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FOREWORD 

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

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

Service testing, using aircraft in standard configurarion,  results 
in a qualitative evaluacion for user-type information.    This informa- 
tion is based on a broad scope of pilot experience and technique pro- 
vided by pilots ranging from those recently out of school to those with 
considerable field operational experience»    The installed instruments 
and gauges are used to determine significant operating data.    These 
instruments are not usually calibrated 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 engineering 
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 engineering test agency. 
Thus, service testing may show that the aircraft is suitable for per- 
forming a mission when, actually,  flight has been performed close to, 
cr within, control margins specified by military specifications.    What 
may appear to be discrepancies between service and engineering test 
reports is actually the difference between qualitative and quantitative 
reporting. 

The Light Observation Helicopter evaluation is the first combined 
aircraft engineering and service test program that has resulted in co- 
ordination of reports and comparison of reports prior to procurement 
decision.    Caution must be exercised, therefore, 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. 

I 
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ABSTRACT 

Performance tests wore conducted on the OH-6A to determine the 
compliance with the Light Observation Helicopter (LO.'I) Military Char- 
acterislics and to check the contractual guarrntocs outlined in the 
0H-6A Model Specification. 

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

Engineering 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 BnKersfield and Bishop, California.    A total 
productive tost time of 61:30 hours were flown during the period of 
8 April to 1 July 1964. 

All Model Spocification performance guarantees and requirements 
stated in the LOH Military Characteristics were evaluated using power 
available and fuel flow characteristics as defined in Engine Model 
Specification No. 580-A. 

The 0H-6A met the contractual performance guarantee for naximua 
airspeed. 

The 0H-6A did not neot the contractual performance guarantees 
for endurance or for 35 degrees Centigrade (C) out-of-ground effect 
(OGE) hovering ceiling. 

The 0H-6A met the Military Characteristics requirements for 3 
hours endurance with a 400 pound payload, cruise speed end endurance 
at 85 percent cruise   power. 

The 0H-6A did not meet the Military Characteristics requirements 
for OGE hot day hover pcrfonaance at 6000 feet or OGE hover perform» 
ance at overload gross weight, sea level, standard day. 

The 0H-6A performance was summarized using power available as 
defined by Engine Model Specification No. S80-E. 

The takeoff performance of the 0H-6A v.-as satisfactory under all 
gross weight and ambient atmospheric conditions that allowed a mini- 
»un in-ground effect (IGE) hover of 2 feet.    Under the ambient temp- 
erature and altitude conditions tested, the 0H-6A did not possess an 
adequate hovering capability at overload gross weight to permit a 
takeoff evaluation.   Climb and autorotation porfomance was consider- 
ed satisfactory for a helicopter of this power and weight class. 

This prosroa was essentially an airfr^ne evaluation, but a sect- 
ion has boon incorporated into Appendix II in ordar to describe perti- 
nent characteristics of the T63-A-S engine. 

:; 
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SECTION 1    -    GENERAL 

1.1 REFERENCES 

See Part I, Section 1, References a. to 1., Inclusive, and the 
following additional references: 

j.    Model Specification, Light Observation Aircraft, 0H-6A, 
26 July 1961. 

k.    Model Specification No. S80-A, Model T63-A Engine, 12 
Deceeber 1960. 

1.    Model Specification No. S80-E, Model T63-A-5 Engine, 24 
June 1963, 

m.    Letter, SKOSM-PAIA-2, Headquarters, U. S. Amy Aviation 
Materiel Command, 4 April 1964, subject:    "Compliance Check of 
Manufacturer's Guaranteed Perfomcnco end Co.potitiva Perforcance 
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 contrnctor compliance with the approved 
Amy Military Characteristics for an unaioed (clean) and armed 0H-6A 
helicopter; (b) provide data to assist in selecting an LOH design for 
possible future production; and (c) datorulno if the contractor per- 
foraance guarantees were met. 

1.4 RESPONSIBILITIES 

See Part I, Section 1. 

1.5 DESCRIPTION OP MATERIEL 

See Part I, Section 1. 

1.6 BACKGROUND 

Sse Part X, Section 1. 



1.7    FINDING5 

The riVeoff perforraance was satisfactory.    For the conditions 
tested, the ninimun distance required to clear n 50-foot obstacle 
occurred at 20 knots true airspeed (KTAS).    The optimum airspeed 
would, however, be less than 20 KTAS under soa^ conditions. 

The hovering performance of the 01i-6A was satisfactory at sea 
level standard day conditions but deteriorated rapidly with altitude 
and increasing ambient torporaturc.    The 0H-6A did not meet the 
guaranteed out-of-ground effect (OGE) hovering perfomance, i.ft, 
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 01I-6A could hover only at 3800 feet at 95 degrees F 
•t design gross weight  (20S3 pounds).    Using the sane basis for power 
available, the r.aximun gross weight at which the helicopter could 
hover 0GB on a sea level stendard day was 24CS pounJs.    Using power 
available based on the T63-A-S engine Model Specification S80-E, 
the OGE hovering ceiling at 95 degrees F was 3400 feet at design 
gross weight. 

