50.0 
Cockpit Instruments 27.0 
Transducers 22. v 
Navigational Equipment, Mapcase 1.0 

Hydraulic and Pneumatic Group 
Pumps 27.6 
Reservoir 25.3 
Filter 5.4 
Cooler 12.2 
Valves and Plumbing 74.6 
Hydraulic Fluid 23.2 

Electrical Group 
A-C System 11.9 
D-C System 180.3 

Generators (2) 51.4 
Battery and Support (2) 43.1 
Voltage Regulators (2) 2.7 
External Power 1.3 
Relays 14.3 
Lights 5.1 
Circuitry 57,4 
Supports 5.0 

168.3 

192.2 

Electronics Group 10.0 

Furnishings and Equipment Group 
Personnel Accommodations 
Instrument Panel 
Emergency Equipment,  Fire Ext Sys 

14.0 
8.0 

53.9 

75.9 

Auxiliary Gear Group 
Load Handling System 
Handling Gear 

39.0 
11.0 

50.0 

TOTAL WEIGHT EMPTY 8, 640. 7 
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Useful Load and Gross Weight 
       (Pounds)   

Load Condition 

Crew (2) 
Fuel (Type JP-4,  Internal) 

Oil (4-Hr Flight) 
Payload 
Total Useful Load 
Weight Empty 
Total Gross Weight 

Alternate 
Design Overload 

400 400 
3,250 1, 300 

(500 gal.) (200 gal.) 
60 60 

2,949 15,099 
6,659 16,859 
8,641 8.641 

15,300 25, 500 

3.3 WEIGHT AND BALANCE STATEMENT 

SUMMARY OF 
WEIGHT,  BALANCE,  AND INERTIA 

Center of Gravity 
Inches     Inches 
Aft of      Above 

ZRef 
Datum 

Weight XRef 
(Lb) Datum 

Weight Empty 8,641 299.6 

Design Gross Weight 
Useful Load 6,659 
Gross Weight 

Nominal 15,300 299.8 
Mo st Aft CG 15,300 301.0 
Most Forward CG 15,300 294.0 

Alternate Overload 
Gross Weight 

Useful Load 16,859 
Gross Weight 25,500 298.7 

Inertia,   Slug Ft 
Roll       Pitch      Yaw 

161.2     3,858   12,364   12,570 

138.6 6,281 22,364 20,664 
138.6 6,281 22, 180 20,480 
138.6    6,307   20,439   18,682 

139.7    5,989   18,613   16,907 

Reference Data: 
1. Reference datum (X-X axis) for horizontal center of gravity is 

300 inches forward of rotor centerline. 
2. Reference datum (Z-Z axis) for vertical center of gravity is 

200 inches below waterline 0. 0 (waterline 0. 0 is rotor plane). 
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3.4 WEIGHT COMPROMISES 

As appropriate in the design and fabrication of a research 
aircraft,  where only one of a kind is to be built,   compromises in weight 
of some XV-9A components have been made in the interest of schedule 
and cost considerations.    Compromises of this type are entirely appro- 
priate and are universally applied for a research aircraft such as the 
XV-9A,  but would be eliminated in a prototype or operational aircraft, 
where the additional cost and time required for minimization of weight 
is justified. 

A weight analysis of the XV-9A has identified the specific 
weight compromises listed below,  which account for a total of 630 
pounds. 

a. Rotor system 171 pounds 

Excessive weight of built-up hub structure and blade 
root structure,  excess blade segment sealant, 
excessive weight of blade inboard ducts,  and over- 
weight segment flexures 

b. Fuselage and empennage structure 56 pounds 

Lack of taper of spar caps in V-tail and of fuselage 
longerons,  no lightening holes in frames,  and over- 
weight lower rotor thrust bearing support structure 

c. Landing gear 20 pounds 

Use of the CH-34A landing gear is not optimum for the 
XV-9A 

d. Flight control group 144 pounds 

Mounting of flight control actuators compromised for 
existing rotor system,  overweight condition of rotor 
head controls and supports 

e. Gas generator support and nace.  - 
structure 210 pounds 

Independent mounting of gas generators,   diverter 
valves,  and tailpipes; excessive size and weight of 
J-85 diverter valves;  nonoptimum structure in nacelle 
area. 

f. Hydraulic and electrical systems 29 pounds 
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PERFORMANCE 

4. 1 HOVERING FLIGHT 

Calculations of the hover performance of the XV-9A are 
based on the NACA procedures summarized in Reference 10.    The 
rotor profile drag coefficient was adjusted to allow for the 18 percent 
thickness of the XV-9A rotor blade.    Both the induced power and the 
profile power required were increased,  for the effect of a linear (rather 
than ideal) twist of -8 degrees.    A design condition of 6, 000 feet and 
95 degrees F was chosen.    A down-load interference between rotor and 
fuselage of two percent of thrust was assumed.    For these conditions, 
the design gross weight of the XV-9A aircraft was taken as 15, 300 
pounds.    The alternate overload gross weight at sea level standard was 
taken at 25, 500 pounds,  using comparable procedures. 

4.2 LEVEL FLIGHT 

The total equivalent parasite drag area of the XV-9A aircraft 
was estimated to be 22. 0 square feet,  based on the size and shape as 
shown on the general arrangement drawing,   Figure 2.    A breakdown of 
the equivalent parasite drag area of the individual components is pre- 
sented in   Table 1.     References 11 and 12 are used to estimate the 
parasite area of the remaining components. 

The power required for level flight at sea level was com- 
puted using the parasite area established in Table 1 and standard NACA 
performance calculation procedures outlined in Reference 13.    Fig- 
ure 39 shows power required versus speed at sea level for the design 
gross weight of 15, 300 pounds,  and also for 10, 000-pound gross weight. 
For test purposes,   it has been established that a gross weight of 
10, 000 pounds will be sufficient to allow reasonable instrumentation and 
fuel loads for short missions. 

The rotor power available at sea level is also shown on 
Figure 39 for takeoff,  military,  and normal continuous power condi- 
tions.    Each level of power is shown to be constant versus forward 
speed.    This is approximately true at speeds below 200 knots because 
the extra power that is developed as a result of ram pressure rise at 
the engine is just about compensated for by the power required to 
overcome the ram drag of accelerating the air up to the helicopter for- 
ward speed. 
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TABLE 1 
PARASITE DRAG BREAKDOWN 

Applicable Areas Equivalent 
as Indicated Drag Drag Area 

Components (Sq Ft) Coefficient (Sq Ft) 

Rotor head 
Hub 6.25 (max. frontal area) 0.75 4.70 
Blade shanks 12.2 (max.  frontal area) 0.25 3.05 

Fuselage 23.0 (max.  frontal area) 0.085 1.96 

Landing gear 
Wheels 5.00 (max.  frontal area) 0, 30 1.50 
Tailwheel 2.00 (max. frontal area) 0.50 1.00 
Struts 4.30 (max.  frontal area) 1.20 5.20 

Empennage 54.0 (surface area) 0.02 1.08 

Pylon 14.00 (max. frontal area) 0.06 0.84 

Nacelles 13.20 (max. frontal area) 0.05 0.66 

Interference,   roughness, 
and miscellaneous 

Total equivalent parasite area 

10% 
10% 

19.99 

2.00 

21.99 

Using the takeoff power rating,  which is good for ten min- 
utes (long enough to get stabilized speed d?.ta),  a maximum helicopter 
speed of 156 knots is calculated at sea level at 10, 000-pound gross 
weight.    To be conservative,  the estimated maximum speed was re- 
duced to 150 knots in the Model Specification (Reference 3) for 10, 000 
pounds (and to 140 knots for 15, 300 pounds). 
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5.    STABILITY AND CONTROL 

The requirements of Specification MIL-H-8501A (Refer- 
ence 14) were used as the stability and control objectives.    Theoretical 
analysis,  based on the configuration shown in Figure 2,   indicates that 
the Research Aircraft,   although not meeting certain requirements of 
Reference 14,  will have adequate stability and control characteristics 
to investigate safely the required flight conditions. 

5. 1 HOVERING FLIGHT 

The expected handling characteristics of the Research Air- 
craft in hovering flight for 15, 300-pound and 25, 500-pound gross weight 
are shown in Figure 40 as the solid symbols.    Also shown are the bounda- 
ries of acceptable handling characteristics as defined in References 14 
and 15. 

5. 1. 1 Handling Characteristics in Pitch 

It is seen in Figure 40 that the handling characteristics in 
pitch are below the requirements of Reference 14 at 15, 300-pound gross 
weight,  primarily due to the low damping characteristics of the aircraft. 
The characteristics are improved,  but still remain below the require- 
ments at 25, 500 pounds.    However,  it is felt that the aircraft can be 
flown in the hover condition without undue pilot effort.    This conclusion 
is based on the flight results of Reference 15. 

The tests reported in Reference 15 were conducted using an 
S-51 helicopter to determine the effects of various combinations of 
damping and control power on helicopter handling characteristics for 
visual and instrument flights. 

The basic damping and control power levels of the S-51 in 
pitch and roll are shown in Figure 40.    It can be seen that the S-51, 
with its basic damping and control power,  is not able to meet the han- 
dling requirements of Reference 14.    However,  the helicopter was flown 
under the critical handling requirements of instrument flight without 
noticeable difficulties.    Further,  the helicopter was flown under instru- 
ment  flight with one-half the basic damping and original control power. 
Pilots' comments indicated that the handling characteristics were 
poorer than with the original damping and control power,  but the heli- 
copter could be flown without excessive pilot effort. 
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Figure 40 shows that,  for the one-half basic damping case, 
the S-51 has approximately 0. 17/0. 55,  or 31 percent,  of the relative 
damping per the requirements of Reference 14.    The XV-9A aircraft 
has,  at 15, 300-pound gross weight,  a relative damping of 0.22/0.42, 
or 52 percent,  which is approximately 70 percent more relative damp- 
ing than in the S-51 case.    Therefore,  the XV-9A should have superior 
handling characteristics compared with the S-51 for the one-half 
damping case. 

5.1.2 Handling Characteristics in Roll 

Based on reasoning similar to the pitch case above,  the 
relative damping in roll of the XV-9A at 15, 300-pound gross weight is 
58 percent,   compared with 32 percent for the S-51 for the one-half 
damping case.    Therefore,  it is expected that the XV-9A,  with approxi- 
mately 80 percent more relative damping in roll,  will have superior 
handling characteristics over the S-51 for the one-half damping case. 

5.1.3 Handling Characteristics in Yaw 

The XV-9A meets the hovering yaw response characteristics 
per Reference 14,  as shown by the tabulation below (based\>n an esti- 
mated maximum yaw thrust of 1300 pounds total). 

Specification 
MIL-H-8501A XV-9A 

(Degrees) (Degrees) 

3.77 4. 1 

11.3 12.4 

Yaw displacement at the end of one 
second per inch of pedal deflection 

Yaw displacement at the end of one 
second for full pedal deflection 

Yaw displacement at the end of one 
second from the most critical 
azimuth position during a 35-knot 
wind for full pedal deflection 3. 77 5.2 

The yaw angular velocity damping of the XV-9A is essentially 
zero (due to the absence of a tail rotor).    This characteristic,  which is 
typical for all tip-driven helicopters,   does not violate the requirements 
of Reference 14,   because damping in yaw is discussed there in the sense 
of being "preferred",   rather than being specifically required as for the 
pitch and roll case. 
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It should also be noted that the yaw damping criterion was 
included in Reference 14 chiefly because of the gust sensitivity in yaw 
of single-rotor helicopters with tail rotors.    Due to the absence of a 
tail rotor,  the XV-9A will be less sensitive to gusts in yaw.    Therefore, 
the yaw damping criterion would not be a major consideration in the 
design of the XV-9A. 

