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Disclaimers

The findings in this report are not to be construed as an official
Department of the Armmy position, unless so designated by other author-
ized documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby
incurs no responsibility nor any obiigation whatsoever; and the fact
that the Government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data is not to be
regarded by implication or otherwise as in any manner licensing the
holder or any other person or corporation, or conveying any rights or
permission, to manufacture, use, or sell any patented invention that
may in any way be related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of surh commercial hardware or software.

Disposition Instructions

Destroy this report when no longer needed. Do not return it to the
originator.
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This report has been reviewed by USAAVLABS and is considered
to be technically sound. The work was performed under Contract

DA 44-177-4MC-877T). The program was undertaken to evaluate

; the feasibility and potential of a hot cycle rotor propulsion
L4

i system.

- Further flight testing of the concept has been undertaken as
g part of a program to establish the basic hot cycle technology

required for future designs employing the hot cycle concept.
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Under the terms of Contract DA 44-177-AMC-877(T), Hughes Tool
Company, Aircraft Division has conducted a ground and flight test
program on the XV-9A Hot Cycle Research Aircraft to demonstrate
the flight feasibility of the Hot Cycle Rotor System.

During the tests, performed from 10 August 1964 through 5 February
1965, the performance, structural qualities, and feasibility of the

Hot Cycle rotor and propulsion system were successfully verified for
all normal helicopter flight modes. Ground tests consisted of pre-
flight and tie-down tests, which provided a functional checkout of the
aircraft systems and test instrumentation and a final checkout of the
completed aircraft prior to start of flight tests. The 15 hours of

flight testing included evaluation of aircraft and rotor system perform-
ance, flight loads, cooling, and flying qualities in various flight modes.
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Nozzle exit total pressure psia
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Ambient pressure psia
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Universal gas constant

Rear spar
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INTRODUCTION

Army XV-9A Hot Cycle Research Aircraft {see Figure 1). The air-
craft was designed and constructed by Hughes Tool Company, Aircraft
Division, Culver City, California, under contract to the Unitc * States
Army Aviation Materiel Laboratories (USAAVLABS), Fort Eustis,
Virginia.

]
i This report presents the results of ground and flight tests of the U. S.

Testing was accomplished by the contractor at Culver City, California,
during the period 10 August 1964 through 5 February 1965. Ground
tests consisted of preflight and tie-down tests to provide a functional
checkout of the aircraft systems and test instrumentation and a final
checkout of the completed aircraft prior to start of flight tests. Flight
tests included evaluation of aircraft and rotor system performance,

S
R

-
2 at

E, flight loads, component temperatures, and flying qualities in various
flight modes.

¢ g

3

-4 GROUND TESTS

Preflight tests consisted cf functicnal checkout of the hydraulic system,
flight controls, engine controls, rotor lubrication system, electrical
system, and fuel system, and runup of the General Electric YT-64 gas
generators to maximum power with diveri. : valves overboard. In
addition, a fuselage shake test was conducted to determine the natural
freguencies of the basic airframe components.

Tie-down tests concisted of rotor shakedown and functional checkout of
the complete Hot Cy.:le propulsion system including rotor controls, up
to maximum collective-pitch angle at design rotor speed with the air-
craft restrained by a cable azrrangement. Also accomplished was
checkout of the rotor-speed-governing system and single-engine rotor
operation. Tie-down tests consisted of 19 runs for a total duration of
13 hours and 20 minutes of rotor operation prior to start of flight test.

FLIGHT TESTS

The first flight of the XV-9A Hot Cycle Research Aircraft was con-
ducted on 5 November 1964. During the flight test program, 21 flights
were conducted for a total duration of 15 hours and 42 minutes of
flight time. Flight tests consisted of steady hovering, hovering turns, '
sideward and rearward flight, transition to foerward flight, climb, level

flight, descent, approach to hover, and landing. Data were recorded -
for evaluation of XV-9A performance, stability, controllability, -
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operating characte lcads a
peratures, and vibration levels for the various flight conditions.
Sound power data, rotor downwash velocity, and static electricity

buildup were also recorded.

s : e N
ristics, flying qualities, structural loads and tem-

In general, all test flights were of an exploratory nature, since the
XV-9A was the first aircraft to fly with the Hot Cycle propulsion
system. The XV-9A was flown by the contractor's chief engineering
test pilot during this program. The flight test program was success-
fully completed on 5 February 1965.



CONCLUSIONS

The XV-9A Hot Cycle Research Aircraft completed a 15-hour-42-
minute flight test program and successfully accomplished the test
objectives called for by the Flight Test Program Plan (Reference 1).
The test program was accomplished with no major incidents, delays,
or failures connected with either the Hot Cycle propulsion system or
the associated XV-9A airframe and components.

The werformance, structural qualities, and feasibility of the Hot Cycle
rotor and propulsion systemn previcusly demonstrated during whirl
tests were verified during the XV-9A fiight test program for all normal
helicopter flight modes. The flight test program further verified the
feasibility of the Hot Cycle system for integration into a flight qualified
aircraft having a high payload to empty weight capability.

The flying qualities of the Hot Cycle rotor svsterm were found to be
adequate for this type of research aircrafi, and for continued flight
envelope expansion after incorporation of the recommendations that
follow,

The simplicity and low maintenance characteristics of the Hot Cycle
rotor system permitted continued operation during the ground and flight
test program, with no repair, replacement, or modification of any
major rotor component from aircraft rollout until completion of flight
testing.
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RECOMMENDATIONS

The following recommendations are made for further flight testing:

1.

N

Inspect blade spars, retention straps, blade components,
rotor hub, and the XV-9A airframe and systems.

Investigate means of obtaining increased cyclic and
collective-pitch control.

Change directional control system to permit fuli range of
yaw control valve cpening.

Install UHF radio communications system.
Remove engine crossflow indicator and warn-divert system.

Install a simplified engine low-speed warning indicating
system.

Recalibrate test instrumentation.
Perform additional maintenance items as required, following
inspection, to prepare the aircraft and systems for further

flight testing.

Modify rotor-speed-governing system to minimize tendency
to drift.
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The ground and flight test program of the XV-9A Hot Cycle Research
Aircraft was completed on 5 February 1965. The results, together
with an analysis of the significant portions of the test data recorded,
including qualitative comments and observations, are presented in this
report,

The aircraft was extensively instrumented for measurement of struc-
tural loads, temperatures, performance, vibration, control positions,
rates, and attitudes prior to start of tie-down and flight tests. The
instrumentation systems that produced these data were calibratcd prior
to start of testing and, where appropriate, recalibrated during the
course of the test program to ensure maximum accuracy of results.
For a description of the test aircraft refer to the section so titled, on
page 101. A description of the test instrumentation systems is given

in Appendix I

Flight testing was accomplished within the Hughes Culver City flying
area, where restricted air space available was a limiting factor for

the maximum flight parameters that could be achieved during this
program. Within the allowable air space and flight speed limitations
imposed by the FAA for such experimental operations in this area, all
normal helicopter flight modes were achieved and evaluated. These
included lift-off to hover, steady hovering flight, hovering turns, side-
ward and rearward flight, climb, level flight, minimum power descents,

.
h tc hover, and landing.




GROUND TESTS

GENERAL

Preflight and tie-down tests were conducted in accordance with Refer-
ence 2 during the period 10 August through 4 November 1964, The
following pretlight tests were accomplished satisfactorily:

| A
<otk S + AT m—— o . f .

Hydraulic system - functional checkout

Flight control system - rigging, functional checkout, and proof
loading

Rotor lubrication system - functional checkout

Electrical system - functional checkout

Fuselage - shake test

Engine - runup

1 RAHEA AR M s -

Tie-down tests were conducted during the period 17 September
through 4 November 1964. A total of 19 runs was accomplished, for
a total rotor operating time of 13 hours and 20 minutes. A summary
of engine runs and tie-down test runs is shown in Table I. The follow-
ing tie-down test items were accomplished:

ER T

Rotor and systems shakedown

Rotor tracking and balance

Rotor and systems functional checkout
Rotor-airframe vibration investigation
Ground instability test

Engine nacelle and fuselage cooling
Rotor-speed-governing checkout
Single-engine rotor operation

The ground tests provided a complete functional checkout of the XV-9A
aircraft, including rotor and controls, YT-64 gas generators, diverter
valves, hot gas ducts, zircraft systeras, yaw control vaive, tip cascade
nozzles, rotor governing, and test instrumentation, prior to first flight.
Tie-down tests were conducted with the aircraft tethered with lesser
amounts of restraint during final runs to permit limited aircraft lift-

e off.

| Single-engine capability of the Hot Cycle system was satisfactorily

' demonstrated by actuating one diverter valve to overboard position and
closing the blade-tip cascade nozzles to single-engine position with the
rotor operating at normal speed. Single-engine power control and
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governing characteristics were evaluated, and the single-engine rotor
power available was determined.

The rotor-governing system, using the Ny power turbine governing
function of the YT-64 fuel controls and a hy<raulic rotor-speed feed-
back system, was tested and adjusted for (light. Rotor governing dur-
ing collective-pitch transients equivalen’ to those required for takeoff
to hover and hover to landing was successfully demonstrated.

A fuselage shake test was conducted to determine the natural frequen-
cies of the basic airframe structure with engines and equipment
installed. The results of thege tests were utilized to determine proper
location of fuselage ballast to minimize vibration levels in flight.

PREFLIGHT TEST RESULTS

Preflight tests were conducted after factory completion of the aircraft
to accomplish functional checkout of the aircraft systems, rigging and
controls checkout, and engine runup. Test instrumentation was
installed and calibrated during this period. A fuselage shake test was
conducted to determine the structural frequency characteristics of the
XV-9A airframe. The following tests were accommplished.

1, Hydraulic System ~ Functional Checkout

This test was accomplished by means of a ground hydraulic power
supply cart connected to each of the XV-9A 3500-psi hydrauylic
systems. The following items were accomplished:

Pressure test, each system to 3500 psi
Bleeding and purging, both systems
Filling and servicing, both systems
Diverter valve operational checkout
Rotor controls operational checkout

Operatior of the hydraulic systems, diverter valves, and rotor
contrel serve ac was normal during these tests.

Additional bleeding of the hydraulic systems was accomplished
while motoring the engines by means of the MA-1 GTC starting

unit and during initial rotor operation. © -

The XV-9A hydraulic systems contain closed precharged reser-
voirs that require filling by means of an external hydraulic cart. -
The emall volume of fluid contained in the system necessitates -
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thorough bleeding prior to initial cperation tc eliminate trapped
air; however, after this initial bleeding operation, the system
maintenance was very low and trouble-free.

The engine~driven pumps developed 3500-psi pressure at all
engine speeds from 10-percent N and greater.

Flight Controls

Rigging and Proof Loads

The flight control pilot linkage rods and the power control linkage
were preadjusted prior to final assembly in the aircraft to mini-
mize the system rigging and checkout,

The XV-9A rotor controls were rigged and adjusted with the air-
craft jacked into position with the rotor shaft vertical, the swash-
plate level, and the hub blocked level. The pitch arm 1 »ks on the
upper torque arm assemblies were adjusted to make the three
blade pitch angles equal for all azimuth positions, The three con-
trol servo actuator strokes were set prior to assembly.

After initial adjustment, the hub was unblocked and the longitudinal
cyclic, lateral cyclic, and collective-pitch throws were checked
by measuring the actual blade pitch angle at blade Station 91 by
means of a precision inclinometer.

The pilot's cyclic stick stops were fabricated after the initial
rigging adjustments were completed. These stops were located
in the cockpit on the pilot linkage. Control system interference
checks and corrections were made during the course cof initial
rigging checks.

Initial rotor rigging was adjusted for a collective-pitch angle of
60. 75R = 0 degrees for full down collective. This was later
changed to fg, 75R = -2. 0 degrees during the flight testprogramto
achieve satisfactory rotor speed during minimum power descents.

The rotor control deflections available to the pilot during the final
portion of the flight test program were as follows:

Longitudinal cyclic +]10 degrees
Lateral cyclic +7 degrees
Collective -2 degrees to +10 degrees




3.

Rudder and yaw valve rigging were accomplished by initially
biocking the yaw pedals neutral and making adjustments in the
cable system turnbuckles to rig the yaw valve neutral. Rudder
surfaces were rigged to neutral by adjustment of the push-pull
tube rod ends.

Control System Proof Loading

The pilot's cyclic, collective, and yaw controls were proof-loaded
in accordance with Reference 2. No permanent deforination or
adverse effect was incurred.

The rotor power linkage was proof-loaded to 3,470 pounds in
accordance with Reference 2, except that hydraulic pressure was
maintained in the system to prevent possible internal damage to
the control servo actuators.

Engine Controls - Rigging, and Functional Checkout

The engine power control system was rigged and adjusted by
means of protractors temporarily installed on the engine fuel con-
trol speed signal shafts. Rigging and adjustment were accom-
plished in accordance with Reference 2.

Power Control Lever Rigging and Clearance Check

The power control levers were rigged at the following positions
and power lever angles (PLA) were measured on the fuel control

speed signal shaft,

PLA
Quadrant Position (deg)
Off 0
Idle 31.5
Military 71.5
Maximum 121.5

Following completion of rigging adjustments, the power control
lever system was actuated and was inspected for proper clearances
between moving parts and structure.

Friction check +2 pounds required at top of power lever
Proof load 25 pounds

11
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Collective Coordination and Twist Grip Rigging

The collective-PLA coordination linkage was adjusted for the fol-
lowing positions:

PLA (both)
Collective Position !deg[
Full down 82.5
Full up 112.5

Twist grip rigging was adjusted for 30-degree PLA authority for
all positions of the collective-pitch control. Considerable slop
was found in the twist grip system, which was partially corrected
by replacement of the collective override spring with a stronger
spring.

A modification to the power control lever quadrant was accom-
plished prior to start of flight testing to permit movement of the
individual power levers to OFF with ccllective control full up.

The twist grip authoritv of 30~degree PLA was found unsatisfac-
tory for some flight conditions, and required pilet manipulation
of the individual power levers in flight for large power changes.

Friction Checks ard Proof Loading

The power control levers were proof-loaded to 25 pounds with
the speed signal shafts held fixed. No permanent defcrmation or
damage resulted. The power lever breakout and moving friction

were 2. 00 and 1, 75 pounds, respectively, for all conditions.

Rotor Lubrication System

The rotor lubrication system was checked out by means of an
auxiliary ground cart to purge air from the pressure lines, adjust
the flow control valves, and to verify proper operation of the

o amn
Sysiein.

Purging

The auxiliary ground cart was hocked up to the rotor lubrication
system by means of jumper lines, and the auxiliary pump was
operated at 2150 rpm for 30 minutes, causing MIL-L-6082B
Grade 1100 oil to circulate through all pressure and return lines.

12
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The upper radial bearing and lower thrust bearing were jumpered
at this time to allow oil to flow from pressure lines directly into
return lines.

Adjustment of Flow Control Valves

The flow to the upper and lower bearings was measured with a
stopwatch, and the valves were adjusted to obtain the following
flows;

Upper bearing 2 quarts per minute
Lower bearing 1 quart per minute

Functional Checkout of Complete System

The auxiliary ground cart was hooked up tc both pressure and
scavenge lines and operated at 2150 rpm for 30 minutes. Opera-
tion was normal.

During the flight test program it was determined that additional
cooling was required for the rotor lube oil, and finned tubing was
installed in the return line (preflight 16) and a cooler and 28-volt
d-c blower were incorporated (preflight 21). No further cooling
problems were then encountered.

Electrical System

Continuity Checkout

The XV-9A electrical system wiring was continuity-tested to verify
proper installation prior to functional checkout.

Electrical Functional Checkout
The operational checkout of all electrical equipment was satisfac-
torily accomplished in accordance with Reference 2, by means of

a 28-volt d-c¢ rectifier cart hoocked up to the XV-9A system.

Fire Detection and Fire Extinguishing Systems

These systems were functionally tested and found satisfactory. In -
future designs, an improved engine fire warning display is recom- !
mended. The engine nacelle fire extinguishing provisions were .
considered adequate; however, on future aircraft an individual - -
extinguishing agent bottle for each nacelle is recommended. ———




A A A AP € e 1 W

o

D-C Generator Qperation

During initial engine runs and tie-down test runs, the d-c genera-
tors would not come on the line when the generator line switches
were closed. Investigation by Hughes Tool Company Aircraft
Division and by the General Electric Company determined that the
commutators had a high-resistance film that prevented voltage
buildup. The generators were returned to General Electric
Company for rework, and the problem was corrected.

Maximum electrical load dur ng flight with all equipment and test
instrumentation operating was approximately 150 amperes. Each
generator is rated for continuous operation at 150 amperes. Nor-
mally, both generators were kept on the line with approximately
balanced electrical load.

Fuel System

Fuel System Functional Checkout

The XV-9A fuel system was pressure-tested for leaks, and the
fuel quantity system and fuel low-level warning system were
calibrated and functionally checked out prior to engine runup.

Fuel System Pressure Test

An air source and pressure regulator were connected to the fuel
supply lines, and all lines and fi*iings were pressure-tested to
75 psig.

Fuel System Filling and Leak Test

The fuel tanks were filled with JP-4 fuel and all fuel tank areas
were inspected for fuel leakage. Fuel tank and firewall shutoff
valves were opened, and boost pumps were turned on to check for
leaks with JP-4 fuel in the system. Proper operation of ali shut-
off valves and puimps was determined.

Fuel Quantity System and Low-Level Warning System Calibration
The fuel quantity system was calibrated for each tank by remov-

ing all fuel and filling the tank in 20-gallon increments of JP-4 to
maximum capacity. Maximum tank capacity was 245 gallons.

14
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The low-level warning lights were acluated with 50 gallons of fuel
remaining. 7This provides approximately 20-minute hovering
flight duration at 15, 000-pound gross weight,

The fuel gquantity indicating system was fairly linear, but was
affected by attitude changes in flight. The dual-needle fuel quantity
indicator was difficult to read accurately in flight, and is not rec~
ommended for use on futurc designs.

Fuselage Shake Test

A shake test of the aircraft was performed with the fuselage sus-

pended from an overhead attach point by rubber shock cords. The

aircraft was in a reduced empty weight condition (no fuel or pay- .
load, and rotor blades not installed). Accelerometers were

located at several positions along the fuselage and engine nacelles,

and were oriented to read parallel to the applied shake force at

the rotor head (first fore and aft and then lateral).

Figure 2 shows the acceleration at the pilot's seat versus fre-
quency of applied shake force {from 6 to 30 cps) in the vertical
(fore and aft force) and lateral (lateral force) directions. The
same type of information is shown in Figure 3 for the tip of the
horizontal stabilizer. Maximum response in this empty weight
condition is seen to occur between 11.5 and 12. 2 cycies per sec-
ond. Since the 3-per-rev forcing frequency of the rotor is 12
cycles per second at 100-percent rotor speed (243 rpm), response
of the aircraft is of interest because of the closeness to resonance.

The measured mode shape at empty weight of the lowest fuselage
and of the nacelle vertical bending mode is shown in Figure 4 for
11. 6 cycles per second shake frequency. Also shown in that
figure are the calculated mode shape and fregquency of this funda-
mental mode in the full gross weight condition. It is seen that
the frequency of this mode is predicted to drop to 9. 4 cps, and
that acceleration at the pilot's seat is reduced to approximately
40 percent. During flight tests at near design gross weight
(discussed under Flight Test Resuits), the natural frequency

of the lowest mode (detected by engine-located accelerometers)
was found to be less than 10 cycles per second. This value was

determined by observing engine vibration during flight at |
reduced rotor speed, where frequency at lowest operating rotor !
speed (approximately 90-percent rpm) started to approach a reso- : .
nance, and appreciable engine response was noted. Fligat tests - -

at full gross weight therefore confirm the results predicted from b —e
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the shake tests at reduced empty weight; that is, the lowest fuse-
lage bending frequency would be below the frequency corresponding
to 3 times the lowest operating rotor speed.

8. Engine Runup

Engine runup tests were accomplished for functional checkout of
the Y'i'-64 gas generators with diverter valves in overboard posi-
tion, in accordance with Section 9. 0 of Reference Z. Two engine
runs were made, for a total operating time of 2 hours and 9 min-
utes on Engine 027-1A and 1 heur and 39 minutes on Engine 101-3A.