The climb perfomance of the 0H-6A was satisfactory.    The 
service ceilings (altitude at which the rate of climb is 100 feet/ 
minute) were found to be 19,000 feet at 2085 pounds, and 11,500 feet 
at 2700 pounds using maximum continuous power.    The aircraft ex- 
hibited undesirable pitd; and yaw instabilities at the optimum climb 
airspeeds which made it difficult to obtain optimum climb performance. 

In level flight, the 0H-6A met the Vmax guarantee of 123 knots 
t 10 percent (135.S to 110.5 knots) at 2085 pounds sea level 
standard day at maximum continuous power.    The maximum speed achieved 
at the above conditions was 120 knots. 

The helicopter did not meet the endurance guarantee of 3.4 hours 
at • cruise speed of 100 knots, design gross weight, and sea level 
standard day.    The maximum endurance under the above conditions was 
3.02 hours.    Endurrncc, payload, and cruise speed performance con- 
plied with the Military Characteristics performance requirements. 

Even though the endurance guarantee was not met,  the level 
flight performance of the 0H-6A was considered satisfactory at gross 
weights of 21C0 pounds or less and altitudes less than bOOO feet. 
The maximum airspeed was  United by power available at gross weights 
of 2100 pounds or less.    At overload gross weights and altitudes 
in excess of 5000 feet,  the naxirua airspeed was limited by never- 
«xceed airspeed (Vne). 

The addition of either the XM-7 or the XM-S MrMMRt kits reduced 
the airspeed at maxicua continuous power by less than S knots true 
airspeed (KTAS). 

2 



During autorototion, the airspeed for minimum rate of descent 
was determined to be S3 knots calibrated airspeed (KCAS) at 469 rpm. 
The rotor rpm for minii un rate of descent could not be determined 
because of the high power turbine speed when the gas producer was at 
idle.   Test results indicate that the ninimn rate of descent would 
occur at a rotor speed below 440 rpm. 

The test iteu satisfied all the porfomanco requirements of the 
Military Characteristics except the 6000 feet, 95 degree F OGE 
hovering coiling at dosign gross weight.    On a sea lovel standard da/ 
the helicopter will not hover OGE at the OH-6A Modal Specification 
overload gross weight (2700 pounds), 

1*1 CONCLUSIONS 

None 

1,9   RECa^ffiNDATIOMS 

None 



SECTION 2 - DETAILS AND RESULTS OF SUB-TESTS 

2,0    INTRODUCTION 

Pcrformwice flight tests on the 0H-6A Licht Observation Heli- 
copter were conducted by the U, S, Amy Aviation Test Activity 
at Edwards Air Force Base, California.    Sea level and high altitude 
testing was accomplished at Bakersficld and Bishop, California, 
where altitudes  from sea level to 9500 feet end a wide range of 
airbient temperatures were available.   A total of 95  flights were con- 
ducted for 61.5 productive flight hours.    The tests wore accomplished 
during the period of 8 April to 1 July 1964. 

Level flight performance data were obtained at EJw.irds Air Force 
Base and a sea level site at Bakersficld, California.    Clir.h per- 
formance data were obtained entirely at Bakersfield, where climbs 
could be initiated near sea level.    Autorotationa! descent performance 
data were collected during descents after completing other tests. 
Takeoff tests were accomplished in the Bishop, California ares where 
pressure altitudes of 4100 feet (Bishop Airport)  and 9500 feet 
(Coyote Flats) were available.    Hovering performance data were 
collected at all of the test sites. 

All tests were conducted in stabilized non-turbulent air so that 
accurate perfomancc data could be. obtained.    The test data were re- 
cordsd by hand fron sensitive instruments or recorded automatically, 
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 Observation Aircraft (See Part I, Section 1.1.a). 

Summary performance was obtained using power available and fuel 
flow information based on the T63-A-S engine Model Specification 
No. S80-E referred characteristics as defined on a sea level standard 
day.    Engine performance at the 6000 foot altitude, 95 degree Fahren- 
heit (F) ambient temperature and all other altitude temperature com- 
bination; were 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-5 engines.    An engine 
that will produce the minimum 580-E specification sea level standard 
day power, will not produce the 206 Shaft Horsepower (SUP)  at 6000 
feet, 95 degrees F as shown in Model Specification No.  SS0-E.    Such 
an engine will, in fact, produce only 199 SUP under these altitude, 
ambient temperature conditions (See Section 3, Appendix II/'General 
Aircraft Infoma:ionj" Model Specification 560-E Inaccuracies), 



2,1    TAKEOFFS 

2.1.1 ODJnCTIVE 

Takeoff tests were conductod to dctcmlno tho pcrformanco 
of the 0II-{)A helicopter under conditions in which a vertical takeoff 
could not bo made to clear a 50-foot obstacle.    Under these conditions 
• short acccleiT.tion close to the ground will enable the aircraft to 
operate out of relatively short fields. 