5. 1.4 Summary 

The Hot Cycle Research Aircraft,  although not meeting the 
damping characteristics of Reference 14 in both pitch and roll except 
at the high gross weight of 25, 500 pounds in roll,  is expected to have 
superior handling characteristics in pitch and roll over those of an 
experimental version of the S-51,  which could be flown without difficulty 
with one-half of the original damping.    Thus, the XV-9A should have 
reasonable handling characteristics. 

5.2 FORWARD FLIGHT 

5.2. 1 Directional Stability 

According to Reference 14,   "the helicopter shall possess 
positive,  control fixed,  directional stability and effective dihedral in 
both powered and autorotative flight at all speeds above 50 knots, 
0. 5 Vmax   ,  or the speed for maximum rate of climb,  whichever is 
lowest".     With this requirement in mind,  an analysis (based on Ref- 
erence 16) was made of the research aircraft with the configuration of 
Figure 2.    It was found that a V-shaped tail,  with a true area of 54 
square feet and 45 degrees of dihedral,  produces the required directional 
stability. 

5.2.2 Longitudinal Maneuver and Dynamic Stability 

Paragraphs 3. 2. 11. 1,  3.2.11.2, and 3. 2. 12 of Reference 14 
are concerned with longitudinal maneuver with dynamic stability.    Cal- 
culations show that the V-tail with 45 degrees of dihedral sized at 54 
square feet,  for adequate directional stability (see 5.2. 1),  will have a 
proper amount of projected horizontal area to meet adequately the 
longitudinal maneuver and dynamic stability requirements. 

5.2.3 Stick Position Verlas Sp^ed 

Paragraph 3. 2. 10 of Reference 14 specified that "the heli- 
copter shall at forward speeds possess positive static longitudinal 
control force and control position stability with respect to speed". 
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Because the XV-9A aircraft uses servos,  the stick force 
requirement will be met by means of an artificial "feel" system. 
Mechanical springs giving a longitudinal and lateral stick force gradient 
of one-half to one pound per inch of stick travel will be used.    Trim will 
be accomplished by the use of two electrical actuators that reset the 
feel springs to zero force.    A four-position switch mounted on the cyclic 
stick will provide beep control for operation of the actuators. 

Stable control position stability is shown in Figures 41 and 
42 for various stabilizer incidences for gross weights of 10, 000 and 
15, 300 pounds.    This represents the range from design gross weight 
to the minimum weight for test purposes. 
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6. DYNAMICS 

6. I      ROTOR DYNAMICS 

The flapwise and chordwise natural frequencies of the 
XV-9A rotor aie  shown in Figures 43 and 44.    It is seen that no reso- 
nances are expected to occur near the operating range of the rotor. 
Figure 43 shows the collective modes,  which are those that respond 
to 3,  6,  and 9 per rev,  and Figure 44 shows the cyclic modes,  which 
respond to 1,  2,  4,   5,  7,  and 8 per rev.    The mode shapes correspond- 
ing to these two sets of modes are shown in Figure 45. 

The flapwise collective modes are computed with the blade 
pinned at Station 19 (the flapping hinge),  and they assume that the hub, 
which is free to tilt about its gimbal mount,  does not participate in the 
flapping motion.    This will onl    result when equal blade root shear 
forces are applied in phase to the hub by each blade.    For a three- 
bladed rotor,  this condition is obtained with 3,  6,  and 9 per rev excita- 
tion (multiples of the number of blades).    Similarly,  in the chordwise 
direction,  the hub will act as a pin joint when the blades are all bending 
in the same direction at the same time.    For a three-bladed rotor, this 
condition is obtained by a 3,   6,  and 9 per rev excitation. 

The flapwise cyclic mode is excited when unequal or out of 
phase shear forces are applied to the hub by the blades.    The hub will 
then tilt,  and the length of the blade is assumed to extend to the rotor 
centerline.    The flapping hinge will continue to function as a hinge,  so 
that the blade effectively has two hinges,  one at the rotor centerline 
and one at the flapping hinge.    This mode will be excited by any har- 
monic other than even multiples of the number of blades; that is,   1,  2, 
4,   5,  7,  and 8 per rev for a three-bladed rotor.    Also,  in the chordwise 
direction the blades will act as cantilever beams extending from the 
rotor centerline whenever they are excited unsymmetrically by har- 
monics other than even multiples of the number of blades.    For this 
three-bladed rotor,  this corresponds again to 1,  2,  4,   5,  7,  and 8 per 
rev. 

The natural frequencies shown in Figures 43 and 44 are a 
combination of test and calculation.    Computations of natural frequency 
are carried out using a matrix procedure described in Reference 17. 
These calculations provide both the nonrotating frequencies and the 
variation of natural frequency with rotor speed.    The value of nonrotating 

137 



28, 000 

26, 000 

24. 000 
M 

u 
u 22 000 
trt ^— 
a 

20, 000 

a 18, 000 
& 
< 

n 16, 000 
m 
> 
u 14, 000 
2 
W 
D 
a 12, 000 
U) 
cc 
'.u 

J 10, 00Ü 
< 
OS 

H 8. 000 
< 
2 

6,000 

4, 000 

2, 000 

COLLECTIVE MODES 

Flapwise:   Rigid Hub 
Chordwise:    Pinned End 
O Resonance with 3,   6,   9 Per Rev 
*  Nonrotating Shake Tests 

-9/Rev ^-8/Rev ^—7/Rev       ^—6/Rev 

0 100     200      300     400     S00      600     700      800      900    1,000 
.2 

I L J I L 
JT - (RAD/SEC) 
J ' I I L 

40 80     120 140 160   U0    200      lib    243  2^ 280 
RPM 

Figure 43.    Collective Mode Resonances 

5/Rev 

Power-On Operating 
Range 

Power-Oil Operati-ig 
Range 

2nd Flapwise Mode 

4/Rev 

lst Chordwise Mode 

3/Rev 

1st Flapwise Mode 

2/Rev 

1/Rev 

138 

■OMMI mm* 



XV-9A ROTOR 

Flapwise:     Tiltiwg Hub 
Chordwise:   Fixed End (Cantilever) 
OResonance with 1,  2,  4,   5,   7,   8 Per Rev 

9/Rev   8/Rev 7/Rev 6/Rev 
3rd Flapwise Mode 

5/Rev 

2nd Chordwise Mode 

Power-On Operat- 
ing Range 

Power-Off Operat- 
ing Range 

4/Rev 

2nd Flapwise Mode 

3/Rev 

1st Flapwise Mode 

2/Rev 

1st Chordwise Mode 

1/Rev 

0 100     200      300      400      500     600     700     800      900   1,000 

fl2 - (RAD/SEC)2 

J_ J I I   ,    I JL _L J L 
40 80  120 140 160 180 200  225  243 255 

RPM 

280 

Figure 44.    Cyclic Mode Resonances 

.,'f 

k 

139 f 
a 

. U     I ISM JUS sn ■BF gggT ISSOg" 
I 



COLLECTIVE MODES 

(Responds to 3, 6  9 Per Rev) 

CHORD WISE FLAP WISE 

0^nr-0=.-r 

T 

CYCLIC MODES 

Responds to 1,2,4,5,7   8 Per Rev) 

CHORDWrSE FLAPWISE 

1st 

Figure 45.    Collective and Cyclic Mode Shapes 

140 

y—gy» 



frequency for the first three collective flapwise modes was adjusted to 
equal values obtained by shake tests of the XV-9A blade.    These values, 
plus the slope of the lines from the matrix calculations,  permit drawing 
the curves shown in Figure 43. 

The cyclic chordwise first and second mode frequency 
curves use the same slope as that derived by calculation; however, 
the nonrotating frequencies cannot easily be obtained from test,  because 
of the difficulty of maintaining adequate tension in the strap retention. 
Instead,  the calculated values of the cyclic chordwise frequency are 
adjusted,  based on a comparison of calculations and tests for the Model 
285 rotor tested earlier and reported in Reference 18.    The Model 285 
rotor was found to have a first mode cyclic chordwise (cantilever) 
frequency of 1.25 per rev at 100-percent rpm,  which was 0.78,  the cal- 
culated value.    Applying the same factor to the XV-9A rotor first mode 
calculated frequency,  the predicted first mode cyclic chordwise fre- 
quency is expected to be 1.31  per rev. *   This is approximately 5 percent 
higher than that of the Model 285 rotor,    ('„nis frequency increase,  which 
reduces the response to 1-per-rev excitation,  plus the redesign of the 
rotor to higher loads than were used for the Model 285 rotcr design, is 
expected to provide a blade with a satisfactory life.) 

After the predicted value of first mode cyclic chordwise 
frequency at 100-percent rpm is known,   it is possible to use the 
computer-derived slope to draw the first mode chordwise frequency 
curve shown in Figure 44.    A similar procedure was used for second 
mode cyclic chordwise frequency and for collective first mode chord- 
wise frequency. 

It is seen that no chordwise or flapwise resonance (circled 
points) occur in the operating range of the rotor.    The closest possible 
resonances occur as shown in Table 2.    Except for one resonance (the 
last) that occurs above the power-off operating range,  all these reso- 
nances occur at less than 90 percent of the minimum operating rpm 
(225, rpm).    This margin of 10 percent or more is considered adequate, 
since the rotor system structure has some inherent damping.    Even if 
resonance of the cyclic chordwise second mode with 5 per rev is found 
to produce high loads,  it should be noted that the occurrence of this 
resonance will probably be for only four cycles at a time.    If the loads 

*The blade first mode cyclic chordwise frequency was measured as 
1.43 per rev during the whirl tests reported in Reference   19. 
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encountered are deemed to be too high,  the power-off operating range 
can be reduced. 

TABLE 2 
RESONANCES CLOSEST TO OPERATING RANGE 

Mode 

Collective chordwise first mode 

Collective flapwise third mode 

Cyclic chordwise first mode 

Cyclic chordwise second mode 

Cyclic chordwise second mode 

Cyclic flapwise second mode 

RPM at 
xcitation Resonance 

6/rev 130 

9/rev 150 

2/rev 145 

7/rev 195 

5/rev 295 

4/rev 175 

Note:     Power-on operating range = 225-255 rpm,    Power-off 
operating range = 225-280 rpm. 

6.2 FUSELAGE VERTICAL,   LATERAL,  AND TORSIONAL 
NATURAL FREQUENCIES 

Because of the rather long and slender proportions of the 
fuselage of the XV-9A,  the possibility exists that a coupling might occur 
between the natural bending frequencies of the fuselage and pertinent 
harmonics of the rotor speed.    Estimates were made of the vertical, 
lateral,  and torsional natural frequencies of the fuselage,  taking into 
account the fuselage stiffness properties.    Results are presented in 
Table 3. 

