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FOREWORD

Essential to an understanding of the results of aircraft testing
is an understanding of the differcnces between engineering and service
testing.

Engineering testing, using instrumented aircraft and calibrated
instruments, can determine and record the exact performance, control
responsc and limits, engine performance and power available, through
accuratc measurements and reduction of data to standard conditions,
Thus, it is possible to dctermine when an aircraft is approaching or
exceeding design limits or other specified criteria,

Service testing, using aircraft in standard conriguration, results
in a qualitative evalvation for user-type information., This informa-
tion is based on a broad scope of pilot expericnce and technique pro-
vided by pilots ranging from those recently out of school to those with
considerable fiecld operational experience, Tht installed instruments
and gauges are used to determine significant operating data. These
instruments are not usually ealibrated but represent typical instru-
ments found in production helicopters. These instruments and gauges
are verified for accuracy within acceptable tolerances but do not attain
the precision provided by the calibrated equipment used for engincering
testing.

The service test-pilot makes qualitative observations on only what
he experiences during normal service flying. These observations are
not correlated to such factors as the margin of control remaining or
exact rates of control response, Exact measurements of such factors
are necessarily the responsibility of the engincering test agency.
Thus, service testing may show that the aircraft is suitable for per-
forming a mission when, actually, flight has bcen performed close to,
or within, control margins specified by military specifications, What
may appear to be discrcpancies between service and engineering test
reports is actually the difference betwéen qualitative and quantitative
reporting,

The Light Obscrvation Helicopter evaluation is the first combined
sircraft enginecering and service test program that has resulted in co-
ordination of reports and comparison of reports prior to procurement
decision, Caution must be exercised, thercfore, to preclude taking an
item out of context in any one report to establish a particular position.
Seeming inconsistencies can be reconciled only by examination of all
reports with due regard to the specific conditions under which the test
was accomplished,
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ABSTRACT

Performance tests were conducted on the Ol-6A to determine the
compliance with the Light Observation Helicopter (LOH) Military Char-
actoeristics and to check the contractual guarantces outlined in the
OH-6A Model Specification,

The U, S. Army Aviation Test Activity (USAATA), Edwards Air
Forco Base, California, was designated Executive Test Agency for the
Confirmatory Engincering Tests in the LOH Program and is responsible
for tost exccution and test reporting of its assigned phase,

Engincoring flight tests were conducted by the U, S, Army Avi-
ation Test Activity at Edwards Air Force Base, California, and at
auxiliary test sites at Bakersfield and Bishop, California. A total
productive test time of 61:30 hours were flown during the period of
8 April to 1 July 1964,

All Model Spocification performance guarantces and requirements
stated in the LOH Military Characteristics wero ovaluated using power
available and fuel flow characteristics as defincd in Engine Model
Spoecification No, 580-A,

The OlH-6A met the contractual performance guarantce for maximun
airspeod, :

The OH-6A did not meet ths contractual performance guarantoes
for endurance or for 35 degrees Centigrade (C) out-of-ground effect
(OGE) hovering ceiling. -

The Ol-6A mct the Militery Characterlistics requirements for 3
hours endurance with a 400 pound payload, cruise spced and endurance
st 85 porcent cruise power,

The OH-6A did not mcet the Military Characteristics requirements
for OGE hot day hover p:rformance at 6000 feet or OGE hover perform-
snce at overlcad gross weight, sea level, standard day,

The OH-6A performance was summarized using power available as

defined by Engine Model Specification No. 580-E, .
The takeoff performance of the OH-6A was satisfactory under all

gross weight and ambient atmospheric. conditions that allowed 2 mini-
pun in-ground effect (IGE) hover of 2 feet, Urder the ambicnt temp-
erature and altitude conditions tested, the OH-6A did not possess an
adequate hovering capability at cverload gross weight to pernit a
takeoff evaluation, Climb and autorotation porformance was consider=
ed satisfactory for a holicopter of this. powez and weight class.

<> This progran was essentially an sirirane evaluatican, but a sect-

fon has beon incorporated into Appendix II in ordar to describe perti-
nent charactoristics of the T63-A-5 engine,

. W .
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SECTION 1 - GENERAL

1.1 REFERENCES

Seo Part I, Section 1, Referonces a, to i.,, inclusive, and the
following additional referonces:

jo Model Specification, Light Obsexrvaticn Aircraft, OH-6A,
26 July 1961,

k. Model Specification No, 580-A, Model T63-A Engine, 12
Decerber 1960, '

1. Model Specification No, 580-E, Model T63-A-5 Engine, 24
June 19630

m, Letter, SMOSM-PAIA-2, Heudquarters, U, S, Army Aviation
Materiel Command, 4 April 1964, subjoct: "Corpliance Check of
Manufacturer's Guarantoed Perforrence end Compotitive Porforzance
Evaluation,"

1,2 AUTHORITY
See Part I, Section 1,

1.3 OBJECTIVES

The objective of this program was to conduct engineering per-
formance flight tests of the Light Observation Helicopter (LOH)
Prototype OH-6A to; (a) confirn contractor compliance with the approved
Army Military Characteristics for an unarmed (clean) and armed OH-6A
helicopter; (b) provide data to assist in selecting an LOH design for
possible future production; snd (c) dotermine if the contractor per-
formance guarantees wero ret,

1,4 RESPONSIBILITIES

See Part I, Section 1,

1.5 DESCRIPTION OPF MATERIEL

See Part I, Section 1,
1,6 BACKGROUND

§>e Part I, Soction 1,
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1.7 FINDINGS

The takeoff performance was satisfactory, For the conditions
testod, the minimun distance required to clear & 50-foot obstacle
occurred at 20 knots true airspecd (KTAS), The optimum airspeed
would, however, be less than 20 KTAS under soms conditions,

The hovering performance of the Oli-6A was satisfactory at seca
level standard day conditions but deteriorated rapidly with altitude
and increasing ambient terperature, The OH-6A did not meet the
guarantced out-of-ground effect (OGE) hovering perfornance, i.e,
6000 feet on a 95 degree Fahrenheit (F) day., Based on the engine
power available presented in the T63-A engine Model Specification
No, 580-A and the power required to hover OGE determined during
these tests, the OH-6A could hover only at 3800 fcet at 95 degrees F
at design gross weight (2085 pounds). Using the same basis for power
available, the rmaximum gross woight at which the helicopter could
hover OGE on & sca level stendard day was 2485 pounds, Using power
available based on the T63-A-5 engine Model Specification 580-E,
the OGE hovering ceiling at 95 degrees F was 3400 fcot at design
gross weight,