The following test items were accomplished during efféine runup:

Engine-start and steady-state operation to 100-percent Ng;
Fuel system functional test

Hydraulic system checkout

Electrical system checkout

Engine and nacelle cooling data

Cockpit carbon monoxide concentration

©

a. Engine Operation

This was the initial YT-64 engine operation in the completed
XV-9A aircraft, and the first operation of the flight quality YT-64
gas generators with modified first-stage compressor blading.
Data were recorded for starting, acceleration, and steady-state
operation up to 100-percent NG on both engines.

b. Fuel System Functional Test
Both engines were operated tank to engine with boost pumps on
and off, and on crossfeed with boost pumps on and off, to verify
proper fuel system operation up to 100-percent N power setting.

c. Hydraulic and Electrical System Checkout

Hydraulic system operation was normal, including operation of
rotor controls and diverter valves.

The engine-driven 28-volt d-c generators did not function, ana

the run was made on external power. The generator problem was
resolved later by General Electric during tie-down tests.

19
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E d. Engine and Nacelle Cooling Data
g - Structural teraperatures, equipment temperatures, and air tem-
1 peratures were recorded in the engine, nacelle, and pylon struc-
g ture, and at various points within the nacelle during engine
o operation up to 100-percent N. Cooling was determined to be
adequate for operation of the YT-64 gas generators at maximum
power with diverter valves overboard.
e. Cockpit Carbon Monoxide Concentration
Carbon monoxide concentration was measured using an MSA CO
detector, and was found to be negligible for all conditions.
| - TIE-DOWN TEST RESULTS
f The completed XV-GA aircraft was tested on a tie-down pad with cable
; restraints attached to the upper main landing gea:* strut fittings and
‘the tail gear tie-down fitting for restraint in the vertical, lateral, and
longitudinal directions during engine and rotor operation.
A summary of preflight engine runs and tie-down test runs has been
shown in Table 1. A total of 19 test runs was made, for a total rotor
operating time of 13 hours and 20 minutes. Engine c¢perating time at
completion of tie-down testirg was 21 hours and 24 minutes on Engine
027-1A and 20 hours and 32 minutes on Engine 101-3A, The following
tests were accomplished:
Rotor and system shakedown
Rotor tracking a2nd balance
Rotor and systems functional checkout
Rotor-airframe vibration investigation
Ground instability test
Engine nacelle and fuselage cooling verification
Rotor-speed-governing checkout and adjustment
Single-engine rotor operation
1. Rotor Tracking and Balance
T

Rotor blade tracking and balance were accomplished during runs
\ l to 6, and catisfactory results were obtained. Rotor track was
‘ observed visually, using an engineering transit set up some dis-

tance from the aircraft and colorea t2gc strips on the blade tips

oriented in a manner to permit blade identification with the rotor
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turning. Individual blade adjustments were accomplished by
means of the upper control system pitch links.

Rotor balance was accomplished by monitoring the fuselage longe-
ron strain gages on a direct-writing oscillograph and placing
small weights near the blade tips according to the rotor unbalance
condition indicated by the traces.

After completion of the tracking and b.lance adjustments, the
l-per-rev vibration was negligible, and no further adjustments

were required during tie-down testing.

2. Rotor and Systems Functional Checkout

The complete aircraft, including rotor controls, power controls,
yaw control, electrical system, hydraulic system, diverter valves,
rotor governing, tip cascades, instruments, communications, and
test instrumentation, was operated and functionally checked out

for flight during tie-down tests. The following items wereaccom-
plished:

a, Stabilized engine and rotor operation for
¢=0, 2,5, 6, 7, 8 9, and 10 degrees at NR = 100 percent

b. Collective pitch-power transients from 6 = 2 degrees—» 9 degrees
—» 2 degrees

c. Cyclic control deflections, £10 degrees longitudinal and x5 degrees
lateral

d. Rotor structural loads and temperatures up to § = 10 degrees at

NR = 100 percent

Control system checkout on single hydraulic system

Yaw valve operational checkout

Rotor start-up, acceleration to 100-percent NR' and shutdown

Rotor-governing setup and Ny adjustment

Engine nacelle and fuselage cooling verification

Hpm oo

3. Airframe Vibration Investigation

During initial tie-down tests with restraint cables tight, vertical
vibration at the cockpit and at the engine nacelles was encountered
at a frequency of 10 to 12 cycles per second. This vibration
increased in amplitude with increased collective pitch, and
became objectionable to the pilotat collective-pitch angles of more
than 5 degrees. The initial tie-down tests were conducted with-
out the fuselage ballast installed, and the starting gross weight
with full fuel was approximately 13, 700 pounds. This vibratory
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mode of the fuselage and engine nacelles was previously ohserved
during fuselage shake tests (see Figure 4) where the natural fre-
quency of the fuselage and engine nacelles was close to 3 per rev

(12 cps).

Ttk R ...

Weights were installed on the forward engine mount truss on each
nacelle, to reduce the natural bending frequency of the nacelle
structure and reduce the vibration level near 3 per rev. A weight
was also installed on the tail landing gear, to reduce fuselage
bending frequency.

-,

Test runs were also made with the tie-down cables slackened to
evaluate the effect of increased damping provided by the oleo struts
and tires. The effect of slackening the cables was to reduce vibra-
tion levels,

i ) The description of the configurations tested and tabulation of the
vibration levels measured by accelerometers located at various

positions are shown in Table II. Configuration C, which had 300
pounds of ballast installed on each engine nacelle, produced the

best results.

The fuselage ballast, approximately 1, 600 pounds, was installed
in the aircraft prior to tie~down run 12 and remained for subse-
quent runs. The engine nacelle weights were removed to permit
installation of nacelle cowling for cooling data,

bt B ki

As pointed out previously, analysis of empty weight fuselage
shake test data, Figure 4, indicated that the fuselage natural
bending frequency would be appreciahly reduced at the design
gross weight of 15, 300 pounds. Ints_:ction of the mode shape for
design gross weight indicates that vibration would be further
reduced by installing additional ballast in the cockpit area. (The
cockpit is one of the antinodes and one of the most effic.ent loca-
ons for ballast weights. ) Cockpit ballast (345 pounds) was

1nstalled Prl(_\r to f1n Hn\xrn wiuivm 14
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These changes produced a satisfactory reduction of vibration levels

“ for flight operation of the XV-9A as a research aircraft for Hot
‘ Cycle system test and evaluation, but the insiallations were not
! optimized because of the short duration of the program.
- For flight test, the cockpit ballast was reduced to 250 pounds and
. - the nacelle weights reduced to 200 pounds, because of space

22
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............... The in-flight vibraiion characteristics are discussed
under Flight Test Results,

Ground Instahility Test

Ground instability tests were accomplished during run 15 in
accordance with Section 12. 0 of Reference 2.

Cyclic excitation was applied by the pilot by moving the cyclic
stick in a circular motion at various frequencies from 0 to 5 cps
for approximately l1-degree amplitude with collective-pitch settings
of 2 degrees and 5 degrees at 90-, 95-, and 100-percent NR.

Analysis of oscillograph records showed no evidence of mechanical
instability. Chordwise blade loads were near or exceeded the
maximum allowable, where stick motion was near 0. 4 per rev

(1. 6 cps). Stick motion at 0. 4 per rev excites a frequency of 1. 4
per rev in the rotating system. Since the blade chordwise natural
frequency is 1. 4 per rev, high chordwise moments are encoun-
tered during this type of excitation.

5. Rotor Governing

Rotor-speed governing for the XV-9A was accomplished using the
standard fuel control mechanism on the YT-64 engines with an
input from collective position to compensate for governor droop.
It was not feasible to intrcduce a measure of rotor speed to the

fuel control with a short flexible cable {31 inches long on a stand-

ard installation) because a cable length of 17 feet would be required,
from the rotor to the front face of each fuel control. A hydraulic
feedback link was used, which included a hydraulic pump at the
rotor, a hydraulic motor at the fuel control, lines between the
pump and motor, and a bypass line with a needle valve, to obtain
the desired fuel control input speed at 100-percent rotor speed.
Initial tie-down tests were performed without rotor-speed govern-
ing. The pilot was required to synchionize rotor blade pitch and
engine power lever to maintain rotor speed, and he reported some
N difficulty in controlling rotor speed. When governing utilizing the
rotor-speed signal (hydraulic link) was used, the pilot reported
“ rotor-speed control as satisfactory during transient collr ctive
pitch changes. Rotor-speed governing utilizing the hydraulic
speed signal was then used for the balance of the tie-down tests
and for all flight tests.

S
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because over the duration of a flight some drift of speed sigual to

each engine would occur (almost always engine 1), and the pilot
was required to adjust power levers (speed-selector levers) indi-
vidually to keep gas generator speeds reasonably matched (within
3 percent of each other). The feedback link to engine 2 was stable
and repcatable within the accuracy of instrumentation (less than
*] percent variation of speed signal/rotor speed) and performedin
accordance with the system design requirements. The no. 1 feed-
back link/fuel control system contained some element causing
drift that has not yet been identified and will require further test-
ing or modification to cbtain drift-free operation. The pilot was,
however, always able to make a suitable correction, although he
reported that the frequency of power lever adjustment required to
balance engine speeds increased as the program continued.

Single-Engine Operation

The XV-9A propulsion system has a common ducting system for
the two engines, and tip nozzles sized for the two-engine case.

If an engine fails, or if the pilot chooses to practice one-engine
operation, it is necessary to reduce tip nozzle area to one-half to
keep the remaining engine on a proper overating line. Each blade
tip is equipped witb a two-position cascade, and these are closed
to the half-area position after the engine diverter valve is actuated
to the overboard position. Power is then increased on the remain-
ing engine to maintain rotor speed and thrust.

Mechanical tests were performed on the tip cascade system, includ-
ing a warning system that indicates when one engine is performing
poorly compared with the other. The tests showed that all mechan-
ical components (valves, switches, and so forth) involved in actua-
tion performed properly, but the warn-divert system, which
depended on a small vane in the Y-duct junction to deflect toward

a '"bad'' engine, was not performing satisfactorily. Sufficient
engine instrumentation is available to perrnit the pilot to identify

a failing (or failed) engine, but the semiautomatic warning system
required adjustment or modification that could not be performed
during the present program because of the inaccessible location of
the deflecting vane with the power module fully assembled and
mounted on the aircraft.

As part of the mechanical checkout of the propulsion system, tests

were made during which the pilot swiiched from two engines to one
engine and back to two engines. Stabilized data were taken at topping

25
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engine speed while a single engine was powering the rotor. The
following results were obtained, using procedures for calculation
of power discussed later:

Calculated
Engine RPM Ts Rotor

Engine (percent) Rotor RPM (deg F) Horsepower
026 102, 4% 96. 9 1, 026 985
027 102, 8% 97.3 1, 015 1,036

*Note: These values of gas generator speed are less than the
maximum steady-state value of 104 percent allowed by
General Electric in order to permit margin for speed
increase at topping when the yaw valve is opened and
the engine operates along a droop line as a result of
the increase in nozzle area. It should be noted that
the rotor powers given here are subject to correction
for an unknown amount of leakage through the diverted
engine diverter valve.

These values differ by £1-1/2 percent from their average value,
which is within the accuracy of the procedures used here. The
average 1, 020 horsepower achieved in the test was obtained with
tip nozzles that are large enough to bring the engine near to oper-
ating speed limit before they reach their turbine temperature
limit. By reducing the tip nozzle area, and retopping the engines
to suit the changed nozzle, the engines can be brought to exhaust
temperatures (Tg) of 1, 130 degrees F, which represents a suffi-
cient increase to achieve an expected 1, 20C horsepower per engine.

Rotor-speed-governing was used during these single-engine tests,
and was satisfactory except for some of the drift mentioned above.
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FLIGHT TESTS

GENERAL

The flight test program was conducted during the period 5 November
1964 through 5 February 1965. It consisted of 21 flights, for a total
flight time of 15 hours and 42 minutes. All flight test objectives out-
lined in the flight test program plan, Reference 1, were achieved,.

The entire ground test and flight test program was completed satis-
factorily. The flight and operational characteristics of the XV-9A
aircraft and Hot Cycle propulsion system were found to be satisfactory,
after incorporation of minor system modifications, for continued
research flight testing and Hot Cycle system research.

A summary of flight test operations is shown on Table III. A descrip-
tion of the test aircraft is given in the section following, and a
description of the test instrumentation system is presented in Appen-
dix I. A configuration and change log, showing the major items of
rework, change, or replacement during the flight test program, is
pres nted in Appendix II.

Maintenance of the Hot Cycle rotor system during the ground and
flight test program was minimal, and the basic components (including
blades, hub, rotating and stationary ducting, seals, bearings, rotor
shaft, tip cascades, and rotating controls) were unchanged and
required only routine inspection during the program. Because of the
concurrent fatigue testing of the blade root-end structure, the leading
and trailing edge sections of the rotor blades were removed after each
five hours of flight for inspection of the blade spars and attachment
bolts. No discrepancies were found. The blade spar inspection was
required as a result of fatigue cracks that occurred during the blade
root-cnd fatigue tests (see Reference 3).

'LIGHT TEST PROCEDURES

All flight test operations were preceded by a standard preflight inspec-
tion of the airframe, rotor, gas generators, and systems, to ensure
safety of flight and proper operation of the aircraft. A preflight inspec-
tion and functional checkout of the test instrumentation system was
conductea prior to each flight to ensure proper data acquisition. o

Flight plans were prepared in accordance with the flight test program

plan and as determined by analysis of the data from previous flights
and qualitative pilot evaluation.
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Two-way radio communication between the XV-9A and ground per-
sonnel was maintained during all flight operations, for monitoring
and coordinating test operations. A flight test log was kept for each
flight test operation, to document operating time and pilot observa-
tions and to facilitate data reduction.

FLIGHT TEST EVALUATION

The XV-9A aircraft was evaluated and test data were recorded for
evaluation of Hot Cycle performance, structural loads and tempera-
ture, stability and control characteristics, vibration levels, and
aircraft performance for the following flight conditions:

Engine and rotor start
Rotor acceleration
Taxi and ground handling
Hovering
Steady hover
Hover turns of 90, 180, and 360 degrees
Transition to forward flight
Approach to hover
Climb
Level flight
Level flight turns at 20- and 30-degree bank angles
Sideward flight to right and left
Rearward flight
Progressive 360-degree turns
Descents, normal and minimum-power
Landing

The flight test results are summarized in the following paragraphs
under the headings listed below and are presented in greater detail

in the Flight Test Results section, Because of the large volume of
flight test data recorded, only the significant portions are presented
in this report. All other flight test data are on file at the contractor's

facility.
1. Structural loads
2. Structural and equipment operating temperature -
3. Performance '
4. Flying qualities
5. Miecellaneous hovering tests -
—~
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Structural Loads

Structural loads data were reviewed carefully after each flight,
to ensure that excessive loads were not developed in critical
components or that a structural failure had not occurred.

Data are presented for level flight at various airspeeds up to the
maximum flown. In general, the cyclic loads recorded in
critical components were below design levels. High chordwise
blade loads resulting fxom 0. 4 per rev (1.6 cps) pilot-induced
cyclic stick movements were reduced by control system modifica-
tions to decrease servo valve friction and provide ccntering
forces on the cyclic control stick. Cyclic loads data are shown
for blade spar flapwise and chordwise bending, blade chordwise
shear load, rotor shaft bending, hub plate stress, and pitch arm
load. Flapwise and chordwise bending data versus blade radius
are shown to agree well with the design blade radius moment
curves.

Frequency spectrums are shown for blade flapwise bending and
cyclic spar axial load, for use in determination of calculated
biade life (see Reference 4).

Visual inspection of all primary structural components, including
the critical blade spar area at Station 91, was accomplished after
each flight. Prior to aircraft roll-out, the rotor blade spars were
modified at this station to alleviate a stress concentration at the
most outboard attachment of the laminated spar to the spar-root
fitting. The modification consisted of reducing the fitting thick-
ness at this location and adding another bolt just inboard. The
modification was necessitated by the occurrence of a fatigue
crack in the spars at this location on the blade root-end fatigue
test specimen (see Reference 3). Complete blade spar inspec-
tion was accomplished each five flight hours by removal of
leading and trailing edge sections, No structural problems were

Nty A
CHCOULLCTLA.

Structural and Equipment Operating Temperatures

Extensive temperature measurements were recorded in the
engine nacelles, rotor hub-pylon area, and fuselage, to verify
adequate cooling of structure and equipment. A total of 129
thermocouple outputs was recorded for these areas. Satisg-
factory cooling was obtained for all engine nacelle, rotor hub-
pylon, and fuselage structure.

34
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High rotor lubrication oil temperatures {215-degree F maximum)
occurred during hover on flight 15. Provisions for additional
rotor lube cil cooling were incorporated in the system, and rotor
oil temperatures remained below 200 degrees F on subsequent
fiights.

Rotor structural temperatures we e recorded during all flights,
and were checled after each flight to determine that the various
rotor components were well \ ‘thin operating limits.

Charts showing the location of thermocouples and the maximum
temperatures recorded during the flight test program are pre-

sented on pages 51 and 53, under Flight Test Results.

Performance

Performance data are presented and discussed in the categories

of overall performance, engine performance, and individual com-
ponent performance. The rotor lift obtained during hovering agrees
closely with previous whirl test data where fixed tip cascade noz-
zles were used, and with earlier predictions. Flight test fuel con-
sumption (corrected as described in Appendix IV) was found to be
5 to 8 percent higher than predicted. This difference is possibly
related to having a lower nozzle velocity coefficient, higher duct
friction coefficient, or higher profile drag coefficient in the flight
tests compared with original performance predictions.

The XV -9A flying qualities were qualitatively evaluated for all
normal helicopter .ght conditions within the restricted flight
envelope that was [ussible within the Culver City flying area.

Data are presented to show longitudinal control positions in level
flight, yaw valve effectiveness during hover, and control positions
during sideward and rearward flights.

Evaluation of the aircraft's handling characteristics for pull and
hold and pulse-type control displacement maneuvers was not
performed, because of the restricted flight area. Thus, no
attempt is made to compare the predicted handling characteristics
{control power and damping) presented in Reference 5 with flight
test data.

35
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It is anticipated that during the 20-hour follow-on test program,
maneuver-type stability and control tests will provide sufficient
data to more fully evaluate the flying qualities of the aircraft.

Vibration

The three-bladed XV-9A rotor transmits vibration to the fuselaye
predominantly at 3 per rev, which corresponds to 12 cps at full
rotor speed. Because the fuselage first natural bending frequency
is close to this value (9.4 - 11.6 cps), a certain amplification of
response takes place. Vibration levels at cockpit were lowest
during hover and increased during level flight, with the maximum
recorded during transition to forward flight and approach to hover.
Vibration data are presented for pilot's vertical acceleration and
engine nacelle vertical and lateral acceleration for various air-
speeds. Average vertical acceleration at the pilot's position was
+0.35 g in level flight and #0. 13 g during hover.

Pilot Comments and Qualitative Evaluation

A summary of pilot's comments and qualitative evaluation of the
XV-9A flying qualities, systems operation, and functional char-
acteristics is presented in Appendix III.

Miscellaneous Hovering Tests

Sound powvrer levels, rotor downwash velocity, and static elec-
tricity buildup were rmeasured during hovering flights. Sound
power level was also measured during a 90-knot tlyover at
50-foot altitude.

Sound Power Levels

The overall sound level of the XV-9A during hover was not objec-
tionable to nearby ohservers. Scund power level measured in

the cockpit during flight was 109 decibels. This was not objec-
tionable to the pilet, and radio communications were satisfactory.
Sound data were recorded from 50- to 400-foot distance from the
aircraft at 100-foot intervals for four azimuth positions. Sound
power level measured at 200 feet in hover was 103 decibels.
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b. Rotor Downwash

Rotor downwash velocity was measured during hover at approxi-
mately 20-foot wheel height. The maximum velocity measured
was 73 feet per second at approximately 70-percent blade radius.
The aircraft was hovered over unprepared surfaces with no
deterioration of the surface and no engine ingestion problem.

c. Static Electricity Buildup

The elcctrostatic voltage buildup and charging current were
measured during hover at 20-foot wheel height. The electro-
static charge was low (7 to 9 kilovolte) in comparison with
measurerments taken on a large shaft-driven helicopter (H-37),
which were 50 kilovolts or greater (see Reference 6).

