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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 c¢f school to those with
considerable field operational experience. The installed instruments
and gauges are usad 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 prec1=1on 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 contro] 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,
or 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 Chservation Helicopter evaluation is the first combined
aircraft engineering and service test program that has resulted in co-
ordination of reports axd comparison of reports prior to procurement
decision. Caution must be exercised, therefore, to preclude taking an
item out of context in any oné report to establish a particular positionm.
Seeming--inconsistencies can be reconciled only by examination of all
Yeports with due regard to the. specific conditions under which the test
was accomplished:
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Performance {light tests were conducted on the CH-5A helicopter
to determine the compliance with the Light Observaticn Helicopter (LUt
Military Characteristics, to verify the contractual guarantees out-
Iined in the NH-SA delicopter Model Specification and oftain additional
data useful to the Selection Board,

I~

Tne U, S, Arny Aviation lest A%ﬁlvzzy (USAATA) , Edwares Air Force
Base, California, was des:nated Exec&%@ve Tesw. Agency tor the Confirm-
atory Engineering Tests in the LOH prcgram and is responsible f{or test
execution and test reporting of its assigned phsse.

Engineering flight tests were conductes py the U, S, Army Aviarion
Test Activity at Edwards Air Force Base, Califsrnia, and auxiliary test
sites at Bakeisfield and Bishop, California. .. total of 39 flights
were conducted for 74:25 productive {flipght hours. These tests were
accomplished during the period =f 20 February ro 1 July 1964,

A}l model specificatron performance gunrs~tees and requirements
stated 1n the ! military Characteristics were :vaiuated using power
avariable and fuel flow characteristics as defined in Engine Model
Specification Yo, 580-A,

The Oi1-%% helicopter met all coatractu.: nsrfo-murce guarantees
except for thc out-of-ground effect (OGE)} hoveraing »erfermance zc¢ 6000
feet, normal ;-nss weight on a 35 degree Centigrade {i} day. The
hovering ceiiing under these conditions was 3300 feet,

The ©4.-5A helicepter met the Military Characteristics requiramesn
for 3 hcurs endurance with a 400 pound payload.

The OH-5A did nor meet the Military Characteristics requirements
for cruise speed, endurance at 85 percent cruise power, OCE hot day
hover performance at 6070 feet or OGE hover performance at overlioad
gross weight, sea level standard day.

The OH-SA heliconter takeoff, climo and autorotational performance
waz satisfactory for a helicopter of this power and weight class.,

The normal gross weight limit airspeed (Vne) established for the
OH--5A helicopter was satisfactory up to an altitudc of approximately
9500 feet, At approximately 10,000 feet, operation at a minimum power-
on rotor speed of 353 rpm (96 percent) produced a vibration limit air-
speed that was less than Vne. At approximately 14,700 fest, a vibration
limit zirspeed less than Vne was encountered even though the helicopter
was operated at maximum power-on rotor speed of 368 rpm (100 percent).
The overload gross weight Vne was satisfactory under all conditions
tested.
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This program was essentially an airframe evaliuation, but a
section has been incorparited into Avpendix Il in order to describe
pertineat charactéristics of the T63-A-5 engine,

i




PHOTO ! - OH-5A

PHOTO 2 - OH-.5A
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SECTION 1 - GENERAL

1.1 RLFERENCLS
See Part !, Section 1, References a. to 1. inclusive, and the
following additional references:
A
m. ¥Preliminary Report, "Flight bvaluation of the T§3-A-5 Gas
Turbine Lngine Installed in the UH-13R Helicopter," USATECOM Project
No. 4-4-0240-02, U, S, Army Aviatior Test Activity, January 1964,

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

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

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

1.2  AUTHORITY
See Part [, Section 1,

1.3 OBJECTIVES

The objective o{ this program was to conduct engineering perfoime
ance flight tests of the Light Qbservation Helicopter (LOH) Prototype
Oit-5A to (a) confirm contractor compliance with the approved Army
Military Characteristics for an vnarmed (clean) and armed OH-S5A heli-
copter; (b) provide data to assist in selecting an LOH design for
possible future production; and (c) determine if the contractor per-
formance guarantees were met.

1.4 RESPONSIBILITIES

See Pari I, Section 1.

(%3]

NDESCRIPTION OF MATERIEL

ot
.

See Part I, Section 1; Part I, Secticn 3, Appendix II; and Part II,
Section 3, Appendix II.

1.6 BACKGROUND

Ses Part I, Section 1},
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1.7  FINDINGS

The OH-5A Model Specification performance guarantees and the
requlrements stated in the Light Observation Helicopter Jilitary Char-
acteristics were evaluated using power based on Engine Model Specifi-
cation No. 580-A,

“he OH-5Aa hzlicoprer performance complies with zll contractuai
guarantees except for out-of-ground effect (OGE} hover performance at
6000 fect with a ormal gross weight of 2530 pounds on a 35 degree
tentigrade [t} day. The hover ceiling under these conditions was 33090
feet,

The Oii-"A helicopter performance satisfied only one of the five
requirements of the Military Characteristics and this was the require-
ment for a 40 pound payload with 3 hours of fuc). Comparison of the
Oti- * helicopter performance with the requirements stated in the
Mititary Characieristics revealed c¢he following requircements were not
» t:  The requirement for a 110 knot cruise speed at normal gross weight,
sca level standard day was not met by ! knot. The requirement for an
endurance of 3 hours at 85 percent cruise power, normal gross weight,
sea level! standara Jay was aot met by & minuites. The requirement for
an OGIL hovering capability at an overload 2ross weight of 3000 pounds
at seu level on a standard day was not met by 40 pounds. The require-
ment for an OGP hover capability at 0006 feec at normal gross weight
on & 35 depree ¢ day was not met by 2706 feet.

The i11mit airspeed (Vne) cstablished for the OH-5A hel:icopter was
satisfacto~y up to an altitude of approxamazely 9S0C feet. At approx-
imately iC,000 feet, operation at a minimum , ~wer-on rotoy speed of 353
rpm {96 percent) produced a vibration jimited airspeed less than Vne.

At approximately 14,70C feet, a vibration lamited airspeecd below Vne

was encountered, even though the maximum power-on rotor speed of 368 rpm
{100 percent) was used, The overload gross weight {(any weight over

2530 pounds) Vne was satisfactory under 32!1 conditions tested.