The climb performance of the OH-GA was satisfactory., The
sorvice coilings (altitude at which the rate of climb is 100 feet/
minute) were found to be 19,000 fect at 2085 pocunds, and 11,500 feet
at 2700 pounds using maximum continuous power. The aircraft ax-
hibited undesirable pitch and yaw instabilities at the optimum climb
airspeeds which made it difficult to obtain optirum clitb performance,

In level flight, the OH-6A met the Vmax guarantce of 123 knots
T 10 percent (135.5 to 110,5 knots) at 2085 pounds sca level

standard day at maximum continuous power., The maxirum specd achieved
at the sbove conditions was 120 knots,

The nelicopter did not meet the endurance guarantee of 3.4 hours
at a cruise speed of 100 knots, design gross weight, and sca level
standard day, The maximum endurance under the above conditions was
3,02 hours, Endursnce, payload, and cruise specd performance con-
plied with the Military Characteristics performance requirements,

Even though the endurance guarantce was not met, the level
flight performance of the OH-6A was considered satisfactory at gross
weights of 21G0 pounds or less and altitudes less than 5000 feet,
The maximum airspeed was limited by power available at 3ross weights
of 2100 pounds or less. At overload gross weights and altitudes
in excess of 5000 fest, the maxirum airspsed was limited by never-
exceed airspeed (Vne),

The eddition of either the XM-7 or the XM-8 arsenent kits redused
the airspeed at maxirua coatinuous power by less than § knots trus

" alrspeed (KTAS),



During autorotation, the airspced for mininum rate of descent
was determined to be 53 knots calibrated airspeed (KCAS) at 469 rpm,
The rotor rpm for minitum rate of descent could not be determined
because of the high power turbine spcod when the gas producer was at
idle, Test results indicate that the minirun rate of descent would
occur at a rotor speed below 440 rpnm,

The test iten satisfied all the porformance requirements of the
Military Characteristics oxcept the 6000 feet, 95 dogree F OGE
hovering ceiling at dosign gross woight. On a sos lovel stendard dey
the helicopter will not hover OGE at tho OH-6A Modal Specification
overload gross weight (2700 pounds),

1.8 - CONCLUSIONS
None

1,9 RECOIMENDATIONS

Noae
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SECTION 2 - DETAILS AND RESULTS OF SUB-TESTS

2,0 INTRODUCTION

Performence flight tests on the OH-6A Light Obscrvation Holi-
copter were conducted by the U, S, Army Aviation Test Activity
at Edwards Alr Force Base, California, Seca level and high altitude
testing was accomplished at Bakersfield and Bishop, California,
where altitudes from sca ievel to 9500 fcet end a2 wide range of
ambient temperatures were available, A total of 95 flights were con-
ducted for 61,5 productive flight hours. The tests were accomplished
during the period of 8 April to 1 July 1964,

Level flight performance data were obtained at Edwards Alr Force
Base and a sea level site at Bakersficld, California, Clirb per-
formance data were obtained entirely at Bakersfield, where clinbs
could be initiated ncar sca level, Autorotational! descent performance
data were collected during descents after completing other tests,
Takooff tests were accomplished in the Bishop, Califurnia ares where
pressure altitudes of 4100 feet (Bishop Airport) and 9500 fcet
(Coyote Flats) wero available, Hovering performanco data were
collectod at all of the test sites,

All tests were conducted in stabilized non-turbulent air so that
accurate performance data could be.obtained. The test data were re-
cordsd by hand fronm sensitive instruments or recorded autonatically,
using a photo panel,

Power available and fuel flow as specified in the T63-A engine
Model Specification No, 580-A were used to check the contractual
guarantees and the desired performance as defined in Military Charac-
teristics, Light Obscrvation Aircraft (See Part I, Section 1,1.2),

Summary perfornance was obtained using power available and fuel
flow information based on the T63-A-5 engine Model Spcocification
No. 580-E referred characteristics as defined on & sea level standard
day., Engine performance at the 6000 foot altitude, 95 degree Fahren-
heit (F) ambient temperature and all other altitude temperature com-
binations werc obtained from curves of standard power deterioration
with increasing altitude and temperature, These curves were derived
using standard engineering methods and were verified with test stand
engine calibration data on five different T63-A-S engines, An engine
that will produce the minimun 580-E specification sea level standard
day power, will not produce the 206 Shaft Horsepower (SHP) at 6000
feot, 95 degrees F as shown in Model Specification No, 580-E, Such
an engine will, in fact, produce only 199 SHP undar these altitude,
arbient terperature conditions (See Section 3, Appendix II,"General
Aircraft. Information;" Model Speclfication 5&0-E Inaccuracles),

r‘? &35 0"V7f4'j?‘! JIOW A e
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2.1 TAKEOFFS
2,1.,1 OBJECTIVE

Takcoff tosts were conductoed to determino tho performence
of the Ol-6A helicopter under conditions in which a vertical takeoff
could not be made to clear a 50-foot cbstacle, Under thesec conditions
a short acccleration close to the ground will enable the aircraft to
operate out of relatively short fields,

2,1,2 METHOD

Takcoff tests werc conducted to obtain curves of clirb-out air-
speed versus distance required to clear 50 feet, Each curve was
obtained by conducting a scrics of takcoffs using various climb-out
airspceds. During each serics, ballast was added or removed as
necessary so as to maintain the desired excess power available condi-
tions as fuel was consumed and ambient temperature varied,

These tests were conducted at density altitudes of approximately
4200 fcet and 10,000 fcet., Gross weight was varied from 1790 tc 2050
pounds at & mid C,G, location (Station 100), All takeoff tests were
conducted with a main rotor specd of 469 rpm (1006 percent power turbine
speod (N2) ) using takcoff power, Takeoff performance was evaluated
using only one takeoff tochnique since time did not permit use of a
sccond technique. A ground operated Fairchild Flight Analyzer was
used to produce a photographic record of time, horizontal distance,
and vertical distance for each takeoff,

The clirb-out sirspeed range used for each serics of takeoffs
varied from the minirum achievable to maxirum practical airspeed
(approximately 60 knots indicatcd airspecd (KIAS)). All takeoff tests
were perforned in winds of 2 knots or less,