.

FLIGHT TEST RESULTS

1. Structural Data

XV-9A rotor blade moments experienced during flight were fairly
typical of those experienced on other helicopters. Blade moments
were low during hover, fairly high when accelerating or deceler-
ating through the transition region, low at the minimum power
speed, and increased thereafter with speed.

In addition to the typical response to aerodynamic excitation, a
type of excitation and response was encouniered that is typical of
chordwise unarticulated blades. The XV-9A rotor blades have a
chordwise natural frequency of 1. 4 per rev. Motion of the cyclic
stick at 0. 4 per rev in the nonrotating system will excite 1.4 per
rev in the rotating system; 0. 4 per rev is 1. 6 cps, which is a
frequency at which pilots occasionally move the cyclic st'ck.

Cnly a small content of 0, 4 per rev in the stick input waveform

is sufficient to excite chordwise bending. The XV-9A pilot inputs
at this frequency were reduced by inst ing cyclic stick centering
springs and by reducing servo-valve friction as much as possible,
both of which improved the ''feel'.

Presented as Figures 5 through 10 are plots of the significaut
structural loads from flight 17. Stabilized data were obtained on
this tiight for five airspeeds up to 108-knot calibrated airspeed T
(CAS). Bending morients versus rotor blade radius are shown in
Figures 11 and 12.
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; Figure 5. Cyclic Flapwise Blade Bending at Station 75. 4
Versus Calibrated Airspeed.
Figure 6. Cyclic Spar Axial Load (Chordwise Moment) at
X Station 90. 75 Versus Calibrated Airspeed.
i
B Figure 7. Cyclic Chordwise Shear Load at Station 23
Versus Calibrated Airspeed.
Figure 8. Cycli: Main Rotor Shaft Bending Versus
‘ Calibrated Airspeed.
i
Figure 9. Cyclic Hub Plate Stress Versus Calibrated
Airspeed.
Figure 10. Cyclic Pitch Arm l.oad Versus Calibrated Air-
! speed.
Figure 11. Cyclic Flapwise Bending Moment Versus Main
Rotor Blade Radius.
‘ Figure 12. Cyclic Chordwise Bending Moment Versus Main
Rotor Blade Radius.
During the course of the flight program, various maneuvers were
performed, including turns, climbs, descents, sideward and rear-
ward flight, and flares. Only limited maneuvers could be per-
formed, because of the airspace and airspeed limits imposed over
the Hughes Airport. As an indication of the range and distribution
of blade fatigue moments during flight, a spectrum of chordwise
bending at Station 90. 75 is presented as Figure 13. Figure 14 is
a spectrum of flapwise bending at Station 75.4. These spectra
were obtained from a typical flight (flight 13) that included speeds
to 103-knot calibrated airspeed, turns, descents, climbs, and
hovering turns.
2. Structural and Operating Temperatures
“uy a. Rotor Temperatures
{ Temperatures of the rotor and associated components were

recorded on a Brown recorder. Inputs from thermocouples located
in various parts of the blades were channeled to three switching
boxes, then to a hot reference junction box, through the main rotor
slip ring, finally terminating at the Brown recorder.

-
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duced operati : .,Jerdtures ot thc follovnng rotor components
and systems: ( ) lade-tip gas, (2) front and rear spars, (3)
flexures, {4) rilz, {5) spar cooling air, (6) outer skins, {7) gas
duct walls, (8) rotor shaft, (9) tip transducer housing, (10} root
cooling air, (l1) rotor spokes, (12) balil joint inner surface, (13)
upper and lower bearings, and (l4) inboard articulate duct seals.

Figure 15 shows the location of the thermocouples along the rotor,
and its accompanying tabulation summarizes the maximum tem-
peratures recorded during the flight test program (flights 1 through
21}, together with the estimated limit temperaturces associated
with that section of the rotor. Maximum power from the engines
occurred on flight 14, and, as can be seen from the tabulation,
none of the rotor temperatures recorded exceeded the estimated
limit temperatures.

b. Powerplant and Airframe Te.mperatures

Temperatures of the powerplant and airframe components were
recorded in a manner similar to that for the rotur temperatures,
except thai no hot reference junction box was used, inasmuch as
a slip ring was not needed. Operating temperatures of the fol-
lowing pywerplant and airframe components were read and ana-

lyzed from the BRrown recorder:; (1) engine and engine accessories,

oI c =220 allQ SRt aLlLceoillls

{2) engine and diverter valve bay, (3) lateral pPylons and nacelles,
(4) radial and thrust bearing housings, (5) aft fuselage and yaw
valve compartment, (&) yaw duct and Y-duct blankets, (7) yaw
duct and Y-duct bays, and (8) yaw valve outlet.

Figure 16 shows the location of the thermocouples throughout the
powerplant and airframe of the XV-9A. The tabulation included
in this tigure summarizes the maximum temperatures recorded
during the flight test program, together with the estimated limit
temperature associated with that section of the airframe and
powerpianit. Nuhe of the temperatures recorded exceeded the
estimated limit temperatures for the powerplant and airframe of
the XV-9A,.

3, Performance Tests

The total performance of a Hot Cycle helicopter can be divided
into engine performance and rotor performance, with the division
taking place at the gas generator exit, Station 5 of Figure 17.
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In the discussion that follows, overall rotor performance is treated
first, followed by fuel consumption, engine performance, and rotor
systemn component performance.

Overall Rotor Performance
On the basis of the relationship of rotor lift to engine pressure

ratio, the overal! hover performance of the Hot Cycle rotor with
two-position tip nozzles uscd in flight tests agrees very well with

earlier whirl tower tes(s using fixed nozzles (as see¢n in Figure 18).

The test data also show good agreement with previously predicted
performance of the rotor. The capability of the rotor to convert
engine discharge pressure into rotor lift is directly dependent
upon rotor parameters such as blade duct pressure loss, tip cas-
cade area and performance, and external blade aerodynamics, but
is virtually independent of engine parameters such as compressor
bleed and exhaust gas temperature. The data of Figure 18 are
plotted without any corrections other than instrument calibrations.
The excellent agreement between the test data and the predicted
line confirms the overall validity of the performance predictions
made for the Hot Cycle rotor system. Exact definition of the rotor
system component performance values and effective cascade area
has not been entirely achieved to date, and there is reason to
believe that certain components are not operating precisely as
assumed in the rotor performance calculations. This matter will
be discussed further in succeeding paragraphs; however, it is
important to recognize that the overall rotor system does produce
lift in nearly exact agreement with predictions, including agree-
ment of the predicted maximum lift.

Fuel Consumption

Fuel consumption characteristics of the XV-9A are presented in
Figure 19, corrected for engine operating conditions consistent
with original performance predictions. Appendix IV presents the
actual measured data con fuel flow, together with a discussion of
courrections.

As corrected, both flight and whirl test fuel flows are in excel-
lent agreeme:xt with predictions at low rotor lift and tend to be & or
10 percent higher than predicted at high lift. This discrepancy is

presumed to be the result of component performance irregularities,

Since the various detail performance factors have a different
relationship for fuel flow as compared with rotor lift, it is possible
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Thermocoupiv

Numbyeg . lLocation
RC 2-1 Station 103.5 Fleaure 2 Uppe
BC 2-2 Station 193.5 Flexure & Uppe
BC 2-3 Station 103.5 Flexure 2 Lowe
BC 2-4 Statinon 103.5 Flexure 2 Lowe
BC4-1 Station 128.5 Flexure 4 Uppe:
BC 4-2 Station 128, 5 Ilexurs 4 Uppm
nc 4-3 Station 128.5 “laaure 4 Lowe i
BC 4-4 Station 128.5 Floaare 4 Lowe. 1t
BC 6-1 Station 153.5 Flexure 6 Upper ad
BC 6-2 Station 133.5 Flexure 6 Upper :
BC €-4 Station 153.5 Fleaure 6 Lower 10
BC -1 Station 178. 5 Flexure 8 Upper ¢
BC 8-2 Statior. 178. % Flexure 8 Upper .
BC €-3 Staulor 178.5 Flexure 8 Lowe: ~d
BC 8-4 Station 178.5 Flexure 8 Lower gt
BC 19-1 Station 203, 5 Flexure 10 Uppe iwd
B3C 10-2 Station 203.5 Flexure 10 Uppe  An
BC 10-3 Station 213.5 Flexure 10 Lowe ud
BC 10-4 Station 203.5 Fleaure 10 Lowe AN
BC 12-4 Station 228.5 Flexure 12 Lowe At
BC l14-1 Station 253.5 Flexure 14 Uppe tud
BC 14-3 Siation 253.5 Flexure 14 Lovwe Fwd
BC 13-4 Station 253,85 Flexurce 14 Lowe  Af
BC 16-3 Station 278.5 Flexure 16 Lowe  Fwd
BC 16-4 Station 278. 5 Flexure 16 Loywe  Aft
BC 16-1 Statien 303.5 Flexure 18 Uppe wd
BC 18-2 Station 303.5 Flexure 18 Uppe At
BC 18-3 Station 303. 5 Flexure 18 Lowe wd
BC 18-4 Station 3C3.5 Flexure 18 Lowe A
Bs 1-8 Statinn §7 Blade Skin Upper Ay
BS 1-9 Station 97 Blade Skia Lower A
RS 1.10 Station 97 Blade Skin Lower Y
BS 18-7 Station 310 Blade Skin Upper ¥
RS 18-8 Station 310 Bliade Skin Upper A
BS 16-9 Station 310 Blade Skin Lower
BS 18-10 Station 31C Blade Skin Lower !
BS 1-1 Station 96 Fwd Duct Fuwd Wall
BS 1-4 Station 96 Aft Duct Upper Wall
BS 1.5 Station 96 Aft Duci Aft Wall
BS 18-1 Station 309 Fwd Duct Fwd Wal®
BS 18-2 Station 309 Fwd Duct Upper W,
BS 18-4 Station 309 Aft Duct Upper Wa!
BS 1-11 Station ¢6 Fwd Duct Aft Wall
BS 1-12 Station 96 Fwd Duct A1t Wall
BS 1-13 Station 96 Aft Duct Fwd W;:1l

5 1-14 Station 96 Aft Duct Fwd Wall
BS 18-5 Staticn 309 Aft Duct Aft W all
BS 18-6 Station 309 Aft Duct Lower Wa
B3 18-11

Station 309 Fwd Duct Aft Wall

&
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Maximum Eatiniated
e Temperature Linit Thermocouple r
Location Recorded Temperature Numbe s Locg %t

Station 103.5 Flexure 2 Upper Fwd 482 600 B-2 Dlue Blade Fwd Duc:"
Siation 103, 5 Flexure 2 Uppcr Aft 510 BCDR Station 321 Cooling ED]
Station 103.5 Flexure 2 Lower Fwd 530 BCDF Station 330 Cooling 4.
Statinn 103.5 Flexure 2 Lower Aft 480 B 57 Station 57 Ccoling Ar,
Station 128.5 Flexure 4 Upper Fwd 125 BlA Station 63 Aft Spar @
Station 128.5 I'lexure 4 Upper Aft 320 B2A Station 63 Afi Spar ;
Station 128. 5 Flexure 4 Lewer Fwid 515 B1B Station 75.4 Aft Spa;
Station 128. 5 Flexure 4 Lower Aft 53C B2B Station 75. 4 Aft Spag.
Station 153.5 Fiexure &6 Upper Fwad 48% BiC Station 91 Aft Spar ¢~
Station 153.5 Flexure 6 Upper Aft 537 B 4 Station 100 Aft Spar *
Station !53.5 Flexure 6 Lower Aft 575 B b5 Station 140 Aft Spar ¢
Station 178. 5 Flexuzre 8 Upper Fwd 520 B 7 Station 220 Aft Spar,; |
Station 178. 5 Flexurc 8 Upper Aft 526 B8 Station 270 Aft Spar .«
Station 173. 5 Flexure § Lower Fwd 463 B 12a Station 75,4 Aft Spat
Station 178. 5 Flexure 3 Lower Aft 500 B 13 Staticu 91 Aft Spar ¢
Station 203. 5 Fiexure 10 Upper Fwd 533 B l4 Station 100 Aft Spar {
Stution 203.5 Flexure 10 Upper Aft 445 B 15 Station 145 Aft Spar
S:ation 203. 5 Fiexure 10 Lower Fwd 201 B 17 Station 220 Aft Spar X
Station 203.5 Flexure 10 Lower Aft 295 B 18 Station 270 Afi Spaz 5'(_1
Station 228.5 Flexur= 12 Lower Aft 510 BR-1 Station 45 Flexurs B
Station 253.5 Flexure 14 Upper Fwd Z80 BR-2 Station 63 laner Surfs-z
Station 253, 5 Flexure 14 Low.r Fwd 640 BR-3 Station 73 Inner Surfs_
Station 253. 5 Flexure 14 Lower Aft 485 BBJ-1 Station 13 Inner Surfa’_’
Station 278. 5 Flexure 16 Lower Fwd 322 YC 2-1 Station 103.5 Flexure ..
Station 278. 5 Flexure 16 Lower Aft 358 YC 2-2 Station 103.5 Flexure
Station 303, 5 Flexure 18 Uppzr Fwd 419 YC 2-3 Static= 103. 5 Flexurg
Siation 303. 5 Flexure 18 Upper aft 391 YC 2-4 Stawuion 103.5 Flexure lé
Station 303. 5 Flexure 18 Lower Fwd 410 YC 18-1 Station 303.5 Flexurge 18
Statrien 303. 5 Flexure 18 Lower Aft 450 YC 18-2 Station 303.5 Flc&ur{{; 1%
Station 97 Blade Skin Upper Aft 252 YC 18-3 Station 303.5 Flexurp
Station 97 Blade Skin Lower Aft 248 RC 2-1 Station 103.5 Flexury
Station 97 Blade Skin Lower Fwd 225 RC 2-2 Station 103.5 Flexurg 5
Station 310 Blade Skin Upper Fwd 241 RC 2-3 Station 103.5 Flexu? 2:
Station 310 Blade Skin Upper Aft 185 RC 2-4 Ctation 103. 5 Flexurg 18
Station 310 Blade 3kin Lower Aft 500 RC 18-1 Station 303, £ Flexurg 7
Station 310 Blade Skin Lower Fwd 473 600 Y 57 Yellow Blade Sta 57 §
Station 96 Fwd Duct Fwd Wali 615 1000 Y 73 Yellow Blade Sta 85 ¢I3)R
Station 96 Aft Duct Uppcer Wall 660 100N YCDR Yellovw Rlade Sia SQ‘épF
Station 96 Aft Duct Aft Wall 550 1000 YCDF Yellow Blade Sta 33-’)"7
Station 309 Fwd Duct Fwd Wall B850 950 R 37 Red Biade Sta 57 Cog
Station 307 Fwd Duct Upper Wall 851 S50 R 73 Ked Blade Sta 85 Codq
Station 309 Aft Duct Upper Wall 885 950 RCDF Red Blade Sta 330 Sp#l
Station 96 Fwd Duct Aft Wall 905 1150 RCDR Red Blade Sta 321 Sp§L 5
Station 96 Fwd Duct Aft Wall 910 HUB 2 Shaft 1 In. Below Seagl 3
Station 90 Aft Duct Fwd Wall 600 HUB 2 Shaft Below Spoke
Station S¢ Aft Duct Fwd Wall 905 HUB 5 Spoke Centerline _ _' 2
Station 309 Aft Duct Aft Wall 210 HUB 6 Spoke Halfway to Beafily
Station 3¢9 Aft Duct Lower Wall 885 HUB 7 Spoke Over Upper Begf, o
Station 309 Fwd Duct At Wall 862 YC 18-4 Sta 303.5 Flexure 18§
Biue Blade Aft Duct Gas 1042 1150

rature in deg: ecs Fahrenheit.
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Maximum Estimated
mocouple Temperature Limit
smber Location Recorded Ternperarure
: Blue Blade Fwd Duct Gas 1038 1150
DR Station 321 Cooling Air Aft Spar 183 250
DF Station 330 Cooling Air Fwd Spar 195 250
7 Station 57 Cooling Air Hub and Blade 170 250
A Station 63 Aft Spar Upper 97 350
A Station 63 Aft Spar Lower 101
3 Station 75.4 Aft Spar Lower 99
3 Station 75. 4 Aft Spar Upper 165
p Station 91 Aft Spar Center 105

Station 100 Aft Spar Center 150

Station 140 Aft Spar Center lo4

Station 220 Aft Spar Center 213

Station 270 Aft Spar Center 215

2A Station 75. 4 Aft Spar Upper 135

3 Station 91 Aft Spar Center 134

4 Station 100 Aft Spar Center 130

5 Station 145 Aft Spar Center 179

7 Station 220 Aft Spar Center 180
8 Station 270 Aft Spar Center 227 350
-1 Statizn 45 Flexure Bottomn 130 304
-2 Staiion 63 Inner Surface Rib 170 300
1»3 Station 73 Inner Surface Rib 145 300
-1 Statiun 19 Inner Surface Tube 260 300
2-1 Station 103. 5 Flexure 2 Upper Fwd 465 600

2-2 Station 103.5 Flexure 2 Upper Aft 506

2-3 Station 103.5 Flexure 2 Lower Fwd 278

2-4 tation 103. 5 Flexure 2 Lower Aft 153

18-1 Station 303.5 Flexure 18 Upper Fwd 352

18-2 Station 303.5 Flaxure 18 Upper Aft 335

18-3 Station 303.5 Flexure 18 Lower Fwd 385

2-1 Station 103.5 Flexure 2 Upper Fwd 440

2-2 Station 103.5 Flexurc 2 Upper Aft 415

2-3 Station 103.5 Flexure 2 Lower Fwd 470

2-4 Station 103.5 Flexure 2 Lower Aft 448
18-1 Station 303. 5 Flexure 18 Upper Fwd 361 600
Yellow Blade Sta 57 Cooling Air 143 250

Yellow Blade Sta 85 Cooling Air 155

R Yellow Rlade Stz 32! Spar Cooling Air 173

¥ Yellow Blade Sta 330 Spar Cooling Air 169

Red Blade Sta 57 Cooling Air 165

Red Blade Sta 85 Cooling Air 226

¥ Red Blade Sta 330 Spar Cooling Air 178
Red Blade Sta 321 Spar Cooling Air 178 250
2 Shaft 1 In. Below Seal 168 500
3 Shaft Below Spoke 201 500
b5 Spoke Centerline 131 400
b 6 Spoke Halfway to Bearing 188 600
b7 Spoke Over Upper Bearing 160 400
8-4 Sta 303.5 Flexure 18 Lower Aft 322 600
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Figure 16, S‘ummary of Maximum Powerplant and Airframe I ‘F
Temperatures Recorded During Flights 1
Through 21 Inclugive., ®
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Thermocoupls

e et el Fe. e e gy -

Marsanun

Temiperature

Fstlinatea

Lanit

T he rmaocau;

Number Type Location Revorded Temperature Sumiber
1 Case Generator Engine 1 219 220 70
Z Generator Engine 2 210 220 71
3 Fucl Control Engine ! 124 220 T2
4 Ignition Box Engine 1 2.0 250 73
S Ignition Box Engine 2 232 250 74
6 Stator Vane Actuatur Engine } LH 255 250 T
7 Stator Vane Actuator Fnpine 1 RH 18y 250 G
8 Fuel Nozzle Inlet - Top Engine 1 [B%} 500 77
q Hydraulhic Purap Engwne 1 172 275 14

10 Engine O1l Pump Engine ] 1%9 300 40
11 Engine O1l Pump Engme £ 150 300 Y1
12 Accessory Driove Gearbox Engine | 138 250 82
13 Frort Frame Engine | 100 200 83
H Engine Compressor Engwne | LH [ 800 S4
15 Engine Compressor Engine ' RH Gid 800 as
16 Engine Combustor 685 850 86
18 Engine Turbine 377 1150 87
20 Eungine Exhaust Frame 923 1100 RR
22 Engine Txhaust Clamp 7312 1100 89
23 Aft Engine Mount Flange 457 800 )
24 Aft Engine Mount Brace 397 800 kE
25 Wire Temp Engine | Tunnel LH 351 50¢ 9L
26 Wire Temp Engine | Tunnel RH 325 500 93
7 Wire Temp Engine 2 Tunnel LH 374 500 34
28 Wire Temp Engine 2 Tunnel RH 345 500 95
29 Insulation Blanke! Sta 260 Tunnel RH 362 400 36
390 Case insulation Blanket Sta 260 Tunncl LH 327 400 97
31 Air Engine ] Tunnel LH 207 300 Y5
2 Alr Enginz 1 Tunnel RH 248 ipo 99
33 Case Crossover Shroud Engine 1 Insulation 342 350 1o
34 Air Crossover Shroud Engine ) Insulation 306 350 101
35 Struct Crossover Shroud Engine ! LH 383 700 192
36 Struct Crossaver Shroud Engine 1 RH b33 700 164
37 Canted Rib (Lower) Engine | Nacelle 32 400 HEVES
38 Comp High Pressure Fuel Line Engine 1 1:1 150 105
39 Case Generator Casc (Bottom) Eagine 2 275 220 107
40 Case Diverter Valve Transition Duct Eng 1 342 400 108
41 Air LIl Navelle Sta 220 Top 205 250 109
42 LH Nacelle Sta 220 LH 132 250 119
43 LH Nacelle Sta 220 RH 129 250 il
44 LH Nacelle Sta 275 Top 329 475 112
45 I.LH Naczelle Sta 275 LH 332 475 |
46 Air Lii Nacelle Sta 275 RH 471 475 i1y
47 Comp High Pressure Fuel Line Engine 124 150 115
48 Struct  Aluminum Skin Over Canted Rib RH 172 250 e
49 Struct Aluminum Skin Over B/L 22 RH 17¢ 250 117
50 Air LH Nacelle Sta 245 Top 378 400 118
£l LH Nacelle Sta 245 LH 298 400 119
52 LH Nacelle Sta 245 RH 235 4200 120
53 LK Nacelle Sta 300 Top 331 400 12!
55 LH Nacelle Sta 300 RH 342 400 120
56 LH Nacelle Sta 325 Top (Approx) 338 400 125
5¢ LH Nacelle Sta 344 Top (Approx) 332 450 12+
60 LH Nacelle Sta 344 90° (Approx) 334 450 128
61 L} Nacelle Sta 344 120° (Approx) 363 450 127
62 Lateral Pylon LH Nacelle Fwd 217 350 138
2 l.ateral Pylon 1.H Nacelle Center 334 350 130
64 Lateral Pylon LH Nacelle Aft 231 35 111
65 Lateral Pylon RH Nacelle Fwd 268 350 132
66 Latcral Pylon RH Nacelle Center 268 350 124
67 Air Latera) Pylon RH Nacelle Aft 241 350 135
&8 Struct LH Nacelle Canted Rob Web 233 300 136
69 Struct  RH Nacelle Canted Rib Web 2ilg 300 34
1a!