The takeoff, climb and autorotational performance of the OH-5A was
satisfactory for a helicopter of this power and weight c¢lass.

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 OH-S5A Light Observation Helicopter
were conducted by the U, 5. Army Aviation Test Ac:ivity at Edwards Air
Force Base, California. Sea level and haigh alritule testing was accom-
plished at Bakersfield and Bishop, California, where altitudes from sea
level to 9500 feet and a wide range of ambient temperatures were avail-
able. A total of 99 flights were conducted for 74:25 productive flight
hours. The tests were accomplished during the period of 26 february
1964 to 1 July 1964, '

Level flight performance data were obtained at Edwards Air Force
Base and at the sea level site at Bakersfield, Caiifornia, Climb per-
formance «data were not obtained entirely at Bakersfield where the
climbs could be initiated at sea level, Autorotational descent perform-
ance data were collected during descents after completing other tests.
Takeoff tests were accomplished in the Bishop, California, area whers
pressure altitudes of 4100 feet (Bishuop Airport) and 9500 feet (Coyote
Flats) were available. tovering performance data were collected at all
of the test sites.

All tests werc conducted in stabilized non-turbulent air so that
meaningful performance data could be obtained. The test data were
recorded by hand from sensitive instruments or automatically using s
photo panel.

Power available and fuel flow as specified in the T63-A Engine
Model Specification 580-A were used to check the con‘ractual guarantee
and the desired performance defined in the Military Characteristice
for hovering, maximum airspeed and endurance.

Summary performance was obtained using power available and fuel
flow information based on the Engine Model Specification No. 580-L on
a sea level standard day. Engine performance at the 6000 foot altitude,
95 degree Fahrenheit (F) ambient temperature condition and at all other
altitude-temperature combinations was 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.

Using the power available as described above, it was determined
that a T63-A-5 engine, which will just meet the sea level standard day
pover, will not produce the 206 shaft horsepower (SHP) at 6000 feet,

95 degrees F as shown in the Model Specification No. 580-E. Such an
engine will, infact, prodvce only 199 SHP under these altitude, ambient
temperature conditions (See Section 3, Appendix II).
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2.1 TAKEQFFS
2.1.1 OBJEC/IVE

Takeoff tests were conducted to determ:.:z the performance of the
UH-5A helicopter under conditions in which & vertical takeoff could not
be made to clear a 50 foot obstacle. Under these conditions, a short
acceleraticon close to the ground will enable the aircraft to operate
out of relatively short fields.

2.1.7 METHODR

Takeoff tests were conducted to obtain curves of climb-out air-
speed versus distance required to clear 50 feetr. Lach curve was ob-
tained by conducting a series of takeoffs using various climb-out
airspeeds. During each series, ballast was added or removed is neces-
sary sc as to maintain the desired excess power available conditions
as fuel was consunmed and ambient temperature varied.

These tests were accomplished at two altitudes and several gross
werghts 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 a2 photographic record of time, horizontal
distance and vertical distance for each takeoff.

The climb-out airspeed used for mach 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 iess., These tests were conducted at density alti-
tudes of approximately 5000 and 10,000 feet. Gross weight was varied
from 2330 to 3000 pounds at a mid center-of-gravity (C.G.) location
(Station 98,5). All takeoff tests were conducted with a main rotor
speed of 368 rpm (100 percent power turbine speed (N2)) using takeoff
pOWeT.

2.1.3 RESULTS

Takeoff test results are graphically presented in Figures No. 1
through 18, Section 3, Appendix I.

2,1.4 ANALYSIS

a, Comparative Techniques
Two techniques were used during this evaluation to obtain
quantitative data. The first technique consisted of a le-el accelera-

tion from a stabilized 2 foot hover. The helicopter was accelerated
at the hover skid height to an airspeed slightly below the aim climb-out

FOR OFFICIAL USE ONLY

R e e A
- —————— -




o

airspeed, rotated to climb attitude and climb out was accomplished at
{ the desired airspeed. The second techuique consisted of a simultaneous
climb and acceleration initiated from a "light on the skids'" condition.
Safficient power was applied to maintain the helicopter light on the
skids and taheoff was initiated by applying takeoff power available.
As lift-of{ occurred, a pitch attitude was selected and held constant
to obtain the desired airspeed at S0 feet. Once airborne, altitude and
airspeed were increased simultaneously.

A comparison of the two techniques on a standard day and on
a 35 degree (entigrade (C) day is presented in the following two figures:

f
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-H (See Page & for second figure).

The data presented in these two figures were obtained from
cross plot of Figures No. 1, 2, 10 and 11, Section 3, Appendix I,
. which were calculated from test data and installed power available
.f based on Engine Model Specification 580-E,
i

The light on the skids technique was optimum when takeoff
conditions (altitude, gross weight, ambient temperature) enabled the
helicopter to hover at a skid height of 3 feet or more. The hover

w54
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technique became optimum under conditions of low excess power. Under
these conditions, the level acceleration technique provided maximum
advantage of the available ground effect to assist acceleration to
translational speeds.

b. Flight Characteristics During Takeoff

Maximum performance takeoffs were achieved by anticipating
the helicopter's flight characteristics and coordinating control move-
ments to control these characteristics, When using the hovering tech-
nique, the helicopt~r accelerated in a "nose-iow’ attitude and had 3
tendency to settle (especiallv when only a small amount of excess power
was available) juszt prior to the translational !ift region. Careful
control manipulez:ion had to be exercised to level the helicopter suf-
ficiently to maiitain the desired 2 foot skid height without a:ffecting
appreciably the established acceleration. As the helicopter passed
through the translational 1ift region, the nose had a tendency to pitch
up and forward cyclic control was required to maintain th® desired alti-
tude that would most quickly accelerate the helicopter to the desired
climb-out airspeed., Rotation from the accelerating attitude to the
climb attitude had to be a coordinated control input so that the desired
clirb-out airspeed could be realized. To accomplish this, the rotation

@Wawp
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was initiated approximately 4 to 8 knots below the dzsired climb-out oq%b‘om
a:rspeed, The higher climb speeds required greater lead. Good pilot %

judgement was required to accomplish this with a minimum of under

or overshoot. The pilot had to estimate the acceleration rate, and
from experience, determine when the rotation should be initiated. The
control movements that were required during the acceleration are normal
for s helicopter of this type.