2.1.3 RESULTS

Test results are presented graphically in Pigures No. 4 through
8 and are summarized in Figures No, 1 ahd 3, Section'3, ‘Appendix.I,

2.1.4 ANALYSIS
8; Comparative Techniques

The summary takeoff performance curves presented in Figure
A on page 6 show the variations of takeoff distance with pressure
altitude and clirb-out airspced, These curves are p.esented for clicdh.
out true airspecds of 20, 30 and 40 knots inder both standard day and
hot day (35 dsgrees Centigrade (C)) conditions at a gross weight of
2085 pounds, These curves were derived from Figures No, 4 and 16,
Section 3, Appendix I, Takcoff distances cbtained at conditions where

pAn QTN R ity
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OGE hover was possible, show little variation in distance with
altitude, When OGE hover was possible, the helicopter cuuld be
clirbed vertically hence minimum takcoff distance was essentially
zero, In Figure A, below, the distances required for takcoff when
the OGE hover capability was prosent are esscntially the distance
required to accelorate to the particular clinb speoed,

FIGURE' A
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It would appear from the above curves that 20 knots true
airspeed (KTAS) was the optimum climb-out airspeed in all cases,
Actually, the optimum clird airspeced varies depending upon power avail-
able and under some conditions will be less than 20 KTAS, The limited
calendar time available for the conduct of th2se tests prevented the
determination of optimum clirb-out airspeceds fo: all conditions,

Sunmary takeoff performance was not presented for hot day
(35 degrees Centigrade (C)) overload gross weight (2700 pounds) condi-
tions, Under these conditions, the helicopter did not possess an
adequate hovering capability to enable a presentation to be made, It
is doubtful if successful takeoffs could be made consistently at over-
load gross weight at no wind, sez level, hot day (35 degrees C)
conditions,

During this evaluation the following takeoff technique
was used, The helicoptor was stabilized at a 2-foot skid height hover,

)
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Takeoff power was applied and a level acceleration at the 2-foot

skid height was made, Approximately 2 to 5 knots before the desired
clirb-out airspecd was rcached, rotation to climb-out attitude was
initiated, The climb-out was then accomplished at censtant airspeed,
Throughout the takcoff, rotor speed was held constant and power was
maintained at the maximum takcoff power attainable,

A second takcoff technique, which consisted of a simul-
taneous c¢limb and acceleration, was evaluated briefly from a qualita-
tive standpoint, Because of limited time available, data were not
obtained utilizing the second technique.

During the takeoff performance testing, it was noted
that at the 2-foot skid height, as forward flight was initiated (5-10
KTAS), a fairly large decrease in turbine outlet temperature occurred,
This decrease required an increasc in collective pitch to restore
the power turbine outlet temperature to the takeoff limit, This re-
sulted in an increase in torque available during the takeoff rum,
The cause of this variation in turbine outlet temperature at low
spceds is not presently known, ~The power change was too large to be
accounted for by ram effect at the low spceds where the effect was
noticed, - No unusual inlet tempcrature risc was recorded during hovering
flight at low skid heights, A possible causec might be an increase
in exhaust back pressurc during hover close to the ground (2-foot skid
height) due to the closc proximity of the ground to the exhaust exit.
1f the Ol-6A helicopter is considered for production, additional
testing should be accomplished to define this phenomenon because the
povwer available in hovering flight at low skid heights is probably
reduced at least 10 Shaft Horsepower (SHP),

Some of the summary takcoff performance presented in this
report represents extrapolation of available data and is considered to
be approximate, The tests were conducted at the higher elevations
where povwer was limited by turbine outlet temperature. At the lower
altitudes (bclow critical altitude for the engine) power was limited
by torque, Under these conditions, maximum torque was available through-
out the takeoff, As pointed out in the previous paragraph, ebove
critical altitude, an increase in torque was availabie after initiating
forward flight. The extent of this effect should be detemined during
further tests,

b, Flight Characteristics

During the transition fron hover to forward flight during
a level acceleration, longitudinel cyclic-collective pitch control
coupling was encountered, This couplinz was such that when the
collectivo pitch was increased, forward cyclic control was required,
Since tho helicoptor was rotated slightly prior to the application of
takeoff power in order to maintzin ths. 2-foot skid height, longitudinal

7
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cyclic-collective coupling was not objectionable during takeoff,

Translational 1ift was characterized by a momentary in-
crease in vibration level (4 per revolution (per rev)) and a
tendency for the helicopter to pitch nose-up, The vibration was not
excessive and the pitch-up was easily controlled by the usc of
forward cyclic control, Practice was required to allow anticipation
of this nosc-up pitching so as to maintain a level acceleration, At
conditions in which relatively large values of excess power were
available, the helicopter pitch attitude was unconfortably nose-down
during acceleration, This occurred after translational 1ift had been
achieved and as the level acceleration was continued, Takecoffs
under these conditions would normally not be made since the large
amount of excess pover would allow the helicopter to clirb out
vertically,

Rotation to the pitch attitude corresponding to the desired
climb-out airspecd was easily accorplished by the use of aft cyclic
control, Rotation wss initiated approximately 2 to 5 knots slower than
the dosired climb-out airspeed,

¢. Power Management

One significant factor affecting power management during
takeoff was the configuration of the power turbine spaed {Ny) beep
control switch on the collective pitch stick. The location and design
of this control made it impractical to adjust the Ny rpm once a takeoff
was started, A rotor spced 2-3 rpm higher than the desired 469 (100
percent Nj) was selected while hovering to compensate for the steady-
state droop which occurred when takcoff powcr was applied, When
operating in the higher power ranges during takeoffs, the engine
response rates and acceleration rates were adequate, Large rotor speed
variations caused by transient droop were not encountered,

2,2 HOVER
2,2,1 OBJECTIVE

Hovering tests were conducted to determine hovering performance
of the OH-6A helicopter, Data from these tests were used to check
compliance with the Military Characteristics and determine if the
hovering contractual guarantecs were met,

2,2,2 METHOD

Hovering performance data were obtained using the froe flight
rvethod, with dats being recorded at various pro-selected skid heights

f’&i\"’@)rﬁ x:"’ 3:3’»‘{
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both in-ground effect (ICE) and out-of-ground effect (OGE). A
weighted cord of the desired length was used in conjunction with
hand signals from a ground observer to obtain precisely the desired
skid heights, Data were recorded at stabilized skid heights of 2,5
and 10 feet (IGE) and 50 feet (OGE) in zero wind conditions, These
tests were performod at gross wolghts up to tho maximum overload

at a mid C,G, location (Station 100,5) and rotor speeds of 464,469
and 482 rpm, Testing was accorplished at donsity altitudes from sea
level to 10,000 feot,