NOTE: Tempecrature in degrees Fahrenheit, -
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Max:num Estinated Maximum Fatimated
Temprrature Lamit Thern,ocouple Temperature Linut
Recorded Temperatusre Number Type l.ocation Recorded Temperature

215 220 70 Struct  LH Nacelle - Bi 22 Top Fiange 22% 350
210 220 7 Struct RH Nacelle - Bl 22 Top Flange 259 350
124 220 72 Case Y Duct Flange - Yaw Control 766 900
210 250 73 Casce Crossover Shruud Engine 2 Insul 349 3su
232 250 - 74 Air Crossoyver Shroud Engine 2 349 350
-1 LH 205 250 75 Case Diverter Valve Aciuator Engine 2 205 275
-1 RH 138 250 76 Case Nacelle Skin at 90" RH Sta 300 243 400
mne 1 6313 800 7 Case Generator Case {Bottom JEngine 2 217 2.2
172 275 78 Ar RH Nacelle Sta 325 Top 354 400
189 300 ac RH Nacelle Sta 325 RH 289 400
180 300 81 RH Nacelle Sta 300 Top 351 400
‘ngine 1 158 250 82 Air RH Nacelle Sta 300 LH 347 400
100 200 83 Struct Alum Skin at Canted Rab Attach 201 250

. LH 633 800 B4 Case Accessory Gearbox 174 250 N
" RH G4 80O 85 Ingulation Blanket Yaw Duct 82 450
685 850 8¢ Insulation Blaake! Yaw Duct 4% 450
7 1150 87 Insulation Blanket Yaw Duct 400 45C

243 1100 838 Insulation Blanket Yaw Duct 388 450 .
732 1100 89 Insulation Blanket Yaw Duct 392 450
457 800 20 Case Insulation Blanket Yaw Duct 183 450
397 800 91 Air Aft Fuselage 262 300
LH 35 500 92 Aft Fuselage 255 300
RH 325 500 93 Aft Fuselage 176 300
LH 374 500 94 Aft Fusclage 165 300
RH 385 500 95 Aft Fuselage i85 300
.nnel RH 302 400 96 Air Aft Fuselage 8§ 300
innel LH 327 400 7 Case Bellows Insulation Blanket 442 450
207 3oc 98 Marmon Zlamp 756 800
248 300 99 Yaw Valve Insulation Blan: et 295 500
.nsulation 342 350 ioo Yaw Valve Insulation Blant et 304 500
‘nsulation 306 350 101 Case Yaw Valve Insulation Blanket 331 500
“H 383 700 102 Asr Yaw Valve Compartment 122 350
tH 653 700 103 Air Yaw Valve Compartment 126 350
» Nacelle 312 400 104 Air Yaw Valve Compartnient 140 350
_qine ! 1i} 150 105 Case Yaw Vaive Outlet Flange 622 900
.gine 2 215 220 107 Struct Frame Fus Sta 376.50 214 350
wet Eng 1 342 400 108 Engine 1 Tunncl Sta 260 LH 464 70U
265 250 109 Engine | Tunncel Sta 260 RH 527 700
142 250 110 Engine | Tunnel Sta 273 LH 46 700
129 250 111 Engine 1 Tunnel Sta 273 RH 196 700
369 475 112 Engine } Crossover Shroud §_ Sta 275,11 140 706
352 475 113 Engine 1 Aft Engine Mount 324 600
471 475 1i4 FEngmine 1 Diagonal Tube 496 600
pine 124 150 115 Engine | Front Spar at 143° 322 600
Rib xH 172 250 lie LLH Nacelle Outbd On Al Spar Web 248 250
REH 170 250 117 luminum Skan on latcral Pyion 187 250
378 400 118 B L 22.00 Bulkhead 160 250
238 400 119 Canted Rab Cap 550 550
298 400 120 Upper Pylon Tube 122 500
351 400 121 Diverter Valve Mounting Link 397 500
342 400 122 I.H Nacelle Sta 300 Top (Approx) 302 400
rox) 338 400 12 LH Nacelle Sta 3010 at 45° 241 400

rox) 342 450 124 LH Nacelle Sta 300 at 90° 273 400 .
_.rox) 334 450 125 Struct L.} Nacelle Sta 300 at 1207 {Approx) 243 400
prox) 303 450 127 Case Stationary Swashplate Bearing 97 175
wd 247 350 28 Case Crossflow Indicater 93 490
~nter 334 3s0 130 Air Y-Duct Bay 225 250
B 201 350 131 Air Y-Duct Bay Bb 250
~d 268 350 132 Air Y -Duct Bay 244 250

-nter 2ol 350 134 Case Y-Duct Insulation Blanket 403 450 R

't 241 350 135 Case Y -Duct Insulaiion Blanket 356 450
203 300 136 Cast Y -Duct Insulat;on Blanket 428 450
219 300 138 Ol in Nee. 2 Cooler 187 275
141 Oil in No., J Cooler 171 275
Casc Lower Bearing Case 147 2lz
Case Upper Bearing Case 59 212

L—”



ettt

gy =it ot e P | momery

X apedsen)

391Uy apedsen dil spe(g
100y apeld

Isneyxqg sutdug
a8ieyosig surqan]
i91ul surqang,
2d1vYds1g 10ssazduion
j1ajur 10ss3rdwonD
uaiquuy

UOTIRIG

C N M~ O

“SUOI}eD0T UoIje}g WialsAg uctsindox g

—

"L 2andrg

e S

P




~ .
T - - —— —.“g -—w& " WW i - —— e . — b el ety R A ez ey, et g < AR $on R - N, erre———
»
" - - RER ta ; .
- P
-—
Hd 20, 000 T - T — Y —T1 - T 1 -
. Shaded symbols - 89 to 95 percent rotor rpmn Specification T-64
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Figure 18. Rotor Lift Versus Enginc Discharge Pressure.
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Figure 19. Hovering Fuel Flow Versus Gross Weight.
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for excellent overall agreement to exist on lift while a noticeable
discrepancy exists in fuel consumption.

The flight fuel flows of Figure 19 may be marginally higher than
the whirl tower flows, although the effect -- if present --is largely
obscured by data gcatter. If there is indeed such a difference, it
is most probably the result of increased leakage during flight.

Engine Performance

The Hot Cycle airfrarmne and its gas generator engine share an
interface at the engine tailpipe, Station 5. At this interface, the
airframe sees the engine as a gas source, with pressure and
temperature being the most important parameters. As discussed
earlier, the rotor lift depends primarily upon Pg, while rotor
fuel consumption increases with increasing T, for constant lift
(constant Pg). Also at the interface, the engine sees the rotor
system only as an effective tailpipe discharge area. It should be
noted that there is a preferred choice of tailpipe area, depending
on two different criteria; namely, the rotor specific fuel consump-
ticn (SFC) and the maximum rotor horsepower. For best SFC,
the rotor requires a minimum Tg for a given Pg. The engine has
a preferred tailpipe area at which it will deliver the lowest Ty
for a given Pg. As the tailpipe departs from this preferred area,
Tg increases, very slowly at first then more rapidly as the mis-
match becomes larger.

An indication that the XV-9A duct system presents a desirable
apparent tailpipe area to its two T-64 engines is graphically dis-
played in Figures 20 and 21. Although there are known changes
in flow area within the flight test data {due to yaw valve opening,
in particular), there is remarkably little scatter in the TS versus
Pg data for either engine. Furthermore, the absolute level of
flight test Tg's is at the extreme lower limit of the General Elec-
tric predelivery calibraticn test results ior each engine.

For maximum power, the engine must reach maximum allowable
turbine inlet temperature and maximum allowable rpm simultane-
ously. The two sets of cascades used to date have bracketed the
proper area for maximum power and any necessary final adjust-
ments will not penalize fuel cocnsumption.

Having established that the engines are operating with their pre-
ferred tailpipe areas, it is logical to compare the whirl and {light
Ts‘s with those provided by General Electric for the fully qualified
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mmmses SRR ~r - . - 5
PR
g g i e e e e S e



e

L T ———— ISy -5 -2 p - = e "~ : = . e o +
v = p— i — w—;m - "T-““' -

B oy
{
| §
‘ -
1,300
X Flu 10 &
1,200 4 Flvll _
Q Flt )2 h
i
+ Flt 14 45 sq in o
V Flt 15 50 sq in -
1
1, 100 B Fle 17 20 =9 AN /
® Ovcrboard (A - 5..55 in 2) ﬂ
[£9]
&
A
1,000 / .{
o 8
\ ‘/;O
& q 4
= 900 /A
M
x0O
o n
80¢C °
¥ 3L
A
/ 74
o« /L
700 —
s ¥
..
600
16 20 24 28 32 36 40
P §= P 3 _ psia
VAN AR S
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T-64 engine. This comparison is made in Figure 22, with Tg's
and Pg's averaged for two engines at each test point. The consist
ency of both whirl and flight results is encouraging.

Engine deterioration during icn would show up immediate
on a Tg versus Pg plot as an increase in Tg for a given Pg. No
such trend is visible within the flight test results. There are a
few questionable Tg points within the whirl test results.

|
i

¥y

This company has developed a rather unusual technique for deter-
mining engine mass flow through the use of flow conditions at the
turbine nozzle diaphragm station. This technique avoids uncer-
tainties dve to compressor inlet flow profiles and variable guide
vane hysteresis that limit the accuracy of the ordinary compres-
sor flow calibration technique. This new technique was first used
in connection with the whirl test, Reference 7, and has been
refined and simplified during the present flight program. Engine
temperature maps relating turbine inlet temperature, T4 (which
is not measured directly), to the measured temperatures, Tj,

T3, and Tg, have been constructed by correlating data from
General Electric predelivery calibrations of all T-64 engines used
to date in the XV-9A programs. A family of these maps for vari-
ous T,'s has been prepared with direct-reading temperatures for
use in engine topping. On these maps, T, can be compared
directly against T4max without the necessity for intermediate

slide rule manipulations. Airflow is readily crlculated from this
T4 and measured P3 by the equation:

where:
TTyr — 1t ]
. = lb/sec
P3 ~ psia
T, = °R

The map for standard T, is presented in Figure 23 as an example
of the family used in data reduction.

In addition to its usefulness in establishing proper engine topping
and in calculating airflow, the engine temperature map offers one
of several alternative indications of the apparent tailpipe area
seen by the engine. The tailpipe area lines on Figure 23 are
drawn from General Electric predelivery calibrations of the two
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Figure 22. Engine Discharge Temperature Versus Pressure.
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YT-64'a ured in the flight test program. The tailpipe area pre-
sented L:v the XV-9A rotor system appears to be the same as the
nacelle tailpipe area, 52.5 square inches per engine, for a total of
105 square inches. (Note that the nacelle exit poinis are generally
cempatible with the General Electric area lines on Figure 23.)
The considerable scatter of points -- particularly for engine 026 --
is perplexing in view of the excellent correlations obtained in
Figures 20, 21, #nd 26. It is possible that the T, probe in engine
026 wasg inter:mittently malfunctioning during the testing.

Another indicution of effective tailpipe area can be obtained from
engine rpm versus temperature maps such as Figures 24 and 25.
Movenient of the variable guide vanes used in the T-64 compres-
sor can affect compressor performance much in the manner of
changes in mechanical rpm. Changes in the guide vane schedule
thus introduce errors in any correlation using rpm as a parameter.
Total effective iaiipipe area as read from Figures 24 and 25 would
be approximately 115 square inches. However, the nacelle over-
board runs still agree with the engine-to-rotor runs, strongly sug-
gesting that the rotor flow area is still 2 x 52. 5 = 105 square
inches. In view of the known weakness of compressor speed (Ng)
ag a correl: ting parameter for engines having variable compressor
geometry, there is little doubt that engine maps such as Figures
20 through 23 offer the mcat reliable indications of deduced ~aram-
eters such as T4, W,, ard tailpipe area.

A final viewpoint on engine performance is offered in Figure 26.
Here, engine fuel/air ratio is plotted against measured engine
temperature rigse. The solid line represents General Electric's
prediction for the T-04 engine as well as their predelivery cali-
bration of the YT-64's used in the XV-9A. This line ig alsc con-
sistent with the theoretical heating value of typical jet fuel,
Reference 8. The flight poinits for both engines are remarkably
consigtent -- speaking weli for all the temperature and flow rate
measurements that are involved. The offset of the flight test fuel/
air ratios to higher valuae for 32 given temperature rise is believed
to be due to compressor bilucza flow used to drive the oil cooler
aspirator. As pointed out in Appendix IV, the correction of hover-
ing fuel flow for compregssyr bleed, Figure 19, amounts to moving
the fuel/air ratio points {rom their observed location to the General
Electric calibration line. Shaft power extraction for hydraulic
pump and generator drive aizo contributes to the increase in fuel/
air ratio, but the magnitude cof this effect would be less than 1/4 of
1 percent for the 6 to 7 horacpower extracted per engine during

the flight tests.
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d. Rotor Systermm Component Performance

Station 5, the rotor system internal and external aerothermody-
namic performance can be divided at the rotor tip. The internal
flow system produces net tip thrust, or rotor power. The rotor
exterior flow field converts rotor power into lift. The major com-
ponents that interact to establish total system performance are
listed and categorized in Figure 27, which will serve as an intro-
duction and guide to the following comments. Without exception,
each of these component performance itemns has a precedent within
the body of previous experience. The value that has been assigned
to each item as a part of Hot Cycle performance calculations is,
therefore, almost certain to be within a few percent of the true

. value, The problem of refining these estimates is not an easy one,
since the accuracy available from flight test instrumentation is
sometimes only marginally better than the accuracy of the original
assumptions,

-~
’ Just as the engine and airframe performance can be separated at

-

The most critical quantity in the rotor performance breakdown is
the duct average total pressure at the tip, yet this is a most diffi-
cult measurement to take in view of the temperatures and accelera-
tion g loads prevailing at that point. Six of the best commercially
available transducers have been installed during whirl stand and
flight tests, and considerable effort has been expended on calibra-
tion procedures. To date, however, {ull confidence cannot be
placed in these readings. Calibration under tull temperature, pres-
sure, and g load is an absolute requirement in order to establish
this confidence, and attempis to obtain such a calibration are being
continued as part of the follow-on flight test program.

R T Ty

e 4 §

T < PIVE

H As matters now stand, the measured tip pressures cannot be recon-

H ciled with other data on mass flow, leakage, tip cascade area. and

- cascade discharge coefficient. If the measured pressures were

' some 5 percent nigher, they could be reconciled with those factors,
and, in addition, would become more consistent with pressures
calculated from classic duct friction coefficients. Figure 28 pre-
sents a representative sampling of flight test tip pressure data,

TS, along with an indication of whirl stand results and the originally
{ estimated performance.

Pending justification for revising the tip pressures, the measured
- pressures have been taken at face value in studying the probable
¢ performance of other rotor components. Obviously, a series of
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minor adjustments may be necessary when the tip pressure-rnass
flow contradiction is finally resolved.

Rotor horsepower available versus engine discharge pressure,
Figure 29, represents the first step in establishing a component
performance breakdown based insofar as possible on measured
parameters. Since rotor horsepower is not measured directly
but is calculated from many input quantities and the line shown is
based on similar calculations, no valid comparisons can be drawn
in Figure 29. However, this tentative assessment of rotor power
input leads to external aerodynamic performance comparisons as
follows.

The basic gas conditions that were used to calculate the rotor
horsepower given in Figure 29 (used in conjunction with Figures
30, 31, and 32) and the equivalent values of engine gas power
based on those gas conditions are given in Appendix 1V.

In Figure 30, rotor torque coefficient is plotted against rotor
thrust coefficient, with the resulting correlation suggesting that
the blade profile power factor may be 1. 25 rather than 1. 0 as
could be expected for a helicopter rotor of normal conatruction.
The XV-9A rotor does have surface irregularities at the leading
edge segment joints that could no doubt cause a drag increase of
this magnitude. Future Hot Cycle rotors will, of course, incor-
porate additional finesse in fabrication to avoid this roughness.
Figure 30 also illustrates the fact that a 25-percent increase in
blade profile power factor results in an increase of less than 10
percent in hovering power required.

Figure 31 presents a study of forward fiight performance of the
XV-9A, based on the tentative horsepower available of Figure 29.
In order to deduce the aircraft parasite drag area, Ay , dummy
plots of power required versus true airspeed were prepared for
assumed values of parasite area and for the rotor torgue coefficient

deduced from the hover tests. Three dummy plots were prepared:

Gross weight
Gross weight
Gross weight

14,500 pounds, sea level standard
13, 000 pounds, sea level standard
14, 500 pounds, 2, 000-foot standard

This set of plots permitted correction of the level flight points to
allow for the effect of density and gross weight variation from point
to point. When the corrected points were plotted against a back-
ground grid of power required versus true airspeed, it was possible

&

}
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Figure 32,

Tuft Behavior in Cruise Flight.
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to observe the helicopter parasite drag area. Those calculations
that best fair the various sets of flight data are reproduced in
Figure 31 along with the test points. Data handled in this fashion
indicated that the parasite drag area, Ag, of the helicopter for
early flights (up to flight 13) was approximately 62 square feet.
During these flights, nacelle fairings were not yet installed and
the vaw valve was apparently open approximately 25 percent. The
flow coefficient of the yaw valve was not known, but, to be con-
servative, the entire engine airflow (less 3-percent leakage of the
diverter valves) was agsumed to go to the rotor tips.