An undesirable airframe pitching osciliation was encountered
wnen performing level acceleration takeoffs when a small amount of ex-
cess power was available. This airframe osciilation persisted for 3 to
8 cycles depending on climb-out airspeed (increasing with :increasing
speed) and was caused by the transmission rocking longitudinally in the
gimble mounts and transmitting the motion to the airfrzme through the
bottom snubber block.

When performing takeoffs uting the light on the skids tech-
nioue, the pitch attitude was the basic reference of forward speed.
Good pilot judgement was necessary to increase airspeed and altitude
simultaneously. When power available was insufficient to hover above
2 to 3 feet, there was an appreciable decrease in rate of climb above
10 to 15 feet during climb-out until sufficient forward speed was cb-~
tained, In some cases, the helicopter would level off or even descend
prior to obtaining transiational lift,

A third technique was used to obtain gqualitative data when-
ever power available was insufficient to hover. Takecffs were easily
accomplished by applying forward cyclic control and sliding the heli-
copter on the skid gear until lift-off occurred - somewhere between 5
and 10 knots, The pitch attitude was near level throughout forward
movemen* and lift-off. The helicopter lifted off smoothly ard immedi-
ately began to climb and accelerate, requiring forward cyclic control
to accslerate in ground effect {IGE)} to a safe climb-out airspeed.

During all takeoffs, oscilliations in the aircraft standard
airspeed system made it unreliable in the 15 to 20 knot range and un-
usable below i5 knots. At approximately 10 knots forward speed, the
system read negative, for which it cannot be calibrated.

Under conditions in which there was & large amount of excess
power available, the acceleration through the translational lift region
was accomplished with little or no vibration. The only definite indi-
cation that the helicopter had passed through the translational lift
region wes a dec “ease in left pedal required. As the excess powe> avail-
able to hover decreased, the translational region became more pronounced.
This was characterized by difficulty in maintaining the desired skid
height (level acceleration technique) or the desired rate of climb (climb
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and accelerate technique). On passing threugh the translational lift
regicn, there was a slight incrcase in vibration level, a nose-up pitch-
1ng tendency and a definite decrease in left pedal requirement.

c¢. Power Management

A rapid application of excess power was desirable when eval-
Lating maximun takect{ performance, Power management was difficult
when there was a large amount of excess power avallable because of the
T63-A-5 engine acceleration characteristics with respect to torque
buildup. The rate of torque buildup varied from a low rate of torque
increase at the initiation of the power application to a high rate of
torque increase at the termination of the power application. This change
in rate of torque increase occurred within the 1 to 2 seconds required
to apply collective pitch and, consequently, made it difficult to coordi-
nate collective, longitudinal and pedal control movements.

The engine power turbine speed (N2) and main rotor speed are
controlled by the N2 governor. An Ny selector "beep" switch was
located on the collective pitch control., This switch was used to ener-
gize an actuator on the N2 governor input lever. As stated by the
airrrame manufacturer, the "beep'" actuator during a ground check,
shoulu be capable of varying rotor speed by 6 percent when the collec-
tive pitch control is positioned to obtain 36 percent engine output
snaft torque. This was referred to as the "beep" range and the mininum
anl maximum limits were 95,5 percent and 101.5 percent respectively.
Un the test helicopter, this range shifted numerous timcs and required
greand reajustments to insure adequate "beep' range to maintain the
desired rotor speed. This became critical when operating at the over-
load gross weight condition (3000 pounds) at which the rotor speed is
restricted to 368 rpm (100 percent N3), The cause of this shift in
"beep" range was not determined during this evaluation and the only cor-
rective action taken was to adjust the N2 governor to obtain the desired
""beep' range.

2.2 HOVER

2.2,1 OBJECTIVE .

Hovering tests were conducted to determine hovering performance
of the OH-SA helicopter, Uata from these tests were used to check com-
pliance with the Military Characteristics and determine if the hovering
contractual guarantees wWere met,

2.,2,2 METHOD
Hovering performance data were obtained utilizing the free flight

method with data being recorded at various pre-selected skid heights
both in-ground (IGE) and out-of-ground effect (OGE). A weighted
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cord of the desirea length was ysed with hand signals and radio instruc-
tions from a ground observer to obtain precisely the desired skid
height. Data were recorded at stabilized skid heights of 2, 5 and 10
feet (IGF) and 50 feet{OGE) an zero wind conditions. These tests were
performed at gross welghts up to the maximum overload at a mid C.G.
locaticn (Station 98.5) and rotor speeds of 353, 360 and 368 rpm. Test-
ing was accomplished at density altitudes from sea level to 11,100 feev.

Hovering tests without ground reference were conducted at
density altitudes of 5600 to 10,600 feet. The hovering condition was
established by reference to a weighted line, approximately 150 feet in
length, suspended below the helicopter. Zero airspeed was obtained
when no oow was present in the line. A constant altitude was maintained
by reference to a sensitive rate of climb indicator and an altimeter.
These tests were conducted at a gross weight of 2470 pounds, at a mid
C.G. location (Station 98,.5) and a rotor speed of 368 rpm.

2.2.3 RESULTS

Hovering test results are presented graphically in Figures No.
19 through 28, »ection 3, Appendix I,

2.2.4 ANALYSIS
a. Hovering Guarantee

The OH-5A helicopter will not meet the OGE hovering perform-
ance guarantee of 6000 feet on a 95 degree Fahrenheit (+j day at normal
gross weight (2530 pounds). Using installed takeoff power as obtained
from Engine Model Specification 380-A at 95 degrees F, the OH-5A will
hover at 3300 feet at the normal gross weight. This performance is
approximately 45 percent short of the guarantee,

The hovering performance based on Engine Moael Specification
. No. 580-A for a standard day and a 95 degree F day is presented in the
figure on ’age 10.

On a sea level standard day, using takeoff power based on
Engine Model Specification No. 580-A (torque limited at 250 shaft horse-
power (SHP}), the OH-5A helicopter will hover OGE at 2960 pounds. This
weight is 98.7 percent of the overload gross weight (300G pounds);
therefore, the OH-S5A helicopter met this portion of the hovering guar-
antee (Guarantee states 3000 pounds + 5 percent).