2.2,3 RESULTS
Test results are presented graphically in Figures No, 11
:brough 19 and summarized in Figures No, 9 and 10, Section 3, Appendix
2,2,4 ANALYSIS
a, Guarantec
The Ol1-6A did not meet the 6000 foot altitude 95 degree

F (35 degrees C) hovering performance guarantce, The following Figure
B, Summary Hovering Performance, is a plot of the variation of OGE

hover coiling with gross weight for both standard day conditions and the

95 dogree F condition:
FIGURE B

SUMMARY HYEL PERFORALIYCE
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Fron this plot (Figure B), it can be scen that the 95 degree P hover
ceiling at normal gross weight was deternined to be approximately
3800 fect, an altituds substantially lewer (37 pereent) than the
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contract guarantced ceiling of 6000 feet, This Figure B also

shows the lack of OGE hover capability at the overload gross weight
condition, The maximunm gross weight at which OGE hover can be
achieved on a standard day at sca level is 2490 pounds, The Military
Characteristics, which requirc the same hovering capability as guar-
antoed by the manufacturer, were not met, This hovering performance
was dotermined using the power available as contained in the Model
Specification No, 580-A for the T63-A engine.

b. Performance

The summary hovering performance presented in Figures
No. 9 and 10, Section 3, Appendix I, was based on the power available
for the T63-A-5 as defined by engine Model Specification No. 580-E
(See Section 3, Appendix Il), An examination of these summary plots
reveals that less performarnce is available using the 580-E Model
Specification than is provided by the 580-A Model Specification for
conditions above the critical altitude of the engine.,

One significant characteristic that is apparent in all the
Summary Hovering Performance figures included in this report is the
rapid deterioration of hovering performance with increasing arbient
temperatures., This characteristic is due primarily to the loss in
power with increasing ambient temperatures and not to the holicopter

design,
c. Flight Characteristics

No unusual flight characteristics were observed during the
hovering tests conducted, Generally, more cyclic stick control motion
was required during a stebilized hover close to the ground (2-foot
skid height) than was required when hovering farther away from the
ground (5 feet skid height and above).

2,3 CLIMBS
2.3.1 OBJECTIVE

Climb tests were conducted to determine the performance during
climbing flight, the service ceiling and the best climb airspeed,

2.3.,2 METHOD

Continuous climb performance tests were conducted from sea
loevel to service ceiling at two gross weights using waximum continuous
power, Takeoff power clinmbs, for five minutes, were also conducted
from sea level at the same gross weights, During the clirb,power was
maintained at limit engine torque until an altituds was reached at
which the corresponding limit turbine outlet temperature was obtained
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(critical altitude), As the climb continucd above this altitude,
povwer was adjusted to maintain the limit turbine outlet temperature,

Sawtooth climbs (a series of short climbs through & specific
altitude) were conducted at various airspceds. These tests were
acconplished at altitudes of 5000 and 10,000 feet using maximum con-
tinuous and takcoff power settings. The results of these tests were
compared with the airspeed for minimum power required in level flight

to deternine the best climb speed schedule,

Both the continuous and sawtooth climbs wcre conducted at
gross weights of 2085 pounds (design) and 2700 pounds (overload) at
a mid C,G, location (Station 100) and a rotor specd of 469 rpm,

In addition, sawtooth clirbs at various power settings at
design gross weight and climbs at various gross weights using maxi-
mum continuous powor were conducted to obtain the power and gross
wolght correction factors,

2.3.3 RESULTS

Test results are presented graphically in Figures No, 20
through 24, Section 3, Appendix I,

2.3.4 ANALYSIS

The climb performance of the Oli-6A was normal for a helicopter
with its gross weight and installed power, The rate of climb on a
sea level standard day at 2085 pounds (design gross weight) was 1470
feet per minute using maximum continuous power, Under the same condi-
tions, at 2700 pounds (overload gross weight), the rate of climb was
approximately 900 fect per minute, The rate of climb at 2085 pounds
incrcased slightly as altitude was increased from sea level up to the
critical altitude for the engine, At 2700 pounds, the sca level rate
of climb value decreased as altitude was increased to critical altitude,
The critical altitude for maximum continuous power was approximately
9000 feet, depending on the climb speed. The service ceiling at 2085
pounds and 2700 pounds climb start gross weight are presented in
Figures 20 and 21, Section 3, Appendix I at 19,000 and 11,600 feet
respoctively, using maximum continuous power,

At takeoff power, the rate of climb on a standard day was
approximately 1930 feet per minute at 2085 pounds gross weight, At
a gross weight of 2700 pounds a sea level rate of climb of 1250 feet
per minuto was obtained, A similar change in rate of clird with in-
croasing altituds was experienced using takeoff power as was cxplained
above for raxirum ceatinuous power, The critical altitudo for takeoff
powor was approximately 7500 feet, Servico ceilings using takeoff
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power were not deteriined during this evaluation due to the S
minute power rating,

The most significant flight characteristic noted during the
climb tests was a region of random dyramic instability, This
occurrcd at the best clirb spced at high rates of climb using zero
sideslip. This phenomcnon is described in detail in Part I of this
report, Briefly, random pitch and yaw oscillations occurred with
controls fixed, The magnitude of the oscillations required constant
and relatively large control inputs in order to maintain the desired
climd airspceds, In order to improve the handling qualities, it is
desirable to climb at some airspced other than that for best rate of
climb, This would result in a decrease in climb performance,

A second characteristic observed during the climb tests was
the lack of adequate forward stick force trim authority, During
climbs at maximum continuous power at normal gross weight, full
forward stick force trim was obtained at approximately 12,000 feet,
As the climb continucd sbove this altitude, forward stick force was
required to maintain the desired airspeced, At 17,000 feet approxi-
mately 8-10 pounds of forward stick force was required,