2.1.2 METHOD 

Takeoff tests were conducted to obtain curves of clir.ib-out air- 
speed versus distance required to clear 50 feet.    Each curve was 
obtained by conducting a series of takeoffs using various cliirh-out 
airspeeds.    During each series, 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 feet and 10,000 feet.    Gross weight was varied from 1790 to 2050 
pounds at a mid C.G.  location (Station 100).    All takeoff tests were 
conducted with a main rotor speed of 469 rpn (10C percent power turbine 
speed (N2) ) using takeoff power.    Takeoff performance was evaluated 
using only one takeoff technique since time did not permit use of a 
second 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 cliirb-out airspeed range used for each series of takeoffs 
varied from the mininm achievable to maximum practical airspeed 
(approximately 60 knots indicated airspeed (KIAS)).   All takeoff tests 
were performed in winds of 2 knots or less. 

2.1.3 RESULTS 

Test results are presented graphically in Figures No. 4 through 
8 and are summarized in Figures No. 1 ahd 3, Soction'3,-Appendix I« 

2.1.4 ANALYSIS 

a<   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 airspeed.    These curves are presented for dicb- 
out trua airspaeds of 20, 30 and 40 knots vmc^r both standard day and 
hot day (35 degrees Centigrade (C)) conditions at a gross weight of 
2065 pounds.   These curves were derived from Figures No, 4 and 16, 
Section 3, Appendix I.   Takeoff distances obtained at conditions where 
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OCE hover was possible, show little variation in distance with 
altitude. When OGB hover was possible, the helicopter could be 
clitrhed vertically hence minimum takeoff distance was essentially 
zero. In Figure A, below, the distances required for takeoff when 
the OGE hovor capability was present are essentially the distance 
required to accolorate to the particular climb speed. 

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 climb airspeed varies depending upon power avail* 
able and under some conditions will be less than iQ KTAS.    The limited 
calendar tine available for the conduct of th^se tests prevented the 
determination of optimum clirb-out airspeeds foi all conditions. 

Summary 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, sea level, hot day (35 degrees C) 
conditions. 

During this evaluation the following takeoff technique 
was used.   The helicopter was stabilized at a 2-foot skid height hovor. 

mficemjsi^H 
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Takeoff power was applied and a level acceleration at the 2-foot 
skid height was made.    Approximately 2 to S knots before the desired 
climb-out airspeed was reached, rotation to climb-out attitude was 
initiated.    The climb-out was then accomplished at cm^tant airspeed« 
Throughout the takeoff, rotor speed was held constant and power was 
maintained at the naximun takeoff power attainable. 

A second takeoff technique, which consisted of a simul- 
taneous climb 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 increase  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 nm. 
The cause of this variation in turbine outlet temperature at low 
speeds  is not presently known. -The power change was too large to be 
accounted for by ram effect at the low speeds where the effect was 
noticed.    No unusual inlet temperature rise was recorded during hovering 
flight at low skid heights.    A possible cause might be an increase 
in exhaust back pressure during hover close to the ground (2-foot skid 
height) due to the close proximity of the ground to the exhaust exit. 
If the 0H-6A helicopter is considered for production,  additional 
testing should be accomplished to define this phenomenon because the 
power available in hovering flight at low skid heights is probably 
reduced at least 10 Shaft Horsepower (SiiP). 

Some of the summary takeoff 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 power was limited by turbine outlet temperature.    At the lower 
altitudes (below critical altitude for the engine) power was limited 
by torque.    Under those conditions, maximum torque was available through- 
out the takeoff.    As pointed out in the previous paragraph, above 
critical altitude, an increase in torque was available after initiating 
forward flight.   The extent of this effect should be determined during 
further tests. 

b.    Flight Characteristics 

During the transition fron hover to forward flight during 
a level acceleration, longitudinal cyclic-collective pitch control 
coupling was encountered.    This coupling was such that when the 
collective pitch was increased, forward cyclic control was required. 
Since the helicopter uas rotated slightly prior to the application of 
takeoff pov;er in order to naint&in the. 2-foot skid height, longitudinal 
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cyclic-collective coupling was not objectionable during takeoff. 

Translational  lift 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 use of 
forward cyclic control.    Practice was required to allow anticipation 
of this nose-up pitching so as to maintain a level acceleration.    At 
conditions in which relatively largo values of excess power were 
available, the helicopter pitch attitude was uncomfortably nose-down 
during acceleration.   This occurred after translational lift had been 
achieved and as the level acceleration was continued.    Takeoffs 
under these conditions would normally not be made since the large 
«mount of excess power would allow the helicopter to clirb out 
vertically. 