The hovering performance required in the Militery Character-
istics is the same as the guarantee for the OH-5A helicopter with the
exception of the I S percent margin.

;! m%u%

#

FOR OFFICIAL USE ONLY




P eSS I L e = [t Mo T e e D L e i - - - —— -

[ -

| . T ) T T T T T e s T

A IVECLANG CEVLING O OF TRDLND ESFECT H

DT SED x TE S Cy !

i

i

S BADO v - B P e e T T e T :

el ; e e |

v ' , * . : i

T T T T e R S S i

: ’ . JaN 1 : i : I

) ~ ! [ ! : i I !

y - f . i : ! H i

R L T -,_;,J< aNREANTLE (i TR YERE — i
- : i i :

N . \\éla%faav*‘ 28 f f
R ~ R 1 E v
&2 - — ~ - 4 - 4&4}:/023 b \ P e a—
~ N [ . N N

h:: - K H f A i : .

N KOO - - e — oo o e ‘L N B e ! ‘\uw; — JISUEPRE— ;

2 ‘ ; v C i ' ,r—Jxavoytv.ny .

o ; L T O x s i

¢ Pooo e iy LS 34€£HZ.1\\§\ xf@ﬂﬁﬁL i

‘ I : : : .

(\ ; ) ) ‘ ! \I\ H i

W5 A !l o <_J:>.~L~ ek w;., - <_,1‘ i \ Ll l H

LI00 DN =% V] Pl yvlel CFoc ToOs IJloo0 }

i

1

GROSS ot p )~ L8 i

I

. o i o e

b. Hovering Performance

The summary hovering performance presented in Figure No. 19,
Section 3, Appendix 1, 1s based on installed takeoff power as obtained
from Lngine Model Specification No. 580-E (torque limited at 275 SHPY,
Using this power, the OH-5A helicopter could hover OGE on a 35 degree
Centigrade (C) day at the normal gross weight (2530 pounds) at an alti-
tude of 30¢0 feet. This performance is approximately 50 percent below
the guarantee. On a sea level stanaard day, the OH-5A nelicopter could
hover OGE at 3160 pounds. This weight is 105 percent of the overload
gross weight and, therefore, exceeds the guarantee,

The IGE (2 foot skid height) hover ceiling was determined
from test data and standard day takeoff power availab’e barad on [ngine
Model Specification No. 580-E. The OH-5A helicopter nad an [(GE hover
ceiling of 13,700 feet at normal gross weigh® (2530 pounds) and 8100
feet at the cverload gross weight (2000 pounds}).

The difference in torque limits (25 SHP); Letween Engine Model
Specifications No. 580-A and No. 580-E is the reason that hovering on
a sea level standard day is significantly improved when based oa the
5%0-E specification. On a 35 degree (C) day and at 6000 feet,

o
i)
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the T63-A-5 engine was not torque limited but temperature limited.
Since a 580-A specification engine has more power than a 580-E speci-
fication engine at limit turbine outlet temperature, the helicopter
hovering performance was better,

2.3 CLINBS

2.3.1 OBJECTIVE

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

2.3.2 MLTHOD

Continuous climb performance tests were conducted from sea level
te service celling at two gross weights using maximum continucus power,
Takeoff power climbs, for 5 minutes, were also conducted from sca level
at one gross wr'.ht, During the climb, power was maintained at limit
engine torque uatil an altitude was reached at which the corresponding
Itmit turbine outlet temperature was obtained (critical altitude). As
the climb continued above this altitude, power was adjusted to maintain
the limit turbine outlet temperature.

Sawtooth climbs {a series of short climbs through a specific
a:ticude) were conducted at various airspeeds. These tests were accom-
lisned at altitudes of 5000 and 10,000 feet using maximum continuous
and takeoff power settings. The results of these tests were compared
with the airspeed for minimum power required in level {light to deter-
mine the best climb speed schedule.

Both the continuous and sawtooth climbs were conducted at gross
weights at 2530 pounds {normal) and 3000 pounds (overload) at a mid

centar-of-gravity (C.G.) location (Station 98,5% and a rotor speed of
368 rpm,

In aduition, sawtnoth climbs at various power settings at normal
'170ss weight and also climbs at various gress weights using continuous
power were conducted to obtain the power and gross weight correction
factors. ,

2.3.3 RESULTS

Climb results are presented graphically in Figures No. 30 through
33, Section 3, Appendix I.

2.3.4 ANALYSIS

The Gi-5A helicopter at the normal gross weight (2530 pounds)
with takeoff power on a standard day had an initial rate of ciimb at

11
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sca level of 1850 feet per minute, AU the ¢y ne critical altitude of

6200 fect, the rate of climb on a standz-~d doy «~as 1720 feet per min-

ute. At the end of the 5 minute limit for talef7 ;5 wer, the altitude
B

was 8700 feet and the rate of climb was 1% ™ {cet per minute,

Ciimbs conducted from sea level to service cesiing {altitude at
which the vate of climb equals 100 feet per minu*e)} at ine acvmal gross
welght, using maximum continuous power, prcduced an imitral rate of
climb of 1350 feet por minute and at the enyipe crifical aititude {7800
feet} a rate of climb of 1300 reet per minute. Under thesc sonditions,
the OH-S5A helicopter had a service ceiling of 17,200 feet,

Climbs at the ovarload gross weight (3000 pounds) using maxipeim
Jontinuous power on 2 standard day produced an initial rate of ciint
at sea level of 1050 feet per minute. The rate of c¢limb for the same
conditions at the engine criticail altitude 780G feet) wis 87y feex
per minute,

Additional cliabs were conducted at the normal a.nd overioad gross
weight using 2 «limb speed schedule that was slightly higher than thav
Jeveloped frw» the level flight data ond sawtooth climbs. This higher
climb speed scheodule produced a decrease in climd perrormance {See Fig-
ures No. 32 and 33, Section 3, Appendix I).

