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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 configuration, results
in a qualitative evaluation 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 responcibility 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,
or within, control margins specified by military specifications. What
may appear to be discrepancies between service and engincering test
reports is actually the difference between qualitative and quantitative
reporting.

The Light Observation llelicopter 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.
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ABSTRACT

Performance flight tests were conducted on the OH-4A to determine
the compliance with the Light Observation lHelicopter (LOAY Military
Characterastics and to check the contractual guarantees cutlined in the
Grt-<A Model Specification,

The U. S, Army Aviatiom\Test Activity (USAATA), Edwards Air Force
Base, California, was designidted LExecutive Test Agency for the confirm-
atory enginecring tests in the LOH Program and is responsible for test
exccution and test i1cporting of its assigned phase.

Lrgineering flight tests were conducted by the U, S. Army Aviation
Test Activity at Edwards Air Force Base, California, and at auxiliary
test sites at bBakersfield aad Bishop, California. A toctal of 121
flights were conducted for 73:45 productive flight hours. These tests
were accomplished during the period of 13 March to 30 June 1964,

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

The OH-4A met the contractual performance guarantce for maximum
airspeed.

The OH-4A did not meet the contractual performance guarantees for
endurance or for 35 degrees centigrade (C) out-of-ground effect (OGE)
hovering ceiling.

The OH-4A met the Military Characteristic requirement for 3 hours
encurance with a 400 pound payload.

The OH-4A did not meet the Military Characteristics requirements
for cruise speed, cndurance at 85 percent cruise power, OGE hot day
hover performance at 6000 feet or OGE hover performance at overload
gross weight, sea level standard day.

The OH-4A performance was summarized using powe; available as
defined by Engine Model Specification No. 580-E.

Takeoff performance was satisfactory for all conditions that allowed
a hovering skid height of 2 feet or more. Hovering performance was sate
isractory at low altitude standard day conditions but deteriorated rap-
idly with increasing ambient temperature and increasing altitude, Climb
and autorotation performance was satisfactory for a helicopter of this
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power and weight class. Blade stall was not eacountered. Vibration
levels were exceptionally low.

This program was essentially an airframe evaluation, but a section

lhas been incorporated into Appendix Il in order to describe pertinent
chiaracteristics of the To3-A-5 enginec.
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SECTION 1 - GENERAL

1.1 REFERENCES

See Part I, Section 1, References a. to j. inclusive, and the
following additional ieferences:

k. Preliminary Report, "Flight Evaluation of the T-63-A-5 Gas
Turbine Engine Installed in the Ull-13R Helicopter,' USATECOM Project
No, 4-4-0240-02, U. S, Army Aviation Test Activity, January 1964,

1. .iodel Specification, Light Observation lielicopter, Oli-4,
15 September 1961; Revision No., 1, 8 December 1961.

m. Model Specification No, 580-A, Model T63-A Engine, 12 Dec-
ember 1960,

n. Model Specification No. 580-E, Model T63-A-5 Engine, 24 June
1963,

o. Letter, SMOSM-PAIA-2, Headquarters, U. S. Army Aviation
Materiel Command, 4 April 1964, subject: "Compliance Check of Manu-
facturer's Guaranteed Porformance and Competitive Performance Eval-
uation,"

p. Final Report of "OlH-13H Gross Weight Increase/XM-1 Armament
Kit Performance Test,'" U. S. Army Aviation Test Activity, June 1963.

1.2 AUTHORITY
See Part I, Section 1,
1.3 OBJECTIVES

The objective of this program was to conduct engineering perform-
ance flight tests of the Light Observation Helicopter (LOH) Fiototype
Oli-4A to (a) confirm contractor compliance with the approved Army Mili-
tary Characteristics for an unarmed (clean) and armed OH-4A helicopter;
(b) provide data to assist in selecting an LOH design for possible
future production; and (c) determine if the contractor performance
guarantcces were met. .

1.4 RESPONSIBILITIES

See Part I, Section 1.
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1.5 DESCRIPTION OF MATERIEL

See Part 1, Section 1; Part I, Section 3, Appendix 11; and Part II,
Section 3, Appendix 11,

1.6 BACKGROUND
See Part 1, Section 1,
1.7 FINDINGS

The takeoff performance of the OH-4A was satisfactory for all
gross weights and ambient atmospheric conditions that allowed a hover-
ing skid height of 2 feet. Under conditions that allowed a hovering
skid height of approximately 2 to 2-1/2 feet, the minimum distance to
clear a 50 foot obstacle was produced by a "level acceleration from a
2 foot hover" takeoff technique. Under conditions that allowed a
hovering skid height greater than 2-1/2 feet, shorter takeoff distances
were obtained using a simultaneous "climb and accelerate from light on
skids" technique. Greater pilot proficiency was required to execute
the ‘“climb and accelerate" technique with consistent results. Engire
rpm governing deficiencies required that the pilot monitor engine
operation closely during takeoffs while using either technique.

Hovering performance was adequate based on power data obtained
from the T63-A-S5 Model Specification 580-E at lower altitudes on a
standard day. Performance deteriorated rapidly with increasing ambient
temperature and altitude. Based on power data from the T63-A Model
Specification 580-A, the hot day (¢35 degrees centigrade (C)), normal
gross weight hovering performance guarantece was not met., The out-of-
ground effect (OGE) hovering ceiling guaranteed was 4300 feet + 10
percent. The actual OGE hovering ceiling at the gross weight and am-
bient conditions specified was 825 feet pressure altitude. The Military
Characteristics, Light Observation Aircraft (Sce Part [, Section 1,
paragraph 1l.la) required an OGE hovering ceiling of 6000 feet pressure
altitude on a 35 degree C day at normal gross weight (2573 pounds).
The maximum gross weight at which the Oii-4A could hover OGE at these
ambient conditions was 2085 pounds, The Military Characteristics also
required OGE hover at sea level on a standard day at overload gross
weight (2900 pounds). The maximum gross weight at which the OH-4A
would hover OGE at sea level on a standard day was 2730 pounds.