No significant power management problems werc encountered
during the clirb tests, Clirbs were entered from level flight,
and enginc response and acceleration characteristics were satis-
factory during clirb entries, Difficulty was encounterced in achiev-
ing a stabilized torque indication during climb entries. This,
however, was due to lag in the torque indication system rather than
a lack of engine response, During the portion of the clirb below
critical altitude, collective control was gradually increased to
maintain the desired torquoe value, Occasional small adjustments
in N2 rpm were required during this portion of the climb since some
droop in rotor rpm did occur., Once the critical altitude was
reached and the turbine outlet temperature limit obtained, collective
control remained essentially fixed for the remainder of the climb,

2.4 LEVEL FLIGHT

2.4,1 OBJECTIVE

Tests were conducted in level flight to determine the range,
endurance, specd and power required by the OH-vA helicopter, Tests
with the XM-7 and XM-8 weapon systems installed were also conducted
to determine their effect on holicopter performance, Data from these
tosts were used to evaluate cowmpliance with the Military Character-
istics and to dotermino if the contractual guarantees were mot,
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2.4,2 METIOD

Spced power tests were conducted at various conditions of
altitude, gross weight and rotor specd in both the unarmed (clean)
and armed configurations, Each spced power was flown at a constant
valuc of gross weight divided by density (W/p) so that a comparative
analysis could be made, This involved incrcasing altitude as fuel
was consumed, During the tests, data werc recorded in stabilized
level flight at various airspeeds throughout the allowable speed
range at approximately 10 knot increments so as to define adequately
the particular powesr required curve, In addition to basic power
paramsters, fucl flow data were also recorded.

Tests in the clean configuration were conducted at density
altitudes of approximately sea level, 5000, 10,000 and 15,000 fect,
Gross weights of approximately 1890, 2100 and 2700 pounds were used
at a mid C,G, location (Station 100,3). Rotor spceds of 463, 469
and 482 rpm were flown, Two additional tests were conducted at an
altitude of 5000 fcet, a gross weight of 2100 pounds, with a rotor
speed of 469 rpm, Ono of these tests was at a forward C,G, location
(Station 96) and the other &t an aft C.G, location (Station 103).

Tests in the armed configurations were conducted at density
altitudes of approximately 2000.and S000 foet, & gross weight of
2090 pownds, at a mid C,G. location (Station 100,3) and with a rotor
speed of 469 rpn,

2.,4.3 RESULTS

Tost results are presented graphically in Figures No, 29
through 45 and summarized non-dimensionally in Figures No, 26 through
28, Section 3, Appendix I,

2.,4,4 ANALYSIS
a, Guarantce

The OHi-6A complied with the maximum airspeed guarantee of
123 KTAS ¢ 10 percent (135.3 to 110.7)., Figurc C on page 14 shows
that the maximum airspeed obteined at design gross weight, sea level
and normal rated power was 120 KTAS, This airspced was within the
$ 10 percent tolerance of the guaranteed 123 knots,

The OH-6A did not meet the guarantecd endurance performance
of 3,4 hours * 10 percent (3,74 to 3.06 hours). The maximum endurance
was found to b2 3,01 hours based on performance calculation (See
Figures No., 26 through 28, Section 3, Appendix 1), and the contractor's
guaranteed endurance rission profile, Figure D, page 14, shows the
variation. of specific range with gross weight at the airspeed for tho
guaranteod endurance (100 knots),
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The mission profile consisted of:

(1) Warmup and takcoff: 3 minutes at normal rated
power at sea level,

(2) Cruisc at 100 KTAS &t soa lovel,
(3) Reserve: Nono,

(4) Uscful load at nornmal gross weight for the endurance

mission:
Pilot (1) - 200 1b
Observer (1) and - 400 )b
cargo

Fuel (JP-4)(as nccessary « 59 gal max,
for endurance problem)

0i1 (as necessary for
above fuel)

The following table shows the comparisoa of the Military
Charactoristics performance requirerents to the performance of the
OH-6A:

Military Characteristics OH-6A
Payload - 400 1b 400 1b

(Uscful load less 200 1b pilot
oil end 3,0 hrs fuel)

Cruise Speed « 110 kt 110 ke
Endurance at 85% of Cruise « 3hr 3.01 hr
Povwer

b. Performance

There was sufficient power available, using the takeoff
power rating, to rcach Vne at gross weights from design to overload
up to altitudes of 10,000 fect (See Part I, Section 2), At airspeeds
near Vne, the (i-6A demonstrated undssirable pitch-up characteristics,
In general, the ssverity of the pitch-up waried with gross weight
and altituda but was noted to some degres at all conditions tosted,
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At gross weights of 2100 pounds or less, the Vne ex-

. cecded the recommended cruise specd, At gross weights in excess

of 2100 pounds, the Vne restriction for 2700 pounds was applicable,
This limited the aircraft to an airspced less than that which would
produce the optimum rango., The maximum rangec at gross weights of 2200
and 2300 pounds is reduced substantially since the difference between
best crulse speed and Vne was the largest, A decrease of 20 KTAS.
from the best cruise speed (106 KTAS) at 2200 pounds and at 8740

feet is shown in Figure No, 37, Section 3, Appendix I,

For a.given gross weight, altitude and rpm, the forward and
aft C.G, level flight and range performance was similar to tie per-
formance at a mid C.G.

The addition cf either of the XM-8 or XM-7 armament kits re-

duced the speed at maximum continuous power less than 5 knots, The

increase in flat plate arca for the XM-7 was ,700 square fect and
«950 square feet for the XM-8 kit at the airspced for maximum con-
tinuous power,

Power management during level flight did not present any
unusual problems, The droop cam compcnsator was satisfactory, When
stabilized airspeeds werc sclected at 469 rpm, from approximately SO
KIAS to Vmax, & maximum variation of 3 to 4 rotor rpm (less than 1
percent) was encountered,

2.5 AUTOROTATIONAL DESCENTS

2,5.1 OBJECTIVES

Testing was accomplished to determine optimum rotor speeds
and airspecds for autorotational descents, In addition, data were
obtained to allow determination of rates and angles of descent during
autorotation,

2.5.2 METHOD

Autorotational descents were conducted at various airspecds
and rotor speed combinations, During the descent, time and altitude
were recorded so that rate of descent could be determined,

A series of stabilized doscents were conducted at & rotor speed
of 469 rpn and at various airspeeds between 30 and 80 knots calibrated
eirspeed (KCAS), Fronm thesa tests, the airspeed for minimum rate of
descent was determined, At the a2irspeed for minirum rate of descent,
& sccond sories of dosconts wers condugted at rotor sp2ads frem 440
to 480 PN,
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The autorotational descents were conducted at density alti-
tudes from approximately 10,000 to 1,900 feet, Various gross
weights from 1800 to 2580 pounds were flown at a mid C.G. location,