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

c.    Power Management 

One significant  factor affecting power management during 
takeoff was the configuration of the power turbine speed (N2) beep 
control switch on the collective pitch stick.    The location and design 
of this control made it impractical to adjust the N2 rpm once a takeoff 
was started.    A rotor speed 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 takeoff power 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 0H-6A helicopter.    Data from these tests were used to check 
compliance with the Military Characteristics and determine if the 
hovering contractual guarantees were met. 

2.2.2 METHOD 

Hovering performance data were obtained using the free flight 
rethod, with data being recorded at various pro-selected skid heights 



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 SO feet (OGE)  in zero wind conditions.    These 
tests were performod at gross weights up to the mnximujn overload 
at a mid C.G.  location (Station 100.S) and rotor speeds of 464,469 
and 482 rpm.    Testing was accocplishcd at density altitudes from sea 
level to 10,000 feet. 

2.2.3 RESULTS 

Test results are presented graphically in Figures No. 11 
through 19 and summarized in Figures No. 9 and 10, Section 3, Appendix 
I. 

2.2.4 ANALYSIS 

a.    Guarantee 

The 0!I-6A did not meet the 6000 foot altitude 95 degree 
F (35 degrees C) hovering performance guarantee.    The following Figure 
B, Summary Hovering Performance, is a plot of the variation of OGE 
hover colling with gross weight for both standard day conditions and the 
95 degree F condition: 

FIGURE B 
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From this plot (Figure B), It can be seen that the 95 degree P hover 
ceiling at norm-U gross weight was dctex-nlned to be approximately 
3800 feet, an altltuds substantially lewtr (37 percent) than the 
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contract guaranteed ceiling of 6000 feet.    This Figure B also 
shows the lack of OGE hover capability at the overload gross weight 
condition.    The maximum gross weight at which OGE hcver can be 
achieved on a standard day at sea level is 24 90 pounds.    The Military 
Characteristics! which require the same hovering capability as guar- 
anteed by the manufacturer, were not met.    This hovering performance 
was determined 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.  S80-E 
(See Section 3, Appendix II).    An examination of these summary plots 
reveals that less performance is available using the 580-E Model 
Specification than is provided by the S80-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 anbient 
temperatures.    This characteristic is due primarily to the loss in 
power with increasing ambient temperatures and not to the helicopter 
design. 

c. Flight Characteristics 

No unusual flight characteristics were observed during the 
hovering tests conducted.    Generally, more cyclic stick control notion 
was required during a stabilized hover close to the ground (2-foot 
skid height) than was required when hovering farther away from the 
ground (S 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 clirrb airspeed. 

2.3.2 METHOD 

Continuous climb performance tests were conducted from sea 
level to service ceiling at two gross weights using maximum continuous 
power.   TaVeoff power climbs,  for five minutes, were also conducted 
from sea level at the sare grois weights.    During the clirb,power was 
maintcinad at limit engine torque until an altitude was reached at 
which the corresponding limit turbine outlet temperature was obtained 

10 

. 



(critical altitude). As the clircb continued above this altitude, 
power was adjusted to maintain the limit turbine outlet temperature« 

Sawtooth cliirbs (a scries of short climbs through a specific 
altitude) were conducted at various airspeeds. These tests wore 
accomplished at altitudes of 5000 and 10,000 feet using maximum con- 
tinuous and takeoff power settings. The results of these tests were 
compared with the airspeed for minimum power required in level flight 
to determine the best clinb speed schedule. 

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

In addition, sawtooth curbs at various power settings at 
design gross weight and climbs at various gross weights using maxi- 
nun continuous power were conducted to obtain the power and gross 
weight 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 0H-6A was normal for a helicopter 
with its gross weight and installed power.    The rate of clirh 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 feet per minute.    The rate of climb at 208S pounds 
increased slightly as altitude was  increased from sea level up to the 
critical altitude for the engine.    At 2700 pounds, the sea 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 
respectively, using maximum continuous power. 

At takeoff power, the rate of clinb on a standard day was 
approximately 19S0 feet per minute at 2085 pounds gross weight.    At 
a gross weight of 2700 pounds a sea level rate of clinb of 1250 feet 
per minute was obtained.    A similar change in rat« of club with in- 
creasing altitude was experienced u^ing takeoff power as was explained 
above for roxirura continuous power.    The critical altitude for takeoff 
power was approximately 7S00 feet.    Service ceilings using takeoff 
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power were not determined 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 dynamic instability.    This 
occurred at the best clirb speed at high rates of climb using zero 
sideslip.    This phenomenon 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 
climb airspeeds.    In order to improve the handling qualities,  it is 
desirable to climb at some airspeed other than that for best rate of 
climb.    This would result in a decrease in climb performance. 

A second characteristic observed during the clirb 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 continued above this altitude,  forward stick  force was 

| required to maintain the desired airspeed.    At 17,000 feet approxi- 
mately 8-10 pounds of forward stick  force was required. 