The performance guarantees and Military Characteristics require-
ments were based on power available as defined in Engine Model Specifi-
cation 580-A. The hovering performance summaries were based on Engine
Model Specification 580-E. This revised model specification results
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in better standard day performance below critical altitude due to a
higher torque limit but more vapid deterioration of power available
with increasing arbient temperature. The overload gross weight (2900
pounds) OGE hovering ceiling was 2200 feet on a standard day., The
maximum gross weight for hovering OGE on a 35 degree C day at 6000
feet was 1986 pounds. ‘Tne Or-4A would not hover OGE at sea level on
a 35 degree C day at normal gross weight (2573 pounds). |

The climb performance of the Oil-4A was satisfactory. With a climb
start gross weight of 2573 pounds at sea level, the service ceiling was
20,150 feet on a standard day. Sea level rate of climb was 1100 feet
per minute at maximum continuous power and 1550 feet per minute at
takeoff power, With a climb start gross weight of 2900 pounds at sea
level, the service ceiling was 15,000 feet on a standard day. Sca
level rate of climd was 810 feet per minute at maximum continuous power
and 1250 feet per minute at takeoff power,

During level flight, the maximum airspeed performance guarantec was
ret. The maxinmum airspeed guaranteed was 100 knots * 10 percent at
normal gross weight (2573 pounds) on a sea level standard day at maximum
continuous power, Based on Lngine Model Specification 580-A, the
maxinum true airspeed (TAS) was 96.5 knots at these conditions. The
Military Characteristics, Light Observation Aircraft, required 110 knots
at the same conditions, This requirement was not met by a margin of
approximately 12.3 percent. The guaranteed endurance mission of 3.0

urs ¥ 10 percent was not met by a margin of approximately 0,37 hours
(13.6 perceat). The Military Characteristics required a 400 pound pay-
load to be carried for 3 hours, At the airspeed for minimum power rec-
quired in level flight, this requirement was met by a margin of approx-
imately 0.18 hours (6 percent). The Military Characteristics also re-
quired 3 hours endurance at 85 percent cruise power., This requirement
was not met by a margin of approximately 0.45 hours (15 percent).

The equivalent flat plate area of the XM-7 armament system was found
to be 2,46 square fcet and that of the XM-8 was 1,57 square feet, This
reduced the sea level stepdard day at normal gross weight maximum speed
from 111.5 KTAS to 105 KTAS with the XM-7 and to 107.5 KTAS with the
XM-8 at takeoff power available as defined by Model Specification No.
580-E, Center of gravity (C.G,) did not significantly affect level
flight performance. Maximum airspeed was generally limited by power
available at lcwer altitudes and by the '"never excecd" (Vne) airspeed
from the Federal Aviation Agency Type Inspection Authorization (FAA TIA)
(See Part I, Section 1, paragraph 1.1.g) at higher altitudes.

Vibration levels were exceptionnlly low and blade stall or rotor
compressibility effects were not encountered,

While changing collective pitch control settings, the pilot had
to monitor rotor speed and use the "beep" switch to maintain a desired

rpm.
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Autorotational descent performance was satisfactory and typical
for a heli:opter the size and weight of the Oli-4A. The ninimum rate
of descent was 1495 fcet per minute. This was obtained at 48.0 knots
calibrated airspeed (KCAS) and the minimum power-off rotor speed of
374 rpm.,

1.8 CONCLUSIONS
None.

1.9 RECOMMENDATIONS

None.
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SECTION 2 - DETAILS AND RESULTS OF SUB-TESTS

2.0 INTRODUCTION

Performance flight tests on the Cl-4A Light Observation Helicopter
were coaducted by the U, S. Army Aviation Test Activity at Edwards Air
Force Base, California., Sea level and high altitude testing was accom-
plished at Bakersficld and Bishop, California, where altitudes from
sea level to 9500 feet and a wide range of ambient temperatures were
available. A total of 121 flights were conducted for 73:45 productive
flight hours. The tests were accomplished during the calendar period
of 13 March 1964 to 1 July 19¢4,

Level flight performance data were obtained at Edwards Air Force
Base, and at tihe sca level site at Bakersiicld, California. Climb per-
forrance data were obtained entively at Bakersficld where the climbs
could be initiated near sea lcvel, Autorotational descent performance
data were collected during descents after completing other tests,
Takeoff tests were accomplished in the Bishop, California area where
pressure altitudes of 4100 feet (Bishop Airport) and 9500 feet (Coyote
Flats) were available. lovering performance data were collected at all
of the test sites,

All tests were conducted in stabilized non-turbulent air so that
accurate perforrance data could be obtained, The test data were re-
covded by hand from sensitive instruments or automatically using a
phioto panel.

Power available and fuel flow as specified in the T63-A Engine
Model Specification 580-A were used to check the contractual guarantees
and the desired performance as defined in '"Military Characteristics,
Light Observation Aircraft" (See Part I, Section 1, paragraph 1.l1a)
for hovering, maximum airspeed and endurance.,

Summary performance was obtained using power available and fuel
flow information based on the T63-A-5 engine referred characteristics
as defined by model specification 580-E on a sea level standard day.
Engire performance at the 6000 foot altitude, 95 degrce Fahrenheit (F)
ambient temperature and all other altitude temperature combinations
wcre obtained from curves of standard power deterioration with in-
creasing altituce 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.
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Using the power available as described above, it was determined
that a T63-A-5 engine, which will produce the minimum 580-C specifi-
cation sea level standard day power, will not produce the 206
shaft horsepower (SiiP) at 6000 feet, 95 degrees F as shown in the
580-E model specification. Such an engine will, in fact, only
produce 199 SHP under this altitude, ambient temperature condition
(See Section 3, Appendix II),.

2.1 TAKEOFFS
2.1.1 OBJECTIVE

Takeoff tests were conducted to determine the performance of the
OH-4A helicopter under conditions in which a vertical takeoff could not
be made to clear a 50 foot obstacle. Under these conditions, a short
acceleration 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 climb-out air-
specds versus distance required to clear 50 feet. Each curve was
obtained by conducting a series of takeoffs using various climb-out
airspeeds. During each series, ballast was added or removed as nec-
essary so as to maintain the desired excess power available conditions
as fuel was consumed and ambient temperature varied,

These tests were accomplished at two altitudes and several gross
weights to define the performance over as wide an envelope as possible.
Takeoff performance was evaluated using two takeoff techniques which
are commonly used in the field. A ground operated Fairchild Flight
Analyzer was used to produce a photographic record of time, horizontal
distance and vertical distance for each takeoff.

The climb-out airspeed range used for each series of takeoffs
varied from the minimum achievable to maximum practical airspeed
(approximately 50 knots indicated airspeed (KIAS))., All takeoffs were
performed in winds of 3 knots or less. These test:; were conducted at
density altitudes of approximately 5000 to 10,000 feet. Gross weight
was varied from 2250 to 2930 pounds at the mid center-of-gravity (C.G.)
location (Station 102.0). All takeoff tests were conducted with a
main rotor speed of 394 rpm (100 percent power turbine speed (N2) ).
using takeoff power,

2,1.3 RESULTS

The results of the takeoff performance tests are graphically
presented in Figures No, 1 through 17, Section 3, Appendix I,
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2.1.4 ANALYSIS
a, Comparative Techniques

Two takcoff techniques were used during this evaluation,
Each technique was found to have certain advantages and was preferred
under different circumstances.

The first technique required that sufficient power be applied
to maintain the helicopter light on its skids. This placed the engine
as high as possible in the power range while maintaining ground contact
with the helicopter. This method of power management reduced the time
required to accelerate the engine to takcoff power. As takeoff power
was applied and the helicopter left the ground, a pitch attitude was
assumcd such that the helicopter climbed and accelerated simultanecously
and rcached the desired airspeced while passing through a height of 50
feet above the ground. This technique is referred to as the "simultan-
eous climb accelerate from light on skids" technique.