2,5.3 RESULTS

Test rosults are presented graphically in Figures No, 46
through 48, Section 3, Appendix I,

2.5.4 ANALYSIS

The airspced for minimum rate of descent was determined to be
53 KCAS at a rotor specd of 409 rpm, At this airspced the rate of
descent was 1575 feet per minute, This rate of descent is normal for
a holicopter of this size and gross weight, The rate of descent was
found to be independent of altitude or gross weight {See Figure No,
46, Section 3, Appendix I),

The airspced for minimum angle of descent was determined to
be 71 KCAS at an altitudo of 5000 feet at a rotor specd of 465 rpm,
At this airspced, approximately .73 nautical air miles could be
traveled per 1000 feet of descent,

The rotor speced for minirum rate of descent was not determined
during this test program, True autorotation, during which no power
is delivercd to the rotor, could not be achieved at rotor speeds
loss than 440 rpm since this corresponded to the power turbine speed
which resulted at the gas producer idle speed, Becausc of this, auto-
rotational descent data were not obtained at lower rotor speeds,

The results obtained indicate the minimum ratc of descent would occur
at 8 rotor spced below 440 rpm,

Autorotational entries posed no unusual problems in the OH-6A,
No significant trim change, oxcept for the normal directional trim
change, accompanied closing the throttle, The initial rpm decay rate
while high, was not objectionable, The large range of allowable rotor
speed (down to 380 rpm) permits a 2-second declay between closing
the throttle and reducing collective pitch throughout most of the
level flight envelope, assuming that the initial rotor spced is high,
The largest trim change noted during the entry occurred in conjunctioa
with lowering of collective pitch., As collective pitch was lowered,
8 nose-down pitching occurred. The pitch rate was directly propor-
tional to the rate at which collective was lowered as wcll as the
initial collective setting, This nose-down pitching was easily con-
trolled by the sinmultancous spplication of aft cyclic control,

In stabilized autorotation,the cyclic stick position was un-
confortably aft »id slightly to the right of centor, At higher gross

weights, full dewn collcctive pitch could result in overspeediag the
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rotor and careful pilot technique was required, Constant attention
to maintain stabilized conditions was required since very small
variations in airspeed resulted in relatively large variations in
rotor speed,

Power reccveries exhibited some unusual characteristics
primarily because of the engine response characteristics and the
power turbine override control switch incorporated in the throttle
system, This override control becpcd the power turbine speed to

"full increase” whenever the throttle was closed to the ground idle

position, Thus, when the throttle was opencd during a power re-
covery, power turbine speed, and hence rotor speed, would increase
to approximatcly 103 percent, Generally some overshoot occurred
that resulted in momentary peaks as high as 108 percent, a value
high enough to be disconcerting tc the pilot, In addition, the
rate at which power was devecloped varied, with the largest rate of
fncrease occurring at near maximum rpm. This rapid increase in
torque was difficult to anticipate and normally resulted in some
yaw oscillations of the helicopter as the pilot attempted to
correct with antitorque control,

In general, the power recoveries performed fell into twe
categories, In the first category, the power recoveries were per-
formed at the termination of autorotational descents not in close
proximity to the ground and power was increased gradually, In the
second category, the power recoveries were made in conjunction with
practice autorotational landings, wherein, relatively large power
demands werc made in a short period of time, For the second case,
the characteristics of the T63-A-5 engine installed in the OH-6A
were unsatisfactory. The transient power turbine droop was excessive
when such large, rapid power demands were made and in some cases,
the rotor spced decreascd to below the minimum power-on limit.

2,6 AIRSPEED CALIBRATION

2.6,1 OBJECTIVE

The objective of these tests was to determine the airspeed
position error for both the standard and test airspeed systems,

2,6,2 METHOD

The airspeed calibration of the standard and test systems was
determined by using the ground speed course method, The aircraft was
flevn over a measured course at various stabilized aivspeeds on re-
ciprocal headings, Airspceds from approximately 20 to 122 knots
calibrated airspeed (KCAS), using approximately 10 knot increrents,
wero flown, These tests were conducted at & density altitude of
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1670 feet, a gross weight of 2090 pounds, a mid C.G, location
(Station 101,3) and a rotor speed of 469 rpm,

2,6,3 RESULTS

Test results are presented graphically in Figures No, 63 and
64, Section 3, Appendix I,

2.6.4 ANALYSIS

The boom airspeed system position error was determined to be
+ 4,5 knots which was constant over the airspeed range tested, The
position error in the aircraft's airspeed system was a maximum of
¢+ 7.5 knots at 20 knots indicated airspccd (KIAS) and gradually de-
creased to +1 knot at airspeeds of 100 KIAS and above, This position
error was not considered to be excessive, The aircraft's airspeed
system possessed the desirable feature of having a very small position
error at high spceds near Vmax, The system became unusable below
approximately 15 KIAS, Both the standard and test aircraft systems
were not calibrated in clirb nor in autorotation since a suitable
means of calibration was not available, The boom system utilized
a swiveling pitot-static head so as to eliminate errors which might
arise duc to large sideslips or large variations in angles of attack;
honce the level flight calibration was sssu=ed to bo correct
throughout all flight conditions, .
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APPENDIX I1

GENERAL AIRCRAFT INFORMATION

Aircraft Dimensions, Design Data, FAA Type Inspection and
Authorization Limitations, Weight and Balance, Instrumentation,
Engine Model Specification 580-E Inaccuracics, and Engine Opecration

1, Sources of Information

See Parc I, Appendix II

2, Description of Aircraft and Systenms

2.1 Alrcraft Design Data

a8, Aircrafc Dimensions and Certified Weights
See Part I, Appendix II

b. Rotor Blade Control Travel
See Part I, Appendix II

¢, Rotor Dimensions and Design Dats
See Part I, Appendix Il

Additional Inforaation:

Rotor Solidity 054

Disc Loading 3.9
(at design gross weight)

