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This report presents the results of limited enqgineering tests
conducted to determine the performance characteristics of the XT67
power plant (i.e. two T72 engines) irc.alled in a YUH-1D/48-foot rotor
4 helicopter. Ten productive hours were flown between 14 October 1965
anu 22 October 1965, The tests were performed at the airframe contracter's
flight test facility located at Greater Southwest Airport, near Fort Vorth,
Texas.

The U. S. Army Aviation Test Board (USAAVNTBD) was assigned as
Executive Test Agency, responsible for coordinating the test plan
preparation, executing the limited serviceability testing and coordinating
the test reporting. The U, S. Army Aviation Test Activity (USAAVNTA) was
assigned the responsibility for coordinating the planning and renorting of
the engineering tests with USAAVNTBD and executing the engineering tests.

The XT67 power plant improved the hover and climb performance of
the UH-1D/48-foot rotor helicopter by sustaining the helicopter main
transmission torque limit to highe:» altitudes than were possible with
the T53-L-11 engine. The XT67 power plant improved the lavel flight
performance by allowing higher cruise speeds for essentially the same
range. Increased range could be attained by shutting down one engine.
Test installation losses were high but could be reduced significantly
through continued development.

The static droop characteristics of the X767 power plant were
acceptable, Static load sharing was excellent; however, load sharing
during power transient, although adequate, could be improved. The
transient response of the power plant-dynamic system was slow. This
shortcoming should be corrected prior to service test.

PHOTO NO. 1
XT67 POWER PLANT
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SECTION 1 - GENERAL
1.1 O0BJECTIVE

To conduct limited engineering tests to determine the performance
characteristics of the XT67 power plant installed in the UH-1D helicopter.

1.2 RESPONSIBILITIES

1.2.1 The USAAVNTBD was assigned as Executive Test Agency responsible
for coordinating the test plan preparation, executing the limited service
testing, and coordinating the test reporting,

1.2.2 The USAAVNTA was assigned responsibiiity for coordinating the
planning and reporting of the engineering portion of the test with
USAAVNTBD and executing this portion of the test.

1.3 DESCRIPTION OF MATERIEL

See Section 3, Appendix II,
1.4 BACKGROUND

1.4.1 The Army has a continuing requirement to attain the optimum
potential for all equipment in the inventory. The ultimate usefulness
of the UH-1D helicopter could be enhanced by an improvement in the
hovering and climbing capabilities.

1.4,2 0On 2 May 1963, the engine contractor submitted to the Iroquois
Project Manager a proposal to install the XT67 in a UH-1D helicopter
for evaluatfon as an alternate power plant. The engine manufacturer's
test data indicated that the UH-1D's hovering capability, climb
performance, acceleration, and/or throttle response would be improved
with the alternate power package.

1.4.3 On 29 July 1963, the Iroquois Project Manager requested USATECOM
to evaluate the XT67 power plant installation. USATECOM assigned the
program to USAAVNT! on 28 August 1963, On 8 July 1964, the Iroquois
Project Manager - ested that USAAVNTA accomplish all engiineering tests
for this progr .. USATECOM, on 20 August 1964, assigned USAAVNTA as
Participating -gency with responsibilities as described in Paragraph 1.2.2.
The scope of .1e program was enlarged to include 1imited performance
testing of the XT67 power plant in the UH-1D helicopter. An additional
requirement for testing at 9500 pounds gross weight was issued by
USATECOM on 13 January 1965, A consolidated test plan incorporating

the required changes was published by USAAVNTBD on 31 March 1965,
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1.5 FIMDINGS
1.5.1 GENERA.

The XTw7 offered many desirable characteristics as a power plant
for the UH-1D helicopter. The airframe contractor had relatively 1ittle
flight experience with the ingtallation prior to this evaluation. The
fnstallation was not optimizad or developed, With very little refine-
ment, the performance and engine operating characteristics as described
in this report could be significently {improved, The XT67 installation
of fered significant improvemant in the performance of the UH-1D helicopter,
particularly 1+ the areas of hovering, climb and level flight. Although
tha single-eng:ne height-velocity characteristics wure not quantitatively
evalutted, a s -gnificant safety factor over a single-engine helicopter
was available,

1.5.2 HOVER

Hoverinc performance was improved fow all ambient conditions;
howaver, the hct-day hovering capability improvement in the test
fnstallation was small, The hat-day hover performance could be greatly
improvad throutn @liminaticn of the hot-day power-available 1imitation
based on maximum allowable powar turbine inlet temparature. In addition,
the hot-day sheft horsapower (SHP) available, and thus the hot-day hover
performance, cculd be greatiy improved through elimination cf the
compressor air blead used to drive cooling biowers in the test
installation. The magnitude of the effect of eliminating the bleed
could not be celculated because nefther the amount of bleed nor its
effect upon enoine performance was known,

1.5.3 CLIMB

An improvement in climb performance was realized because the
transmigsicn 14mit SHP could be maintained up to an altitude of 6600
feet on a staniard day. Sea-level rates of climb were not improved,
but a nigher rate of climb was possible .at higher altitudes.