This technique produced shorter takeoff distances at condi-
tions of higher values of excess power (equivalent hovering skid
heights of 2-1/2 feet or more). In addition, the technique had several
other inherent advantages, A flight path clear of intermediate ob-
stacles was not required. Because of the terrain avoidance fcatures of
this technique, the pilot was able to monitor more closely the aircraft
instruments, cspecially with regard to maintaining maximum engine power
output and proper rotor speed.

Onc disadvantage of this technique was that considerable
pilot proficiency was required to use it with precision. Attaining the
desired airspeed at a 50 foot skid height was entirely dependent upon
pilot judgment and skill in assuming the proper initial attitude at
lift-off, An additional disadvantage was that the helicopter was
within the "avoid" area of the height-velocity curve very early in the
takeof{ mancuver.

The second takeoff technique was initiated from a 2 foot
hovering skid height. As power was applied, the helicopter was accel-
erated at a constant 2 foot skid height until approximately 3 knots
before the desired climb-out airspced was attained. The helicopter was
then rotated to the proper attitude and allowed to climb out at the
desired airspeed. When using this technique with a large amount of
excess power, pronounced nose-down attitudes were required in order to
maintain a constant skid height throughout the acceleration to climb-
out airspeed., When there was very little excess power available, the
helicopter had a tendency to lose height when passing through transla-
tion. If the helicopter were allowed to contact the ground, accelera-
tion decreased and the takeoff distance increased,
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Acceleration through translation was accomplished as rapidly
as possible. Practice was required to achieve the maximum acceleration
attainable for the various amounts of excess power available during tlre
tests.

At large values of excess power available, equivalent to
hovering skid heights of 2-1/2 feet or more, the minimum takeoff dis-
tances were obtained using the "simultaneous climb and acceclerate from
light on skids'" technique. The following plot indicates that the
"level acceleration from a 2 foot hover" technique may produce shorter
takeof f distances under some conditions. At high values of excess
power, however, the airspeed for minimum takeoff distance was lower for
the "simultancous climb and accelerate from light on skids" technique,
and shorter overall distances were required.
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Data were not collected for the "climb and accelerate" tech-
nique under conditions of low excess power (equivalent hovering skid
height of approximately 3 feet or less) and low climb-out-airspeeds
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(less than 15 knots). Program termination dates and the available
atmospheric conditions for testing precluded gathering these data.
There was a minimum value of excess power below which this technique
wouid have no longer been optimum or even practical. Extrapolation
of the data in the preceding plot indicated that this point in excess
power was at an cquivalent hovering skid height of approximately 2-1/2
feet. At lower values of excess power than approximatcly 2-1/2 feet
equivalent hovering skid height, ground effect was required in order
to accelcrate through translation to the desired climb-out airspeed,
and translational 1ift was necessary before climb-out could be accom-
plished.

b. Flight Characteristics

The flight characteristics of the Oli-4A during takeoff were,
in gencral, satisfactory for achieving optimum takeoff performance.
The static longitudinal stability and good controllability about all
axes permitted proper attitude control. Control of aircraft attitude
along with proper power management was vital to achieving consistent
maximunm takeoff performance. The importance of attitude control is
emphasized because the shortest horizontal distances required to clear
a 50 foot obstacle were achieved at airspeeds lower than that at which
the standard aircraft's airspeed system became effective, i.c., less
than 25 knots true airspeed (KTAS). The takeoff airspced and the
resulting performance were, therefore, entirely dependent upon pilot
judgment and proficiency. It should be noted that the takeoff perform-
ance presented in this report can only be obtained by a proficient pilot,

Translation to forward flight was comparatively smooth, with
no abrupt trim changes. At very low excess power, some settling was
evident which occasionally resulted in ground contact. Following trans-
lation, the additional lift significantly increascd the acccleration of
the helicopter to climb-out airspeed. For this reason, it was important
to pass through translation as rapidly as possible to obtain maximum
performance.,

¢. Power Management

Power management during maximum performance takeoff in the
Ol-4A presented difficulties which were detrimental to the overall
takeoff performance of the helicopter. An excessive amount of pilot
attention was required to monitor engine operation during abrupt power
changes.

To achieve maximum takeoff performance, it was important
that the takeoff power limit be attained and maintained as rapidly and
accurately as possible following initiation of the maneuver. Maintain-
ing the maximum engine power output required that the pilot continuously
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make small adjustments to the collective control setting as the aero-
dynamic loading on the main rotor varied in different flight regimes.
This was especially noticed while passing through translation. These
corrections in collective pitch caused the rotor speed to vary signif-
icantly during a takeoff and from one takcoff to the next under the
same start conditions of power and rotor speed.

It was the function of the power turbine (N,;) governor and
the droop compensator cam to maintain a nearly constant rotor speed
during small variations in power (collective control) settings. This
function was not consistently performed, so that it was very difficult
to maintain a constant rotor spced throughout the takeoff run. The
variation in rotor speed with small power changes was not consistent
from one takeoff to the n2xt. The pilot could not cffectively antici-
pate and correct rotor speed changes with the power turbine speed
selector "beep'" switch. In the coursc of the takeoff performance
testing, an occasional inadvertent rotor overspced at the takeoff power
limit was encountcred while attempting to maintain 394 (100 percent)
revolutions per minute (rpm). (See Section 3, Appendix II, for a more
complete description of fuel control operation.)

During takeoff under conditions of large amounts of avail-
able excess power, the gas producer must accclerate through a conside
erable range., 7The response characteristics of the T63-A-5 engine
installed 1in the Oil-4A were found to be unsatisfactory. The average
acceleration time from flight idle (63 percent Nj) to 99.5 percent
gas producer spced (Nj) was approximately 5 seconds, which is within
acceptable limits, llowever, the initial acceleration after a rapid
throttle application (throttle jam) was slow, with the acceleration
rate increasing very rapidly during the last 2 seconds. This accel-
eration characteristic resulted in a large increase in torque during
the last second in the acceleration cycle. This was difficult for the
pilot to anticipate and to apply the anti-torque control necessary to
counteract the resulting yawing motion of the helicopter.

2.2 HOVER

2.2.1 OBJECTIVE
Hovering tests were conducted to determine hovering performance
of the OH-4A helicopter. Data from these tests were used to check com-

pliance with the Military Characteristics and to determine if the
hovering contractual guarantees were met,

10
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2,2.2 METHOD

llovering performance data were obtained using the "free flight"
method, with data being recorded at various pre-selected skid heights
both in-ground effect (IGE) 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 precisecly the desired skid height.
Data were recorded at stabilized skid heights of 2, 5 and 10 feet (IGE)
and 50 feet (OGE) in zero wind conditions. These tests werc performed
at gross weights up to the maximum overload at a mid center-of-gravity
(C.G.) location (Station 102.0) and rotor speed of 374, 382 and 394
rpm. Testing was accomplished at density altitudes from sca level to
10,300 feet.