The following table preseats a comparison of the ciimb perform-
ance >f the OH-5A helicooter using maximum continuous power with an
Cii-1ZH helicopter:

TABLE I
Gross weight Rate of Ciimb Service Cesling
Alrcraft b Sea Level-fom ft
OH-54, 2530 1350 17,206
3000 1050 -
Ct-134 2550 1080 13,050
2750 880 11,05¢

The flight characteristics of the OH-5A helicopier are generally
satisfactory. The climb speed schedule was easy to maintain when using
maximum continuous power. When using takeoff power, the climd speed
schedule was difficult to maintairn at the lower altitudes with the heti-
copter loaded to a light gross weight. Under these conditions, a 1 to 2
knot variation in airspeed was noticed without a detectable change in

£
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attitude. When a large amount of exccss power is available, as in the
condition described above, a very slight change in attitude (perhaps
undetectable) could produce this variation in airspeed, Another factor
that contributes to this problem was that power management was more
d:fficult when the engire was torque limited but becane relatively easy
when power was limited by turbine outlet temperature,

Approximately 3000 to 4000 feet below service ceiling durirny the
maxinem continuous power climb at normal gross weight, a marked increase
in vitration 45 well as a decrease in overall control was noted. This
~a5 at' ributed to the onset of blade stall. At the service ceiling,
the coverall feel of the helicopter was uncomfortable and i1t appeared as
1f complete control was not available or could not be maintained. Lat-
eral control sensitivity increascd with altitude (See Part I, Section 2,
paragraph <.6,4.2) with right roi; sensitivity increasing nore than
left roll sensitivity. This change in sensitivity produced a condition
that caused the pilot to over-control and thereby creatad a feeling that
complete control was not available.

2.4 LEVEL FLIGHT

2.4.1 ORJECTIVE

Tests were conducted in level flight to deteyrmine the range
endurance, speed and power required of the Oil-SA helicopter. Tests
with the XM-7 and XM-4 weapons systems 1nstalled were alsc conducted to
determine their effect on helicopter performance. ©Data from these
tests were used to check compliance with the Military Characteristics
and to determine if the contractual guarantees were met.

2.4,z MLTHOD

Speed power tests were conducted at various conditioms of alti-
tude, gross welght 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 analvsis cculd be made. This involved increasing altitude as
fuel was consumed. During the tests, data were recorded in stabilized
flight at various airspeeds throughnut the allowable ;pecd range at
approximately 10 knot increments so as to adequately cefine the partic-
ular power requived curve, In addition to basic power paramcters, fuel
flow data were also recorded.

Tests in the clean configuration were conducted at density alti-
tudes of approximately sea leval, 5000, 10,000 and 1%,000 feet. O&ross

weight was varied from 2160 to 2940 pounds at a mid center-of-gravity (C.G.)

~ccation (Station 98.5). #otor speeds of 368 and 353 rpm were used,

13
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Two additional tests were conducted, onec at a forward C.G, location ‘%%.@y
(Station 95.8) and one 4t an aft C.G. loration (Station 100.7)., Tests 2

in the armed configurations werc conducted at density altitudes of
approximately 1299 and 4309 feet, at a gress weight of 2540 pounds,
at a mid C,G. locition (Station 98.5) and a rotor spe=d of 368 rpm.

2.4.3 RESULTS

Level flight performance test results are graphically presented
in Figures No, 34 through 52, Section 3, Appendix I,

a., Guarantees

ihe M-5A helicopter meets the level flignt sea ievel standard
aay maximum airspeed (Vmax) guarantce, The model specification requires
a maximum airspeed of 110 knots + 10 wercent at tne normai gross weight
and normal rated power. The curve presented in the following figure is
based On sea level stendard day conditions, a design gross weight of
2530 pounds and insrtalied maximun cont.nuous power avsailavle obtszined
from Engine Mode! Specification No, 580-A,
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As shown in the figure on the preceding page, the OH-5A helicopter had
a Vmax of 109 knots which is within the % 10 percent margin of 110 knots,
The Military Characteristics specify a cruise speed of 110 knots,

The OH-5A helicopter meets the sea level standard day endur-
ance guarantee, The model specification requires an endurance of 3
hours, * 10 percent, based on sea level standard day and the conditions
listed below:

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

(2) Cruise: 102 knocts at sea level.

(3) Reserve: None,

A

{4} Jseful load at ncrmal gross weight:

Pilot {1} 200 pounds
Observer and Cargo 40C pounds
Fuel (JP-4) {as necessary for endurance problem)

0il (as necessary for above fuel)

The Federal Aviation Agency Type Certificate (FAA TC ) states
that 16.25 pounds of fuel are unusable in some flight attitudes. This
amount of fuel, therefore, was subtracted frowm total fuel on board and
added to the empty weight when calculating the endurance problem. Under
the conditions described above, the Oli-5A helicopter had an endurance
of 2.85 hours, which is within the » 10 percent margin of 3 hours. The
endurance would not be significantly increased by varying airspeed as
gross weight decreased because the recommended cruise speed presented
in the following figure produced a curve of specific range verius gross
weight that i3 essentially the same as that obtained from the 102 knot
cruise speed required by the model specification. {See Page 16 for fig-
ure).

The Military Characteristics required an endurance of 3 hours
at 85 percent of power required to cruise at 110 knots. In the case of
the OH-5A helicopter at normal gross weight a cruise speed of 110 knots
is not attainable on a sea level standard day when using maximum contine
uous power based on Engine Model Specification No. 580-A, It will,
however, cruise at 110 knots at a lighter gross weight. The Militsry
Characteristics requirement, therefore, was verified by calculating
endurance based on 85 percent ot 212 shaft horsepower (SHP) or 85 per-
cent of the power required to cruise at 110 knots, whichever was less.
Under these conditions, the OH-5A helicopter had an endurance of 2.90
hours .,
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. The Military Characteristics also required an endurance that
1s based on sea level standard day, a payload of 400 pounds and fuel

for 3 hours (cruise speed or cruise power not specified). The cruise
speed for this endurance problem was selected to correspond to minimum
power required for level flight. The OH-SA helicopter had an endurance
under these conditions of 3.92 hours based on Engine Model Specification
No. 580-A.

b. Performance

In general, the level flight handling characteristics are
satisfactory. The limit airspeed (Vne) as established by the FAA TIA for
normal gross weight (2530 pounds) was adequate up to approximately 9500

. feect for all permissible power-on rotor speeds. A vibration limiting
airspeed to a value less than Vne was first encountered when operating
at 10,000 feet and minimum power-on rotor speed of 353 rpm (96 perceni).
(See Figure No. 43, Section 3, Appendix I). At approximately 14,700
feet the established Vne could not be obtained because of vitrations
even through the helicopter was operated at the maximum power-on rotor
speed of 368 rpm (100 percent), (See Figure No. 44, Section 3, Appendix
I.) When operating at the overload gross weight (any weight above
2530 pounds) the rotor speed is restricted to 368 rpm (100 percent) and

A Wﬂ'ln,\
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- the estabiished Vne was satisfactory at the conditions tested.