The rotor for the XV-9A aircraft will operate at 243 rpm. 
The primary excitation of the fuselage by the three-bladed rotor is 
3 per rev.    Examination of the estimated frequencies of the modes 
listed in Table 3 shows that the natural frequencies are well removed 
from the primary rotor exciting frequency.    Fuselage shake tests will 
be performed prior to flight,  to establish the actual frequencies of the 
important fuselage modes. 
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TABLE 3 
ESTIMATED FREQUENCIES 

Mode 
Cycles 

Per Second 
F: requencies Per Re* 

(At 243 rpm) 

First vertical bending 33 8.15 

First lateral bending 30 7.40 

First torsional 18 4.44 
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7.    STRUCTURAL DESIGN CRITERIA 

7. 1 ROTOR BLADE,  HUB,   POWER MODULE,  AND FUSELAGE 
LOADS AND LOAD FACTORS 

Paragraphs 7. I. 1 through 7. 1. 12 list the conditions that 
were investigated in the design and stress analysis of the rotor system, 
power module,   and fuselage {empennage and aft fuselage section loads 
are covered in Section 7. 3J.    The loads and load factors are basically 
those of Reference 20,  plus revisions to include loads information from 
the whirl test results. 

Design parameters of the rotor system are based on the 
design gross weight of 15, 300 pounds. 

The maximum design maneuver limit load factor is 2. 5 g. 

Maximum design loads are to be considered in combination 
with maximum temperature and pressure.    Rotor blade tip speeds are 
as follows: 

a. Hovering,   cruise,  and maneuver 700 ft/sec 

b. Overrev for limit load 
[(1. 1 x maximum power-on rpm) 1. 05]        848 ft/sec 

7. 1. 1 Flight Design Criteria 

Tilt of 
Rotor 

Fwd Limit 

CC 
Ref 

Rotor 

Plane 
«. Lift 
Vector Tail 

Angular 
Ac   el- 
erauon 

Speed Rotor Load <L Tilt Load Roll 
Maneuver (knots) RPM Factor (degrees) (pounds) Pitch (rad/scc2) Yaw 

Symrrvet rical 
pullout 

100 243 2.5(,) 1   in.   fwd 
1 0° aft 
10° fwd 

or aft 

-318<3> 
0 

11. 93 
ll.80 

0 0 

Rolling 
pullout 

100 24 3 2.0<2' 1  in.   fwd 
7.2" aft k 
7.0° right 

or left 

-318(3) U.21 i3. 14 !1.17(4> 

Maximum 
yaw 

200 (See Section 7, ') 

Notes:      (1) 2. 5-g limit at design gross weight,   per Reference 21,   paragraph  3. 1. 10. 
(2) 2.0-g (0.8 x 2.S g), per Reference 21,   paragraph 3. 2. 3. 1. 
(i) -  sign indicates download. 
(4) Maximum pedal displacement is assumed during the rolling pullout. 
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7. 1. 2 Load Factor in Ground Flapping 

a. Blade droop stop and hub 9° tilt stop 2. 5 g limit 

b. Hub 2° tilt stop 2. 0 g limit 

7.1.3 Wind L >ads 

Wind loads shall be those resulting from a 40-knot wind 
from horizontal direction (per Reference 21,  paragraph 3. 4. 6. 2). 

7.1.4 Rotor Starting Condition 

Rotor starting condition is:   static thrust (maximum) of 
500 pounds per blade at blade tips reacted by rotational inertia rotor; 
blades in -2-degree 1-g drooped position.    Rotational speed is zero. 

7.1.5 External Chordwise Pressure Distribution,  Cruise and 
2. 5-g Maneuver Condition 

Use data in Reference 22, pages 45 and 46,  Figures 25, 26, 
and 27,  and increase values by ratio of tip speed squared 

(650)2 

and add 2. 1 pounds per square inch from 55 percent to 85 percent chord 
(inertia loads are included).    In addition, buffeting fatigue of blade aft 
skins must be guarded against,  by comparing gages and panel sizes with 
those of existing high-speed aircraft. 

7. 1. 6 Blade Torsion Loads 

a. Cruise condition (coning - 2. 24°, tilt = 0° to 3° aft) 

6, 550 ±13, 860 inch-pound limit 

b. Weighted fatigue condition (Figure 46) (coning = 2. 24°, 
tilt = 0° to 6° aft) 

13, 100 +25, 140 inch-pound limit 
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c.     Maneuver,  2-1/2-g (Figure 47) (coning = 5. 6°, 
tilt = 10° aft) 

20, 170 T32, 300 inch-pound limit recovery 

Motes: 
(1) Positive value indicates blade nose down. 

(2) Values given include strap torsion. 

(3) Steady torsion should be checked in both directions. 

(4) When analyzing swashplate and lower controls, 
critical phasing of above loads from each of the 
three blades should be used. 

(5) A dynamic (limit) factor of 1.25 shall be used for 
the ultimate conditions of blade root torsion 
(item c above).    This factor may be reduced to 
1.10 between actuating cylinders and the top of the 
shaft.    The usual 1. 5 ultimate factor is also re- 
quired. 

(6) The hydraulic cylinder load input shall be capable 
of  supplying sufficient load to actuate the rotor 
blades under the design maneuvers (item c above). 

(7) The hydraulic servo system shall be capable of 
rotating the swashplate at least 26.7 degrees per 
second but shall be restricted so that the swash- 
plate shall not rotate faster than 40 degrees per 
second. 

7.1.7 Blade Shear Loads 

a. Normal shear 

See Figures 48 and 49. 

b. Chordwise shear just outboard of blade strap fittings 

(1)    Weighted fatigue = 200 +866 pounds 
(derived condition from Figure 50) 
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(2)    2-1/2-g maneuver     =   100 +_ 1. 550-pound limit con- 
dition 

Notes: 
(1) Positive loads are up and aft on hub 

(2) Normal shears do not include control forces 

7. 1. 8             Blade Bending Moments 

a. Chordwise Bending Moments 
Chordwise moments are given in the chord plane of the 
blade 

(1) Weighted fatigue 
Blade spanwise variation of cyclic rotor blade 
chordwise bending is given in Figure 50 

(2) 2-1/2-g maneuver 
Blade spanwise variation of cyclic rotor blade 
chordwise bending is given in Figure 51 

(3) Overrev 
No significant bending stresses 

b. Flapwise bending moments 

(1)    Weighted fatigue (modified approach to land) 
(Figure 52) 

Note: 
Cyclic bending moment shown in Figure 52 
should also be used as the steady bending moment 
for this condition. 

(2) 2-1/2-g maneuver (Figure 53) 

(3) Overrev - 2. 5-g autorotation maneuver at 100 
knots; assume the total flapwise blade bending 
equals the cyclic bending used for the design 
fatigue limit   (Figure 52) 
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7. 1. 9 

7. 1. 10 

Duct Operating Pressure and Temperature 

a.   910 hours of life: 

Design 

b.   90 hours of life: 

Design 

c   Power off,  rotor 
rotating 

Hub In-Plane Loads 

1,117°F 26. 9 psig 

1, 184°F 29. 0 psig 

800°F -4. 0 psig 

a. Weighted fatigue condition 
Use a 1. 0-g thrust with the vector at 6 degrees to 
the shaft and with the hub inclined 5 degrees to the shaft 
shaft,   or same lateral component with 1. 5-g thrust. 

b. 2. 5-g maneuver {ultimate condition) 

(1) Fore and aft 
Use a 2. 5-g thrust with the vector at 10 degrees 
to the shaft and with the hub inclined 8 degrees to 
the shaft. 

(2) Left and right 
Use a 2. 0-g (2. 5-g x 0. 80) thrust with the vector 
at 10 degrees to the shaft and with the hub inclined 
8 degrees to the shaft. 

7. 1. 11 Chordwise Pressure Distribution Over the Rotor Pylon 

The design condition is yawed flight at maximum autogyro 
speed (V   =   200 knots).    Figure 54 shows the boundaries of the positive 
and negative pressures on the pylon for yaw angles of 0 to + 20 degrees. 
The pressures include an approximate correction for the effect of the 
nacelle pylon. 
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7. 1. 12 Chordwise Pressure Distribution Over the Lateral Pylon 
and Nacelles 

The design condition is maximum autogyro speed (V = 200 
knots) during a maneuver with the tail producing a CL =1.0 (2. 5-g load 
factor).    The pressure distributions are based on data presented in Ref- 
erence 23 and Reference 24.    Figure 55 presents total chordwise pres- 
sure distribution over the nacelle pylon for an estimated fuselage angle 
of attack of 23 degrees.    Figure 56 presents the estimated chordwise 
pressure distribution over the upper and lower surfaces of the engine 
nacelles.    For this figure,  the data in Reference 24 were extrapolated 
to nacelle angles of attack of +23 and -9 degrees.    The data were also 
corrected to include the effects of the airflow through the YT-64 gas 
generators on nacelle leading edge pressures. 

7.2 DESIGN CRITERIA FOR ROTOR SYSTEM POWER MODULE 
AND FUSELAGE ~ 

a. Cyclic pitch is defined as  6]    sin ^ + 9?    cos ^ , 
XS ''S 

where ^    = blade azimuth location measured from the 
blade aft position,  and 8\    and 8?    are measured with ls s 
respect to the reutral swashplate position. 

b. Under dynamic transient conditions,  hub lag relative to 
the swashplate may be as much as 2. 88 degrees beyond 
the steady state tilt.    It will be restricted to this value 
by hydraulic flow restriction.    (See Note 7,  Section 
7. 1. 6). 

c. See Figures 57, 58, 59,  and 60. 

7. 2. 1             Clearance Condition 

Hub tilt - relative to mast: 
At normal rpm,   ^° in all azimuth positions 
At zero rpm,        2    in all azimuth positions 

Blade coning - relative to hub: 
15    up,   2° down 

Blade collective pitch at 3/4 radius: 
0° to 12° 

Blade cyclic pitch - relative to mast: 
*lg = +10°.*2S = +7° 
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HUB AND ROTOR ELADE GROUND CLEARANCE CHECK 

View shows an 
advancing blade 
at approximately 
135°  azimuth 

0      = Pitch relative to mast Is 
$      = Pitch relative to hub 

£ Hub 
£ Mast 

Hub tilt is limited to 2° 
in any direction by the 
hub stop 

Parallel to hub 
Normal to mast 

. ___ Swashplate 

V102 + 1C =  12.2° 

Collective Pitch 
Maximum Strap Windup 

Advancing Biade Retreating Blade 

12"   -7.6" = 4. 4" 
at pitch arm 

+ 14. 2° + 4.4"  ^+18.6° 
(Blade Nose Up) 

-14. 2°  + 4. 4° =-9. 8° 
(Blade Nose Down) 

0°   -7.6°  = -7.6" 
at pitch arm 

+ 14. 2° - 7. 6C  =+6.6" 
(Blade Nose Up) 

-14. 2°   - 7. 6°   =-21. 8° 
(Blade Nose Down) 

ENTRY INTO AN AUTOROTATION MANEUVER FROM A CRUISE CONDITION 

£ Mast 

£ Hub 
3° Hub Tilt 

View  shows an 
advancing blade 
at 90° azimuth 

Chord Line 

Normal to Mast 
Parallel to Hub 

Ö,     - Pitch relative to mast 1 s 

0      - Pitch l ?lative to hub 
-3. 8 

Swashplatc 

Collective Pitch 
Max.   Strap Windup 

Advancing Blade Retracting Blade 

0"  -7.6"  = -7.6° 
at pitch arm 

-6. 68 - 7.6"  = -14. 28" 
(Blade Nose Down) 

+ 6. 68"-7.6°  - -0. 92°     [ 
(Blade Nose Down) 

Figure 57.    Strap Windup Characteristics 
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2. 5 -G MANEUVER CONDITION  AT 100 KNOTS 