For flights after flight 13, the rudder surfaces were rerigged 5
degrees to the right relative to the yaw valve. Yaw valve position
was then measured, and found to be clesed in cruising flight,
ensuring that a minimum amount of {low bled out the yaw valve.
Also, nacelle fairings were installed, producing a drag reduction.
Data {rom flights 13 through 20 were corrected for density and

weight variations, and the parasite drag area was found to be 45
square feet.

The helicopter was then tufted on the upper side of the left wing,
the left side of the pylon, arnd the upper left fuselage back to the
tail. In-flight motion pictures indicated that a substantial amount
of separation existed, causing the high parasite drag area deduced
from flight test. Analysis of the configuiation, with information
gathered from individual pictures of the tufted helicopter (Figure
32), indicated that the separation was caused by flow interference
between the rotor hub and the fixed airframe surface. A compon-
ent drag analysis was made, and it was concluded that with
improved fairing of the hub, pylon, wing leading edge, landing
gear, and so forth, the helicopter parasite drag could be reduced
to 22 square feet.

Theoretical calculation of power required using the reduced para-
site drag area of 22 square feet was made, and the result was
plotted, in Figure 33, showing the predicted effect of drag cleanup.

A final reasult Qf the te 1

H
resuit savALEY

bty 1= aemy
. 7

r¢ power available curve is the specific
fuel consumption study of Figurs 34. Fuel flows used here have
been corrected in accordance with the discussion given in Appendix
IV. The flight points lie approuximately 5 to 8 percent above the
predicted levels, which is gensraiiy consistent with the direct fuel
flow versus lift correlation of Figure 19. This agreement cannot
be construcd as adding confidence to the fuel flow levels, since

the same values are used in each figure, but it does suggest that

76

[ T —— e e O, A

T N ' TR A LT A



T e : - T gl MO NI WG T A i .

~d
2,000 —r
Weight = 14, 500
Sea Level - Standard
1, 600 L
m -~
O}
§ 1,200 «1
& %zz £t°
o \__‘_____,/ t 4 —
O o
ooy
& 800
=
O
o
400
0 :
0 20 40 60 80 100 120
TRUE AIRSPEED - KN
s -~
Figure 33. Predicted Power Required With Drag Cleanup =
(Weight = 14, 500 Pounds, Sea Level Standard}. i l
-~
£ |
=
= ¢
L § -
77 ]1 ‘
x .,.,;' .
L — . . 3 sema
T e P R Lk, AN —



‘uorjearaon uondwnsuo) [2n J d1j102dg 2a13RIUI

: _.,.,,, One
i M S~ 33MOJIASYOH ¥OL10Y
W 0C0E 008Z 009Z 00hZ 00ZZ 000Z 008T Q09T OOHT 00ZT 000T 008 009

"p¢ oandig

00h 002

ﬂ ’
& . ,m Al X1pu2ddy Ul PaglIds3Ip SE P23021i0D U9dq sAey suondwInsucd Moy [2n]

wyAg 30N

|_ 4 9doualsray ‘ojewryisy [eutdriQ

/|
== T

»§

02
61

81
L1
R

¥t

<1

11
ot

1Ng @
a e

130
111 0
HT A

HT +
4 o

13 v
I x

-

[

G B 3 i ok O S b i e 1y

NOILdWNSNOD T3NJd JI1JIDAdS

78

W T

4‘- ’—:é:.'-‘ e

-l M
N




the external aerodynamic assumrptions relating rotor power to lift
are consistent on an overall basis. The general level ot specific
fuel consumption deduced in Figure 34 must be taken as highly
encouraging, since there are many known areas for future in'prove-
ment in blade aerodynamic cleanness.

Figure 35 is included herein for convenience of reference. This
figure shows ideally expanded jet velocity as a function of duct
centerline total pressure for various exhaust gas temperatures.
This curve incorporates the effects of real gas thermodynamic
properties and also accounts for the ratio of average to centerline
total pressure for fully developed turbulent flow at Reynolds and
Mach numbers characteristic of the XV-9A rotor ducting.

Yaw Valve Characteristics

The XV-9A has a reaction-jet-powered rotor that produces no
shaft torque except from bearing friction, Directional control in
the XV-¢A during hover is by means of a reaction-jet yaw valve
in the aft fuselage. (Aerodynamic rudder surfaces hinged to the

V-tail stabilizers provide the primary directional control in for-
ward flight.)

Results of flight tests indicate that the yaw valve operates success-

fully in principle, but it has certain deficiencies that limit its use-
fuiness. These are:

1. The gas generator speed will increase when the yaw valve
is opened, and an overspeed will result under certain
conditions. During yaw valve tests at full power on a single
engine, the engine speed increased from 103 to 105 percent
and was above the established maximum speed of 104 percent
for five seconds. This same type of overspeed could occur in
3 steady hover turn at full power, if the engines were topped
wiih the yaw valves closed,

2, At full power, a wide open yaw valve can cause a 30-percent
reduction of rotor power, even if the engine is initially topped
at maximum temperature at a speed (103 percent +) that will
allow the engine to reach the maximum speed (104 percent) in
steauy-state conditions. This results from a combination of
the direct loss in power due to mass flow bleed and reduced
engine temperature and pressure reached aiong a fuel control
droop line when the yaw valve is opened.
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3 The direct linking of : aw valve and rudder leads iv opening of
the yaw valve when the pedals are moved, causing an increase
of engine exit area that produces an undesirable change in

engine speed during a maneuver.
Power Management

The power management system for the gas generators in the
XV-9A consists essentially of the same type of pilot-actuated
Jevers and rotor-speed signal input to the fuel control as are

found in shaft-driven helicopters. The principal difference in
power management for the Hot Cycle results from the interaction
effect of one engine on the other, because they share common ducts
from the rotor hub to the blade tips.

Normal procedure for power setting is to set collective pitch to
obtain the desired flight condition and to use twist-grip control to
attain the desired governed rotor speed. Therefore, power lever
changes were then made as required during flight to maintain a
nearly matched engine speed (Ng) condition.

The technique of setting matched engine speed was found to be the
most practical means of engine operation, since the YT-64 engine
is highly responsive to power lever changes at all speeds above
Flight Idle and any change in power lever angle is immediately
reflected by change in engine speed. Analysis of engine operating
data indicated that with mnatched Ng the two engines shared very
nearly the same amount of the exit area, which is highly desirable
for optimum acceleration characteristics, power output, and
assurance of operation within the allowable temperature limits,

During the flight test program, a power recovery from near auto-
rotation was attempted, and the pilot experienced a hangup in
which gas generator 2 lagged cocnsiderably behind gas generator 1
in speed and compressor discharge pressure. It was determined
that the initial difference in gas generator speed was 6, 2 percent
{78. 1 versus 71. 9 percent). Later investigation by the engine
manufacturer disclosed that inherent differences between engines
can lead to a hangup, or even a rollback, if the rotor speed is low
(85 percent or less) and gas generator speeds are more than

5 percent apart, With these conditions in mind, the pilot was able
to performrn the balance of this program with no hangup by keeping
the rotor speed above the noted 85-percent lower limit and gas
generator speeds more closely matched and always in excess of
88 percent Ng.
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Power control in the XV-%A aircraii was afifected by the jet-
reaction yaw valve during nonhovering flight. When the yaw valve
was opened, the total engine exit area increased, which caused
engine speed, N, and temperature, Tg, to vary.

The rotor-speed-governing system utilized a hydraulic speedservo
system to drive the fuel control rotor-speed signal input. Occa-
sionaldrift of the rotor-governing system would cause a mismatch
in power lever angle during normal twin-engine operation. This
was objectionable to the pilot, in that power lever position did not
consistently reflect a given Ng or power output. For future
designs, the rotor governing system should be modified to mini-
mize this tendency to drift.

Flying Qualities

All normal helicopter maneuvers were performed during the 15-
hour flight test program within the restricted air space available
at the Hughes Culver City plant. All control positions, rates, and
attitudes were recorded continuously during flight, and significant
quantitative data, corrected to a mid center of gravity and a refer-
ence weight, where applicable, are presented herein.

It is anticipated that during the 20-hour follow-on test program
additiznal stability and control tests will provide sufficient data to
more fully evaluate the flying qualities of the XV-9A throughout
the allowable flight envelope of the aircraft,

The qualitative evaluation of the flying qualities of the current
XV-9A, in general, is considered adequate for this type of
research aircraft where an existing rotor system (whirl test
rotor) is combined into a flight article with minimum modifica-
tion to the basic rotor system, As stated in Reference 5, future
redesign in the area of the hub and control system, to inciude
the use of moderate hub restraint, would provide substantial
improvement in the siability and control characteristics of the
XV-9A Hot Cycle Research Aircraft,

Hover

The XV-9A in hover in ground effect at 20-foot wheel height is
relatively stable. Qualitative evaluation of the control response in
pitch and roll is considered adequate, but somewhat sluggish. Rotor
damping in both pitch and roll is considered low. This comment is
based on pilot's observations rather than measurements. No
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step-type control motion tests were included in this program. It
is expected that such tests will be part of the 20-hour follow-on
flight test program, at which time a comparison of predicted and
actual damping versus control power will be made.

This qualitative evaluation of hover flying qualities of the XV-9A
from pilot comments is as predicted in Reference 5, and isdirectly
attributed to the present free-floating hub rotor system of the
XV-9A. As mentioned above, by providing a modest amount of

hub elastic restraint, a substantial improvement in control
response and rotor damping will result from the offset coning

hinge acting as an effective offset flapping hinge.

In ground effect, the XV-9A is less stable than it is out of ground
effect. As the aircraft approaches the proximity of the ground,
the nose of the aircraft tends to pitch down and yaw to the right.
The results of thi: mose-down pitching can be seen in the hover
data (0 airspeed) in Figure 36. The longitudinal control position
in ground effect is approximately 10 percent more aft (2 degrees
cyclic) thi a it is out of ground effect. Although the aircraft is less
stable in ground effect than out ci ground effect, the pilot stated
that the disturbances experienced while hovering in close prox-
imity to the ground were no more uncomfortable than those experi-
enced in other single-rotor helicopters under similar flight
conditions,

During the early flights, the cyclic stick breakout forces were
considered objectionable. investigation indicated this character-
istic was caused by the high friction in the hydraulic power-control
servo valve Q-ring. This friction force caused two objectionable
control characteristics: (1) once the controls were displaced by
the pilot, the friction force in the servo would cause the control to
tend to continue the control nuiotion; (2) to stop the control motion,
the pilot would have to apply a reverse control force. The servo
valve spools were reworked to reduce {riction and a limited reduc-
tion was obtained; however, a further reduction in breakout forces
was desirable and the use of servo spool dither was investigated.

Reference 11 reported the results of an investigation of the effects
of the use of a vibrator to reduce servo valve friction. Recsults

indicated that when the vibrator force is of the same order of M

magnitude as the valve friction, use of the vibrator overcomes
the adverse effects of the valve friction on control characteristics.
Based on these results, dither devices (vibrators) were installed
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on the servo valve input rods of the XV-9A. Pilot comments indi-
cated that a measurable improvement was noted in the ease of
controlling the cyclic stick,

Later flights also incorporated cyclic stick centering springs and
electric trim actuators, which further improved the controllability
of the aircraft.

Level Flight

Figure 36 presents the longitudinal control positions with speed.
The data points are corrected to the typical mid center of gravity
position (Station 298). The dash lines represent the control posi-
tions corrected to the extreme forward (Station 294) and aft {Station
301) center of gravity locations.

At the forward center of gravity positions, the aircraft can be
flown to speeds greater than 120 knots with adequate control mar-
gin. At the mid center of gravity position, the maximum speed
will be limited to approximately 120 knots, due to the available
cyclic control travel,

For the aft center of gravity position, with the current stabilizer
incidence fixed at 3-degree nose up, the corrected data indicates
that the aircraft forward speed will be limited by the available
cyclic travel to approximately 100 knots. If the control travel
margin per MIL-H-8501A were required, the maximum speed
would be reduced to approximately 90 knots. However, it is
anticipated that these speed limits will be increased during the
20-hour follow-on test program by investigating various mcthods,
such as increased stabilizer incidence, increased roiur speed, or
increased cyclic control travel from the present limits of 10
degrees forward and 10 degrees aft.

During the early part of the test program, the pilot was required
to hold 20- to 30-percent (from neutral) right pedal to maintain a
straight heading during forward speeds of 40 knots to maximum
speeds tested. The cause was determined by measuring the indi-
vidual V-tail surface bending loads, and it was established that
there existed a differential load between the two surfaces, causing
a net yawing moment to the left. This differential tail load is
probably caused by small differences in incidence of the two tail
surfaces, or possibly by differential angle of attack of the two sur-
faces caused by the rotor flow field. This problem was corrected
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by rerigging the rudder surfaces to permit the use of essentially
neutral pedal (and hence zerc-yaw valve opening) in cruise flight.

Qualitative evaluation of the dynamic longitudinal and directional
stability in forward flight is considered adequate for the current
program. Howewer, these characteristics will be evaluated more
precisely during the follow-on 20-hour test program by evaluating
time histories of displace and hold and control pulse maneuvers.

Maneuvers
(1) Hover Turns

The directioni! control response of the current XV-9A in
hover turns is considered adequate. Some of the eariy prob-
lems and fixes are discussed in the following paragraphs.
Also discussed is the anticipated improvement in directional
control response of the XV-9A for the follow-on 20-hour test
program.

The directional control response in hover turns, during the
early part of the test program, was considered inadequate.

As predicted, the XV-9A (which has a yaw jet but no tail rotor)
has low damping in yaw.

Pedal forces were initially high; however, it was found that by
exercising the pedals during flight the forces would decrease to
a satisfactory level. Investigation indicated that the high pedal
forces were caused by high seal friction and by high pressure
loads acting on the yaw valve rotor. Cutting back the stiffener
lip on the raw control rotor and modifying the rotor seals
relieved the pressure and friction loads and significantly
reduced the pedal forces.

There still existed the problem of indadequate yaw coutrol,
Investigation indicated a large discrepancy betw .cn the meas-
ured initial yaw acceleration and the predicted yaw accelera-
tion using the measured thrust from the whirl tower yaw valve
tests. Installation of a pressure pickup in the exhaust exten-
sion duct, a2 component not installed on the whirl test configu-
ration, indicated that a negative pressure acting on the exhaust
extension duct flange was cancelling approximately 40 percent
of the yaw valve thrust. Modificaticn of the exhaust extension
duct flange, by adding cutouts around the duct periphery
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adjacent to the attach flange, increased the yaw thrust by a
substantial amount.

Figure 37 shows the measured yaw rates for full pedal deflec-
tion for the original and the modified yaw valves. It can be
seen that the initial yaw acceleration (slope of the yaw rate)j
was more than doubled, from 5 degrees per second? for the
original yaw valve to 1& degrees per second? for the modified
yaw valve. However, this increase in yaw acceleration is
still below the MIL-H-8501A requirements. The reason for
the rcduced yaw acceleration over that predicted in Reference
5 stems from two factors:; (1) a 25-percent increase in yaw
inertia over the criginal estimate; (2) the present yaw contro!l
system limits the yaw valve opening to a maximum of 75 per-
cent for full pedal deflections. It is anticipated that a modi-
fied yaw control cable system would allow 100-percent yaw
valve opening, and thus increase the yaw thrust output by 35
percent.

i Bt

H
£

(2) sSideward Flight

Sideward flights were conducted at an average gross weight :
of 15, 300 pounds and corrected to the mid center of gravity !
location (Station 298). With the modified yaw valves, the , -
XV-9A moves relatively easily into sideward flight. However,

pilot comments indicate that the control response of a jet yaw

control is somewhat sluggish as compared with a tail rotor

control system.

o R

The control positions obtained are presented in Figure 38.
As can be seen, during sideward flight the cyclic stick moves
aft and in the direction of flight laterally. Aft cyclic move-
ments reach a maximum at approximately 17 knots to the left
and somewhat more than 20 knots to the right. 7 e pedal
movements reach a maximum at approximately 20 knots in
either direction.

w—
W
—

Rearward Flight : Ty

the aircraft tends to remain low even at higher rearward o
speeus. This is probably due to an uplift on the V-tail. The :
longitudinal cyclic control positions obtained are shown in

Figure 39. As can be seen, as rearward speed is increased, ,
the cyclic stick is moved aft from 50 percent to 25 percent - < ‘]

The XV-9A moves easily into rearward flight. The nose of ‘
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at approximately 15 knots for the mid center of gravity loca-
tion. For the critical forward center of gravity location, the
maximum aft cyclic will limit the rearward speed to approxi-
mately 20 knots.

(4) Climb

The flying qualities during a climb are considered adequate,
Vibration levels tended to increase with increasing power.

(5) Turns

The flying qualities during forward flight turns were con-
sidered normal. No adverse pilot comments were noted.
Vibration levels were substantially the same in normal turns
as in level flight at the same speed.

(6) Descents

The handling characteristics during an idle-power descentare
considered adequate. However, some adverse comments from
the pilot were noted during descents; specifically, that during
descents the cyclic stick position was considered too far aft.
This will require further investigation during the follow-on
test program.

{(7) Approach to Land and Touchdown
The handling characteristics during approach to land and
touchdown are considered adequate. Flare slows forward
speed effectively. Pilot comments indicate that the vibration
level during transition and flare is similar to that of large
shaft-driven sirgle-rotor helicopters. During the flare, the

aircraft has a tendency to yaw nose right, requiring some left
pedal input.

Vibration

Presented as Figures 40 through 42 are plots of vibratory accel-
eration versus calibrated airspeed, as follows:

Figure 40. Maximum Pilot Vertical Acceleration Versus
Calibrated Airspeed,
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Figure 41, Maximum Engine 1 Vertical and L
eration Versus Calibrated Airspeed.

Figure 42, Maximum Engine 2 Vertical and Lateral Accel-
eration Versus Calibrated Airspeed.

The pilot vertical accelerometer was attached to the fuselage
structure in the area below the pilot's seat. The engine acceler-
ometers were attached to the forward end of the engine mount
structure.

The vibration level shown on Figure 40 is slightly higher than
specified in MIL-H-8501A., However, two factors should be taken
into account: (1) vibration levels measured on structure are gen-
erally higher than those at the pilot's seat; (2) there is a fuselage
resonance near 3 per rev (see Fuselage Shake Test, page 15).

Pilot vertical vibration during transition generally peaked at
approximately +0. 34 g. The peak during a flare was %0.56 g,

with the vibration level generally around +0. 34 to 0. 37 g. A nor-
mal turn in the flight pattern resulted in 0. 32 g. During hover-
ing the pilot vertical vibration was %0. 13 g.

Miscellaneous Hovering Tests

Sound Power Level

Sound power level data were recorded during hovering flight and
during 90-knot flyover at 50-foot altitude. In general, the sound
levels agreed with data recorded during previous whirl tests.
Sound data were recorded at from 50- to 400-foot distance from
the center of the rotor while hovering and with the aircraft on the
ground with the rotor turning at 10C-percent rotor speed. These
data are presented in Figures 43, 44, and 45.

The XV-9A sound level was not chjecticnable to nearby observers.
The ground crew members in close proximity to the aircraft dur-
ing starting and shutdown used standard jet sound suppressor
muffs.

Sound level measured inside the cockpit during flight was 109
decibels. This was not considered objectionable to the pilot when
wearing a standard military pilot's protective headgear. Radio
communication during all ground and flight conditions was satis-
factory with cockpit doors closed.
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Equipment used: General Radio Corporation

1. Octave Band Analyzer
2., Sound Level Meter, Type 1551-C,

C Weighting
3. Graphic Level Recorder, Type 1521-A
4. Crystal Michrophone '

Figare 43. Sound Pressure Level In Hover.
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Figure 44. Sound Pressure Level In Ground Operation.
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Rotor Downwash

Rotor downwash was measured with a hand-held anemometer,
while the helicopter hovered at a 27-foot rotor height. The ane-
mometer was held 4 feet above ground level and oriented to mzaas-
ure the downwash vertical flow. Maximum velocity measured was
73 feet per second at approximately 70-percent blade radius and
18 feet per second near the center of the rotor. These data agree
closely with downwash data reco ded during whirl tests.