2.2.3 RESULTS

The results of the hovering performance tests are graphically
presented in Figures No. 18 through 28, Section 3, Appendix I.

2.2.4 ANALYSIS
a, Guarantce

The OH-4A did not meet the guaranteed hovering performance
as shown on the following plot:
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The hovering performance guarantec stated that the OGE hover-
ing ceiling at normal gross weight (2573 pounds) with an ambient temp-
crature of 35 degrees centigrade (C) (95 degrees Fahrenheit (F)) would
be 4300 feet pressure altitude, + 10 percent. Power available was
defined by Model Specification 580-A, with installation losses as meas-
ured during this evaluation,

The maximum gross weight at which the OH-4A could hover OGE
at 4300 feet pressure altitude on a 35 degree C day was 2234 pounds.
The actual hovering ceiling under the conditions of the hovering per-
formancce guarantee was at a pressure altitude of 825 feet.

The Military Characteristics, Light Observation Aircraft
(See Part I, Section 1, paragraph l.la) required that the normal gross
weight 2573 pounds) OGE hovering ceiling on a 35 depree C day be 6000
fcet pressure altitude., The maximum gross weight at which the Oll-4A
could hover OGE at 6000 feet on a 35 degree C day was 2085 pounds.

The Military Characteristics also required an OGE hovering
capability at overload gross weight (2900 pounds) at sca level on a
standard day. This requirement was not mct using power available (250
Sti®) as defined by Model Specification 580-A., The maximum gross weight
at which the Oli-4A could hover OGE on a standard day at sca level was
2730 pounds., This was 170 pounds (approximately 5.9 percent) less than
the requirement,

The summary hovering performance presented in Figure No. 20,
Section 3, Appendix I, to check compliance with the performance guarantce,
was significantly different from the takcoff power summary hovering
performance presented in Figure No. 18, Section 3, Appendix I. The dif-
ference was duc to the installed power available as defined by the two
Model Specifications, 580-A and 580-F., Below critical altitude, the
difference was duc to the fact that the enginc output torque was limited
to 218 pound-feet for the 580-A, and to 240 pound-feet for the 580-L.
Above critical altitude, the differcence was due to the difference in the
power available betwcen the two Model Specifications at the same limit
turbine outlet temperature (Ttg). This difference was larger for the
higher ambient temperatures.

b. Performance

The hovering performance summaries prescnted in Figures No,
18 and 19, Section 3, Appendix I, were based on the power available as
defined by Model Specification 580-E, with installation losses as meas-
urcd during this evaluation.
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The OGE hovering performance of the Oli-4A under standard day
sca level conditions was adequate, however, performance deteriorated :
very rapidly with increasing ambient temperature as well as altitude.
The standard day OGE hovering ceiling at the overload gross weight of
2900 pounds was 2200 feet, but on a 35S degree C day, thec OH-4A would
not hover OGE at sea level at the normal gross weight of 2573 pounds.
The maximum gross weight at which the Oii-4A could hover OCE at 6000
feet pressure altitude on a 35 degree C day was 1984 pounds.

At normal gross weight (2573 pounds), the 2 foot skhid height
hovering ceiling was 4150 fect pressure altitude on a 35 degree C day
and 12,150 feet on a standard day. At overload gross weight (2900
pounds) the 2 foot skid height hovering ceiling was 1210 feet pressure
altitude on a 35 degrec C day and 8200 feet on a standard day.

The rapid deterioration of hovering performance with increas- 1
ing ambient temperature was largely duc to the rapid decrease in power
available with temperaturc rise. This power deterioration was consid-
ered typical for a helicopter powered by a gas turbine engine when
operating above critical altitude.

Comparison of the hovering performance deterioration of the
Ol-4A and the Oii-13l1 illustrates the difference in power loss with
increased temperature for turbine and reciprocating engines. At 8000.
feet pressure altitude, above the critical altitude for both helicopters,
the maximum gross weight for OGE hovering of the OH-13H was 2532 pounds
on a standard day and 2340 pounds on a 35 degree C day (Sece Section 1,
paragraph 1l.1p). The maximum gross weight for OGE hovering for the
Ol-4A was 2495 pounds on a standard day and 1810 pounds on a 35 degrece
C day at 8000 feet pressurc altitude, The 0il-131 OGE hovering capabil-
ity was decreased by 192 pounds or approximately 7.6 percent. The OH-4A OGE
hovering capability was decreased by 685 pounds or approximately 27.5
percent.

Rotor speed had a negligible effect upon the Oli-4A hovering
performance, but rotor speed stability while hovering in gusty winds
was poor. The changes in power delivered to the main rotor because of
changing aerodynamic loading and control power requirement caused the
rotor speed to vary indiscriminately through a range of up to 5 rpm.
This variation, however, did not adversely affect skid height or alti-
tude control,

2.3 CLIMBS
2,3.1 OBJECTIVE

Climb tests were conducted to determine the performance during
climbing flight and the service ceiling.

13
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2.3.2 METHOD

Continuous climb performance tests were conducted from sea
level to service ceiling at two gross weights using maximum contin-
uous power., Takecoff power climbs, for 5 minutes, were also conducted
from sea level at the same gross weights, During the climb, power
was maintained at limit engine torque until an altitude was veach J at
which the limiting turbine outlet temperature was obtained (critical
altitude). As the climb continued above this altitude, power was
adjusted to maintain the limit turbine outlet temperature.

The continuous climbs were conducted at gross weights of 2573
pounds (normal) and 2900 pounds (overload) at a mid C.G. location
(Station 102,0) and a rotor speed of 394 rpm.

In addition, sawtooth climbs at normal gross weight and various
power settings and maximum continuous climbs at various gross weights
and maximum continuous power were conducted to obtain the power and
gross weight correction factors.

2.3,3 RESULTS

The results of the clinb performance tests are presented graph-
icaily in Figures No, 29 through 33, Section 3, Appendix I.

2.3.4 ANALYSIS

The climb performance of the Oi-4A was satisfactory. With a
start gross weight of 2573 pounas on a standard day at sea level, the
service ceiling of the OH-4A was 20,150 feet, At maximum continuous
power, the rate of climb at sea level was 1100 feet per minute, increas-
ing to a maximum of 1150 feet per minute at the critical altitude for
maximum continuous power (3150 feet). At the same conditions, but using
takeoff power, the sea level rate of climb was 1550 feet per minute,
increasing to 1575 feet per minute at the critical altitude for takeoff
power (2250 feet). c

With a climb start gross weight of 2900 pounds at sea level on
a standard day, the service ceiling of the Ol-4A was 15,600 feet,
At maximum continuous power, the sea level rate of climb was 810 feet
per minute, increasing to a maximum of 850 feet per minute at the
critical altitude for maximum continuous power (3150 feet). At the same
conditions, but using takeoff power, the sea level rate of cliab was
1250 feet per minute, increasing to a maximum of 1270 feet per minute
at the critical altitude for takeoff power (2250 feet).