No significant power management problems were encountered 
during the climb tests.    Climbs were entered from level  flight, 
and engine response and acceleration characteristics were satis- 
factory during climb entries.    Difficulty was encountered 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 climb below 
critical altitude, collective control was gradually increased to 
maintain the desired torque 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 FLIQfr 

2.4.1    OBJECTIVE 

Tests were conducted in level flight to determine the range, 
endurance, speed and power required by the OH-oA helicopter. Tests 
with the XM-7 and XM-8 weapon systems installed were also conducted 
to determine their effect on helicopter performance. Data from these 
tests were used to evaluate cocipliance with the Military Character- 
istics and to determine if tho contractual guarcntees were nurt. 

^ 

12 

. 



TH1*5 feÖÖK IS THE PROrrRTY DF THE U. 5. 
GOVERNMENT. WHEN IT IS NO LONGER REQ'D 
FOR REFERENCE 11 SHOULD Bü RETURNED TO 
THE TECHNICAL UBRARY, U. S. ARMY AVIATION 
&SIEMS I£SI ACIlWDr, EQWAfiQS Af:ß4 CA. 

2,4,2    METHOD 

Speed power tests were conducted at various conditions of 
altitude, gross weight and rotor speed in both the unarmed (clean) 
and anr.cd configurations. Each speed power was flown at a constant 
value of gross weight divided by density (W/p) so thnt a comparative 
analysis could be made. This involved increasing altitude as fuel 
was consumed. During the tests, data were 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 pouer required curve. In addition to basic power 
parar.2ters, fuel 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 feet. 
Cross weights of approximately 1890, 2100 and 2700 pounds were used 
at a mid G.G. location (Station 100.3). Rotor speeds of 463, 469 
and 482 rpm were flown. Two additional tests were conducted at an 
altitude of 5000 feet, a gross weight of 2100 pounds, with a rotor 
speed of 469 rpm. One of these tests was at a forward C.G, location 
(Station 96) and the other at an aft C.G, location (Station 103), 

Tests in the arced configurations were conducted at density 
altitudes of approximately 2000.and 5000 feet, a gross weight of 
2090 pounds, at a mid C.G. location (Station 100.3) and with a rotor 
speed of 469 rpm. 

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.    Guarantee 

The 0II-6A complied with the maximum airspeed guarantee of 
123 KTAS - 10 percent  (135.3 to 110.7).    Figure C on page 14 shows 
that the maximum airspeed obtained at design gross weight, sea level 
and normal rated power was 120 KTAS,    This airspeed was within the 
t 10 percent tolerance of the guaranteed 123 knots. 

The 0H-6A did not meet the guaranteed endurance performance 
of 3,4 hours - 10 percent (3.74 to 3,06 hours).    The maximum endurance 
was  found to b3 3.01 hours based on psrfor.Tsnce calculation (See 
Figures No, 26 through 28, Section 3, Appendix I), and the contractor^ 
guaranteed endurance rdssion profile.    Figure D, page 14, shows the 
variation-of specific range with gross weight at the airspeed for tho 
guaranteed endurance (100 knots). 
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The mission profile consisted of: 

(1) Warmip end takeoff:    3 minutes at normal rated 
power at sea level, 

(2) Cruise nt 100 KTAS at sea level. 

(3) Reserve:   None. 

i (4)    Useful load at normal gross weight for the endurance 
mission: 

Pilot (1) -     200 lb 

Observer (1) and -     400 lb 
cargo 

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

Oil (as necessary for 
above fuel) 

The following table shows the comparison of the Military 
Characteristics performance requirer.cnts to the porfornance of tho 
OH-6A: 

Military Characteristics 0H»6A 

Payload • 400 lb 400 lb 
(Useful load less 200 lb pilot 
oil and 3.0 hrs fuel) 

Cruise Speed - 110 kt 110 kt 

Endurance at 85% of Cruise - 3 hr 3,01 hr 
Power 

b.    Performance 

There was sufficient power available, using the takeoff 
power rating, to reach Vne at gross weights from design to overload 
up to altitudes of 10,000 feet  (See Part I, Section 2),    At airspeeds 
near Vno, tho CH-6A demonstrated undesirable pitch-up characteristics, 
In general, the »verity of the pitch-up varied with gross Koight 
and altituda but was noted to some degree at all conditions tested. 

• 
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At gross weights of 2100 pounds or less, the Vne ex- 
ceeded the recomr.cnded cruise speed. At gross weights in excess 
of 2100 pounds, the Vne restriction for 2700 pounds was applicable. 
This limited the aircraft to an airspeed less than that which would 
produce the optimuTn range. The maximum range at gross weights of 2200 
and 2300 pounds is reduced substantially since the difference between 
best cruise 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 tVe per- 
formance at a mid C.G, 

The addition of 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 area for the XM-7 was .700 square feet and 
.950 square feet for the XM-8 kit at the airspeed for maximum con- 
tinuous power. 