STEP I - CYCLIC STICK PULLBACK 

View shows an 
advancing blade 
at 90" azimuth 

0      = Pitch relative to mast Is 
0      = Pitch relative to hub 

£ Mast 

£ Hub 

10    Hub Tilt 

Normal to Mast 

Chord Line 

Parallel to Hub 

■6.2 Suashplate 

Collective Pitch 
Maximum Strap Windup 

Advancing Blade Retreating Blade 

7.6°   -7.6"  = 0° 
at Pitch Arm 

-3. 8° 
(Blade Nose Down) 

+ 3. 8° 
(Blade Nose Up) 

STEP 2 - APPLICATION OF FULL COLLECTIVE PITCH 

View shows an 
advancing blade 
at 90° azimuth 

6      - Pitch relative to mast 
Is 

v      - Pitch relative to hub 

Normal to Mast 

Chord Line 

Parallel to HUD 

•0. 5 
Swashplate 

Collective Pitch 
Maximum Strap Windup 

Advancing Blade Retreading Blade 

12°   -7,V=4. 4C 

at pitch arm 
-9. 5° + 4. 4°  = 5. 1° 
(Blade Nose Down) 

+ 9. 5°  •+ 4. 4°   -- + 13. 9° 
(Blade Nose Up) 

Figure 58.    Strap Windup Characteristics 
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2. 5-G MANEUVER CONDITION AT 100 KNOTS 

STEP 3 - RECOVERY PORTION 

View- shows an 
advancing blade 
at 90° azimuth 

£ Masl 

£   Hub 

10"   Hub Tilt 

Chord Line 
Nurtnai to Mast 

Parallel to Hub 

O,     = Pitch relative to mast 
Is 

-2. 38 
Swashplate 

0      ~ Pitch relative to hub 

Collective Pitch 
Maximum Strao Windup 

Advancing Blade Retreating Blade 

12°  -7.6°  = 4.4° 
at pitch arm 

-12. 38° + 4.4°  =-7. 98° 
(Blade Nose Down) 

+ 12. 38° + 4. 4°  = +16. 78J 

(Blade Nose Up) 

2. b-G AUTOROTATION MANEUVER AT 100 KNOTS - 
FLAREOUT 

View shows an 
advancing blade 
at 90°  azimuth 

ß      = Pitch relative to mast 
Is 

d.     - Pitch relative to hub 

£ Mast 

£ Hub 
10° Hub Tilt Aft 

Chord Line 

Normal to Mast 

•1. 5 
Swashplate 

Collective Pitch 
Maximum Strap Windup 

Advancing Blade Retreating Blade 

3°   -7.6°  = 4.6° 
at pitch arm 

-11. 5°  * 4.6°  =  16. i° 
(Blade Nose Down) 

-Ml. 5°  - 4. 6°  =+6. 9° 
(Blade Nose Up) 

Figure 59.    Strap Windup Characteristics 
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IDLING CONDITION  - HUB TILT AFT 

Hub Tilt Aft, to follow 
swashplate but may lag* by 13. 1° 
Cyclic pitch -  12.2° 
Collective pitch 0"   to 12°  at 3/4R 

View shows an 
advancing blade 
at approximately 
135° azimuth 

0,     - Pitch relative to mast 
Is 

Q      - Pitch relative to hub 

£    Mast 

£   Hub 
Ü. Q"  An  Hub Tilt 

- Chord Lint 

i Normal to Mas 

t f- Parallel to Hul 

Collective Pitch 
Maximum Strap Wind up 

Advancing Blade Retreating Blade 

0°   - 7. 6°  = -7.6° 
at pitch arm 

-13. r-7. 6°   = 2Ü. 7° 
(Blade Nose Down) 

+ 1 3. 1 ° - 7. b °   ~ + 5   5J 

(Blade Nose Up) 

12°-7.6°  = 4.4° 
at pitch arm 

-13. l°+4, 4°   = -8. 7° 
(Blade Nose Down) 

+ 13. l°+4. 4°   --  +17. 5° 
(Blade Nose Up) 

Hub Tilt Forward; to follow 
swashplate but may lag* by 13. 1° 
Cyclic pitch +12. 2° 
Collective pitch 0°  to 12°  at 3/4R 

Vie«,  shows an 
advancing blade 
at approximately 
135°  azimuth 

9,     r  Pitch relative to mast 
I s 

ß       -  Pitch relative to hub 

IDLING CONDITION - HUB TILT FORWARD 

 £ Hub 
£ Mast 

0. ?°  Forward Hub  lilt 

Parallel to Hub 

Normal to Mast 

  'Swashplate 
V     2        2 

10.   \ 7        )2. 2" 

Collective  Pitch 
Max i: iium St rap Windup 

Advancing Blade Retreating Blade 

0°   -  7. b'   -   -l,b° 
at pitch arm 

4 1 3. 1"   -7. t>     -  + 5, 5' 
(Illadr- Nose Up) 

-13. 1°   -7  6°       -2 0. 7 
(Blade Nose  Down) 

12°   -7.6°       -4. 4" 
at  pit».      arm 

+ 13. 1°   + 4. 4"   -     17   5" 
(Blade Nose Up) 

-1 3. 1  + 4. 4"   =  -K. 7 
(Blade Nose  Down) 

iii ?   uu<      Normal R PM 243 lub Lag   - 2. 88    x     Ifi)(. RPM       - 2- H8    s j^  -   13. 1 

Figure 60.    Strap Windup Characteristics 
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7. 2. 2 Level Flight,   100-Knot Cruise 

Gross weight 15, 300 pounds 
Rotor rpm 243 
Centrifugal force per blade 130, 766 pounds 
Load factor 1 g 
Hub tilt - relative to mast 0° to 3° aft 
Blade coning - relative to hub 2. 24° 
Blade flapping - relative to hub +0. 25° at 2/rev 
Blade collective pitch at 3/4 +7. 6° 
radius 
Blade cyclic pitch - relative ^ = 0° to -3. 8°, 
to hub $2 = 1.7° 
Blade cyclic pitch - relative $s    = 0° to -0. 8°, 
to mast B7

S = 1. 7° 

7. 2. 3            2. 5-g Maneuver Condition at 100 Knots 

Gross weight 15, 300 pounds 
Rotor rpm 243 
Centrifugal force per blade 130, 766 pounds 

Maneuver description (this condition is a dynamic maneu- 
ver; therefore,  its description is presented ir three parts. ) 

a. Cyclic stick puliback 
Helicopter load factor 1. 0 g 
Hub tilt - relative to mast 10° aft 
Blade coning - relative to +2. 24° 
hub 
Blade flapping - relative to _+0. 25° at 2/rev 
hub 
Blade collective pitch at +7. 6° 
3/4 radius 
Blade cyclic pitch - tfj = -3. 8°,    «j a +1. 7° 
relative to hub 
Blade cyclic pitch ^    = +6. 2°,   *2    = +1. 7° 
relative to mast 

b. Application of full collective pitch and decrease in 
feathering angle 
Helicopter load factor 2. 5 g 
Hub tilt - relative to 10° aft 
mast 
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7.2.4 

Blade coning - relative to +5. 6 
hub 
Blade flapping - relative to +0. 6° at 2/rev 
hub 
Collective pitch at 3/4 radius 12 
Blade cyclic pitch - relative       flj = -9. 5U, 
to hub *2 = -.4. 25° 
Blade cyclic pitch - relative       6]    - +0. 5°, 
to mast »2S = +4. 25° 

c.      Recovery (cyclic pitch stick moved an additional 
2. 88 degrees forward; see Item b,  Section 7. 2). 
Helicopter load factor 2.5 g 
Hub tilt - relative to 10° aft 
mast 
Blade coning - relative +5.6° 
to hub 
Blade flapping - relative + 0. 6° at 2/rev 
to hub 
Blade collective pitch + 12° 
at 3/4 radius 
Blade cyclic pitch - relative 0j = -12. 38°, 
to hub ez = +4. 25° 
Blade cyclic pitch - relative di    = -2. 38° 
to mast h    =+4.25° '•s 

Weighted Fatigue Condition 

Gross weight 15, 300 pounds 
Rotor rpm 243 
Centrifugal force per blade 130, 766 pounds 
Load factor (hub and shaft 1.5g 
only) 
Hub tilt - relative to mast 
Blade coning - relative to 
hub 
Blade flapping - relative 
to hub 
Blade collective pitch at 
3/4 radius 
Blade cyclic pitch - relative 
to hub 

0° to 6° aft 
+2. 24 to +4. 48° 
(whichever is critical) 
+0. 5° at 2/rev 

+7.6° 

\ = 7. 6°,   e2 := +3. 4° 
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7. 2.5 

7. 2. 6 

Blade cyclic pitch - relative       f\    =1. 6°, 
a     +3.4° to mast 91    = 

Entry Into Autorotation From Cruise 

Gross weight 
Rotor rpm 
Centrifugal force per blade 
Load factor 
Hub tilt - relative to mast 
Blade coning - relative to hub 
Blade flapping - relative to 
hub 
Blade collective pitch at 
3/4 radius 
Blade cyclic pitch - relative 
to hub 
Blade cyclic pitch - relative 
to mast 

15, 300 pounds 
295 
192, 720 pounds 

lg 
3° aft 
+ 1. 52° 
+ 0. 25° at 2/rev 

0° 

8X = 6. 68°, 
9Z = +1.7° 
B\    = 3. 68°, 

15, 300 pounds 
295 
192 72C 1 pounds 
2.5 g 
10° aft 

2. 5-g Auto rotation Maneuver at 100 Knots (Flareout) 

Gross weight 
Rotor rpm 
Centrifugal force per blade 
Helicopter load factor 
Hub tilt - relative to mast 
Blade coning - relative to 
hub 
Blade flapping - relative to 
hub 
Blade collective pitch at 
3/4 radius 
Blade cyclic pitch - relative 
to hub 
Blade cyclic pitch - relative 
to mast 

+ 3.8° 

+0. 6° at 2/rev 

+3° 

*! = -ii.5°, e2 = 0° 

V--L5°'   *28 = 0° 

7. 3 DESIGN CRITERIA FOR THE EMPENNAGE AND AFT 
FUSELAGE 

Section 7. 3. 4 summarizes the limit loads that are to be 
considered in the design and stress analysis of the empennage and aft 
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fuselage.    These critical loads are derived as follows; where: 

GW        - gross weight 

CL = lift coefficient 

V = velocity 

q = dynamic pressure 

1 = tail efficiency factor   -*- 
t y q 

f. = distance to tail from eg 

T = dihedral angle 

L = lift 

Ly = vertical lift 

Ljj = horizontal lift 

M = moment 

St = total tail area 

a = angular acceleration 

I = moment of inertia 

$ = yaw angle 

o = tail angle 

f> - density 

C^ = drag coefficient 

7. 3. 1 Maximum Autogyro Level Flight - Symmetrical Loading 

GW        = 10, 000 pounds 

CLtail = L ° (Per FAA) 

V = 200 knots 
2 

q = 135. 7 pound /feet 

nt = 0. 90 

lt = 28. 5 feet 

= 45° 
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Maximum lift perpendicular to each half of the V-tail 

L = (1. 0) (135. 7) (0. 9) (27) = 3, 300 pounds 
max 

Total tail load in the vertical plane 

Lyt      . - 2 (3, 300) (Cos t ) -       670 pounds 

Pitch acceleration 

CT     .     =0. 20 
Hrim 

M = (CT - Cr   .    ) f* q  iu St cos r Lmax        ■'-'trim  *"■ n    *   x 

= (1. 0 - 0, 20) (28. 5) (135. 7) (0. 9) (54) (0. 707) 

M = 106, 200 foot-pounds 

7. 3. 2 Maximum Autogyro Level Flight - Asymmetrical Loading 

Maximum lift perpendicular to each half of the V-tail 

L - (3, 300) (K) K = 0. 712 (correction factor for 
asymmetrical loading 
of a V-tail,   Reference 
23) 

L = (3, 300) (0.712) = 2, 350 pounds 
max r 

Total tail load in the horizontal plane 

LTT =2   (2, 350 sin T )     =3, 320 pounds 
"total 

Ya-v acceleration 

A M = (2, 862) (28. 5) - 94, 600 foot-pounds 

* = *¥^ =ltlff=5iirad/sec2 

7. 3. 3 Maximum Chordwise Load 

For an NACA 0012 section for CL = 1.0,  the tail drag 
s calculated to be Cd    ., = 0. 088. 

tail 

CLtail     1. 0 .,   A . tail ~13c~J= oTöoT 316'4 degrees 

do tail 
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With ot  .,.  Cd    .,,  and CT known,  the chordwise force tail      "tail lJmax 
coefficient is calculated to be C* = 0. i97. 