The aircraft was hovered at 6-foot wheel height over unprepared
sod and dirt surfaces that varied from dead to green grass on the
sod surface and from loose dirt to small rocks on the dirt surface.
There was no engine foreign cbject damage (FOD) or rotor blade
damage incurred. Recirculation effects during hover were of the
magnitude of a 5- to 7-degree F rise in engine inlet temperature
when hovering in still air.

Static Electricity Buildup

Static electricity buildup was measured during hovering flight by
means of a high-voltage cabie attached to the nose of the aircraft

ana instruments located on the ground for measurement of electro-

static voltage and charging current. The cable was kept off the
ground by a flexible wooden standard, and a steel grounding stake
was imbedded in the ground near the equipment.

The XV-9A was hovered at approximately 20-fcot wheel height,
and the following average readings were obtained:

Electrostatic voltage 7 to 9 kilovolts
Charging current 2 microamperes

Capacitance Negligible

Measuring Equipment

Impedance bridge ESI Model 250-DA
Microammeter Simpson, 0 to 15 micro-

’ amperes dc
0 to 30 kilovolts, Scientific
Research Corporation
Model ESH-NOT

Electrostatic voltmeter

Because of the high humidity (75 percent) at the time of the tes?,
the data obtained may be lower than for conditions in drier air,
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However, the reduced electrostatic voltage buildup may be the
result of releas

H 1ease of hiot {ionized) gases ejected from the tip cas-
4’ cade nozzles at the blade tips.
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DESCRIPTION OF TEST AIRCRAFT

The XV-9A Hot Cycle Research Aircraft is a helicopter having a three-~
bladed Hot Cycle pressure jet rotor driven by high-energy gases pro-
duced by two General Elcctric YT-64 gas generators The exhaust

gas flow produced by the YT-64 gas generators is ducted through

J -85 diverter valves, transition ducts, hub, and blade ducts to blade-
tip cascade nozzles that produce the rotor driving torque.

A general arrangement drawing of the aircraft follows (Figure 46).
A detailed description cof the aircraft structure, systems, character-
istics, and design criteria is given in Reference 4.

WEIGHT SUMMARY

Pounds
Empty weight 8, 656
Design minimum gross weight 10, 000
Design gross weight 15, 300
Design alterniate overload gross weight
{external load) 25,500
Aircraft weight with zero fuel, crew,
and normal instrumentation (actual) 10, 645
Fuel (maximum) 3, 200
Ballast (internal) 1, 455
PERFORMANCE (Design Objectives)
Gross
Weight Altitude and Speed
Condition _{1b) Temperature {(kn)
Maximurn Speed 15, 300 Sea Level Standard 140
Maximum Speed 10, 000 Sea Level Standard 150
ROTOR CHARATERISTICS
Number of blades 3
Rotor radius 27.5 feet
Blade area (3 blades) 217. 5 square feet
Disc area - 2, 392. 0 square feet
Rotor solidity 0.091
Bl:.de chord 31. 5 inches
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Blade a 'rfoil

Blade twist

Hot gas ducts
Number of ducts per blade
Total duct arza per blade
Blade -tip cascade area per
blade (closure valve open)

ROTOR SPEED

Design operational, power-on
or power -off

Design minimum, power-on
Design maximum, power-on
(red line)

Design maximum, power-off
(red line)

Rotor speed, limir, power-on
or power -off

POWERPLANTS

General Electric YT-64 gas
generators with modified

first-stage compressor blading

OVERALL DIMENSIONS

Atrcraft length (rotor turning)
Fuselage length

Tread of main wheels

Height (to top of rotor hub)
Width (across lateral pylons)

EMPENNAGE

Area (total)
Dihedral
Sweep

102

243

225

280

295

54. 8 square inches

37.5 square inches

(fps)

700
(100-percent NR)

648

734

807

848

- -, WV

54. 00 square feet
45.0 degrees
7.5 degrees

to'~4,"
(124")

A r*i"

Figure 46

A




[0} 50
[ N

10C

J_J-lAJ

150

SCALE- INCHES

P4

.

O P,

JE85 DIVERTER VALVE

103

COMPRESSED FCSITION —~__
STATIC POSITION ————*
EXTENDED POSITION f’

r‘—-‘;/—-__.-
/ 9.5"AXLE VERTICA

Ox e COCKPIT

k6. General Arrangement, XV-9A Hot Cycle Research Aircraft.

LYT64 GAS GEN

L TRAVEL

CH-38 Ms

N

-9 S AXLE

4 GAS GE



| o~ COMPRESSED FESITION
T S=STATIC POSITION

LE VERTICAL TRAVEL

CH-3d MAIN GEAR CH-3UATAIL GEAR —

l EXTENDED POSITION

b
———=1 “J2'AXLE VERTICAL TRAVEL

et e s 4 ST Ay Yoty

R RN ACH M s e gy I

g



N Y W

Incidence (rcferenced to
rotor shaft)

Chord

Span

Aspect ratio ‘~eometric)
Airfoil

Rudder chord \57.5 percent,
including overhang)
Rudder span

Rudder area

Rudder deflection

MAXIMUM CONTROL DISPLACEMENTS

e i e R - S 0 n

Cyclic control
Longitudinal cyclic pitch
Longitudinal cyclic stick travel
Lateral cyclic pitch
Lateral cyclic pitch stick travel
Collective
Collective -pitch travel
Collective ~stick travel
Rudder pedal {(from neutral)
Full left
Full right

1.0 degree
*5 degree adjustment
3. 50 feet
15. 40 feet
4. 35
NACA 0012

1.31 feet
15. 40 feet
19. 90 square feet
20.0 degrees

10 degrees
11 inches
+7 degrees
10 inches

12 degrees
7.5 inches

3.0 inches
3.0 inches
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APPEMDIX 1
DESCRIPTION OF TEST INSTRUMENTATION

For the 15-hour flight test program, the XV-9A Hot Cycle Research
Aircraft was equipped for continuvous onboard recording of instruinen-
tation measurements and pilot comments during all flight test opera-
tions. The recording equipment provided permanent records that
were later analyzed to obtain required test data. Tesl instrumnentation
(Figure 47) was used to measvre flight parameters, engine and rotor
performance, stability and ccntrol characteristics, dynamic charac-
teristics, structural loads, and structural temperatures.

RECORDING EQUIPMENT

Oscillographs

Two 50-channel oscillographs were used for recording strain-gage and
transducer outputs, as listed on pages 117 through 119. Each oscillo-
graph was equipped with a 400-{foot-capacity paper magazine. The
oscillographs were set to run at one-inch-per-second paper speed, with
provision for a 10-iuch- per-second jump speed controlled by a switch
on the pilot's cyclic stick for high-speed data acquisition. Ansco color

data reduction was simplified by having four different color data traces
available for trace identificatior and separation.

The strain-gage bridges on the rotor were plugged into junction boxes
on the rotor head that were cornected to a 200-track slip ring. The
slip ring installation is shown in Figure 48, Trom the slip ring, the
wires ran to bridge balarce boxes. These balance boxes had the capa-
bility of being used in a common power configuration. The use of
common power greatly reduced the number of slip ring tracks required
for a given number of bridges. For strain gages and transducers
whose outputs did not pass through the slip ring, additional balance
boxes were used. These balaace boxes employed an individual voltage
adjustment on each channel for attenuation. The oscillographs and
balance boxes are shown in Figures 49 and 50.

Tempcrature Recorders

Two potentiometer-type 12-point thermocouple temperature recorders
(Figures 50 and 51) were used to monitor rotor and fuselage tempera-
tures as listed on pages 119 and 120, Chromel-alumel thermocouples
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were used for rotor measurcements, and iron-constantan thermocouples
were used for fuselage measurements.

Switching boxes were used to provide 120 rotor and 120 fuselage tem-
perature locations. OQutput {rom the rotor thermocouple switching
Loxes (Figuic 52) was compared with a hot r:ference junction before
the slip ring to prevent end-junction dissimilar metals from forming
a thermocouple that could introduce error into the measurement since
the slip ring had gold contacts. A hot reference juncticn was not used
in the fuselage thermocouple circuit, and iron-constantan wires were
used all the way to the Brown recorders.

I’hotoEanel

The photopanel (Figures 53 and 54) was used to monitor engine per-
formance functions and {light parameters for analysis and evaluation
of the Hot Cycle propulsion systein. Gapges used in the photopanel, as
listed on page 117, werc standard calibrated instrument-panel-type
gages as used in the pilot's panel. A 35nmin, sequence camera with a
400-foot film magazine operating at one frame per second was used for
ovding. A jump-speed switch on the pilot's cyclic stick was vsed
to increase operating speed to 3 frames per second for high-speed
data acquisition. Satisfactory results were obtained using panchro-
matic film and the reflected light of two 32~volt 250-watt lamps
opcrating at 28 volts.

~ N
-

Tape Recorder

A bLattery-powered tape recorder was used to momnitor all radio com-
munication between the pilot and the ground observers. Data was read
off the instrument panel by the pilot aloag with a data correlation num-
ber to establish {light parameters during a test point. The data corre-
latior system is described below. Tape gpeed used was 1-7/8 inch per
second using a 1, 200-foot spool of Mylar tape, which provided two
hours of recoiding.

Data Correlation

With {flight data being recorded on various different pieces of equip-~
ment, it was necessary to incorporate a data correlation system to
simplify the task of data reduction atter a test flight, The data corre- T
lation system provided a timing number on all instrumentation records
simultaneously at two-second intervals. This system was activated by
an intervalometer that triggered the following: (l) counters on the

P
-
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Figurc 52.

Figure 53.

Rotor Theimucouple Switching Boxes.

Photopanel Installation.
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pilot's panel and photopanel, (2) event counters in each oscillograph,
and {3) number-stamping machines attached tc cach temperature
recorder.

Cockpit Camera

A 16mm niction picture camera was mounted in the left seat of the
helicopter. A 120-dcgree wide-angle lens provided coverage of the
instrument panel, the pilot's hands, and the horizon. A 400-{foot mag-
azine provided 12 minutes of filin at 24 frames per sccond.

LIST OF INSTRUMENTATION MEASUREMENTS

Pilot's Panel, Diiect Reading Instrurnents

Air speed indicato~

Pressure altituc - licator

Rate of climb indicator

Attitude indicator, pitch and roll

Turr and bank indicator

Engine turbine speed indicator, each engine

Engine discharge pressure indicator, each engine
Engine exhaust gas temperature indicator, each engine
Engine fuel flow indicator, each engine

Engine oil pressure indicator, each engine

Engine oil temperature indicator, each engine

Fuel quantity indicater, dual reading, forward and aft tanks
Hydraulic pressure indicator, dual reading, both systen:s
Rotor tachometer

Rotor oil pressure indicator

Rotor oil temperature indicator

Crorsflow indicator

Tilt-stop indicator

Ammeter (2)

Voltmeter

Inverter frequency meter

Emergency rotor tachometer

Outside air temperature indicator

Compass

Auxiliary Cockpit Panel, Direct Reading Instruments

Engine vibration amplitude indicator, each engine
Clock
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Colicctive control position indicator
IL.ongitudinal cyclic conirol positien indicaior
l.ateral cyclic control position indicator
Rudder pedal posgition indicator

Pressure altitude indicator

Accelerometer, vertical

Engine discharge pressare indicater (sensitive), cach engine
Duta correlation counter

Oscillograph record counter

Film {footage counter, photopancl

aotopancl (35mun Sequeace Carnera), Flight Parameters and Fngine
Performance

Airspeced indicator

P'zessure altitude indicator

Rotor tachometer

Collective-pitch position indicator

Engine turbine discharge pressure indicator. cach engine
Engine turbine discharge temnperature indicator, each engine
Engine compressor discharge pressure indicator, cach engince
Engine compressor discharge temperature indicator, each cngine
Engine turbine specd indicator, each engine

Engine fuel flow indicator, cach engine

Engine inlet temperature indicator, cach engine

Clock

Data correlation counter

Fuel counter, both engines

Outside air temperature indicator

Tip cascade position indicator

Oscillogragh No. 1, 50 Channel, Periormance, Stability and Control,
and Structural Load Measurements

Rotor rpm and azimuth

Collective-pitch position

Compressor discharge pressure, each engine
Turbine discharge pressure, each engine

Power lever angle, each engine

Compressor variable geometry position, each engine
Engine rpm, each engine

Engine mount acceleration, vertical, each engine
Engine mount acceleration lateral, each engine
Blade-tip gas pressure, three blades (forward and aft ducts)
Angle of sideslip
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Yaw-~ontrol duct pressure

Yaw-control outlet duct pressure

Y -duct crossflow vane position

Longitudinal cyclic-control pcsition

Lateral cyclic-control position

Rudder pedal position

Rudder surface position

Rate of pitch

Rate of roll

N¢ governor shaft rpm, each engine

Diverter valve position, each valve

Rate of yaw

Pitch attitude

Roll attitude

Directional heading

Vertical acceleration at cg

Lateral a:>celeration at cg

Control actuator pcsition, rh

5 Control actuator position, lh

: Coutrol actuator position, vertical
Fuselage-longeron axial strain, Station 321, upper lh
Fuselage-longeron axial strain, Station 321, lower lh
Fuselage-longeron axial strain, Station 321, upper rh
Fuselage-longeron axial strain, Station 321, lower rh
Stabilizer bending. lh forward spar

Stabilizer bending, lh rear spar

Stabilizer bending, rh forward spar

Stabiiizer bending, rh rear spac

Data correlation

R I B P

R e B B e a0 e

Oscillograph No. 2, 50 Channel, Rotor Geometry, Biade and Hub
Structural lL.oad Measurements

Rotor rpm and azimuth
Collective-pitch position
Strap windup. blue hlade
Blade pitch angle
e Blade flapping angle
Hub tilt angle
{ Flapwise bending, Station 63, front and rear spar, blue blade
: Flapwise bending, Station 75. 4, front and rear spar, blue blade
Flapwise bending, Station 100, front and rear spar, blue blade
Flapwise bending, Station 14C, front and rear spar, blue blade
Flapwise bending, Station 220, front and rear spar, blue blacde
Flapwise bending, Stat.on 270, iront and rear spar, blue blade
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Chordwise bending, Station 90. 75, front and rear spar, blue blade
Chordwise bending, Station 149. 0, front and rear spar, blue blade
Chordwise shear, Station 23, feathering ball, blue blade
Vertical shear, Station 23, fecathering ball, blue blade

Duct torsion, Station 15, inboard articulate duct, yellow blade
Blade torsion, Station 38, blue blade

Blade torsion, Station 83, blue blade

Main shaft bending, WI.-12. 0 in plane of blue blade

Main shaft bending, WL-12.0, 90 degrecs to blue blade

Hub gimbal lug bending

Hub plate strain, forward and aft

Pitch-arm-link load (3 blades)

Swashplate drag-link load

Acceleration, lateral, upper bearing support

Acceleration, longitudinal, upper bearing support
Acceleration, vertical, fuselage at horizontal stabilizer
Acceleration, lateral, fuselage at horizontal stakt.lizer
Acceleration, vertical, cockpit

Acceleration, lateral, cockpit

Longitudinal cvclic position

l.ateral cyclic position

Longitudinal stick force

Lateral stick force

Cascade valve position

lL.anding gear oleo position, bcth oleos

Air speed

Temperature Recorder No. 1 (Chromel-Alumel), Rotor Temperatures

Blade-tip gas temperature, blue blade

Front spar temperatures, blue blade

Rear spar temperatures, blue blade

Flexure temperatures, blue blade

Rib temperatures, blue blade

Spar cooling-air temperatures (3 blades)

Outer-skin temperatures, blue blade

Gas-duct wall temperatures, blue blade

Rotor shaft temperatures

Tip transducer housing temperature

Root cooling-air temperature

Spar temperatures, forward and aft - -
Rotor spoke tumperatures

Ball-joint inner surface temperature

Lower bearing-housing temperature T
Inboard articulate duct-seal temperature -
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Temperature Recorder No. 2 (Iron-Constantan), Structural

Temperatures

Engine and engine accessory temveratures

Engine and diverter valve bay temperatures

l.ateral pylon temperatures

Radial and thrust bearing housing temperatures

Aft fuselage and yaw vaive compartment temperatures
Yaw duct and Y~duct blanket temperatures

Y -duct bay temperatures

Yaw valve outlet temperatures

STRAIN GAGE INSTALLATION

Foil strain gages with a high-temperature epoxy backing and attached
with a high-temperature cement were used in areas where tempera-
tures above 200 degrees F were expected. For application where the
temperature was not expected to exceed 200 degrees ¥, a coom-
temperature-curing epoxy was used. Each gage installatiion was sub-
Jected to a short cure at the expected operating temperature, to
prevent drift.

All strain-gage bridge installations had four active gages, with the
exception of the hub plate strain, which had two active gages. All
strain-gage bridges on the blade were waterproofed and protected by
silastic-rubber compound. This compound was also used to attach

the strain-gage lead wiring to the spar. Information on tne location of
strain-gage bridges is given in Figures 55 and 56.

BLADE THERMOCOUPLE INSTALIATION

Chromel-alumel (K calibration) thermocouples were used exclusively
on the rotor. These thermocouples were 30-gage wire with double-
woven fiber glass insulation. The thermocouples on the blade skins,

flexures, and duct walls were attached by spotwelding the thermo-

e r\nn1n Airactls to thao nart, Theae cnr\{'\nn]ﬂ ;I\«m Al Flaa Sy -4 yhy ~h
QiITeclly wnl pa + 08 SPO 2 ICTYMeq LT Jua;\,.,;v‘; &1 wWanidn

the temperature was measured. These thermocoupies and wiring
were installed during the initial fabrication of the hiue rotor blade.