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

2,S AUTOROTATIOm DESCENTS 

2.5.1 OBJECTIVES 

Testing was accomplished to determine optimum rotor speeds 
and airspeeds 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 airspeeds 
and rotor speed combinations. During the descent, time and altitude 
were recorded so that rate of descent could be determined, 

A series of stabilized descents were conducted at a rotor speed 
of 469 rpm and at various airspeeds between 30 and 80 knots calibrated 
airspeed (KCAS). From these tests, the airspeed for nininum rate of 
descont was detarmined. At the sirspoad. for minimum rate of descent, 
a second series of dasconta wore conducted at rotor speeds frca 440 
to 480 rpn. 
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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 results are presented graphically in Figures No.  46 
through 48, Section 3, Appendix I, 

2.5.4 ANALYSIS 

The airspeed for minimum rate of descent was determined to be 
53 KCAS at a rotor speed of 469 rpm. At this airspeed the rate of 
descent was 1575 feet per minute. This rate of descent is normal for 
a helicopter 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 airspeed for minimum nnfjle of descent was determined to 
be 71 KCAS at an altitude of 5000 feet at a rotor speed of 465 rpm. 
At this airspeed, approximately .73 nautical air miles could be 
traveled per 1000 feet of descent. 

The rotor speed for minimum rate of descent was not determined 
during this test program. True autorotation, during which no power 
is delivered 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. Because of this, auto- 
rotational descent data were not obtained at lower rotor speeds. 
The results obtained indicate the minimum rate of descent would occur 
«t a rotor speed below 440 rpm, 

Autorotational entries posed no unusual problems in the 0H-6A. 
No significant trim change, except 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 delay between closing 
the throttle and reducing collective pitch throughout most of the 
level flight envelope, assuming that the initial rotor speed is high. 
The largest trim change noted during the entry occurred in conjunction 
with lowering of collective pitch. As collective pitch was lowered, 
a nose-dewn pitching occurred. The pitch rate was directly propor- 
tional to the rate at Mhich collective was lowered as well as the 
initial collective setting. This» nose-down pitching was easily con- 
trolled by the simultaneous application of aft cyclic control. 

In stabilised autorotation,the cyclic stick position was un- 
comfortably aft nd 5li£htiy to the right of ccntor. At higher gross 
weights, full down collective pitch could result in everspeedi ig 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 recoveries 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 beeped the power turbine speed to 
"full increase" whenever the throttle was closed to the ground idle 
position. Thu«;, when the throttle was opened during a power re- 
covery, power turbine speed, and hence rotor speed, would increase 
to approximately 103 percent. Generally some overshoot occurred 
that resulted in momentary peaks as high as 108 percent, a value 
high enough to be disconcerting to the pilot. In addition, the 
rate at which power was developed varied, with the largest rate of 
increase 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 two 
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 were made in a short period of time. For the second case, 
the characteristics of the T63-A-S engine installed in the 011-6A 
were unsatisfactory. The transient power turbine droop was excessive 
when such large, rapid power demands were made and in some cases« 
the rotor speed decreased 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 xethod.    The aircraft was 
flown over a rwasured course at various stabilized! airspeeds on. re- 
ciprocal headings.    Airspeeds from approximately 20 to 122 knots 
calibrated airspeed (KCAS), using approximately 10 knot incrcr^nts, 
were flown.   These tests were conducted at a 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 zpm. 

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.S knots which was constant over the airspeed range tested.    The 
position error in the aircraft's airspeed system was a maximum of 
♦ 7.S knots at 20 knots indicated airspeed (KIAS) and gradually de- 
creased to ♦I 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 speeds 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 boon system utilized 
a swiveling pitot-static head so as to eliminate errors which might 
•rise due to large sideslips or large variations in angles of attackj 
hence the level flight calibration was assured to bo correct 
throughout all flight conditions. 
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APPENDIX II 

GF.NiiRAL AIRCRAFT INFORMATION 

Aircraft   Dimensions, Design Data, FAA Type Inspection and 
Authorization Limitations, Weight and Balance,   Instrumentation, 
Engine Model Specification 580-E Inaccuracies,  and F:ngine Operation 

1» Sources of Information 

See Part I, Appendix II 

2. Description  of Aircraft and Syatens 

2.1 Aircraft Design Data 

a. Aircraft Dimensions and Certified Weights 

Sec Parr   I, Appendix II 

b. Rotor Blade Control Travel 

See Part   I, Appendix II 

C*    Rotor Oinensions and Design Data 

See Part  I, Appendix II 

Additional Information; 

Rotor Solidity .054 

Disc Loading 3,9 
(at design gross weight) 