14
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The airspeced flown to obtain the maximum rate of climb was
based upon level flight performance data. Duec to time limitations, a
complcte analysis of level flight data was not possible prior to com-
pleting the climb tests, and the optimum climb-speed schedule was not
flown in every case. Figures No. 29 and 30, Section 3, Appendix I,
show the calibrated airspeed actually flown along with optimum climb
speed schedule, At lower altitudes and gross weights, maintaining the
airspeed for maximum rate of climb was not critical due to the relativ-
ely constant value of shaft horsepower (SHP) required in level flight
at true airspeeds near the airspeed for maximum rate of climb. Near
the service ccilings, the relationship between SHP? required in level
flight and true airspeed was more critical, and the actual service
ceilings may be slightly higher than those shown in Figures Na 29 and
30, Section 3, Appendix I.

Maintaining the selected airspced during a climb presented
no particular problems once the helicopter was stabilized in the climb.
lHowever, at light weight and high power, it was rather difficult to
establish a stabilized airspeed at low altitudes. Due to the initial
high rate of climb, considerable altitude was gained before the heli-
copter was completely stabilized. It was found that the best method
for stabilizing at the desired airspeed and power setting was to increase
power at a rate that allowed the airspeed to remain stabilized.

2.4 LEVEL FLIGHT

2.4.1 OBJECTIVE

Tests were conducted in level flight to determine the range,
endurance, spced and power required of the Oll-4A helicopter. Data from
these tests were used to check compliance with the Military Characteris-
tics and to determine if the contractual guarantces were met. Tests
were also conducted to determine the effect on performance of the XM-7
and XM-8 weapons system.

2.4.2 METHOD

Speed power tests were conducted at various conditions of alti-
tude, gross weizht and rotor speed in both the unarmed (clean) and
armed (XM-7 or XM-8) configurations. Each speed power was flown at a
constant value of gross weight divided by density (W/p) so that a com-
parative analysis could be made. This involved increasing altitude as
fuel was consumed. During the tests, data werc recorded in stabilized
level flight at various airspeeds throughout the allowable sreed range
at approximately 10 knot increments so as to define adequately the
particular power required curve. In addition to basic power parameters,
fuel flow data were also reccorded.
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Tests in the clcuin configuration were conducted at density alti-
tudes of approximately sea level, 5000, 10,000 and 15,000 fcet. Gross
weights of approximately 2200, 2500 and 2900 pounds were used at a mid
center-of-gravity (C.G.) location (Station 102.0). Rotor speecds of
374, 382 and 394 rpm were flown., Two additional tests were conducted
at a density altitude of 5000 feet, a gross weight of approximately
2400 pounds, with a rotor speed of 394 rpm. One of these tests was at
a forward «.G. location (Station 99.3) and the other at an aft C.G.
location (Station 106,3).

Tests in the armed configuration were conducted at density alti-
tudes of approximately 2000 and 6000 feet, a gross weight of approxi-
mately 2400 pounds, a mid C.G. location and with a rotor speed of 394
rpm.

2.4.3 RESULTS

The results of the level flight performance tests are presented
graphically in Figures No. 34 through 51, Section 3, Appendix I,

2.4,4 ANALYSIS
a, Guarantce

The 0Oil-4A met the maximum airspeed guarantec. The Oli-4A
Model Specification maximum airspeed guarantee was 100 knots ¢ 10 per-
cent true airspeed for the conditions of sea level on a standard day
at normal gross weight (2573 pounds) and maximum continuous power as
defined by Model Specification 580-A, The relationship of SHP and
specific range to true airspeecd at thesc conditions is presented in the
plot on Page 17,

The maximum true airspced was found to be 96.5 knots. This
exceeded the minimum guarantee (100 knots - 10 percent) by 6.5 knots
true airspeed (KTAS) (approximately 7.2 percent).

The Military Characteristdcs, Light Observation Aircraft
required a cruise speed of 110 KTAS at the same conditions as above.

The OH-4A failed to meet this requirement by a margin of 13.5 knots
(approximately 12,3 percent).
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The OH-4A failed to meet the endurance mission performance
guarantee. The conditions for the endurance mission guarantee were
stated in the Oli-4A Model Specification as presented in the table on
Page 18,

The guaranteed endurance at the conditions stated in Table I,
on Page 18, was 3.0 hours + 10 percent. The actual endurance of the
OH-4A at the above conditions was 2,33 hours. This failed to meet the
minimum guaranteed endurance of 2.7 hours (3.0 hours - 10 percent) by
a margin of 0.37 hours (approximately 13.6 percent).

a?
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TABLE NO, 1

Basic weight (full oil and trapped fuel) 1596
Pilot 200
Observer and cargo 400
Fuel (including 1 lb unusable fuel) 377
Engine start gross weight 2573 1b

Warm up and takeoff: 3 minutes
at maxinmum continuous power
at sca level

Cruisc 96 kt at sea level

No fuel reserve

The empty weight of the Oli-4A was considerably higher than
originally intended. Because of this, the amount of fuel that could be
carried had to be reduced to stay within the Oil-4A Model Specification
normal gross weight of 2573 pounds (2450 pounds + 5 percent), This
contributed to a significant decrease in the range and endurance capa-
bility of the helicopter.

The airspeed specified for the endurance mission, 96 KTAS,
did not represent the airspeed for maximum range performance. The air-
speed for maximum range performance, the recommended cruise speed, is
shown in the following plot:
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At gross weights greater than 2455 pounds, the cruise speed was limited
by maximum continuous power. A specific example of this condition may
be scen in the plot on page 17, At gross weights lower than 2455 pounds,
the recommended cruise specd was that airspeed at which specific range
was 99 percent of its maximum value for a specific gross weight, The
values of specific range at the recommended cruise speeds are shown in
the following plot:
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The Military Characteristics, Light Observation Aircraft (See Part I,
Section 1, paragraph l.la) listed a requirement for 3 hours endurance
with a 400 pound payload. The conditions for this requirement were

the same as those for the endurance mission performance guaranvee in
Table I with the exception of airspeed. The airspeed for minimum power
required was used rather than the cruise speed of 96 KTAS., At the air-
speed for minimum power required, the endurance of the OH-4A was 3.18
hours, exceeding the requirement by 0.18 hours (approximately 6.0 per-
cent).