The temperature of parts subjected to fatigue loading, such as the
spars, was measured by using a therrnocouple with a junction fused

by use of a mercury arc. These thermocouples were then cemented to
the part. The thermocouple wire on the spars was attached directly to
the spar with a silastic compound. The lead wire for the thermocouples
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Stramn Gayge Gyro
Number Location or Funcuon Nuamaber Location
1 {Axial) Sta 325.0 Upper LH lLongeron 101 Fwd Fuel Bay F St
2 (Axial) Sta 325.0 Upper RH Longeron 102 Fvd Puel Bay I 5t
3 (Ax1al) Sta 325.0 lower 1.1 Longeron 103 Sta 324,13 Yaw
4 (Axial} Sta 325.0 Lower KH Longeren 104 Sta 329.13 IYitch
5 LH Stabihizer-Front Spar Bending 105 Sta 329.12 Roll
6 LH Stabihzer-Front Spar Bending
7 LH Stabilizer-Rear Spar Bending
8 LI Stabilizer-Rear Spar Bending
9 RIl Stabilizer-Front Spar Bending Actalorometer L
; - = Number Location
10 RH Stabihizer-Front 3par Bending -
i: RH Siabxl?z.cr-l(car Spar Bending 201 Radial Dearing
2 RH Stabilizer-Rear Spar Bending 502 Radia) Bearin
13 Blue Blade Axial Sta 90.75 (Fwd) o !
14 Blue Blade Axial Sta 90.75 (A1) 203 Pilots Scat St
‘ 204 Pilots Secat St
15 Blue Blade Axial Sta 149.0 (Fwd) 205 RH Upbper Lo
16 Blue Blade Axial Sta 149.0 (Aft) Soc R
17 Blue Blade Torsion Sta 38 (Upper) 7'0_, L ; _ [‘ L
18 Blue Blade Torsion Sta 38 (Lower) =N P et
19 Blue Blade Torsion Station 83 (Upper) 208 LH Engine -
2 o b 2 RH Engine - \
20 Blue Blade Torsion Sta 83 (Luwer) ;09 &
21 Control System Drag Link 210 LI Engine -1
’ 5 . i 211 RH Engine - 1
2 Control System Longitudinal Cylinder
23 Control System LH Lateral Cylinder
24 Control System RH Lateral Cylinder
25 Blue Blade Pitch Arm Control Rod Transducer
26 Yellow Blade Pitch Arm Control Rod Nuinber loca
27 Red Blade Pitch Arm Control Rod
28 Rotor Shaft {Fwd and Aft Bending) Aol P-5 LH Engi
29 Rotor £haft (Side 1o Side Bending) 302 -5 RH Engirn
30 Gimbal Lug Bending 303 P-3 1LLH Engn
31 Gimbal Lug Bending 304 P.3 RH Engi
2 Blue Blade Horizontal Shear 305 Engine Varial
33 Blue Blade Vertical Shear 306 Engine Variat
34 Blue Blade Bending Sta 63 (Front Spar) Aov LH Engine - 1
35 Blue Blade Bending Sta €3 (Rear Spar) 308 RH Engine - 1}
36 Blue Blade Bending Sta 75.4 (Front Spar) 303 Collective
37 Blue Blade Bending Sta 75.4 (Rear Spar} 310 Rudder Positi
38 Blue Blacde Bending Sta 100 (Front Spar) 311 Longitudinal ¢
39 Biue Blade Bending Sta 100 (Rear Spar} 312 Lateral Cycli:
40 Blue Blade Bending Sta 140 (Front Spar) 313 Hub Tilt
43 Blue Blade Bending Sta 140 (Rcar Spar) 314 Blade Flappin
42 Blue Blade Bending Sta 220 (Front Spar) 315 Yellow Blade
43 Blue Blade Bending Sta 220 (Rear Spar) 316 Yellow Blade
44 Blue Blade Bending Sta 270 (Front Spar) 317 Red Blade - 1
45 Blue Blade Bending Sta 270 (Rear Spar) 318 Reed Blade - ¥
16 Hub Plate (Fwd) Blue Blade 319 Blue Blade -
47 Hub Plate (Aft) Blue Blade 320 Blue Blade -
321 Bladce Pitch
322 Strap Windup
323 Longitudinal ¢
324 RH Lateral C
323 ILH Lateral C
326 Rudder Posit:
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Gyro
ieon or Function _ Number Location or Function
0 Upper LH Loageran 101 Fwd Fuel Bay F Sta 200 - Pitch-Roll
0 Upper RH Longeron 102 Fwd Yuel Bay F Sta 265 -,Yaw Pitch
0 Lower LH Longeron 103 Sta 329,33 Yaw
¢ Lower KH Longeron i04 Sta 329.13 Fuch
“ront Spar Bending 105 Sta 329.13 Roll

“ront Spa: Bending
lear Spar 7 -nding
tear Spar Bending

. o . Accelerometer
“ront Spar Bending =

! L ; - ;
‘ront Spar Bending Number ocation or Funclion
2 Spar Bend
efxr par Sending 201 Padial Bearing (Lateral)
lear Spar Bending . . . .
A1 Sta 90. 75 (Fw 4) 202 Radial Bearing (Longitudinal)
' ) 203 Pilots Seat Structure - Vertical
1l Sta 90,75 (Aft) i .
. 204 Pilots Seat Structure - Lateral
v Sta 149.0 {Fwd) .
i1 Sta 149.0 (Aft) 205 RH Upper Longeron (Approx CG}
. ' § 206 Emgpennage - Lateral
sion Ste 3% {(Upper) - z § .
. . 207 Empennage - Vertical
jion Sta 38 (Lower) . . .
- . 298 LY Engine - Vertical
sion Staiion 83 (Upper) . .
. ] 209 RH Engine - Vertical
sion Sta 83 (Lower) .
. 210 LH Engine - Lateral
Drag Link 211 RH Engine - Lateral
Longitudinal! Cylinder & N
LH Lateral Cylinder
RH Latcral Cylinder
h Armi Control Rod Trancducer
itch Arin Control Rod _Numnber Location or Fun<tion
:Arm Control Rod
d and AU Bending) 301 P-5 1L} Engine Fressurce
¢ tu S1de Bending) 302 P-5 RH Engine
ding 303 P-3 LH Engine
1ding 304 P-3 RH Engine
rzontal Shear 305 Engine Vaiiable Geometry LH
tical Shear 306 Engine Variable Geometry RH
iing Sta 63 (Front Spar) 307 LH Engine - Power Lever Angle
iing Sta 63 (Rear Spar) 308 RH Engine - Power Lever Angle
iing Sta 75.4 (Freat Spar) 309 Collective
1ing Sta 75.4 {(Rear Spar) 310 Rudder Position
ling Sta 100 (Front Spar) 311 Tongitulinal Cyclic
ling Sta 100 (Rear Spar) 312 Lateral Cyclic
ling Sta 140 (Front Spar) 313 Hub Tilt
hing Sta 140 {(Rear Spar) 313 Dlade Flappiig
ling Sta 220 (Front Spar) 315 Yellow Blade - Pressure
ling Sta 220 {Rear Spar) 316 Yellow Blade - Pressure
ling 5ta 270 (Front 3par) 317 Red Biede - Pressure
ling Sta 270 (Rear Spar) 318 Red Blade - Pressure
- Blue Blade 319 Blue Blade - Pressure
Blue Blade 320 Blue Blade - Pressure
izl Blade Pitch
322 Strap Windup
323 Longitudinal Cylinder Positiou Indicator
324 RH lLateral Cylinder Position Indicator
325 LLH Lateral Cylinder Position Indicator
526 Rudder Position
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installed on the blade was attached to the blade by three small sheet-
metal clips spotwelded to the blade segment. The wire underneath
these clamps was protected by wrapping it with fiber glass tape.
Silastic compound was then applied to hold the wire in place. The
arrangement worked very well.

The thermoccuples installed in the blade-tip cascades were made
from inconel-sheathed chromel-alumel wire. l.ocation of thermo-

couples is given in Figure 57,

FUSELAGE SFRUCTURAL THERMOCOUPLES

Iron-constantan (J calibration) thermocouples were used to monitor .
the temperatures in the critical areas of the fuselage. These thermo-

couples were attached directly to the parts by spotwelding. Thirty-

gage wire with doubie fiber glass insulation was used. The location

of the various thermocouples is given in Figure 58.

CALIBRATION PROCEDURE - OSCILLOGRAPHS

Strain Gages

All strain-gage hridges except the hub-plate strain and fuselage axial
strain bridges were calibrated by applying a known load to the particu-
lar part and monitoring the bridge output with a strain analyzer. The
strain analyzer reads in microinches of strain. A known accurate
resistance was then placed across one leg of the strain-gage bridge,
which shifted the strain analyzer reading a certain number of micro-
inches. This shift in strain was equated to the load required to pro-
duce the same shift. This procedure produced a value of applied load
indication for a given resistance shunt, across one leg of the bridge,
called an R-Cal equivalent, This R~Cal resistance was then used to
standardize or calibrate the oscillographs by applying the resistance
across the bridge leg: the resultant oscillographic trace deflection
then equaled the load for that particular R-Cal equivalent., The balance
boxes used on the XV-9A were equipped for R-Cal calibration on each
oscillographic trace, and this proceduire was followed before and after
every flight.

Pressure Transducers

"
The pressure transducers used were of the unhonded strain-gage typs=, ,
and the calibration procedure was similar to that used for strain-gage -
bridges as descrihed above. Pressure was applied to the transducer i
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analyzer for determining an R-Cal equivalent.

Accelerom :ters

Unbonded strain-gage accelerometers were calibrated by rotating
them 90 degrees each way from the center position. This gave a cali-
bration in each direction of the sensitive axis. The output of the
accelerometers was recorded by the oscillographs during calibration.

Displacement Transducers, Attitude and Rate Gyros

These transducers convert mechanical motion or displacement to a
change in electrical resistance by utilizing a potentiometer. Each
potentiometer was wired into a wheatstone bridge to condition the elec-
trical signal for use in the bridge balance boxes. The use of the
wheatstone bridge and balance box combination allowed these trans-
ducers to be calibrated in the same manner used for strain-gage bridges
and strain-gage devices.

Speed Measuring

The engine speeds, rotor speed, and rotor-driven engine governor
speeds were read on the oscillographs as pulse or sine-wave-type
signals obtained from magnetic pickups. Speeds were determined by
counting the number of pulses or cycles per inch of paper. The oscil-
lograph paper speed was calibrated by applying a signal of known fre-

quency across one of the speed-recording channels and then counting

<Cy S e ilily Lagniile atil LLUnLing

the number of pulses per inch for this known frequency.

Direct- Reading and Photopanel Gages

Direct-reading and photopanel gages were periodically calibrated in the
Hughes Aircraft Company Instrumentation Laboratory according to the
manufacturer's instructions and specifications. Pressure gages were
tested with a dead-weight tester or precision meércury manometer.
Engine tachometers and exhaust temperature indicators were checked
with a Jet-Cal calibration unit, which is a standard USAF test unit.

Thermocouple Calibrations - Temperature Recorders

The thermocouple wire used had standard tolerances of +4 degrees F
to £30 degrees F and 3/4 percent from 530 to 1, 000 degrees F. The
temperature recorders used were calibrated according to the manu-
facturer's instruction upon installation and at various times through-
out the program, The calibrations included both zero setting and span.
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FLEXURE INSTRUMENTATION -‘H'L-J’“
CODE; BC-2-3 - BLUE BLADE, FLEXURE 2
FROM ROOT, TC NO, 3
RC.-2-3 -RED BLADE ETC,

YC-2-3 - YELLOW BLADE, ETC.
INSTR, FLEXURES:
BLUE BLADE - NOS. 2, 4, 6, 8, .10,

12, 14, 16 AND 18
RED BLADE - NOS 2 AND 18
YELLOW BLADE . NOS. 2 AND 18 @S U]

- NO, 8

NO, 7 NO. 6 NO, 8
N\

@ /""""""—\ DUCT GIMBAL |

.4

-a— NO, 3

SHAFT AND HUB THERMOCOUPLES

--— NO, 2 (1.0 1IN, BELOW SEAL)

ON INNI

/

BHD-1
OUTER FWD SURF OF INB'D
ART DUCT SEAL AT TOP ONLY
™~

! HUB CUCT

DUST GIMBAL RING:

NOTES:;

1,
2.
3.
4

5.

ALL THERMOCOUPLES CHROMEL ALUMEL
REFERENCE DRAWINGS: 285-v937, -0949, -0950, -0951, -1002
INSTRUMENTATION INB'D OF STA 9] ON BLUE BLADE ONLY

THE COUNTERPART OF BCD-1 ON THE OTHER BLADES 18:
RED RCDF, YELLOW YCDF

THE COUNTERPART OF BDC-2 ON THE OTHER BLADES |S:
RED RCDK, YELLOW YCDR

Figure 57. Thermocouple Locations, Rotor Blades and Hub -

Flight

Test.
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LEXURE INSTRUMENTATION

3C-2-31 - BLUE BLADE, FLEXURE 2
FROM ROOT, TC NO, 3

{C-2-3 - YELLOW BLADE, ETC. -
“LEXURES:

LUE BLADE - NOS. 2, 4, ¢, 8, 10,
., 14, 16 AND 18

ED BLADE - NOS 2 AND 18
ELLOW BLADE - NOS. 2 AND 18

1C-2-3 - RED BLADE ETC, f

FLEXURE TEERMOCOUPLES (TYPICAL)

2L.9

STATION 57
COOLING AiR BllA Blza
- BIlB B12B
DUCT GIMBAL RING %J‘_*\. §
-\ \ﬁ
iZAL) } T yd - - —
L
g
| L
R ——
=] y
BBJ-1 B1B
ON INNER SURF OF TUBE BlA \
/ BzB B7§
/ / BR.-2 BR.} BzA
BHD-1 /  INNER SURF. OF RIB INNER SURF OF RIB SE 1
OUTER FWD SURF OF INB'D o 1\;'?’1_"; SURE
AR D N . NG
T DUCT SEAL AT TOP ONLY OF FLEKURE
T ——— B2B \
N 9 |
HUB DUCT [ AN | —
o - N AN
» \\ H \ - -
CUST GIMBAL RING \l T \ :
! ~ -
St STATION 37 BIB  B2A Lo
COOLING AIR  (BL1B) (BilA) (Bi2B) 31,8
L
. -0950, -0951, -1092
BLUE BLACE ONLY
THER BLADES IS
THER BLADES 1S
L | | | ]
s and Hub - 197 24.25 33.25 45 63 73 83.3
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BS-1-7, BS-1£-7 BS-1-8, BS-18-8 By-1.

!

BS-.1-1
_——-"h_'
BS-1-10, B3-18-1. B5-1-9, BS 18-9

SECTIONS C-C AND D-D SECTION A-A

SKIN THERMOCOUPLES BLADE SEGMENT N¢
BlI2A
B12B B13 514 Bi5

- - —

FLEXURE
NO. 1.

: [ SEG. NO. ! | SEG. NO. 2 SEG, NO, 3 | SEG, NO, 4 | SEG, NO. 5 | SEG, NO, ¢ | SEG. NO. 7 | SEc..

-l
A}__

BzB B78 B3C 24 ' B5 Bo
D ey
RIB
B2B
(B}13) C B4 (Bl4) Bo
i < ' -
—a 7
I ~ R — | _ _ -
——Y hd o i
I .?.
| Lb-c Bs |
A
A BIB B2A gl
LB) (Bl11A) (Bi2B) L14)
1 1 | | | | 1 | 1 1 L
73 83.3 91 103.5 1w 128.5 140 153.5 leo 178.5 3

STATION
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BS-1-3 BS-1-b
SECTION A-A SECTION
BLADE SEGMENT NO. 1 BLADE SEGMENJ _
BiS BiT ii
-ve
=
A
i 3
| =
g
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BS-18-3
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SECTION B-B

3LADE SEGMENT NO, 18

B8 bCeD-1
—
B2
[ —B1
EG., NO, i2 | SEG, NO. 13|SEG. NO. 14| SEG. NO. 15| SEG, NO, 16|SEG. NO. 17|SEG. NoO. 18
e
®~—BCD-2
- .
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B
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l_ — D A _ - o \
- -
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Thermocouple Thermocauple
Number Type Location Number Type
i Case  Generator Engine | 49 Arr R Nac.
2 Generator Engine 2 50 ILH J
3 Fucl Control Engine | 51
4 Ignition Box Engine | 52
5 Ignition Box Engine 2 53
6 Stator Vane Actuator Engine 1 LH 54
7 Stator Vane Actuatur Engine 1 RH 55
8 Fucl Nozzle Inict - Top Engine ) 56
9 Hydraulic Pump Engine 1 57
10 Engine Oil Pamp Engine ) 58
11 Engine O1l Pump Engine 2 59
N b2 Accessory Drive Gearbux Engine | 60
\—‘Zj:_‘:::: I3 Front Frame Engine | 61 LH Nace
\ 14 Engine Cormpressor Engine | LH €2 Lateral
L 15 4‘ Compressor Engine 1 RH 23
Fe . le Combustor 4
}\i‘:“ = 17 Combustor 65
N o 18 Turbine 66
e 19 Turbine 67 “Air Lateral
20 Exhaust Frame 68 Struct I.H Nace
[& 21 Exhaust Frame 69 Struct RH Nace
e A 22 Engine Exhaust Ciamp 70 Struct L.H Nace
A 23 Aft Engine Mount Flange 71 Struct RH Nace
24 Aft Engine Mount Brace 72 Casc  Y-Duct }
25 Wire Temp Engine 1 Tunnel LH 73 Case  Crossov.
26 Wire Temp Engine 1 Tunnel RH 74 Air Crossov.
27 Wire Temp Engine 2 Tunnel LH 75 Case Diverter
28 Wire Temp Engine 2 Tunnel RH 76 Case Diverter
29 | Insulation Blanket Sta 260 Tunnel Li 77 Case Diverter
30 Case Insulation Blanket Sta 260 Tunnel RH 78 Anr RH Nace
31 Air Engine 1| Tunnel LH 79 Arr RH Nace
32 Air Engine 1 Tunnel RH 80 Arr RH Nace
33 Case Crossover Shroud Engine 1 Insulation 81 Aur RH Nace
34 Air Crossover Shroud Engine 1 82 Air RH Nace
35 Struct Crossover Shroud Engine !} LH 83 Struct Alum Sk.
36 Struct Crossover Shroud Engine 1 RH 84 Cave Accessa:
37 Case Diverter Valve Actuator Engine 1 85 Case Insulatio
3e Case Diverter Valve Insulation Engine 1 86 Case
39 Case Diverter Valve Insulation Engine 1 87
40 Case Diverter Valve Transition Duct Engine 1 88
41 Air LH Nacelle Sta 220 Top 89
42 220 LH 90 Case Insulatio:
43 220 RH 91 Air Aft Fuse;
44 275 Top 92
45 275 LH 93
46 LH 275 RH 94
47 RH 275 Top 95 Air Aft Fusel
48 Air RH Nacelle Sta 275 LH
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Thermocouple
Location Number Type Location
Nacelle Sta 275 RN 96 Air Aft Fuselage
! d 245 Top g7 Case Beilows Insulation Blanket
245 LH 98 Case Marmon Clamp
245 RH 99 Case Yaw Valve Insulation Blanket
300 Top 100 Case Yaw Valve Insulation Blanket
300 LH 101 Case Yaw Valve Insulation Blanket
300 RH 102 Air Yaw Valve Compartment
325 Top Approx 103 Air Yaw Valve Compartment
325 90° Approx 104 Air Yaw Valve Compartment
32% 120° Approx 105 Case Yaw Valve Outlet Flange
344 Top Approx 166 -
| 344 90° Approx 107 Struct Frame Fuselage Sta 376,50
Nacelle Sta 344 i20° Approx 108 | Engine 1 Turnel Sta 260 LK
‘eral Pylon LH Nacelle - Fwd 109 260 RH
LH § - Center 110 273 LH
LH - Aft 111 Tunnel Sta 273 RH
RH - Fwd 112 . Crossover Shround ¢, Sta 275.11
¥ RH - Center 113 Aft Engine Mount
ter: . Pylon RH Nacelle - Aft 114 , ‘ Diagonal Tube
Nacelle - Cant R1» Web 115 Engine 1 Front Spar atl45® Agprox
Nacelle - Cant Rih Web 116 LH Nacelle - Outbd on Al Spar Web
Nacelle - Bl 22 Top Flange 1.7 Aluminum Skin on Lateral Pylon
- Nacelle - 1,1 22 Top Flange 118 Bl 22. 00 Bulkhead
Duct Flange - Yaw Control 119 Canted Rib Cap
ossover Shroud Engine 2 Insulation 120 Upper Pylon Tube
ossover Shroud Engine 2 121 Diverter Val—e Mounting Link
serter Valve Actuator Engine 2 122 LH Nacelle Sta 300 Top (Apptox)
verter Valve Insulation Engine 2 123 ‘ ‘ ‘ at 45°
verter Valve Insulation Engine 2 124 ' ' ' ' at 90°
I Nacelle Sta 325 Top 125 LH Nacelle Sta 300 at 120* (Approx)
| Nacelle Sta 325 LH 126 Struct Yaw Valve Bracket
| Nacelle Sta 325 RH 127 Case Stationary Swashplate Bearing
I Nacelle Sta 300 Top 128 Case Cross FlowlIndicator :
{ Nacelle Sta 300 LLH 129 - i
ym Skin at Canted Rib Attachment 130 Air Y -Duct Bay 4
cessory Gearbox 131 , ' Y -Duct Bay i
wulation Blanket Yaw Duct 132 Air Y -Duct Bay i
133 - .
I 134 Case Y-Duct Insulation Blanket
135 Case Y-Ductlnsulation Blanke:
136 Case Y-Duct Insulaticn B:.anket
sulation Blanket Yaw Durt 137 Fuel In - No. 1 Hydraulic Oil Cooler
t Fuselage 138 Hydraulic Oil In No. 2 Hydraulic Qil Cooler
139 Fuel Out Ne. 1 Hydraulic Qil Cooler
L340 Fuel 1n No. 2 Hydraulic O1l Cooler
141 Hydraulic Oil In No. 1 Hydraulic Oil Cooler

t Fuselage 142 Fuel Cut No. 2 Hydraulic Qil Cooler




By ol e o nci

S/N €10 1h and S/N 009 rh; installed
diverter valves, S/N 012 1h and
S/N 011 rh

(GE inspection and door rework
accomplished at EAFB)
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APPENDIX 11
CONFIGURATION AND CHANGE 1.OG
Accomplished
Item Preflight
Number Description Number Date
1 Weighed aircraft; takeoff gross 1 3-11-64
weight 15, 369 pounds; ICG Station
300. 2
2 Replaced forward fuel filter unit; 3 10-11-64
instzlled thermal relief valve in
fuel system
3 Installed flight type Potter fuel 3 9-11-64
flowmeters
4 Rerigged yaw valve neutral with 3 9-11-64
pedals and rudder blocked neutral
5 Installed 2~-pound weights on pilot's 3 12-11-64
cyvclic-control stick
6 Removed stick weights from pilot's 4 13-11-64
cyclic-control stick
7 Change stabilizer incidence angle 5 18-11-64
to 3.5 degrees nose up
8 Replaced engine 2 Potter flowmeter 6 20-11-64
9 Removed and reworked yaw valve 7 23-11-64
to reduce operating forces
10 Removed diverter valves, 7 23-11-64