2.2 Aircraft Systems 

2.2.1 Electrical Systems 

See Part I, Appendix II 

2.2.2 Power Plant 

The T63-A-5 turbo-shaft engine has a nominal rating of 250 
Shaft Horsepower (SUP).    As installed in the 0M-6A, the engine is 
limited by either the output shaft torque or the gas producer turbine 
outlet temperature  (Ttr).    For maximum continuous operation, these 
limits were  186 foot-pounds torque at 6000 rpra (212 SHP) or 693 degrees 
Centigrade (C) Tts, whichever Is reached first.    For takeoff power 
(maxlmirj of 5 tiinutes continuous operation), these limits ere 219 
foot-pounds torquo (250 SHP) or 738 degrees C, 

II-l 
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The engine  is  a free turbine type.    The compressor consists 

of 6 axial stages and 1 centrifugal stage.    Compressor speed at 100 
percent is 51,120 rpm.      The combustor section consists of a single    . 
chamber where a regulated flow of fuel  is injected to support con- 
tinuous combustion.     The power turbine has 2 axial stages.    Power 
turbine speed at  100 percent is 35,000 rpm.    The high speed of the 
power turbine  is reduced in the accessory  gear box to 6000 rpm for 
the engine output speed.     Engine operated accessories  are also 
driven from the accessor)'  gear box. 

The DP-U3 gas  turbine  fuel control  is pneumatically operated 
by compressor discharge air.    The fuel control senses  input from 3 
sources.    These 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 into the fuel control.    This 
means that when the engine  load 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'^roop", a "droop" compensator cam is installed 
in the linkage between the collective pitch control and the power tur- 
bine governor.    This cam converts 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 ovcrspeed in the 
power turbine,  rotor speed and engine power may be controlled through 
pilot coordination of collective pitch control and twist grip rotation 
as in an ungovemed reciprocating engine, 

2.2.3 Landing Gear System 

See Part I, Appendix II 

2.2.4 Fuel System 

See Part I, Appendix II 

2,?,,5 Control Syatem 

See Part I, Appendix II 
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3, TIA Limitations 

See Part  I, Appendix II 

*• Weight  and Balance 

The test aircraft was weighed prior to installation of test 
Instrumentation. The weighing was done in a closed hangar using an 
electronic 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 mot  the performance guarantees,   the empty 
weight was defined to be  the weight of 0II-6A, USA S/N 62-4212, as 
delivered to the U.  S. Army Aviation Test Activity, with corrections 
for the increase in weight of Government furnished equipment, and 
corrections  for items installed but not part of the contract empty 
weight (See Part I, Section 1, paragraph l.l.m).    With these cor- 
rections, the empty weight used was 110l.S 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 weight is defined as: 

Normal Gross Wolght -       Empty weight ♦ useful load 

Empty Weight > 1101.S lb 

Useful Load -       Pilot 200 lb 

Cargo 400 lb 

Fuel as necessary to meet normal 
gross weight of Model Specifica- 
tion, paragraph 3.2.1--383.S lb 

0M-6A Model Specification, paragraph 3.2.1 states that the 
normal gross weight (performance guarantee weight) shall not exceed 
20S0 pounds - S percent; therefore, helicopter performance was calcu- 
lated at 2085 pounds (20SC * 1.7 percent). 

Weights of sona items not included in the empty weight which 
may be required for various missions are as follows: 
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Copilot flight controls    -  8.7 lb 

Anti-collision light      -  1.0 lb 

Ground handling wheels     -   49 lb 

XM-7 armament system       -  226 lb 
(full ammunition) 

XM-8 armament system      -  257 lb 
(full ammunition) 

After installation of test instrumentation, the helicopter 
was again weighed. The basic weight (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 feet forward of the nose of the 
helicopter. The static pressure ports of this pitot-static head were 
the pressure source for the sensitive altimeter 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 paraceters: 

Pilot-Engineer Panel; 

Boom System Airspeed 
■ 

Standard System Airspeed 

Boon Altitude 

Rate of Climb 

Angle of Sideslip 

Free Air Teirperaturo 

Rotor Speed 
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Gas Producer Speed (Nj) 

Torquemeter Oil Pressure 

Turbine Outlet Temperature (Tts) 

Compressor Inlet Total Temperature 

Compressor Inlet Total Pressure 

Exhaust Gas Static Pressure 

Cockpit Absolute Pressure 

Total Fuel Used 

Photo Panel Frame Counter 

Oscillograph Record Counter 

Photo Panel; 

Boon Altitude 

Time of Day 

Free Air Temperature 

Gas Producer Speed (Nj) 

Torquemeter Oil Pressure 

Compressor Inlet Total Pressure 

Compressor Discharge Total Pressure 

Combustion Static Pressure 

Compressor Discharge Temperature 

Fuel Control Inlet Fuel Temperature 

Total Fuel Used 

Photo Panel Frarce Counter 

Oscillograph Record Counter 
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■u Recordln;; 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) 

Pilot's Station Lateral Acceleration (vibration) 

Pilot's Event 

Engineer's Event 

Bridge-Balance Voltage 

6. Engine Model Specification 580-E Inaccuracies 

During the course of th<  performnce tests, inaccuracies were 
encountered while working witn the T63-A-5 Engine Model Specification 
580-E.    The following information is presented to clarify this situa- 
tion. 