A second endurance requirement of the Military Characteris-
tics, Light Observation Aircraft was that at 85 percent cruisa power the
endurance at the conditions listed in Table I, with the exception of
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cruise specd, should be 3 hours. The cruise speed for this requirement
was the airspeed obtained at 85 percent of the power required at the
recommended cruise speed. The true airspeced at 85 percent cruise power
ranged from 86.7 knots at the start of the mission to 89.7 knots with
nearly all the fuel used.. The endurance at 85 percent cruise power

was 2,55 hours. This was 0.45 hours (approximately 15 percent) below
the requirement.

b. Performance

The maximum airspeed of the Oll-4A was limited cither by SHP
available or by the "never exceed” airspeed (Vne) as defined by the
Oll-4A Federal Aviation Agency Type Inspection Authorization (FAA TIA) (See
Part [,Secilonl,paragraph l.1g). At density altitudes from sca level
to approximately 5000 fect, the limit was usually SHP available. Above
that altitude, the limit was usually Vne. The limit encountered
depended upon pross weight and ambient temperature as well as density
aititude. At a piven pressurc altitude and gross weight, an increasc
in ambicnt ter)crature would increase the density altitude, and thercby
decrease the TIA Vne limit. However, above critical altitude, an in-
crease in temperature would also reduce the power available. The
cffect of increased temperature upon power available, at a pressure
altitude, is grecater than the cffect upon the TIA Vne, This meant that,
at higher ambient temperatures, the pressurc altitude at which the TIA
Vne limit was reached first was higer than that on a colder day.

The level flight performance tests conducted with the XM-7
armanent system installed in the stowed position showed that the equiv-
alent tflat plate area of this system was approximately 2,46 square fcct.
kWith this increase in drag, the XM-7 installation would reduce the seca
level standard day maximum airspeed at normal gross weight (2573) using
takeoff power from 111.5 KTAS to 105 KTAS, At maximum continuous power,
under the same conditions, thc maximum true airspeed would be reduced
from 102 knots to 96 knots.

The level flight performance tests conducted with the XM-8
arrament system installed in the stowed position showed that the cquiv-
aleat flat plate arca of this system was approximately 1.S57 square fcet.
On a sca level standard day at design gross weight (2573 pounds), the
M-8 armament system reduced the maximum true airspecd at takeof f power
from 111.5 knots to 107.5 knots. At maximum continuous power, under
the same conditions, the maximum true airspeed would be reduced from
102 knots to 98 knots.

Two level flipht tests were conducted at similar conditicns
of gross weight and density altitude. In one case the helicopter C.G.
was at fuselage Station 99.3. In the second case the helicopter C.G.
was at fuselage Station 106.3. It was found that there was negligible
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difference in the SHP required in level flight at these extremes of C.C.
location,

Figure No. 35, Section 3, Appendix I, summarizes the range
performance of the OH-4A. The airspeed for maximum range performance
for the clean configuration at 394 rpm was a constant 101 KTAS for all
gross weights and altitudes tested. The clean configuration includes
the F,M, homing antennue, but dia not include the XM-7 or XM-8 armament
systems. The airspeed for maximum range was not the recommended cruise
speed in every case. In some cases the Vne or the airspeed at maximum
continuous power limited airspeed to a value lower than that for maxi-
mun range performance,

The F.M. homing antennac reduced the range of the Oli-4A .
approximately 1 percent, and reduced the airspeed for maximum range from
103 KTAS to 101 KTAS,

The XM-7 armament system reduced the range approximately 7
percent and reduced the airspeed for maximum range from 101 KTAS to 94
KTAS,

The XM-8 armament system reduced the range approximately
4.5 percent and reduced the airspeed for maximum range from 101 KTAS to
95 KTAS,

Figure No. 68, Section 3, Appendix I, shows the vibration
levels for the Oli-4A at onc gross weight and altitude. Vibration levels
were calculated for the fundamental rotor frequency and at the second
and fourth harmonics. The one and two-per-rotor revolution vibration
levels were less than .07 g's. The four-per-rotor revolution vibration
increased at both high and low speeds. Maximum lateral vibration was
approximately 0.2 g's at 104.5 KTAS, Maximum vertical vibration was
approximately 0.15 g's at the same airspeed. Qualitatively, the over-
all vibration characteristics of the Oli-4A were exceptionally good.

During this evaluation, the OH-4A did not exhibit any tend-
ency to enter blade stall. In the envelope flown during the stability
and control portion of this evaluation, there was no tendency toward
pitch-up or loss of lateral controllability, the usual indications of
incipient blade stall (See Part I). No compressibility effects on the
rotor system were detected in the level flight power required tests.
The OH-4A, the-efore, could effectively use an increase in installed
power. Level flight maximum speeds would be increased under conditions
where airspeed was limited by SHP available.

The droop characteristics of the Oli-4A were unsatisfactory.
During power changes the selected rotor speed changed as much as ¢ 7 rpm,
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It is the combined function of the droop compensator cam,
the power turbine (N;) governor and the gas producer speed (Nj) fuel
control to schedule fuel flow to the engine. This fuel fiow should
meet the torque output dei.anded by the collective pitch control setting
while maintaining a nearly constant engine output speed as selected by
the pilot.

In practice, the pilot had to continually use the power
turbine speed selector "beep" switch when changing collective control
setting. When increasing airspeed in level flight from the airspeed
for minimum power required to maximum airspeed, the rotor speed would
decrcase approximately 3 rpm. When transitioning from a climb at take-
off power to level flight, the rotor speed would increase approximately
4 rpm. When initiating a partial power descent from level flight at
cruise airspeeds, as in approach to a landing, the rotor speed would
increase approximately 7 rpm,

The shortcomng in the governing of rotor speed was partic-
ularly significant when the helicopter was being controlled from the
copilot position, There was no "beep'" switch incorporated in the co-
pilot collective control. The copilot had to releasec one flight con-
trol to activate the pilot's "beep" switch, or the pilot had to
activate the switch. )

Operation of the 'beep" switch was satisfactory in the normal
operating rpm range. llowever, a "dead spot' existed at both extremes
of the "beep" range (minimum rpm and maximum rpm). This ''dead spot"
made very small rotor speed adjustments very difficult when operating
in these areas.

2.5 AUTOROTATIONAL 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 autorota-
tion,

2.5.2 METHOD
Autorotational descents were conducted at various airspeed and
rotor speed combinations throughout the allowable ranges. During the

descent, time and altitude were recorded so that rate of descent cr
be determined,
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A series of stabilized descents was conducted at a rotor
speed of 394 rpm and at various airspeeds between 35 to 65 knots cali-
brated airspeed (KTAS). From these tests the airspeed for minimum rate
of descent was determined. At that airspeced, a second series of
descents was conducted at rotor speeds from 374 to 422 rpm,

The autorotational descents were conducted at density alti-
tudes from approximately 5000 to 10,000 fecet. Various gross weights
from 2180 to 2900 pounds were flown at a mid center-of-gravity (C.G.)
location,

2.5.3 RESULTS

The results of the autorotational descent performance tests are
presented graphically in Figures No. 52 through 54, Section 3, Appendix
I,

2.5.4 ANALYSIS

The autorotational descent characteristics of the OH-4A were
satisfactory and typical for a helicopter of its size and weight. The
airspeed for minimum rate of descent was 48.0 KCAS. At this airspeed,
the rate of descent varied from 1680 feet per minute at a rotor speed
of 422 rpm to 1495 feet per minute at 374 rpm. The minimum angle of
descent at a density altitude of 5000 feet and rotor speed of 394 rpm
was achieved at 72 knots true airspeed (KTAS). Gross weight and density
altitude had little effect upon rate of descent, but a lower rotor speed
produced a lower rate of descent at a constant airspeed.