Chordwise load = Cf q   Hj. — per side 
Ct 

= (0.197)      [■—-   (337. 8 x cos     a 

= 595 pounds 

t>2]o. 9 (27) 

The chordwise load is acting forward in the chord plane and 
assumed acting at the tail midspan. 

7.3.4 Empennage and Aft Fuselage Limit Load 

Condition:   maximum autogyro level flight for C^,    .   =1.0 

Load 

Vertical (total) 4, 670 pounds 
Horizontal (total) 3, 320 pounds 
Chordwise/side 595 pounds 

(acting forward 
in chord plane) 

Inertia Relief 

5. 30 radians/sec , 
5. 11 radians/sec' 

0 

7.4 LANDING CRITERIA 

The XV-9A utilizes a CH-34A main landing gear and a full 
swiveling CH-34A tailwheel. 

Per Reference 3, paragraph 3. 4. 2. 1,  the ultimate ground 
landing load factor for the XV-9A shall be 3. 5 at the bas'; design gross 
weight of 15, 300 pounds,  or as limited by the CH-34A landing gear.    The 
landing gear was originally designed for 8-foot-per- second vertical con- 
tact velocity and 11,400-pound landing weight, per Reference 25.    For 
the CH-34A,  the ultimate ground landing load factor is calculated to be 
3. 5.    Thus,  the structural limitation of the CH-34A gear actually 
determines the ultimate ground landing load factor for the XV-9A. 

However,  the aircraft has been designed with an ultimate 
ground landing load factor of 3. 5 and a limit ground landing load factor 
of 3. 5/1. 5 = 2. 33.    This was done in order to provide a higher aircraft 
margin of safety and to permit possible future use of a higher strength 
landing gear. 
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The following table presents a sunvnary of the ultimate 
load factors and accelerations about the aircraft ~g for the conditions 
investigated in the loads analysis (see Appendix I). 

TABLE 4 
LANDING CRITERIA 

SUMMARY OF ULTIMATE INERTIA FACTORS 

Rotor 
Lift 

Gross        Load       Helicopter Total Load        Acceleration 
Weight      Factor Factor at CG (Rad/Sec  ) 

Landing Conditi< n (Pounds)    at CG       Vertical     Dvag     Side     Pitch      Yaw      Roll 

1. 3-point I  vel 
landing 15,300      0.667 4.17 0 0 0 0 0 

2. 2-point level 
landing on main 
gear (no -irag 
or side load) 15,300      0.667 3.90 0 0       6. 525        0 0 

3. 2-ooint level 
landing on main 
gear (with drag 
load on one 
wheel) 15,300      0.667 4.04 0.76        0      4.220     2.88 0 

4. 2-point level 
landing on main 
gear (with side 
load on one 
wheel) 15,300      0.667 4.04 0       0.76    6.845     1.80     .'1.448 

o.      1-wheel banked 
landing (with 
drag load) 15,300      0.667 1.99 0.493      0       0.485     2.238   13.980 

6.      Tail first 
landing 15,300      0.667 0.869 0 0-4.00 0 0 

Braking 
condition 15,300 -- 1.80 1.44        0    -2.218        0 0 

i 
i 

171 



7. 5 GROUND HANDLING DESIGN CRITERIA 

The ground handling limit load factors for the basic design 
gross weight of 15, 300 pounds are as follows. 

7. 5. 1 Hoisting.    To remove the rotor or hoist the helicopter, 
attachment points are provided on the vertical faces of the hub.    A 
vertical limit load factor of 2. 0 g is assumed with the helicopter at 
the design gross weight of 15, 300 pounds.    Horizontal loads are assumed 
to be zero. 

7. 5. 2 Mooring.    Mooring fittings and the structure to which they 
are attached shall be designed for limit loads resulting from a 40-knot 
wind from any azimuth position. 

7. 5. 3 Jacking.    Jacking loads for the primary flight structure 
jacking points,  for level fuselage attitude,  for the design gross weight 
of 15, 300 pounds shall be: 

2. 0 g vertical 
0. 5 g fore or aft 
0. 5 g lateral 

7. 5. 4 Towing.    A tow bar will be provided for towing the helicop- 
ter by the tail landing gear.    Towing loa.ds shall be per Reference 26, 
Chapter 4,  at a design gross weight of 15, 300 pounds. 

7, 6 CRASH CONDITION 

For crash conditions,  the following ultimate load factors 
shall be the design objective in the design of the seat installation and 
attachment of equipment and useful load items (and their carry-through 
structure) that might injure the crew if they became loose in a minor 
crash landing.    The load factors a~e applied independently,  at the 
design gross weight of 15, 300 pounds: 

Downward 10 g 
Forward 10 g 
Sideward 4 g 
Upward 2 g 
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7. 7 PRIMARY CONTROL SYSTEM LOADS 

7. 7. 1 Lower Rotor Controls and Flight Controls 
J 

7. 7. 1. 1        Pilot Loads.    Since the lower flight control system from 
the pilot to the servo valves utilizes the OH-6A flight control system, 
the control leads criteria of the OH-6A shall be applicable.    These 
control loads are as follows. 

From the pilot compartment to the stops that limit the range 
of motion of the pilot's controls,  the control system shall be designed to 
withstand the limit applied forces shown in column 1 of the following 
table.    Dual control loads shall be 75 percent of the values of column 1 
applied at each pilot station,  either in conjunction or in opposition. 

TABLE 5 
PILOT CONTROL SYSTEM LOADS 

Limit Pilot Forces 

Controls 

(1) (2) 
To Stops Beyond Stops 
(Pounds) (Pounds) 

100 60 
100 60 
67 40 
130 78 

Collective pitch control 
Longitudinal cyclic 
Lateral cyclic 
Yaw controls 

7. 7. 1. 2 Nonrotating Power Linkage. For the nonrotating portion 
of the rotor control system, apply a cyclic load of +675 pounds to the 
pitch arm of one blade with the rotor stopped. Check stresses at the 
most critical rotor azimuth position.    Design for infinite life. 

The cyclic fatigue load is to be applied in addition to the 
normal steady load used in the design of the system.    The limit loads 
for static strength should be based upon blade loads as given in Section 
7. 1. 6. 

7.7.2 Rotating Controls 

7. 7. 2. 1        Limit Loads.    The limit loads shall be the torsion loads 
imposed by the rotor blades shown in Section 7. 1. 6. 
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7. 7. 2. 2        Fatigue Loads.    See Section 7. 1.6, 

7.8 PROPULSION SYSTEM 

7. 8. 1 Ducting 

Limit pressures and temperatures are taken from the 
T64 gas generator data of Reference 27 and additional information 
from the engine manufacturer concerning growth versions of the T64 

A 1. 33 limit factor is applied to advanced engine pressures 
at maximum continuous power of the reference reports. 

Limit pressure = 1. 33 x 27. 0 = 36. 0 psig 
Limit temperature = 1184°F 
For crash loads,  limit pressure shall be 29. 0 psig 
Target service life of hot parts under operating 
conditions is 1, 000 hours 

7. 8. 2 Engine Mounts and Nacelles 

7. 8. 2. 1 Limit Torque 

Gas generator starting torque = 60 foot-pounds 
Transient torque load factor on engine mount = 2 
Limit torque = 2 x 60 = 120 foot-pounds 

7. 8. 2. 2        Gyroscopic Moment (Relative to Engine Axis) 

Designing to the maximum gyroscopic moment of engine 
criterion of steady angular velocity of 2. 5 radians/sec in yaw and 
2. 0 radians/sec in pitch,  at maximum rated engine speed,  the gyro- 
scopic moment is calculated as follows: 

Gyroscopic moment = Ipß « 
Ip gas generator = 22. 8 pound-foot 
Maximum allowable transient overspeed limit 

rpm = 18, 330 rpm 

For yaw angular velocity of 2. 5-rad/sec 
22. 

icopic moment = —- 

= 3, 396 foot-pounds 

Gyroscopic moment = "rr^-r   (18, 330)  —   (2. 5) 
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7.8. 2> 3 

For pitch angular velocity of 2. 0 rad/sec: 
22 8 K 

Gyroscopic moment   =       ' -     (18, 330)  -rr-   (2. 0) 

= 2, 720 foot-pounds 

Crash Loads.    See Section 7. 6 

7.9 SUMMARY - MINIMUM MARGINS OF SAFETY 

Par*, ^itle 
Part Number 

385- 
Type of 
Loading 

Margin of Safety 

Static       Fatigue 

UOTOR GROUP 

Front sp>.r 1108 
Rear spar 1108 
Rear sp? v *' *ti ag 1115 
Strap assembly 0121 
Tip cascade valve rod 1112 
Tip cascade rod and cranks 1124 
Lower hub plates,  Drawings 
285-0564 and 285-0565 
Hub feathering bearing ring, 
Drawing 285-0532 
Main rotor shaft,  Drawing 
285-0517 EO 3 

POWER MODULE 

Fitting assembly - rotor thrust 
bearing support 
Upper rotor bearing support 5025 
Lower rotor bearing support 5018 
Power module front spar 5007 
Skin assembly - lateral pylon 5015 
Mounting diverter valve 5014 
Fitting assembly canted rib 5028 
Canted rib 5014 
Fitting installation main gear 
strut 5029 
Fitting assembly front spar 
lower cap 5008 

Cyclic bend 
Cyclic bend 
Bending 
Bolt shear 
Tension 
Tension 

Bending 

Bolt shear 

Bending 

+0.20 
+ 0. 19 

5033-5039   Bolt shear 
Column 
Tension 
Tension 
Shear 
Shear 
Tension 
Compression 

Shear 

Bearing 

+0.21 
+0.09 
+0.02 
+0.02 

+0. 02 

+0.03 

+0.46 
+0. 11 
+0.24 
0. 00 

+0.26 
+0. 15 
+ 0.45 
+0. 01 

+0.03 

+0.47 

+ 1.43 

? 