The antenna mounted on the nose of the aircraft has neglig-
ible effect on 1evel flight performance as shown in Figures No, 45 and
46, Section 3, Appendix I.

Level flight performance was affected by C.G. location. One
flight was flown at a density altitude of 5000 feet with the helicopter
loaded to the normal gross weight with a forward C.G. location {5tation
95.8). At the recommended cruise speed of 109 knots true airspeed KTAS)
(.99 Max nautical air miles per pound of fuel (NAMPP)) this forward C.G.
location produced an increase in equivalent flat plate area of approx-
.mately 1,13 square feet. The specific range will decrease when cruis-
ing at a forward C.G. location, The flight characteristics under these
conditions, however, are improved {le3s vibration) and offset the
slight improvement in range that is realized by cruising at a mid C.G.
location. Level flight performance at an aft C.G. location {Station
100.7) was essentially the same as at a mud C.G, (Station 98.5).

Level flight performance in the armed confipuration was com-
pared to level flight performance in the clean configuration for the
same test conditions. At the recommended cruise speed (99 max specifi:
range) the XM-7 machine gun produced an equivalent flat platc area of
approximately 2.4 square feet at a density a.titude of 1230 feet and
approximately 2.9 square reet at a density altitude of 4530 feet. The
XM-8, at the recomnrended cruise speed, produced an equivalent flat
plate area of approximately 1.8 square feet at a density altitude of
1620 feet and approximately 2.0 square feet at 4270 feet. The equiva-
ient flatr plate area for both armament kits decreased as airspeed
increased because the kits were mounted on the aircraft so that in the
stowed position, there was a minimum effect on level flight performance
at cruise speed., The irstallation of the XM-7 armament kit caused a
reduction in recommended cruise speed of 6.5 KTAS. The reduction in
cruise speed with XM-8 installed was 3.5 KTAS,

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 deccent ducring eutorotatiom.

2.5.2 METHOD

Autorotational descents were conducted st various airspeed and
rotor speed combinations throughout their allowable ranges. During the
descent, time and altitude were recurded so that rate of descent could
be determined.

m-lmm}
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A serics of stabilized descents was conducted at a rotor speed
of >68 rpm and at various airspeeds between 35 and 85 knots calibrated
airspeed (KCAS)., From these tests the airspecd for mirimum rate of
descent was determined. At that airspeed, a second series of descents
was conducted at rctor speeds from 345 to 390 i1pm,

The autorotational descents were conducted at altitudes €r
approximately 10,000 to 5000 fect, Various gross weights from 22
2915 pounds were flown at a mid center-of-gravity C.G, location.

2.5.3 RESULTS

The results of autorotational descents are presented graphically
1in Figures No. S through 55, Section 3, Appendix 1.

2.5.4 ANALYSIS

The OH-5A helicopter had a minimum rate of descent of 1420 feet
pecr minute at 55 KCAS and a rotor speed of 355 rpm. At a density alti-
tude of 5000 feet, tne true airspeed for maximum angle of descent was
determined to be 79 knots at a rotor speed of 368 rpm. Rate of descent
was not affected by altitude or gross weight. It was not possible to
obtain a true autorotational condition below approximately 340 rotor
rpm with the engine operating at ground idle. Variation in rotor spend
between 340 and 360 rpm (92.4 to 98.7 percent) did not appreciably
affect the rate of descent,

The OH-5A helicopter flight characteristics during autorotation
«nd the engine response during autorotationa] recoveries were determined
.0 be essentially the same as stated in Part I, Section 2, paragraphs
2.8.4 and 2.8.5.

2.6 AIRSPEED CALIBRATION

2.6.1 OBJECTIVE

The objective of these tests was to determine the airspeed posi-
tion error for both the standard and test airspeed system.

2.6.2 METHOD

The airspeed calibration of the standard and test systems w15
determined by using the ground speed course method. The aircraft was
flown over a measured course at various stabilized airspeeds on recip-
rocal headings. Airspeeds from approximately 25 to 115 knots calibrated
airspeed (KCAS) using approximately 10 knot increments were flown.

These tests were conducted &t a density altitude of 460 feet, a gross
weipht of 2500 pounds, at a mid center-of-gravity (C.G.) location
(Station 98.6) and 2 rator ~peed of 368 rpm.

18
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2.6.3 RESULTS

Pesuits of the airspeed calibration are graphically presented
in Figures No. 70 and 71, Section 3, Appendix I.

2.6.4 ANALYSIS

The position error of the standard system was acceptable for
climb and level flight above airspeeds of 20 KCAS. The largest posi*ion
error ozcurred at Vne where a zero position error is desirable. (See
Figure 71, Section 3, Appeadia 1). The erratic operation of the stan-
dard system at airspeeds below 20 knots and its effect on takeoff per-
formance is discussed in Section 2.1.4,
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APPENDIX II

GENERAL AIRCRAFT INFORMATION

Aircraft Dimensions, Design Data, FAA Type Inspection Authorization
Limitations, Weight and Balance, Instrumentation, Engine Model

580-E Specification Inaccuracies and Engine Operation

i,

2,1

Sources of Information

See Part I, Appendix Il

Description of Aircraft and Systems

Aircraft Design Data

2. Alrcrafc Dimensions and Certified Weights

See Part I, Appendix 1I

b, Roior Blade Control Travei
See Part I, Appendix 1I

¢. Rotor Dimensions and Design Data
See Part I, Appendix II

Additional Information:

Number of Main Rotor Blades

Main Rotor Diameter

Main Rotor Blade Area
Main Rotor Swept Area

Main Rotor Disk Loading
(Normal G,W.)