Above a density altitude of approximately 13,000 feet, it was
not possible to achieve true autorotational flight with the engine
operating. With the twist grip in the flight idle position and the
collective pitch control full down, the engine rpm was too high to allow
a complete engine-rotor disengagement ("needles split"),

Power recoveries from autorotations were impractical and
unsafe if initiated close to the ground (during or after the flare) when
operating at density altitudes in excess of 3000 feet. This maneuver
could be safely accompiished if throttle application were initiated
prior to the flare.

2.6 AIRSPEED CALIBRATION

2.6.1 OBJECTIVE

The objective of these tests was to determinc the airspeed posi-
tion error for both the standard and test airspeed system.
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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
flown over a mecasured coursec at various stabilized airspeeds on recip-
rocal headings, Airspeeds from approximately 30 to 105 knots calibrated
airspeed (KCAS) using approximately 10 knot increments were flown,

These tests were conducted at a density altitude of 1260 fecet, a gross
weight of 2550 pounds, a mid center-of-gravity (C.G.) location (Station
102.0) and a rotor speed of 394 rpm.

2.6.3 RESULTS

The results of the airspeed calibration are presented graphically
in Figure No. 67, Section 3, Appendix I.

2.6.4 ANALYSIS

The calibration of the position error of the standard aircraft
airspeed system showed good agreement with that presented by the manu-
facturer, The standard system had no position error at approximately
50 knots indicated airspeed (KIAS). The position error varied linearly
from approximately +1-1/2 knots at 28 KIAS to -5 knots at 110 KIAS,
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SECTION 3 - APPENDICES

APPENDIX 1 - TEST DATA
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APPENDIX II

GENLRAL AIRCRAFT INFORMATION

Alrcraft Dimensions, Design Data, FAA Type Inspection Authorizatir
Lirmitations, Weight and Balance, Instrumentation, Engine ‘'odel

Specification 530-L Inaccuracies and Engine Operari-n

1. Sources of Information

See Part I, Section 3, Appendix II,

5 Descrirtion of Aircraft and Systerns

2.1 Aircraft Design Data

Sce Part I, Section 3, Appendix TI.

2.2 Aircraft Systenms

2.2,1 Electrical Systen

See Part I, Section 3, Appendix I1i,
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-4A, thc engine is
lirited by either the output shaft torque or the gas producer turbine
outlet temperature (T:;), For maximum continuous operation these
linits were 204 pound-feet torque at 6000 rpm (233 SHP) or 693 degrees
centigrate (C) Teg, whichever is reached first. For takeoff power
(maximunm of S minutes continuous operation), these limits are 240
pound-fect torque (275 SHP) or 738 degrees C,

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
charoer into which a regulated flow of fuel is injected to support
continuous 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 accessory gear box,

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

A steacy-state "droop'" is built into the fuel control, This
means that when the engine load i< increased or decreuascd, the speed
of the power turbine will change slightly. The droop is required to
avoid rotor-engine dynamic instability and "hunting'" during stcady-
statc operation., In an attempt to eliwminate some of the undesirable
effects of the droop, a droop compcnsator cam is installed in the
linkuge between the collective pitch control and the power turbine
governor, This cam converts collective control moverent 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.
Uperation of this droocp compensator, as installed, was marginally
satisfactory throughout the test projranm,

There is no provision for em rgency coatrol in the case of
a fuel control failure., In the case of an uncontrolled overspeed in
the power turbine, rotor speed and eagine power may be controlled
threough pilot coordination of collective pitch control and twist grip
rotation as in an ungoverned reciprccating engine,

2.2.3 Landing Gear

See Part I, Section 3, Appendix II,
2.2.4 Fuel Systcm

———— e, ~a—

See Part 1, Section 3, Appendix II.

2,2.5 Control Systen

See Part I, Section 3, Appendix II.

3.0 TIA Limitations

See Part I, Section 3, Appendix II.

4,0 Weight and Balance

The test aircraft was weighed prior to installation of test
instrumentation. The weighing was done in a closed hangar using an
elcctronic weighing kit, As weighed, the aircraft gross weight was
1574 pounds with the longitudinal C.G, located at Station 108.4,
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In order to provide a basis for verifying whether the manu-
facturer's helicopter met the performance guarantees, the empty
weight was defired to be the weight of Oli-4A, USA S/N 62-4202,as
delivered to the U, S, Army Aviation Test Activity, with corrections
for the increcase in weight of government furnished equipment, and
corvections for items installed but not part of the contract empty
weight (See Scction 1, paragraph 1.1,0). WVith these corrections, the
cupty weight used was 1596 pounds (tull oil and trapped fuel). Oil
capacity was 9-1/2 pounds.

The manufacturor's perfcrmance guarantees were at a specified
gross weight, This weight is defined asy

Normal Gross Weight = Empty weight + uscful load
Empty Weight = 1596 pounds
Useful Load = Pilot - 200 pounds
Cargo - 400 pounds
Fucl necessary to meet rnormal gross
weight specified in Oil-4A Model

Specification, paragraph 3.2.1 -377
pounds

OH-4A Model Specification, puragraph 3.2.1 states that the
nornal gross weight (performance guarantee weight) shall not exceed 2450
pounds ¥ 5 percent; therefore, helicopter performance was calculated
at 2573 pounds (2450 + 5 percent).

Weights of some items not included in the empty weight,which
rzay be required for various nissions are as follows:

Copilot flight controls - 8.1 pounds

Anti-collision light - 4.0 pounds

Ground handling whecls 32 pounds

XM=7 armament systen - 375 pounds
(full ammunition)

XM-8 armament systen - 325 pounds
(full ammunition)

After installation of test instrumentation, the helicopter was
again weighed. The basic weight (full oil and trapped fuel) was
1867 pounds with the longitudinal C,G, location at Station 105.95.
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5.0 Test Instrumentation

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

A swivel mounted pitot-static airsp ed head was installed on a
nose boom mounted approximately S5 fect forward of the nose of the heli-
copter. The static pressure ports of this pitot-static head were the
pressure source for the sensitive altimeter as well as the sensitive
boom airspeed indicator. The airspeed position error for this installa-
tion is shown in Figure No. 67, Section 3, Appendix I, Scasitive
irstrumentation wes installed prior to initiatioa of the test flights
to measure the following parameters:

Pilot-Engineer Panel:

Boom System Airspeed

Standard System Airspeed

Boom Altitude

Rate of Clirb

Angle of Sideslip

Free Air Temperature

Rotor Speed

Gas Producer Speed (Nj)
Torquemcter Oil Pressure
Turbine Outlet Temperature (Ttg)
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
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Photo Panel:

Boom Altitude

Time of Day

Free Air Temperature

Gas Producer Speed (Ni)

Torquencter Cil Pressure

Compressor Inlet Total Pressure
Compressor Discharge Total Pressure
Cohbusgion Static Pressure
Cempressor Discharge Temperature
Fucl Control Inlet Fuel Temperature
Total Fuel Used

Photo Parnel Fraze Counter

Oscillograph Record Counter

Recordi..1 Oscillograph:

Gas Producer Speed

Rotor Spced

Power Tusbine Speed

Gas Producer Ccontrol Lever Position

C.u. Vertical Acceleration (vibration)

C.G., Lateral Acceleration (vibration)

P?ilot's Station Vertical Acceleration (vibration)
Pilot's Station Lateral Acceleration (vibration)
Pilot's Event

Lngincor's Event

Bridge-Balance Voltage

6. Engine Model Snrecification 580-E Inaccuracies

During the course of the perforaance tests, inaccuracies were
encountered while working with the Tou3-A-5 Engine Model Specification
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580-L. The following information is presented to clarify this situ-
ation.