■J 

$ 
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Part Title 
Part Number 

385- 

Fitting assembly rear spar 
lower cap 5010 
Fitting assembly front spar 
upper cap 5009 
Fitting assembly rear spar 
upper cap 
Fitting front spar lower center 
Fitting rear spar lower center 
rib 
Installation BL 22 
Engine support truss assembly 
Forward engine mount clamp 
Aft engine mount brace 
Frame assembly - Nacelle 
Station 245. 83 

HOT GAS TRANSFER SYSTEM 

Duct assembly,  lower stationary 
Duct assembly,  upper rotating 
Assembly,  engine exhaust tail 
pipe 
Transition duct assembly,  hot 
gas system 
Duct assembly,  yaw control 
supply S section 
Duct assembly,  yaw control 
supply 

FUSELAGE 

Fuselage longeron 
Cutout edge member 
(bottom skin) 
Fuselage skin 
Cutout (side skin) rivets 
Aft fuselage skin 
Main frame assembly, 
Stations 279. 8 and 317. 5 2201 

5006 

1603 
1607 

4202 

4112 

4323 

4322 

Type of 
Loading 

Bearing 

Bearing 

Bending 

Tension 
Bending 

Tension 

Tension 

Bending 

Tension 

Margin of Safety 

Static        Fatigue 

+0.37 

+0.03 

5011 Bearing + 0. 19 
5020 Bearing +0. 11 

5026 Bearing +0.83 
5013 Compression 0. 00 
5005 Tension +0. 04 
7313 Bending +0. 13 
7306 Bending +0. 07 

+0. 12 

+0. 01 
+0. 25 

+0. 06 

+0. 17 

+ 0. 66 

+0. 32 

2001 Tension +0.44 

2200 Compression +0. 10 
2200 Shear +0. 96 
2200 Shear +0. 10 
2300 Shear + 0. 33 

Bending +0.20 
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Part Number Type of 
Part Title 385- Loading 

Side beam fuselage 2200 Shear 
Fuselage power module attach- 
ment fitting 2202-2207 Shear 
Landing gear support installa- 
tion,  main gear 2209-2208 Bending 
Bulkhead fuselage, Flange 
Station 616. 50 2304 cripplini 

Margin of Safety 

Static      Fatigue 

+0.25 

+0. 46 

+0.21 

0. 00 

TAIL ASSEMBLY 

Stabilizer 3100 
Tail plane center section 3006 
Tail plane attachment fitting 
forward,  lower fitting 3003 
Tail plane attachment fitting 
forward, upper fitting 
Tail plane attachment fitting 
aft,  lower fitting 
Tail plane attachment fitting 
aft,  upper fitting 
Rudder assembly- 
Fitting - torque tube 
Fitting - rudder hinge 
Rudder mass balance 
Tail plane attachment fitting 
Angle of incidence adjustment 
rod 2003 

CONTROLS 

Compression      0. 00 
Bearing 0. 00 

Bearing +0. 12 

3002 Tension +0. 19 

3005 Tension + 0.64 

3004 Bearing +0.69 
3200 Compression +0. 03 
3202 Bending +0.20 
3201 Shear +0.05 
3203 -- High 
2305 Bending 0.00 

Compression   +0. 04 

Stationary swashplate 0313 Interaction +0.01 
Spindle 1008 Bending +0.09 
Bellcrank assembly 6132 Bending +0.96 
Lateral follower bellcrank 6125 Bending High 
Collective drive 6121-6128 Shear +0. 02 
Assembly - flange support 
mixer control 6129 Shear + 0. 08 
Collective driver bellcrank 6121 Bearing + 0.25 
Collective and follower 6127 Bearing +0.25 
Lateral driver lever 6122 Bending High 
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Part Number Type of ™- ec- 

Part Title 385- Loading 

Bending 

static 

High 

Fatigue 

Longitudinal driver lever 6123 
Longitudinal follower belicrank 6126 Bending High -- 

Interconnect tube 6128 Bending +0. 15 -- 

Rod assembly 6105 Compression +0. 26 -- 

Longitudinal lever assembly 6116 Bending High -- 

Belicrank assembly 6115 Shear High -- 

Belicrank assembly 6117 Bending High -- 

Module <£, bracket 6194 Bending 0. 00 -- 

Actuator support bracket 6191 Shear +0. 18 -- 

Lateral control belicrank 6111 Bending +0. 52 __ 

Belicrank support bracket 
assembly 6119 -- +0.77 -- 

Rudder control lever assembly 6171 Bending +0. 21 -_ 

Rudder control tube assembly 6173 Column 0. 00 -- 

Rudder operating belicrank 6174 Bending +0. 16 -- 

Rudder control drive plate 6151 Bending High ~_ 

Stationary swashplate drag link 6106 -- High -- 

Part Number Type of 
Margin of Safety 

Part Title *369- Loading 

Bending 

Static 

0. 01 

Fatigue 

Torque tube assembly 7109 _   M> 

Torque tube fitting (copilot) 7806 Bendia? 0.47 __ 

Support housing (lh) 7105 Bending 0.60 -- 

Support housing (rh) 7139 Bending 0. 77 -- 

Retainer,   support bracket 7118 Bend Lg 0.53 -- 

Cyclic pitch stick socket 7141 Bering 0. 31 -- 

Tube,  cyclic pitch stick 7142 Bending 0. 20 -- 

Belicrank assembly (lateral 
cyclic) 7101 Shear 1.68 -- 

Belicrank assembly (longitudi- 
nal cyclic) 7201 Column 0. 13 -- 

Belicrank assembly (lateral 
cyclic) 7202 Shear 0. 10 __ 

Rod assembly-lateral control 7102 Column 1. 36 »> 

Rod assembly-lateral control 
(dual) 7805 Column 2.90 

*369 numbers are control system components from the OH-6A (Model 369) 
helicopter that are used without change on the XV- 9A. 
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Part Title 

Tube assembly-collective \ 
pitch (rh) I 
Stick assembly-collective ( 
pitch (dual) / 
Housing-pi lot's collective stick 
Housing-copilot's stick 
Fitting-collective control gear 
Tube-collective torque 
Bellcrank assembly-collective 
pitch mixer 
Fitting-collective pitch stick 
Strut-collective pitch stick 
Plate-collective stop support 
Guide-collective pitch stick 
Pedal arm-tail rotor control 

Pedal-tail rotor control 
Tube-rudder pedal support 

Bracket assembly - rudder 
pedal support 
Bracket assembly - rudder 
torque tube 
Link assembly-pedal bus 
Bellcrank assembly-pedal bus 
Stop-T/R control system 

Part Number Type of 
Margin of Safety 

369- Loading 

Rivet 
Shear 

Static 

0.26 

Fatigue 

7342 — — 

7807 -- 

:k     7347 Shear 0. 10 -- 

7820 Shear 0. 02 -- 

r       7327 Shear 0.84 ... 

7326 Torsion 0. 08 -- 

e 
7602 Bending 0. 00 -- 

7354 Shear High+ __ 

7355 Shear High+ -- 

7358 Column 0. 03 -- 

7303 All High+ -- 

7501 Bending and 
torsion 

0.52 — * 

7502 Bending 0.83 -- 

7503 Bending and 0.74 -- 

7505 

torsion 

Shear 0.64 

7512 Shear 0.40 
7506 Column 0.87 
7507 Shear 0.07 
7513 Bending 0.37 

t ♦ 

179 



APPENDIX I 
LOADS ANALYSIS 

In calculating the basic loads for the XV-9A the Weight and 
Inertial Properties Status Report Number 6 was utilized.    This report 
is included for reference. 

The loads given in this analysis are limit values.    Landing 
conditions are numbered as Cases 1 through 7.    The crash condition is 
defined as Case 8.    The flight conditions are numbered as Cases 10 
through 13. 

t 

i" 
\ 
i 

i 
i 

XV-9A Weight and Inertial Properties 

Based on Status Report Number 6 as of 4 June 1963,  weight 
and inertia characteristics for the XV-9A Hot Cycle Research Aircraft- 
are listed below.    The inertia of each item is calculated about the center 
of gravity of the item. 

Item 

Rotor module 
Fuselage module 
Power module 
Weight empty 
Useful load 
Design gross wt 
Useful load, 
alternate 
overload 
Gross weight, 
alternate 
overload 

Weight 
Lb 

3,369 
2 086 
3,338 
8,793 
6,507 

15,300 

Center of Gravity 
Below 

Dist From    Rotor 
Rotor <&        Plane 
Inches Inches 

Moment of Inertia 

0. 0 
35. 9 Aft 
27. 9 Fwd 

2. 0 Fwd 
0.5 Aft 
1. 0 Fwd 

2. 0 
83.4 
50. 1 
39.5 
79.3 
56.5 

X y Z 

Roll Pitch Yaw 
Slug Ft2 Slug Ft2 Slug Ft2 

617.5 8,235.2 8,388.0 
1,739.8 1,159.2 2,773.6 
4.318.2 12,516.2 12,322.5 

6.001.3 20,616.1 19,045.7 

16,707       1.6 Fwd       72.2 

25,500      1.7 Fwd       61.0       6,036.9     17,322.0    15,603.7 

Note:   Moment of inertia of the 15, 300-lb gross weight helicopter about 
the rotor centerline is 19, 068 slug ft2.    This represents 11, 931 
pounds of weight (excluding rotor, hub,  shaft, and all rotating con- 
trols abou* -otor shaft). 
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Weight Breakdown by Module 

Weight Empty 

Rotor Module 
Blade Assembly (3) 
Gimbal Assembly 
Hub Structure 
Shaft Assy 
Seals and Retainers 
Rotor Head Controls (rotating) 
Rotor Drive Ducting (rotating) 
Round-off adjustment 

8,793 

1,851. 2 
124.8 
649.5 
113.4 

38. 2 
517. 5 
75.2 

- 0.7 

3,369 

Fuselage Module 
Structure,   Forward (cockpit) 78. 1 
Structure,   Center Section 775. 0 
Structure. Tail Section 120. 0 
Alighting Gear, Main Installation (2) 357. 2 
Alighting Gear,  Tailwheel Installation        60. 0 
Flight Controls,   Cockpit 26. 3 
Flight Controls,   Linkage 7. 2 
Flight Controls,  Yaw Control 105. 0 
Propulsion,Fuel Cells (2) 200. 0 
Propulsion,   Fuel Plumbing 20. 0 
Instruments and Navigation 50. 0 
Electrical System 73. 0 
Electronics System 10. 0 
Furnishings 22. 0 
Auxiliary Gear 50. 0 
Tail Group,   Tail Cone 23. 4 
Tail Group,  Fixed Surface (2) 83. 3 
Tail Group,   Control Surface (2) 25. 5 

2, 086 

Power Module 
Nacelle Section (2) 

Nacelle Structure 
Engines 
Air Induction System 
Exhaust System 
Lube System 
Engine Controls 

3,338 

500. 0 
1, 160. 0 

34.6 
76. 2 
68.9 
50. 0 

2,242 
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Start System 12. 0 
Fuel System 10. 0 
Diverter Valves and Connectors 251. 1 
Hydraulic System 20. 0 
Electrical System 59. 0 

Pylon (box beam) Section 1, 096 
Structure, Box Beam 196. 9 
Structure,  Rotor Pylon 80. 2 
Structure,  Pylon Fairing 43. 7 
Structure,   Leading Edge 4. 2 
Structure,  Trailing Edge 26. 6 
Rotor Drive Ducting (fixed) 100. 6 
Electrical System 83. 0 
Hydraulic System 160. 0 
Fire Extinguishing 50. 0 
Accessory Gearbox 72.4 
Rotor Lube System 6. 8 
Fuel Distribution 50. 0 
Alighting Gear Structure 20. 0 
Flight Controls,  Cylinders 82. 2 
Flight Controls,  Linkage 76. 4 
Flight Controls,  Swashplate 42. 9 

-•• 
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MODEL XV-9A HELICOPTEP. 
ROTOR BLADE WEIGHT 

DISTRIBUTION - STATUS 6 
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MODEL XV-9A HELICO 
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MODEL XV-9A HELICOPTER 
VERTICAL FUSELAGE SHEARS 
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APPENDIX II 
STRESS ANALYSIS - ROTOR 

In this appendix,  an analysis is included of the rotor blade 
spars, the rotor blade retention straps and attachments.  fhe tip cas- 
cade valve,  the rotor hub,  and the rotor shaft. 