2.2 Aircraft Systems

2.2,1 Electrical Systems

See Part I, Appendix I
2,2,2 Power Plant

The T63-A-5 turbo-shaft engine has a nominal rating of 250
Shaft Horsepower (SHP), As installed in the OH-6A, the engine is
limited by either the output shaf: torque or the gas producer turbine
outlet temperature (T¢.). For maximum continuous operation, these
linits werc 186 foot-pounds torque at 6000 rpn (212 SHP) or 693 degrees
Centigrade (C) Ttg, whichever is reached first, For takeoff power
(maximua of § ninutes centinuous operation), these limits ere 219
foot-pownds torqus (250 SHP) or 738 degrees C.
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The engine is a frec turbine type, The compressor consists
of 6 axial stages and 1 centrifugal stage, Compressor speed at 100
percent is 51,120 rpm, The combustor scction consists of a single
chamber where a regulated flow of fuel is injected to support con-
tinuous combustion, The pover turbine has 2 axial stages, [Power
turbine spced at 100 percent is 35,000 rpm, The high spced of the

power turbine is rcduced in the accessory gear box to 6000 rpn for
the engine output speed, Engine optrated sccessories are also

driven from the accessory gear box,

The DP-D3 gas turbine fuel control} is pneumatically operated
by compressor discharge air., The fuel control senses input from 3
sources, Thesc sources are the pilot's twist grip, the fly-ball
governor connected to the gas producer and the power turbine governor,
In addition, both altitude and temperature compensation are provided,
The function of the fuel control is to integrate the inputs so that
the power turbine speed selected by the pilot is maintained under
varying load demands.

A steady-state "droop' is built intc the fuei control., This
means that when the engine loasd is increased or decreased, the speed
of the power turbine will change slightly., The "droop'" is required
to avoid rotor-engine dynamic instability and "hunting" during
steady-state operation, In an attempt to eliminate some of the un-
desirable effects of the''droop', a '"droop" compensator cam is installed
in the linkage between the collective pitch control and the power tur-
bine governor, This c¢am coaverts collective control movement to an
input to the power turbine governor which anticipates the changing
engine load, The cam was designed to reduce transient ''droop" and to
eliminate steady-state "droop'" during rapid collective pitch applications,
Operation of this '"droop" compensator, es installed, was satisfactory
throughout the test program,

There is no provision for emergency control in case of a fuel
control failure, In the case of an uncontrolled overspeed in the
power turbine, rotor speced and engine power may be controlled through
pilot coordination of collective pitch control and twist grip rotation
ss in an ungoverned reciprocating engino.

2.2,3 Landing Gear System

Sce Part I, Appendix II

2,2,4 Fuel Systen
See Part I, Appendix II

2.2,5 Control Systenm

Ses Part I, Appendix II
- . 11-2
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3 TIA Limitations

See Part I, Appendix Il

4, Weight and Balance

The test aircrafc was weighed prior to installation of test
instrumenctation, The welighing was donc in a closed hangar using an
elecironic weighing kit., As weighed, the aircraft gross weight was
1069 pounds with the longitudinal C,G, located at Station 112,7,

In order to provide a basis for verifying whether the manu-
facturer's helicopter met the performance guarantecs, the empty
weight was defined to be the weight of OH-6A, USA S/N 62-4212, as
delivered to the U, S. Army Aviatior Test Activity, with corrections
for the increase in weight of Govermment furnished equipment, and
corrections for items installed but not part of the contract empty
weight (See Parc I, Section 1, paragraph l,1.,m), With these cor-
rections, the empty weight used was 1101,5 pounds (full oil and no
fuel). Full oil capacity is 11 pounds.

The manufacturer's performance guarantees were at a specified
normal gross weight, This welght is defined es:

Normal Gross Woight . Empty woight + useful load
Empty Weight . 1101,5 1b
Useful Load - Pilot 200 1b

Cargo 400 1t

Fuel as neccessary to meet normal
gross weight of Model Specifica-
tion, paragraph 3,2,1--383,5 1b

OH-6A Model Specification, paragraph 3.2,1 states that the
normal gross weight (performance guarantee weight) shall not exceed
2050 pounds * S percent; therefore, helicopter performance was calcu-
lated at 2085 pounds (2056 ¢ 1,7 parcent)

Neights of some items not included in the empty weight which
msy be required for various missions are as follows:

11-3
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Copilot flight controls - 8,71b

Anti-collision light - 1,01b

Ground handling wheels - 49 b

XM-7 armament system - 226 1b
(full ammunition)

XM-8 armament systen - 257 1b

(full ammunition)
After installation of test instrumentation, the helicopter
was again weighed., The basic welght (full oil and no fuel) was
1416 pounds with the longitudinal C.G, location at Station 109.3.

S, Test Instrumentation

The test instrumentation used during this evaluation was
supplied, installed and maintained by the Logisitics Division of the
U, S. Army Aviation Test Activity. Calibration of the instrumentation
was accomplished by the Instrumentation Branch of the Air Force Flight
Test Center; California Division Lockheed Aircraft Corporation;
Douglas Aircraft Missile and Space Division; and the Logisitics
Division of the U, S. Army Aviation Test Activity.

A swivel mounted pitot-static airspeed head was installed on
& nose boom mounted approximately 5 fect forward of the nose of the
helicopter, The static pressure ports of this pitot-static head were
the pressure source for the sensitive altimcter as well as the sensi-
tive boom airspeed indicator, The airspeed position error for this
installation is shown in Figure No, 63, Section 3, Appendix I, Sensi-
tive instrumentation was installed prior to initiation of the test
flights to measure the following paraxoters: :

Pilot-Engineer Panel:

Boom System Alrspeed
Standard System Airspeed
Boon Altitude

Rate of Clicd

Anglo of Sideslip

Free Air Temperaturs

Rotor Spced
11-4
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Gas Producer Speed (N;)
Torquemeter O0il Pressure

Tutbine Outlet Temperature (Teg)
Compressor Inlet Total Temperature
Compressor Inlet Total Pressure
Exhaust Gas Static Pressure
Cockplt Absolute Pressure

Total Fuel Used

Photo Panel Frame Counter

Oscillograph Record Counter

Photo Panel:
Boom Altitude
Time of Day
Free Air Temperature
Gas Producer Speed (N;)
Torquemeter 0il Pressure
Compressor Inlet Total Pressure
Compressor Discharge Total Pressure
Combustion Static Pressure
Compressor Discherge Temperaturs
Fuel Control Inlet Fuel Temperature
Total Fuol Used
Photo Pansl Prame Counter

Oscillograph Record Ccocunter
I1.5
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Recording Oscillograph:

Gas Producer Speed

Rotor Speed

Power Turbine Speed

Gas Producer Control Lever Position

C.G, Vertical Acceleration (vibration)

C.G, Lateral Acceleration (vibration)

Pilot's Station Vertical Acceleration (vibration)
Pllot's Station Laterai Accezleraticn (vibration)
Pilot's Event

Engineer's Event

Bridge-Balence Voltage

6. Engine Model Specification 580-E Inaccuracies

During the course of thc performance tests, inaccuracies were
encountered while working witih the T63-A-5 Engine Model Speciflcation
S80-E. The following information is presented to clarify this situa-
tion,

The T63-A-5 Engine Model Specification 580-E contains engine
performance data that do not represent an actual engine, These data
are based primarily on an uninstalled power available of 206 Shaft
Horsepower (SHP) at 6000 feet pressure altitude, 95 degrec Fahrenheit
(F) ambient temperature and a sea level standard day specific fuel
consumption of .71 pounds of fuel used per hour per SHP at 250 SiP,
The sca level condition was a guarantee point and the SHP available
at 6000 feet, 95 degrees F, was a power condition contained in an
earlier model specification (580-A).

In order to construct a model specification for a new engine,
tests on various engine components (i.e., compressor, combustor,
turbines, etc,) are conducted by the manufacturer., From these tests,
the cngine performance is predicted for various altitudes and ambient
temperatures, As corpleted enginos are run and more information is
obtainad, the predicted porfornsnce is ravised,
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When the engines were calibrated for the LOH flight test
programs, it became apparent that the power deterioration with in-
creasing altitude and temperature was greater than predicted,

A specification engine that would just meet the performance guaranteo
at sca level on a standard day would not produce 206 SHP uninstalled
at 6000 fecet and 95 degreces F, Such an engine would only produce

199 SHP at 6000 fcet, 95 degrees F,

The engine calibration test data showed that the T63-A-5
enginoc had a performance margin over the S80-E specification values
at sea level, The existence of this sea level power margin allowed
206 SHP to be obtained at 6000 fect, 95 degrees F, The consistent
existence of this margin strengthened the T63 manufacturer's decision
to show 206 SiHP at 6000 feet, 95 degrces F in the 580-L specification,

Prior to the start of the U, S, Army Aviation Test Activity
Engincering Tests on the LOH's, rcferred enginc performance curves
were obtained from the engine manufacturer, In addition, curves of
various correctior factors were obtained, These curves were provided
to produce 580-E specification power data, A limited check between
the 580-E specification and the curves provided showed apparent
agreement., As engine calibration data were received from various
altitude-temperature combinations, the various parameters were re-
duced to referred values, These data formed a single curve, as they
should, which indicated that the correction factors werc reasonable,
Later in the test program a more detailed check was made of the S80-E
Model Specification, This check revecaled that the 580-E specification
did not contain power data that agrced with what the actual engines
were producing, It alsc revealed arcas of considerable disagrcement
between the 580-E specification and the manufacturer's referred curves,
whereupon another correction curve was furnished, This curve was to
be used only when comparing the model specification with actual engine
performance, When this new curve was used, there was still disagree-
ment, although not as ruch as previously.

The manufacturer stated that in order to provide a sufficient
power margin to allow the T63-A-5 engine to be put into production and
guarantec 206 SHP at 6000 feet on a 95 degree F day, the turbine
outlet temperature limit of 1360 degrees F (for takeoff power) would
have to be increased to 1380 degrees F,

The engine manufacturer has provided information substantiating
the deterioration of power with increasing ambient temperaturec as
presented in this report. This information also further verifies the
hot day high altitude power availeble &s preseated in this report,

From the discussions with the wmanufacturer, it was concluded
that in order to present a technically accurate and correct picture
of the LOH perfortance, the power deterioration with increasing altitude
and tecperature as determined from the referred curves would be usad,
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These curves are presented in Figures No, 63 through 66, Scction
3, Appendix I, and are labeled "Engine Model Specification S580-E,"

7. Engine Operation

The accumulation of dirt in the compressor section of the
T63-A-5 cngine installed in Ol-6A, USA S/N 62-4212, caused a
deterioration in engine performance characteristics, This accumula-
tion was evidenced by an increase in tuibine outlet temperature
required for a given amount of torque and increased acceleration times
from ground idle to flight idle,

Although the engine was operated under atmospheric conditions
that were reclatively dust free, it was necessary after 75 and 101
engine operating hours to clean the compressor. On both occasions,
a relatively large amount of fine silt-like material was removed from
the centrifugal portion of the compressor.

Cleaning necessitated removing the engine, splitting the
compression case, and brushing the dirt accumulation from inside the
centrifugal compressor shroud with & wire brush,

For a clean compressor at approximately 3000 feetr density
altitude, engine acceleration time was approximately 5-6 seconds,
For a dirty compressor under similar conditions, the acceleration
time was as long as 15 seconds. At approximately 10,000 feect
density altitude, with & dirty compressor, & nild compressor stall
was encountored lmmediately following a rapid power reduction after
landing.

I11-8




SYMBOL
TAS (Vt)

CAS (Vc)(Vcal)
K (Kt)

IAS

Vne

Vmax

Vp

IGE
C.G.
o
RPM/rpm
oc

Op

SL

APPENDIX Il1

SYMBOLS AND ABBREVIATIONS

DEFINITION
True Airspoed
Calibrated Airspeed
Knots - g
Indicated Air;pésd
Never Exccod'kirSpced
Maxiwum Airspeed Attainable
Maximum Permissible Dive Spead
Out of Ground Effect
In Ground Effect
Center of Gravity
Gross Waight
Revolutions per Minute
Degreos Centigrade
Degreas Fahrenheit
Sea Level
Shaft Horsepower
Rate of Descent
Rate of Climb
Time to Climb
Power Coefficient
Thrust Coefficient

Nautical Air Miles Traveled

~r fa mdl (=]

foet

feot

UNIT

Knots
Knots
Knots
Knots
Knots
Knots

Knots

Inches
Pounds
Degrees
Degrees

per minute
per minute
Minutes
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-

Tts (TOT)
p (rho)

Nautical Air Miles Per Pound of Fuel
Gas Producer Specd

Power Turbine Sbcod

Donsity Altitude

Pressuroc Altitude

Turbine OQutlet Temperature

Air Mass Density

Percent rpa
Percent rpa
Feet

F;et
Degreos

1b-sec?
ft
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