J———

= v b e -

G RS Ll

\',\*"



it Bt v

© e e, A a1

Lﬁ———

4

Item
Number

11

12

13

14

15

16

17

18

fo
D

20

21

Description

Removed control system servo
actuators, S/N 104, 102, 105;
installed control system servo
actuators, S/N 103, 106, 101,
with reworked servo spool
assemblies to reduce friction

Removed engine 2, S/N 101-3A;
instalied S/N 026-1B

Installed engine oil hcader tanks
to eliminate venting

Revised fuselage ballast installa-
tion for initial center of gravity
at Station 298

Installed tabs in tip cascades to
decrease exit area by a total of
4 square inches (3 blades)

Installed emergency rotor tach-
ometer indicator and overspeed
unit

Increased stabilizer incidence to
5. 0 degrees nose up

Instailed T3 and Tgq indicators
on photopanel

Modified crossfiow indicator
and warn-divert unit

Installed cyclic stick trim
actuators

Reworked diverter valve hydrau-

lic selector valves (Weston) to
eliminate intermittent operation
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Accomplished

Preflight

Number Date
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 23-11-64
7 30-11-64
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22

23

24

25

26

27

[
co

29
30.
31
32

33

Number

Description

Reworked diverter hydraulic supply
valve (Vinson) to eliminate inter-
mittent operation

Installed accumulator and filters
to rotor-speed-governing system

Relocated MLG ballast to fuselage;
installed 250-pound ballast in
cockpit

Rerigged yaw control valve and
rudder system, neutral yaw valve,
pedal position, and rudder position

Installed alternate airspeed indica-
tor connected to original pitot and
static sources

Removed both cyclic trim actua-
tor units to rework centering
springs

Reduced MLG tire pressure to
45 psi

Rerigged collective for 6= 0 degree
at 0. 75 radius on downstop

Movea fuel totalizer indicators to
photopanel

Changed alternate airspeed
indicator to noseboom pitot

Installed weights on forward
engine mounts, 205 pounds each
engine; forward cowling removed
for flight
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Accomplished
Preflight
___Number Date
7 30-11-64
7 30-11-64
7 2-12-64
7 2~12-64
8 8-12-64
8 8-12-64
g 9-12-64
8 9-12-64
9 11-12-64
9 10-12-64
9 10-12-64
10 14-12-64
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Item
Number

34

35

36

37

38

39

40

41

42

43

Description

Instalied dither actuators on con-
trol servo actuator spool rod
assemblies

Installed alternate airspeed system
indicator or photopanel

Removed fuselage ballast, i0
pieces, 475 pounds; revised
loading, initial gross weight
15, 309 pounds, initial center of
gravity Station 298. 0

Changed stabilizer incidence to
3. 0 degrees nose un

Moved OAT indicator from lefi-
hand instrument panel to phote-
panel

Rerigged rudders to 5 degrees right
with pedals and yaw valve neutral

Installed cyclic control trim
actuators and centering springs -
final springs

Rerigged collective for § = -1 degree
at 0. 75 radius on dowrnstop

Conducted weight and balance
check; imitial groas weight

15, 264 pounds, initial center of
gravity Station 297, 3

Rerigged collective for

@ = -2 degrees at 0, 75
radius on downstop
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Accomplished

Preflight

Number Date
10 14-12-64
10 14-12-64
10 14-12-64
11 22-12-64
12 23-12-64
13 30-12-64
i3 4-1-65
13 4-1-65
14 7-1-65
14 8-1-65



Item

14

45

46

47

48

49

50

51

52

53

o e e e
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Description

Installed 40-pound ballast at tail
landing gear; initial gross weight
15, 804 pounds, initial center of
gravity 298. 0

Sealed blade leading edge segments
from Station 100 outboard to tip
with RTV 102 sealer to eliminate
cooling air leakage and improve
aerodynamic performance

Replaced rotor hub cooling seal
curtain

Modified yaw-control valve ex-
haust extensions to provide
increased net yaw thrust

Adjust engine idle Ng to
maxirium available

Modified T, sensor installation
in engine inlets to provide
improved accuracy

Installed finned tubing in rotor
lube system return lines to
provide additional cooling

Cleaned both engine compressors
with Agra-Shell compound per
General Electric Instruction

SE 1-155

Installed tufts on engine nacelles
and pylon for airflow studies

Replaced hydraulic pump, engine 1,
because of suspected contamination

A R T | s
SHccumpllsnea

Preflight

Number Date
15 11-1-65
15 11-1-65
15 11-1-65
15 12-1-65
i5 12-1-65
15 15-1-65
16 15-1-65
16 15-1-65
16 19-1-65
16 19-1-65
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Item
Number

54

55

56

57

58

59

60

61

62

63

Description

Replaced hydraulic pressure flex
hoses, engines 1 and 2 {engine 1
line failed)

Adjusted blue blade outer pitch
link one-half turn to improve blade
tracking

Reset fuel control overspeed
solenoids to limit N cutback to
93-percent Ng

Repiaced dither actuator on longi-
tudinal control servo actuator

Repiaced torn trailing edge section
{transition) inboard of Station 91,
yellow blade

Installed rotor lube oil cooler
and 28-volt d-¢ blower to provide
additional rotor lube c¢il cooling

Removed and repaired engine oil
tank, engine 2 inlet

Reinstalled modified crossflow
indicator and warn-divert unit

Closed both N¢ bypass valves in
rotor-governing system and
readjusted fuel control Nf
for 100-percent Ny governed
speed at 100-degree PLA

PRy ¥ Ly

—~adlan
DCLLL 18

Revised plumbing for tip pressure
transducers, yellow blade and blue

blade, for instrument check; yellow
blade ported to cooling-air duct; blue

blade connected together
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Accomplished

Preflight

Number Date
16 19-1-65
18 22-1-65
18 22-1-65
i8 22-1-65
20 27-1-65
21 29-1-65
21 2-2-65
21 3-2-65
21 4-2-65
21 5-2-65



APPENDIX III
PILOT COMMENTS AND QUALITATIVE EVALUATION

SUMMARY

The flying qualities of the XV-9A were found to be adequate for the
mission of Hot Cycle propulsion system research. However, during
the course of the evaluation, several limitations were defined, particu-
larly the longitudinal cyclic control and the collective control that are
available to the pilot with the present gimbaled hub and control system.
It is therefore recommended that in any future Hot Cycle operational
aircraft increased control power and increased damping be provided.

Evaluation of control position data and pilot's qualitative comments
during initial flights (1 to 11) indicated a horizontal stabilizer incidence
of three degrees nose up and rudder setting of five degrees right with
pedals and yaw valve neutral as the best configuration for the remain-
ing flights.

All flights were flown with an initial gross weight of approximately

15, 300 pounds and mid center of gravity position. Center of g~avity
position moved forward in flight with equal fuel burnoff from the for-
ward and aft fuel tanks. A fuel management techuique was worked out
to maintain center of gravity approximately constant by crossfeeding
both engines frorn the {orward tank as the flight progressed. This
technique will be further refined for the follow-on test program to
maintain center of gravity within close limits during flight.

LONGITUDINAL CONTROL

The pilct's cyclic control sysztem operation was smooth, and the con-
trol forces were found satisfactory with either one or both hydraulic
systems operating. Increased longitudinal control sensitivity and con-
trol power would be desirable.

A considerable amount of aft cyclic stick deflection was required dur-
ing lift- off to hover for the maximum forward center of gravity location.

During climk, on occasion, the cyclic stick forward stop was reached.
The limiting factor in left sideward flight was the cyclic stick aft stop.

Stick position versus airspeed had a stable gradient forward stick

deflection for increased cirspeed from 70- to 100-knot CAS, and
appeared neutral from 40 to 60 knots.
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with forward flight speed.

During entry to low-power descents, large aft movement of the cyclic
stick was required. It is recommended that future autorotational tests
be approached cautiously and from airspeeds of less than 90-knot CAS.
Emergency autorotation from airspecds greater than 90-knot CAS will
require a programmed collective pitch decrease with airspeed in order
to decrease airspeed to 90-knot CAS before full down collective is
reached.

~
—
' 1 Pitch stability was low for all flight conditions, but appeared to improve

Greater pilot attention during minimum or idle-power descents was
required because of lack of full twist-grip authority and mismatch of
engine power levers.

LATERAL CONTROL

Lateral cvclic-control operation was smooth, and the control forces
were found satisfactory. Lateral control sensitivity and control power
were adequate for the research flight test program; however, improve-
ment in this area would be required for an operational vehicle. Full
lateral stick deflection was somewhat difficult to obtain with the stick
from three-fourths or further aft, because of interference with the
pilot's legs.
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Roll stability was also low, but better than pitch stability. The range
of lateral cyclic-control appeared adequate, and there were no occur-

eral cyclic stick limiting.

thed by
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DIRECTIONAL CONTROL

LR o |

Since the XV-9A has a reaction-jet-powered rotor, there is no shaft
torque produced except from rotor-shaft bearing friction. Directional
control in the XV-9A during hover is by means of a reaction-jet yaw
valve in the fuselage tail and by means of aerodynamic rudder surfaces
hinged to the V-tail stabilizers during forward flight.

The yaw valve, located at the rear of the aircraft, bleeds engine ex-
T haust gases directly for yaw thrust. Opening of the valve adds total
| exit nozzle area, reducing engine backpressure as well as diverting
, flow. At any power lever setting of less than full power, the rotor gas
generator governing system will accelerate the gas generators to sus-
. tain the rotor power at the level required with yaw valve closed.
< There were no significant power control problems or adverse engine
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characteristics encounterea during full prdal hover turns or in level
flight, climb, or descent.

During initial flights, it was determined that full yaw valive opening
was not obtained during hovering turns with full yaw pedal depressed.
Modifications are being incorporated in the directional control system
to correct this deficiency for the follow-on test program.

During hover in ground effect at 6- to 8-foot wheel height, the XV-9A
exhibited a slight right turning tendency, but this characteristic was
not always definite.

During hover at 4-foot wheel height and down to touchdown, the aircraft
turned to the right, and the pilot held left pedal to hold heading; right
cyclic was required to eliminate drift to the left. Aft cyclic was
required to hold the hovering attitude, which was characteristically
nose-low for this flight condition.

During landing with crosswind from the right, the nose-low attitude
and aft stick required were more pronounced.

Directional control sensitivity was adeguate, but not as good as that
afforded by tail-rotor systems.

Right pedal wa: :quired during translational lift and climb. During
the course of fl'ght test, it was determined that a 5-degree right rud-
der deflection wa: requirec for trimmed cruise flight, and the rudder
surfaces were rig - o 5 degrees right with yaw pedals and yaw valve
neutral, Approxim. ely 10-percent right pedal was required during
cruise flight with the rudders rigged to 5 degrees right with pedals and
yaw valve neutral. Dv 'ing descents, right pedal was required until the
flare was begun. Approach > hover required left pedal in varying
amounts, depending on the r-t*e of flare. Full left pedal was required
during approach to hover at moderate flare rates,

Aircraft turning rates wer- cunsidered adequate during sustained full
pedal hovering turns; howcver, the low directional control sensitivity
required fairly large pe "al deflections to establish the initial rate of
yaw, Sideward flight to the right was limited by the amount of left yaw
valve opening obtainable. Sideward flight to the left was limited by the
amount of aft cyclic available.
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VERTICAL CONTROL.

Operation of the collective-pitch control was smooth, and sensitivity
was satisfactory. After initial adjustments on the collective load bal-
ance spring, there was no tendency of the control to creep in either
direction.

During lift-off to hover, the aircraft was sensitive to center of gravity
position. Forward center of gravity positions caused a pitch-down
tendency after lift-off, requiring aft cyclic to correct. Fairly level
lift-cffs to hover were accomplished with a center of gravity location
from mid to aft position.

Slop in the twist-grip control, in addition to the lack of full authority
from idle to maximum PLA, made rotor-speed control more difficult
for the pilot, particularly during minimum-power descents.

The collective range available was a limiting factor during climb,
where insufficient collective pitch was available to absorb maximum
engine power at 100-percent Ng, and during idle power descents,
where insufficient down collective was available to maintain better
than 91-percent Ng-

VIBRATION CHARACTERISTICS

Translational shake was experienced during transition from hover to

forward flight and during approach to hover. The vibration level was
high during high-power climbs, but reduced considerably during level
flight and descents.

ROTOR-SPEED-GOVERNING

The rotor-speed-governing system, which used a hydraulic rotor-speed
feedback link and the Ny power turbine speed-governing portion of the
T-64 fuel controls, was utilized on all flights. The feasibility of gov-
erning the Hot Cycle rotor by these means was satisfactorily proven.
Additional system development is required to achieve satisfactory
results for all flight conditions and to decrease adjustments.

Rotor-speed-governing was stable for all flight conditions, and there
were no occurrences of engine surge or rotor overspeed. The rotor-
governing system was normally adjusted for a rotor speed of 100 per-
cent at 82. 5-degree PLA with matched engine speeds and full down
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collective. In flight, the twist-grip control was used to compensate
for rotor-speed error above or below 100-percent N, and the indi-
vidual power levers were used to keep engine speeds, N, matched.

The principal difficulty with rotor-speed-governing was the drift of the
Ny input speed signal, which required the pilot to reset PLA during
flight to maintain desired rotor speed. In addition, excessive twist-
grip control was necessary during takeoff to hover, descent, and for
any large change in collective pitch.

Rotor speed increased from 100- to 102-percent Ny during lift-off to
hover, which was objectionable to the pilot.
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APPENDIX 1V
PROPULSION SYSTEM PERFORMANCE TEST DATA
AND CORRECTIONS

FUEL FLOW

The estimated performance of the XV-9A presented in Reference 5 is
based on the expected use of hardware components that are considered
typical of production hardware, These items involve the engine,
diverter valves, and the rnethod of oil conling. The actual XV-9A used
available components, which resulted in a higher fuel consumption than

that predicted uvsing optimum components The fuel consurnption fig-

ures in the main body of the report have been corrected where noted.
This Appendix presents the observed and corrected data and the

- method of making these corrections.

Table IV presents observed fuiel flow data for all data points taken
during testing. It also includes the procedure for determining correc-
ted fuel flow on the basi. of original assumptions; namely, with quali-
fica‘'ion test (QT) rather than preliminary flight rating (Y T) engines,
and without diverter valve leakage. The gross weights for all hover
points are given, and the basic gas conditions that determine rotcr
power and the equivalent gas power,

Table V presents additional hover fuel data from prier whirl stand
tests (Reference 7) for both uncorrected and corrected conditions.

The curve of gross weight versus uncorrected fuel flow (with points
taken from Table V} is shown in Figure 5%, which is to be compared
with Figure 19. The curve of uncorrected specific fuel consumption
versus rotor horsepower (with data from Table IV) is shown in Figure
60, which is to be compared with Figure 34.

Both whirl stand and flight fuel flows have been reduced 3 percent to
correct for diverter valve (2-1/2 percent), and stationary duct

(1/2 percent) leakage, as measured on *he whirl stand. This XV-9A
hardware is not ccnsidered typical of production hardware, so the data
have been corrected to reflect the true system performance. There is
reason to believe that leakage exceeded 3 percent during flight tests,
but since a new measurement was nct made, the whirl test value has
been used throughout the present analysis.

Fuel flow has been corrected to reflect the better T versus Pg charac-
teristics of the fully qualified T-64 engines as compared with the
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preliminary (YT-64) engines used during the tests. This correction is -
typically approximately 8 percent for the flight tests and approximately

10 percent for the whirl tests, The magnitude of the correction used

in reducing observed fuel flow for Figure 19 is displayed in Figure 22,

The procedure for correcting fuel flow consists of first increasing air-

flow as the inverse square root of Ty, then reducing fuel/air ratio in

direct proportion to engine temperature rise (Tg - T2). The final

correction thus varies more than the square root of Tg, but not so

much as the first power of TS'

As an expedient, the XV-~9A utilizes compressor bleed to drive an
aspirator system for engine oil cooling. This system imposes an
unnecessarily large fuel consumption penalty, but, to save time and ' -
money, was employed on the research vehicle. In order to reflect the
inherent rotor system performance, the fuel flow attributable to this
bleed extraction has beex subtracted from the datz as plotted. This
correction was no more than 5 percent. The effect of the bleed is
seen in Figure 26 as an increase of the test fucl/air ratio at a given
engine temperature rise above the predelivery calibration. The cor-
rection of hovering fuel flow for compressor bleed amounts to moving
the fuel/air ratio points from their observed location to the General
Electric calibration lines.

Rotor Horsepower Versus Gas Horsepower Considerations

A tip-jet, or ""Hero' turbine of fixed geometry operating at a constant

1 Nnaad nrrnduirag vwatne hasaaisaezr s o d e el oo V3o ta1
tip speed produces rotor horsepower that varies linearly with the sup-

Ply pressure (above choking pressure) and varies less strongly with
supply temperature. This is contrary to the relationship that most
engineers usually encounter, and may cause some to misinterpret the
rotor power available,

An understanding of this unusual characteristic of the Hot Cycle
propulsion system can best be gained by referring to the equations
that follow. The final results are, of course, independent of the
analytical approach taken herein (which is to show the relationship of
pressure and temperature).
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First consider the cas

de ] ¢ of a nonrotating system, where jet thrust can
be related to the supply pressure and the exit area through the follow-

ing equation:

Pe 2
FJ = CFAC Pte E (1 + yeMe ) - po
e

For Yo = 1. 35 and choked exit flow, this equation becomes:

Fj = CpA, (1.27 Pte - Pp)
Temperature enters into this equation only through ¥, and changes of
a few hundred degrees lead to negligible effects on the jet thrust. *

As this system is allowed to rotate, the forces and pressures at the
tip continue to be related by the previous equation; however, coriolis
forces are now present in the ducting that supplies the tip-jet. The
integral of the coriolis forces can be expressed as an equivalent tip
drag by the following equation:

w
Fc-‘_‘g_VT,

AR e e Wf RS v 0 S SRR - © “W .

and expanding the mass flow term (choked flow) ieads to

P

-0.525 te
: te
Net rotor power becomes:
: F.V o
NV -0.525 te ’
HP z —— = ) - v
i RH 550 Cphe 127 P, - Po) 7= A, vr, T
z [ te
.

I't is obvious that increasing gas temperature increases rotor horse-
power only through a square roui reduction in the coriolis acceleration
term. Meanwhile, the gas horsepower input to the rotor has followed
the equation:

Y P P

t
i 778 778(0.525)Ae ‘e t
] GHP =—FF W C_ AT = — = Cp | — T
- 550 P 550 VT t- P P to
e
1= Therefore, gas horsepower input varies as the square root of absolute

gas temperature for constant pressure and fixed exit area,
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As an example of the effect ot gas temperature on rotor power at a
given pressure, calculations were made using gas conditions from
XV-9A flight tests. The variation of rotor horsepower with tempera-
ture was found to be approximately 60 percent of the variation of

gas horsepower with iemperature. Thus the Hot Cycle rotor is capa-
ble of utilizing a large portion of the available gas energy.

It should be noted that gas turbine engines can be built with only a
limited spread of temperature with pressure, and best Hot Cycle
performance is obtained with high-pressure engines. Recent studies
have shown that the available high-pressure engines have a pressure-
temperature characteristic such that payload/empty weight ratios in
excess of 2, 0 are attainable in Hot Cycle helicopters,
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