In the design of the XV-9A rotor blade spars,  both stiffness 
and strength were design requirements.    The stiffness criterion was 
established   relative to the titanium spars used on the Model 285 Hot 
Cycle rotor system.    The stiffness criterion required the same flapwise 
stiffness and required that chordwise stiffness increase by 30 percent 
at Station 90 and decrease linearly to the original stiffness at Station 
140 and outboard. 

Increased chordwise stiffness was required to reduce the 
response to one-per-revolution loads that were experienced in the 
whirl testing of the Model 285 Hot Cycle rotor system. 

The blade bending moment criterion was revised to accom- 
modate the loads measured on the whirl test.    The flapwise blade 
bending moment curve was altered to the greater value of either 1. 25 
times the maximum cyclic flapwise bending moment measured in the 
whirl tests or the original design flapwise bending moment.    Whirl test 
values altered the design curve only between Station 46 and Station 120. 
This resulted in an increase of the cyclic flapwise peak bending moment 
at Station 73 from 9, 400 in.-lb to 14, 000 in. -lb,  or a 4y percent in- 
crease. 

The shape of thr chordwise bending moment curve was 
maintained,  but it was made to pass through a value of 1.25 times the 
maximum chordwise moment measured at Station 83 on the Model 285 
whirl tests.    This resulted in 153, 000  in. -lb/73, 000 in.- lb = 2. 10 
times the old value,  or a 110-percent increase,  as the new chordwise 
bending moment criterion. 

The stiffness requirements of the steel spar with respect 
to the titanium spars is expressed by the following relationships: 

Titanium Spars 

ng moment of in 

Front spar = 1. 11  in. 

Irr    = spar flapping moment of inertia at Station 90 
4 
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4 
Rear spar = 1. 17 in. 

Blade = 2.28 in.4 

A-J-   =    spar cross sectional area at Station 90 

Front spar = 1. 86 in. 

Rear spar = 0. 94 in. ^ 

E-p   =    modulus of elasticity (Reference 28,  pages 5.2.2.8, 
5.2.2. 10,  and 5.2.2. 13) 

=    0. 87 x 16 x 106 at 400° F 

=    13.9 x 106 

Steel Spars (Refer to page 233) 

Ig     =    spar flapping moment of inertia at Station 90 

Front spar = 0. 68 in. ^ 

Rear spar = 0. 79 in. 

Blade = 1.47 in.4 

Ag   =    spar cross sectional area at Station 90 
2 

2 

2 
Front spar = 0. 95 in. 

Rear spar = 0. 96 in. 

Eg   = modulus of elasticity 

=    0.9 x 29 x 106 at 400° F 

=    26. 1 x 106 

A  -    radius of pyration of the steel spar 

Stiffness: 

(1)    Flapping stiffness 

Maintain the same stiffness. 
E>p 

13.9 x 106 

26.1 x 106 

Is = 0.53 IT (1) 

ETIT = Eglg,       Ig - IT 

Ig    = Lp   T = 0. 53 Lj. 
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(2)    Chordwise stiffness 

Increase stiffness by 30 percent at Station 90 for the 
steel spar. 

1.30 ATET (|)2=ASES(|)     2 

1.30(AT)ET tI3.9xlQ6 
As =  = l. 30 (Aj) T 

ES 26. 1 x 10° 

As   = 0. 69 AT (2) 

A comparison of actual stiffness with the theoretical stiff- 
ness is as follows: 

*S      1  47 
— = YT& = 0# 64 actual  > °- 53 £rom Equation (1) (3) 

Ac Q     QA 
— = Tp— =   1. 02 actual > 0. 69 from Equation (2) (4) 

The actual flapwise stiffness exceeds the criteria requirement 

( -■*■ -    = 1. 21,  or 21 percent) as shown by Equation (3). 
U. OJ 

The 1962 Model 285 whirl tests showed no flapwise reso- 
nance condition,   so this increase in stiffness was acceptable. 

The actual chordwise stiffness exceeds the criteria require- 
1. 02 

ment ( -r* ,    = 1.48,  or 48 percent) as shown by Equation (4).    This 

increase is caused by the area required to keep the chordwise bending 
stresses within acceptable bounds,  as there was an increase of 110 
percent in chordwise bending moment.    This additional area increased 
the chordwise stiffness that was desirable,  as the 30 percent stiffness 
was rather a minimum stiffness requirement. 

Tne most desirable spar cross section was next investigated. 
The required   fis  of the steel spar w...s calculated: 

-l/Ü P      J'   s 
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AS = 2-1C(TS^)AT = 0.84AT 

based on the stress requirement for increased chordwise bending 
moment. 

Cyclic allowable design stresses at bolt hole are as 
follows: 

Titanium spars =    4, 000 psi 
Steel spars = 10, 000 psi 
h = depth of spar 

= 3 in.,  front spar (refer to dwg 285-0170) 
= 3. 25 in.,   rear spar 

"s 
-i/raF-i/ö.53(uir 0C2 
" V 0.84 AT   ~ '  °-84 0-86)    ~    *     ' 

0. 6t, h      n  __ ,     , 
——r—- = 0. 20 h,  front spar 

s 
\/°-53lT     _ 1/0753(1.17)    _ 
»    0. 84 AT  " f 0.84 (0.94) 7 

0.89 h 
3.25 = 0. 27 h,   rear spar 

Nothing is gained by using an I-cross section,  as a rec- 
tangular spar cross section ("/h = 0. 29) is more than adequate.    The 
cross section chosen for the front spar was a solid trapezoidal section 
with the top and bottom surfaces chamfered for clearance to the leading 
edge fairing.    The rear spar section was made a rectangular cross 
section. 

The blade from Station 19 to Station 73 is inboard of the 
blade retention strap attachment.    This section is not as highly loaded 
by flight loads as it is by ground flapping.    In addition to strength, 
stiffness is required in this area,  to minimize blade droop.    The root 
end fittings are the primary bending material in this area.    The maxi- 
mum depth of bending section is limited by blade thickness and the 
typical cross section is an I-section,  for maximum strength and stiff- 
ness per weight. 

Outboard of Station 73,  both a solid spar and a laminated 
spar configuration were studied.    The laminated spar was chosen,  for 
the following reasons: 
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1. These sections could be more easL/ fabricated from 
sheet stock by using a number of laminates to give the 
required spar area.    The laminates were tapered off 
along the spar as permitted by strength requirements. 

2. The numerous laminates in the spar also provided a 
fail safe feature that a solid spar would not have.    A 
crack in any laminate does not propagate immediately 
to adjacent laminates.    A crack can be found on inspec- 
tion of the spar and corrective action taken long before 
danger of ultimate failure. 

The laminates are adhesive-bonded together.    This 
stabilizes the laminates so that there can be no buck- 
ling of the laminates for the ground flapping condition, 
when the stabilizing centrifugal force is absent.    The 
bonding does not eliminate the fail safe feature of the 
spars,  as borne out by the fatigue tests. 

An extensive fatigue testing program was conducted for 
material selection.    It was decided to use AM 355 CRT corrosion- 
resistant steel,   since it had a relatively high ultimate strength,  good 
fatigue characteristics,  and good elongation properties.    The AM 355 
CRT corrosion-resistant steel could be purchased in shf;et stock with 
the desired strength properties,  thus eliminating cosdy and impracti- 
cable heat treatment. 

Selection of laminate thicknesses was based on the avail- 
ability of gages and the minimum thickness to provide a reasonable 
number of laminates and yet not be so thin as to cause high concentra- 
ted or localized bearing stresses on the spar bolts. 

The root end of the front spar is made up of two laminations 
each 0. 050 inch thick and 11 laminations each 0. 025 inch thick.    The 
spar is tapered by dropping off laminations between Station 106. 75 and 
Station 231. 75 until the front spar is reduced to two laminations each 
0. 050 inch thick and six laminations each 0. 025 inch thick. 

The rear spar at the root is made up of one lamination 
0. 050 inch thick and twelve laminations each 0. 025 inch thick.    The 
spar is tapered by dropping off laminations outboard of Station 112. 75 
until at the tip only the one 0. 050-inch lamination remains. 
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The 0. 050-inch laminations are placed in the spar face 
next to the blade segment.    This was done to provide a thicker lamin- 
ate at the shear face where loads are transferred from the blade seg- 
ments to the spars. 

The chordwise bending stresses shown for the blade are 
based on higher bending moments than are shown in Section 7. 2.    The 
chordwise bending moment curve shown in Section 7. 2 is 76 percent 
of the original curve used in design because of correction for a calibra- 
tion error in the Model 285 whirl test data. 

The allowable stresses used in the design of the spar are 
based on 80, 000 psi _+ 25, 000 psi in the sections having no bolt holes, 
and 80, 000 psi + 10, 000 psi in the sections having bolt holes.    Steady 
and cyclic stresses are shown for the weighted fatigue condition.    The 
rear spar fitting is analyzed for the ground flapping condition. 

The rotor blade strap assembly is made up of twenty-two 
0. 025-inch thick laminations of AM 355 CRT corrosion-resistant steel. 
These straps connect the rotor blades to the hub,  one set being attached 
to the front spar and one set to the rear spar.    These straps are subject 
to axial loads from the rotor blade centrifugal force and chordwise bend- 
ing and to flapwise bending from blade coning and feathering. 

The rotor hub is the same hub used on the original whirl 
tests.    The margins of safety have been revised to account for increased 
centrifugal forces and increased chordwise bending moment for the 
weighted fatigue condition. 

The rotor shaft has been redesigned by increasing the 
shaft wall thickness to increase the stiffness of the shaft.    The rotor 
shaft supports the rotor hub through the gimbal attachment.    The rotor 
shaft in turn is supported by an upper radial bearing and a lower thrust 
bearing also capable of taking lateral load. 

The bolted connection originally attaching the spoke to the 
shaft is eliminated.    The spoke and hub are positioned on the shaft by 
spacers,   and are secured in place by the retention nut at the top of the 
shaft. 

The shaft is subjected to axial loads from rotor thrust, 
from Y-duct and triduct gas pressure,  and from control loads.    The 
shaft is also subject to bending resulting from control forces and from 
the lateral component of rotor thrust. 
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Blade Tip Cascade 

The purpose of the tip cascade is to turn the flow of the 
duct gases,  producing the force that turns the rotor.    The tip cascade 
has been redesigned to incorporate two movable vanes,  which when 
placed in the closed position restrict the orifice size.    These movable 
vanes are operated by a pneumatic actuator through a mechanical link- 
age,  as shown in the sketch on the next page. 