The T63-A-5 Lngine Model Specification 580-E contains engine
performance data that do not represent an actual engine. These data
are bascd primarily on an uninstalled power available of 206 shaft
horscpower (SIHP) at o000 feet pressure altitude, $5 degree Fahrenheit
(F) ambient temperature and a sea level standard day specific fuel
consuaption of .71 pouids of fuel used per hour per SiiP at 250 ShiP,
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
carlier model specification (580-A).

In order to construct a model specification for a new ecagine,
tests ¢ various engine components (i.e., compressor, combustor,
turvines, etc.) are conducted by the manufacturer. From these tests,
the engine performance is predicted for various altitudes and ambient
temperatures. As completed engines are run and more information is
obtained, the predicted perrormance 1is revised,

lkhen the engines were calibrated for the LOII flipht test
programs, it became apparent that the power deterioration with increas-
ing sltltude and temperature was greater than predicted. A specifi-
cat.cn eagine that would just meet the performance guarantee at sca
level on a staidard day would not produce 200 SilP uninstalled at 6000
feet and 95 degrees i'.  Such an engine would only produce 199 StiP at
600Jd feect, U5 degrees F.

ihe engine calibration test data showed that the T03-A-5
enginc hae 3 performance margin over the 5560-E specification values
at seca icvel. The existence of this sea level power margin allowced
206 SiiP to be obtained at 6000 feet, 95 degrees F. The consistent
cxistance of this margin strengthened the T63 manufacturers decision
te show 206 SHP at 6000 feet, 95 degrees F in the 580-E specification,

Prior to the start of the U, S, Army Aviation Test Activity
Eagincering Tests on the LOH's, referred engine periormance curves
were obtained frow the cngine manufacturer. In additioa, curves of
vasicus correction factors were obtained. These curves were provided
to produce S30-E specification power data. A liaited check between the
580-L specification and the curves provided showed apparent agreement.
As cngiae calibration data were received from varicus altitude-tempera-
ture combinations, the various parammeters were rcduced to retrerred
values., These data formed a single curve, as they should, which in-
dicated that the correction factors were reasonable. Later in the test
program, a more detailed check was made of the 580-L model specifi-
cation., This check revealed that the 580-E specification did not con-
tain power c<ata that agreed with what the actual engines were producing.
It also rcvealed areas of considerable disagreement betwecen the 580-E
speciZication and the manufacturer's referred curves, whereupon another
correction curve was furnished. This curve was to be used only when com-
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paring the model specification with actual engine performance., When
this ncw curve was used, there was sti.l disagreement, although not as
much as previously,

The manufacturer stated that in order to provide a sufficient
power marzin to allow the T63-A-5 engine to be put into production and
guarantee 200 5P at 0000 fect on a Y5 degree F day, the turbine outlet
temperature limit of 1360 degrees F (for takeoff power) would have to
bo incicased to 1380 degrecs F.

The engine manufacturer has provxdcd information substanti-
ating the deterioration of power with increasing ambient temperature
as presented in this report. This information also further verifics
tiic Lot day high altitude power available as presented in this report.

Frcm the discussions with the manufacturer, it was concluded
that in order to present a technically accurate and correct picture of
the LOH perfornance, the power deterioration with increasing altitude
aad tenperature as determined from the referred curves would be used.
These curves are presented in Figures No. 63 through 66, Scction 3,
Appencix [ and are labeled "ingine Model Specification 580-E."

7. Enzine Oneration

During the first 9Y2:15 hours of operation, no detectable
veterioration of engine performance occurred in the T63-A-5 engine in-
stalled in Gil=4A USA S/N ¢2-4202. At the end of that period, the con-
pressor scction of the engine was removed to incorporate an bngincering
Urder. Jecause dirt deposits were found, the compressor was cleancd at
that time. Following the cleaning, no marked improvcaent of perform-
ance was noted. For nearly all of the period prior to cleaning, the
testing was conducted at alt:tudes greater than 500 fect above the
ground, except for normal takcofis and landings from hard surfaced arcas.

The compressor of the engine installed in the Oli-4A, USA S/N
62-4204, rcquxrcd cleaning four times during this evaluation so that
full power output could be maintaincd. The compressor was cleaned at
neriod 91:35, 152:25, 140:40 and 145:15 hours of engine operation.

Each time cleaning was required, the preceding 3 to ¢ hcurs
of operation were performed uader dusty atmospheric conditions, ihe
firs. clcaning was necessary after approximately 4 hours of operation
under cenditions in which fine particals of dust were suspended in the
atnisphere to an altitude of approximately 10,000 tfcet, forming a "hazy"
c.adition, The last three cleanings were required following 2 to 3
hours of continuous operation in hovering, sideward and rearward flight,
in close proximity to the ground at an unprepared site.
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APPENDIX III

SYMUOLS AND ABBREVIATIONS

SYXBOL DEFINITION UNIT
TAS (Vi) True Airspeed Knots
CAS (Ve) (Veal) Calibrated Airspeed Knots
& (xt) Knots Knots
IAS Indicated Airspced Knots
Vne Never Exceed Airspeed Knots
Viax Maximum Airspecd Attainable Knots
Vb Maximum Permissible Dive Speed Knots
0Ge Out of Ground Effect = cce--
IGE In Ground Effect = ceve-
C.G. Ceater of Gravity Inches
Gw Gross Weight Pounds
RPM/rpm Revolutions per Minute = eece-
ac Degree: Centigrade Degrees
OF Degrees Fahrenheit Degrees
SL Sea Level  eee-s
SR Shaft llorsepower = e-ee-
“/D Rate of Descent fect per minute
R/C Rate of Climb teet per minute
T/C Time to Climb Minutes
Cp Power Coefficient = ece---
Gy Thrust Coefficient ce-ce
NAMT Nautical Air Miles Traveled cec-e
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NAMPP

N

N2

d

Hp

Tty (W0T)

o (rho)

Nautical Air Miles Per Pound of Fuel

Gas Producer Speed

Power Turbine Speed

Density Altitude

Pressure Altitude

Turbine Outlet Temperature

Air Mass Density
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Percent rpm

Percent rpm

Feet
Fect
Degrees

%
s0=SCC~
£t
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