Main Rotor Solidity

Number of Tail Rotor Blades
Tail Rotor Swept Ares

Teil Rotor Solidity

2

35 ft (Tip Caps Add
5 in,)*

13,966 ftl
983,73 ft2
2.572 1b/ftl

.251
2

28.26 ft?
.108

% Rotor Diameter = 35 ft used for Performance Calculations
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2.2 Aircraft Systems

2.2,1 Electrical Systems

See Part 1, Appendix Il
2,2,2 Poweir Plant

The T63~A-5 turbo-shaft engine has a nominal rating of 259
shaft horsepower (SHP), As installed in the OH-3A, the engine is
limited by either the ocutput shaft torque or the gas producer turbing
outlet temperature {Tyc). For maximum continuous operation, these
limits were 204 pound-%eet torque at €000 rpm (233 SHP) or 693
degrees Centigrade (C) Ttg, whichever is reached first, For tazkeoff
power (maximum of 5 minutes continuous operation} these limits are
240 pound-feet torque (275 SHP) or 738 degrees C,

The engine 18 & free turbine type. The campressor consists
of 6 axial stages and 1 centrifugal stage, Compressor speed at 100
percent is 51,120 rpm. The comhustor section consists of a single
chamber 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 35,070 rpm, The high specd of the
power turbine is reduced in the 2ccessory gear box to 6000 rpa fos
the engine output speed. Engine opersted acuessories are alsa drivem
from the accessory gear box.

The DP-D3 gas turbine fuel c.untrol is pneumaticaliy operated
by compressor dischaige air. The tuel control senses input from
3 sources, These sources are the pil-t's twist grip, the fiy-ball
governor connected to the gas producsr, and the power turbine
governor, In addition, both alti.ude compensation and temperature
compensation are provided., Tne fumctica of che fuel control is to
integrate the inputs so that the naves curtine speed selected by the
pilot .s maintained undeor varying .oue Jeiccncs,

A steady-state “droop'" is built intu the fuzl centrol, This
means that when the engine load is increased ur derrcased the speed
of the power turbine will change siightly. The driop is reguired to
av0id rotor-engine dynamic instability and "hunting' durinp stveady-
state operaticn. In an attempt to eliminate some of the unaes.rable
effects of the droop, a droop compensator cam is installed in the
linkage between the ccllective pitch control and the power turbine
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, as installed, was warginally sat-
jsfactory throughout the test program,

11-2
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Thers is no provision for emsrgency control in the case
of & fuel control failurs. Ia the case of an uncontrclled over-
speed in the power turbine, rotor spsed and engine power may be
controlled thyough pilot coordination of collective pitch control
end twist grip rotation as in an ungoverned reciprocating engine.
2,2.3 Landing Gear

See Part I, Appendix Ii
Zez.d Fuel Syster

See Part I, Appendix I

2.2.5 Control Systems

See Part 1, Appendix IT

3, TIA Limitations

See Part I, Appendix II

4, #eignt and Balance

The test asivcrafr was weighed priox to installation of test
instrumsntation. The weighing was done in a closad hangar using an
alectronic weighing kit., As weigied, the sircraft gross weight was
1476 pounds with the longitudinal C,G. located at Gtation 108.09,

in order to provide a basis for vervifying whethesr or not the

manufacturer's helicopter met the performance guarantees, the empty
weight was defined as the weight of OH-5A, USA S/N 62-4207, as de-
iivered ¢o the U, S. Army Aviation Test Activity, with corrections for
the increasers in weight of Government furnished equipwent, and corrsce
tions for items instailed but not part of the contract empty weight
(Reference Part I, Section 1, paragraph },1.1, With these corrections,
the empty weight used was 1501 pounds (full oil and trapped fuel).

The canufacturer's performance guarantees were at a specified
gross weight., Trne welgnt is defined as:

Normal Gross Weight = Empty weight + useful load
Empty Weight =« 150! pounds
seful Load = Pilot - 200 pounds

Ca~go - 400 pounds

Fuel as necessary to meet normal
gross weight ot Model Specification,
paragraph 3.2,1 - 429 pounds

FOR OFFICIAL USE giLy
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OH-5A Model Specification, paragraph 3,2.1 states that the
normal gross weight performance gusrantee weipht shail not exceed
2410 pounds * 5 percent; therefore, helicopler performance was cal-
culated at 2530 pounds (2410 + S5 percent),

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

Copilor flight controls -~ 10,0 pounds

Anti-collision light

H

2,66 pounds
tround handiing wheels 27,5 pounds

XM-7 armament system 40,0 pounds
{less ammunition)

XM-8 armament system 142,0 pounds
{lezs ammunition}

After installation of tesc instrunentation, the helicopter way
again weighed in the seme configuration as before with the exceptiwn
of installed irstrumcntation. The basic weight (full oil and trapped
fuel) was 1792 pounds with the longitudinal C.G, located at Station
103,14,

S. Tes¢ instrumentation

The test instrumentation used ducing this evaluation was sup-
plied, 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 Flight Test
Center; Lockheed Aircraft Corporation; Douglas Aircraft Missle and Space
Division; and the Luogistics 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 heii.
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 uirspecd position error for this instal-
lation is shown in Figure No. 70, Section 3, Appendix I. Sensitive
instrumeatation was installed prior to initiation of the test flights
to measure the following parameters,

?ilot-Enggneer Panal

Boowm System Airspeed

Standaxrd System Airspesd 1i-4
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Boom Altitude

“ Rate of Climb
Angle of Sideslip
Free Air Temperature
Rotor Speed
Gas Producer Speed (Ni)
Torquemeter 0il Pressure
Turbine Outlet Temperature (Ttg)
Conmpresscr Inlet Total Temperature
Compressor Inlet Total Pressure
£xnaust Gas Static Pressure
Cockpit Absolute Pressure
Fuel Flow {Stepper Motor}
wotal Fuel Used
Photo Paael Frame Counter
Oscillograph Record Counter

Photo Panel

Boom Altitude
Time of Day
Free Air Temperature
Gas Producer Speed (N;)
Torquemeter 0il Pressure
Compressor Inlet Total Pressure
Compressor Discharge Total Pressure
Combustion Static Pressure

Compressor Dischargs Temperature

FOR OFFICIAL USE GRNLY
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Fuel Control Inlet Fuel Temperature