The static vanes are less critically loaded than the movable 
vanes,  so only the latter are analyzed.    The loads on the cascade are 
due to pressure and centrifugal effects.    The pressure loading is de- 
rived from Section 7 of this report.    Temperatures of the various 
components are also from Section 7 of this report.    Two cases are 
considered for centrifugal loads: 

a. Maximum rotor speed,  NR,    =   295 rpm (825 g at tip) 

b. Minimum rotor speed,  NR,    =   225 rpm (479 g at tip) 

The mechanism is also designed to withstand the full actua- 
tor load with 3, 000-psi pressure,  assuming the linkage jammed at any 
point.    Because this greatly exceeds the hinge moments caused by pres- 
sure and so forth on the movable vanes,  this case is only carried as far 
as the arms that operate these vanes. 

The cascade vanes and attaching structure are made from 
Inconel 718,  heat treated after welding.    Various steels,  and alloy 
A-286 are used for the operating mechanism,  the chief requirements 
being high strength and corrosion resistance at elevated temperatures. 
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STRESS ANALYSIS - POWER MODULE 

The power module is a unit that is attached to the fuselage 
by four bolts.    It is composed of the supporting structure for the rotor 
shaft and lateral pylons that support the right and left nacelles and the 
engines.    The landing gear oleo strut attaches to a fitting on the nacelle 
main frame located in the plane of the front spar of the lateral pylon. 

The tubular structure supporting the rotor is 4130 steel 
tubing; the lateral pylon is made up of 2024 aluminum; the nacelle 
structure is A-286 heat-resistant steel,  except for the lower stressed 
cover between the front and rear spar,  which is 2024 aluminum; and 
the engine mounts,  which are 4130 steel. 

The lower tube members supporting the rotor thrust bear- 
ing are aligned to carry the thrust loads directly into the fittings attach- 
ing to the fuselage.    Additional upper members have been added to the 
lower thrust bearing support.    These members have been added to 
increase the rigidity of this support. 

The upper rotor shaft bearing resists only lateral load. 
The structure supporting this bearing is mounted on top of the front 
and rear pylon spars.    Loads applied here must travel down the center 
power module truss work to be reacted at the fuselage attachments. 

The lateral pylon is composed of a front and rear spar with 
web stiffeners and extruded angles for caps and a top and bottom stressed 
skin between spars.    A rigid bulkhead closes off the pylon at BL 22. 0. 
This is also the station at which the attachments to the fuselage are lo- 
cated.   There is also a bulkhead closing off the pylon where it joins the 
nacelle. 

The lateral pylon carries the shears, moments, and torques 
from the nacelles to the fuselage attachments,  where they are reacted. 

The engine is supported by a tubular engine mount canti- 
levered ahead of the front lateral pylon spar. 

There are two forward and one aft support points for mount- 
ing each engine. The forward inboard support is capable of taking loads 
in all three directions. The forward outboard support is capable of tak- 
ing only vertical load. The aft engine support is capable of taking verti- 
cal and side loads. 

The engine and engine mount are covered by nonstructural 
aluminum cowling. 
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STRESS ANALYSIS - HOT GAS TRANSFER SYSTEM 

The hot gas transfer system carries gas from the YT-64 
gas generators to the rotor blades and to the yaw control valve.    The 
system is fabricated from thin metal and is designed to carry the duct 
pressure by hoop tension.    Stiffeners and straps are used where neces- 
sary because of a change in duct contour or where concentrated loads 
are applied to the duct. 

The ducts are analyzed for a burst pressure of 54 psi,  which 
is twice the operating pressure.    This condition results in higher stresses 
than the operating pressure acting with the inertia loads.    The allowable 
stresses are the 1, 000-hour creep allowable stresses at the expected 
duct temperature. 
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STRESS ANALYSIS - FUSELAGE 

The cockpit area at the forward end of the fuselage is a 
modified OH-6A cockpit enclosure.    This cockpit extends to fuselage 
Station 200.    Aft of Station 200 the fuselage is designed to the require- 
ments of the XV-9A. 

The main load-carrying elements of the fuselage are the 
two upper and two lower longerons,  which are designed to resist all of 
the fuseiüge bending moments.    The longerons are 7075-T6 aluminum 
extrusions.    The fuselage is covered with stressed skin capable of 
taking direct and torque shears.    The skin is supported by 0. 032-inch 
2024-T42 aluminum former rings spaced at approximately 8 inches in 
the forward structure and 10 inches in the aft structure.    There are no 
stringers in the fuselage. 

The maximum fuselage bending moments on the fuselage 
aft of the power module for both positive and negative bending are pro- 
duced in the maximum autogyro level flight condition for symmetrical 
tail loading. 

The maximum fuselage bending moments forward of the 
power module are produced by Case 4,  two wheel landing with side 
load on one wheel,  and by the maximum autogyro level flight condition 
for symmetrical down tail load. 

The main landing gear fits into a steel tubular shaft located 
at fuselage Station 238. 3.    This tube spans across the fuselage and is 
capable of taking bending moments from the landing gear bearing points. 
Without this tube,  these bending moments would have resulted in much 
heavier supporting frames.    Two heavy frames,  at Station 235. 10 and 
Station 241. 50,  provide the support for this tube. 

The top of the fuselage is cut out above the top longeron, 
between Station 271. 50 and Station 321. 00,  to provide clearance for 
mounting the power module. 

The attachments for the power module are at the upper 
longeron     >d to the rigid fuselage bulkheads at Station 278. 81 and Sta- 
tion 316     i.    The attachment is such that forward and aft loads go 
directly into the upper longerons. 
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In this cutout region are two 6-inch-deep shelves that 
extend from bulkhead Station 271, 50 to Station 321. 00,  one on each 
side of the fuselage.    These shelves,  acting with the main attachment 
bulkheads,  distribute side loads to the top and bottom fuselage skins. 

The vertical power module lo&ds are distributed from the 
attachment to the side skins between the upper and lower longerons by 
the bulkheads at Station 278. 81 and Station 316. 51. 

The tailwheel is mounted to the fuselage at the rigid bulk- 
head at fuselage Station 581. 00.    The oleo strut is attached to the bulk- 
head at Station 616. 50.    The loads from the tailwheel determine the 
design of these two bulkheads and of the side skin for vertical shear 
between these bulkheads. 

The formers aft of fuselage Station 587. 5 are 0. 040 inch 
thick.    The increased gage is required because the outside skin aft of 
this area is 0. 040 inch thick,  to resist torsional shear stresses. 

In this area,  the cross section is tapering down,   resulting 
in high torsional shear stresses      The highest torque on the aft fuse- 
lage is from the maximum autogyro level flight asymmetrical loading 
condition. 
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STRESS ANALYSIS - EMPENNAGE 

The stabilizer portion of the empennage consists of two 
cantilever spars and two torsion boxes (nose and aft).    The spar caps 
are 7075-T6 aluminum extrusions and are riveted to 0. 040-inch-thick 
2024-T3 aluminum webs.    The spar shears are carried by partial 
diagonal tension fields,  with stiffeners provided by the rib attachment 
flanges and,  where necessary,  at midpoints between ribs.    The torsion 
on the structure is carried wholly by the skins as shear (partial diagonal 
tension fields),   except toward the root,  where differential bending be- 
comes significant as a result of the axial constraint of the spar caps. 
The torsion box carries on through the center section,  with the root 
ribs taking out the main attachment loads to the fuselage.    There are 
four hinge ribs upon which the rudder is mounted,  and these are made 
up of two standard ribs riveted back to back.    The nose ribs are all 
identical,  except for those closing off the ends. 

Each rudder is a single-spar two-cell torsion box, sup- 
ported at four hinge points and with the control torque tube taken off 
the root rib. The spar is made up of 0. 040-inch 2024-T3 aluminum 
channel, with doublers riveted to the flanges to form the caps. The 
nose torsion box is interrupted at each hinge, but the aft torsion box 
is continuous. The skins forming these boxes are 0. 016-inch-thick 
2024-T3 aluminum, and the torsion shears are carried as p rtial 
diagonal tension field. 

The design cases for which the tailplane has been analyzed 
are: 

A (i) symmetric with center pressure at 0. 25 chord 
A (ii) symmetric with center pressure ,'t 0. 50 chord 
B (i) unsymmetric with center pressure at 0. 25 chord 
B (ii) unsymmetric with center pressure at 0. 50 chord 

The airloads for these conditions are found under Structural 
Design Criteria,  Section 7 of this report.    The spanwise distribution 
for all cases was assumed to be uniform (that is,   center pressure at 
midspan).    The chordwise distribution was taken as parabolic for 
center pressure at 0. 25 chord and trapezoidal for center pressure at 
0. 50 chord.    The effects of inertia have been neglected,  as they would 
be small compared with airloading,    A further case,  parked tail-to- 
wind at 40 knots,  was investigated,  but did not prove to be more critical 
than the cases above,  except locally at the trailing edge of the rudder. 
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STRESS ANALYSIS - CONTROL SYSTEM 

The XV-9A has incorporated in its design a number of the 
OH-6A control system components in the cockpit area and all of the 
Model 285 upper rotor control system parts.    No analysis of these 
parts is included in this report. 

A summary of the minimum margins rx safety for the 
OH-6A control system parts used is included here.    These margins 
of safety are taken from Reference 33. 

The Model ?.85 upper rotor control system has been ana- 
lyzed in Reference 30. 

The portion of the flight control system between thp cock- 
pit and the stationary swashplate is designed to the design criteria 
presented in Section 7. 
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APPENDIX III 
CALCULATED ROTOR BLADE LIFE 

The calculated service life of 107-1/2 hours for the XV-9A 
rotor blades is based on a typical flight load spectrum and on an S-N 
curve established by fatigue testing of full-scale rotor blade specimens. 

FLIGHT LOAD SPECTRUM 

The load spectrum of flight 13 is taken as a typical flight, 
as it includes speeds to 103 knots calibrated, turns,  climbs, descents, 
and hovering turns (Reference 34). 

S-N CURVE 

The S-N curve used in this analysis is based on data from 
the fatigue testing of two full-scale specimens of the root end section 
of the rotor blade.    They were tested for loads based on a weighted 
fatigue condition, which includes flapwise and chordwise bending, 
centrifugal load, and blade torsion (see Section 12 of Reference 9). 

The data points used in developing the S-N curve are based 
on the cyclic axial stress in the spar and the corresponding number of 
cycles at which a crack devloped in the spar of the specimen.    No reduc- 
tion was made from test points to account for scatter in establishing 
the S-N-curve.    The spar, however,  still sustained the test loads and 
had additional life before ultimate failure of the spar would have occur- 
red. 

ROTOR BLADE LIFE 

A review of the load spectrum from the whirl tests and 
the tie-down tests shows that an insignificant amount of fatigue damage 
occurred during these tests.    Therefore, the 15-hour flight test pro- 
gram is the only testing to date that has used up any of the rotor blade 
life. 

DISCUSSION 

In both blade root and fatigue test specimens,  cracks 
occurred in the spar at the bolt hole of the spar to segment attachment. 
These cracks developed between 400, 000 to 500, 000 load cycles.    The 
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S-N curve is based on this data, which accounts for the low calculated 
service life of the XV-9A rotor blade. 

The blade life could be improved by reducing the notch effect 
of the bolt hole in the spar.    Some investigation of this problem was 
made by reduced-scale spar to segment attachment fatigue tests (see 
Section 14 of Reference 9).       Various configurations for bushing the 
hole in the spar were tested. 

Tests showed that a countersunk clamped up bushing instal- 
lation through a clearance hole in the spar resulted in a large improve- 
ment in fatigue life. 
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