The T63-A-5 Engine Model Specification S80-E contains engine 
performance dnta that do not represent an actual engine.    These data 
are based primarily on an uninstailed power available of 206 Shaft 
Horsepower (SUP) at 6000 feet pressure altitude, 95 degree Fahrenheit 
(F)  ambient tecperature and a sea level standard day specific fuel 
consumption of .71 pounds of fuel used per hour per SMP at 250 SUP. 
The sea level condition was a guarantee point and the SUP 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 & new engine, 
tests on various engine components  (i.e., conpressor, corebustor, 
turbines, etc.) are conducted by the manufacturer.    From these tests, 
the engine performance is predicted for various altitudes and ambient 
temperatures.    As coirplotod engines are run and more infornation is 
obtained, the predicted perforasnee is revised« 
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Wien the engines were calibrated for the LOU flight test 

programs,  it became apparent  that the power deterioration with  in- 
creasing altitude and tenperature was greater than predicted, 
A specification engine that would just meet the performance guarantee 
at sea level on a standard day would not produce 206 SUP uninstailed 
at 6000 feet and 95 degrees F.    Such an engine would only produce 
199 SUP at 6000 feet, 95 degrees F. 

The engine calibration test data showed that the T63-A-5 
engine had a performance margin over the 580-E specification values 
at sea level.    The existence of this sea level power margin allowed 
206 SUP to be obtained at 6000 feet,  95 degrees F,    The consistent 
existence of this margin strengthened the T63 manufacturer's decision 
to show 206 SUP at 6000 feet, 95 degrees F in the 580-1: specification. 

Prior to the start of the U.  S. Army Aviation Test Activity 
Engineering Tests on the  LOH's, referred engine performance curves 
were obtained from the engine manufacturer.    In addition, curves of 
various correction factors were obtained.    These curves were provided 
to produce 580-1; 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 fomed a single curve,  as they 
should, which indicated that the correction factors were reasonable. 
Later in the test program a more detailed check was made of the 580-E 
Model Specification.    This check revealed that the 580-E specification 
did not contain power data that agreed with what the actual engines 
were producing.    It also revealed areas of considerable disagreement 
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 much 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 
guarantee 206 SUP 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 temperature as 
presented in this report.    This information also further verifies the 
hot day high altitude power available as presented in this report. 

Fron the discussions with the manufacturer,  it was concluded 
that in order to present a technically accurate and correct picture 
of the LOH perfomnce,  the power deterioration with increasing altitude 
and tecparature as detomined fror, the referred curves would be vs-id. 
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Those curves are presented in Figures No, 63 through 66, Section 
3, Appendix I, and are labeled "Engine Model Specification SSO-E." 

7. Engine Operation 

The accunulation of dirt ^n the compressor section of the 
T63-A-5 engine installed in 0U-6A, USA S/N 62-4212, caused a 
deterioration in engine performance characteristics.    This accumula- 
tion was evidenced by an increase in turbine 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 relatively 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 a wire brush. 

For a clean compressor at approximately 3000 feet 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 feet 
density altitude, with a dirty compressor, a nild compressor stall 
was encountered immediately following a rapid power reduction after 
landing. 
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APPENDIX III 

SYMBOLS AND ABBREVIATIONS 

SYMBOL DLFINITION UNIT 

TAS (Vt) True Airspeed .- Knots 

CAS (Vc)(Vcal) Calibrated Airspeed y' Knots 

K (Kt) Knots Knots 

IAS Indicated Airspeed Knots 

Vno Never Exceed Airspeed Knots 

Vmax Maximum Airspeed Attainablo Knots 

VD Maximum Permissible Dive Spoed Knots 

0GB Out of Ground Effect 

IGE In Ground Effect 

CG, Center of Gravity Inches 

GW Gross Weight Pounds 

RPM/rpni Revolutions per Minute 

oc Degrees Centigrade Degrees 

0P Degrees Fahrenheit Degrees 

SL Sea Level 

SHP Shaft Horsepower 

R/D Rate of Descent feet per minute 

R/C Rate of Climb feet per minute 

T/C Time to Climb Minutes 

Cp Power Coefficient 

CT Thrust Coefficient 

KAMT Nautical Air Miles Trave led 
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NAMPP NautlcRl Air Hi Jos Per Pound o f Fuel 

Hi Gas Producer Speed Percent rpa 

Hz Power Turbine Speed Percent rpn 

Hi Density Altitude Feet 

Hp Pressure Altitude Feet 

Ttj  (TOT) Turbine Outlet Tenperature Degrees 

p (rho) Air Hass Density ib-sec2 
ft^ 
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