Total Fuel Used

Pheto Panel Frame Counter
Oscillograph Record Counter

Recording Oscillograph

Gas Producer Speed

Rotor Speed

Power Turbine Speed

Gas Producer Control Lever Position

C.G. Vertical Acceleration (vibration)

C.G. Lateral Acceleration (vibration)

Pilot*s Station Vertical Acceleration {vibration)
Pilot's Station Lateral Acceleration (vibration)
Pilot Event

Engineer Event

Bridge-Balance Voltage

6. [Engine Modeil Specification 580-E Inaccuracies

during the course of the performance tests, inaccuracies wers
encountered while worhing with the T63-A-5 Engine Model Specification
530-E. The following information is presented to clarify this situa-
tion,

The T63-A-5 Engine Model Specification $80-E contains enpine
performance data that do not represent an actual engine. These dats
are based primarily on an uninstalled power available o1 206 shaft
horsepower (SHPj at 6000 feet pressure altitude, 95 degree Fahirenieit
(F) ambient temperature and a sea level standard day specific fuel
consumption of .71 pounds of fuel used per hour per SHP at 250 SitP,
The sez level condition was a guarantee point and the SHP available
at 6000 feet, Y5 degrees F, was a power condition contained in an
esrlier model specification (580-A).

s *:a
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~- in order to construct a model specification for a new engine,
tests on various enginc components (i.e., compressor, combustor,
turbines, etc.) are conducted by the manufacturer, From these tests,
the engine performance is predicted for various altitudes and ambient
temperatures. As completed engines are vun and more information is
obtained, the predicted performance is revised.

When the engines were calibrated for the LOH flight test programs,
1t became apparent that the power deterioration with increasing alti-
tude and temperature was greater than predicrad. A specification
engine that would just meet the performance guarantee at sea level on
a standard day would not produce 206 SHP uninstalled at 6000 feet and
95 aegrees F, Such an engine would only produce 199 SHP at 6000 feet,
95 degrees F,

The engine calibration test data showed that the T63-A-5 engine
had a perfonnance margin over the 580-F specification values at sea
levei. The existence of this sea level power margin allowed 206 SHP
to be obtained at 6000 feet, 85 degrees ¥. The consistent existance
of this margin strengthened the T63 manufacturer's decision to show 206
SHP at 6000 feet, 95 deprees F in the 580-E specification,

Prior to the start of the U, S, Army Aviation Test Activity
tngineering Tests on the LOH's, referred engine performance curves were
obtained from the engine manufacturer., In addition, curves of various
correction factors were obttained. These curves were provided to pro-
duce 580-E specification power data, A limited check between the
580-£ specification and the curves provided showed apparent agreement.
As engine calibration data were received from various altitude-temper-
ature combinations, the various parameters were reduced to referred
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-E Model Specification.
This check revealed that the S80-E specification did nol contain po.<T
data that agreed with what the actual engines were producing. It also
revealed areas of considerable disagreement between the 580-E spacifi- .
cation and the manufacturer's referred curves; whereupon another cor-
rection curve was furnished. This curve was to be used only when com-
paring the model specification with actual engine perfcrmance. When
this new curve was used, there was still disagreement, although not as
much as previously.

The manufacturer stated that in order to provide & sufficient
power margin to allow the T63-A-5 engine to be put into production and
guarantee 206 SHP at 6000 feet on a 95 degree F day, the turbine outlet
tewperature limit of 1360 degrees F (for takeoff power) would have to
be increased to 1380 degrees F,
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The engine manufacturer has provided information substantiating
the deterioration of power with increasing ambient temperature as pre-
sented in this report, This information also further verifies the
hot day high altitude power available as presented in this report.

From the discussions with the manufacturer, it was concluded that
in order to present a technically accurate and correct picture of the
LOH performance, the power deterioration with increasing aititude and
temperature as determined from the referred curves would be used,
These curves arc presented in Figures No. 63 through 66, Section 3,
Appendix I, and arc labeled "Engine Model Specificatiorn 580-E."

7. Fngine Operation

buring the performance evaluation of the OH-5A helicopter the
T63-A-5S engine operating characteristics were found to be essentiaily
the same as reported in Section 1, paragraph 1.1lm and Part I, Section
2, paragrapn 2.8.5.

The T63-A-5 engines used during this evaluation revealed a new
problem in the form of excessive dirt accumulation in the compressor
section of the engine. This accumulation of dirt was under the cen-
tr:fugal compressor shroud. Power deterioration was evidenced by an
increase in acceleration time or by the inability to accelerate to
ground idle. To clean the corpressor it was necessary to remove the
compressor section from the engine and disassemble the axial compressor
case. The dirt buildup was then removed with a wire brush. One com-
pressor was modified by the engine manufacturer to relieve this problem.
Ths modified compressor accumulated dirt at an accelerated rate. The
unmodified compressor required cleaning after approximately 50 hours
of engine operating time whereas the modified compressor required
cieaning after only 25 hours of engine operating time,
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SYMBOL

TAS {Vt)

CAS (Vc){¥Vecal)
K (Kt)

IAS

VYne

Vmax

SHP
R/D
R/C

T/C

Cr
NAMT

APPENDIX II1

SYMBOLS AND ABBREVIATIONS

DEFINITION
True Airspeed
Calibrated Airspeed
Knots
Indicated Airspeed
Never Exceed Airspeed
Maximum Airspeed ~:tainable
Maximum Permissible Dive Speed
Out of Ground Effect
In Ground Effect
Center of Gravity
Gross Weight
Revolutions per Minute
Degrees Centigrade
Degrees Fahrenheit
Sea level
Shaft Horsepower
Rate of Descent
Rate of Climb
Time to Climb
Power Coefficient
Thrust Coefficient

Nautical Air Miles Traveled
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UNIT

Knots
Knots
Xnots
Xnots
Lnots
Knots
Knots
Inches
Pounds
Degrees
Degrees

-

per minate
per minute

Minutes

“omwww
X 2
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NAMPP

N1

N2

Hd

Hp

Ttg (TOT)

p (rho)

- et g T - hd

Nautical Air Miles Per Pound of Fuel
Gas Producer Speed

Power Turbine Speed

Density Altitude

Pressure Altitude

Turbine Qutiet Temperatuie

Air iass Density
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Percent rpm
Percent rpm
Feeot

Feet
Degrees

1b-sec?

£ta
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