1.5.4 LEVEL FLIGHT

Level fiight performance was improved, even though range was
essentfally unchanged, because of higher optimum cruise speeds.
Optimum cruise speed was the placard 1imit airspeed in every case.
Range was incraeased approximately 30 percent by shutting down one
engine and cruising on the othar} however, cruise speed was reduced
15 to 35 knots calibrated airspeed (KCAS). If the second engine was
kept at flight-idle rather than shut down, the improvement in range
was negligible.
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1.5.5 ENGINE OPERATING CHARACTERICTICS AND POWER MANAGEMENT

The static droop characteristics of the XT67 were satisfactory
though not optimum, Static load sharing was excallent. No pilot
attention was required to maintain equal torque between the twn engines.
Transient response of the power plant-dynamic syster was slow and
) considered a shortcoming; however, at the time of this evaluation no

attempt had been made to optimize this characteristic.

1.5.6 COCKPIT ENGINE CONTROLS AND INFORMATION DISPLAY

The cockpit controls and instrumentation were adequate for the
test installation., Many improvements should be incorporated in this
area, however, prior to service test.

1.6 CONCLUSIONS oeeieinriireriecirnnanns SEEREREEEEEEE SuEEEas e IEE e eEr e R e AW S .

1.6.1 The XT67 pover plan. oroved the hover performance of the
YUH-1D/48-foot rotor helicopter at all ambient conditions in which
maximum SHP avaiiable from the T53-L-11 engine was not 1imited by the
main transmission. (Paragraph 2.1.1.4)

1.6.2 The XT67 power plant imoroved the climb performance of the
YUH-1D/48-foot rotor helicopter by sustaining the nalicopter main
transmission torque 1imit to 5600 feet., The corresponding increase

in power available resulted in higher rates of climb at higher altitudes,
(Paragraph 2.1,2.4)

B 1.6.3 The maximum single-engine rate of climb (sea-level standard day)
attained with a climb start gross weight of 7000 pounds was 820 feet
per minute. Service ceiling at these conditions was 15,000 faet.
(Paragraph 2.1.2.4.2)

1.6.4 The XT67 power plant improved the level flight performance of
the YUH-1D/48-foot rotor helicopter by allowing higher cruise speeds
for essentially the same range. (Paragraph 2.1,3.4)

1.6.5 By operating the XT67 power plant on a single engine with the
second engine shut down, range was increased approximately 30 percent
at those conditions in which level flight at single-engine normal
rated power was possible. (Paragraph 2.1.3.4.3)

1.6.6 The power losses caused by the test installation were high and
particularly detrimental to hot-day performance. (Paragraph 2.2.4)

1.6.7 The high test installation power losses could be reduced
significantly through continued development. (Paragraph 2.2.4)
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1.6.8 Static droop characteristics of the XT67 power plant were
acceptable, although droop cam compensation was not optimum. (Paragraph
2.3.1.4)

1.6,9 Static load sharing was excellent, (Paragraph 2.3.2.4)

1.6.10 Transient response of the power plant-dynamic system was slow.
(Paragraph 2.3.3.4)

1.6,11 Load sharing during power transients was adequate but could be
improved, (Paragraph 2.3.3.4,3)

1.6.12 The engine cockpit controls and information disrlay were adeauate !
for the test installation. Changes should be incorporated, however,
prior to service test. (Paragraph 2,3.4.4) %

1.6.13 Engine failure and fual control malfunction could be readily
detected, 1dentified, and com?ensated fory however, a modified engine
torquemeter indicator and collective pitch position indicator would
simplify detection, identification and compensation. (Paragraphs 2.3.4.4.4
and 2.3,4,4.,5)

1.7 RECOMMENDATIONS ..vieeecresanesncesnsansans a2 v S AR/ ORTETE = el =15 mslANTASTON = 3 Sl RRTS < €5 /a oo o s s

1.7.1 Effort should be inftiated by the contractors to correct the
following shortcoming:

Inadequate transient response of the power nlant-dynamic system,
(Paragraph 2.3.3.4)

1.7.2 Developmental effort should be continued by the contractors to
correct or improve the following {tems:

a, Reduce the installation power losses, particularly those
affecting hot-day SHP available, (Paragraph 2.2.4)

b. Optimize the static droop characteristics of the power plant
for 1ncre§sed compensation at high coliective settings, (Paragraph
2.3.1.4.3

c. Improve the load sharing during power transients. (Paragraph
2.3.3.4,3)

d. Provide better identification of the two modes of operation of
the starter button, (Paragraph 2.3.4.4.1)

s




e. Provide the individual twist-qrips with individually
adjustable frictfon. (Paragraph 2.3.4.4.2)

f. Provide the twist-grips with a "dead band" at the full-open
position to prevent the fuel control levers from "backing off."
Paragraph 2.3.4.4,2)

g. Make both twist-grips the same size and provide a distinctive
texture for each to facilitate identification by feel, (Paragraph 2.3.4.4.2)

h. Reduce the distance between the twist-grips and the flight-
idle release buttons to reduce hand mo%ion. (Paragraph 2.3.4.4.,2)

i. Indicate, on the large and small needles of the dual tachometer,
rotor speed and power plant output shaft speed respectively,

J. Provide a three-needle torque indicator, displaying left-
engine torque, right-engine torque and total torque. (Paragraph 2.3.4.4.4)
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SECTION 2 - DETAILS OF TEST
2.0 INTRODUCTION

2,0.1 Except in climbing flight, no attempt was made during this
evaluation to measure directly helicopter performance because the power
required in most flight regimes for the YUH-1D/48-foot rotor helicopter
was well defined in Reference e, Foreword, The significant parameters
measured were the power available and fuel-flow characteristics of the
XT67. Based on the results of these measurements, the performance of
the YUH-1D/48-foot rotor helicopter with the XT67 installed could be
calculated using the data containec in Reference e.

2.0.2 Climb performance was increased due to the increased power
availabl2 and this performance characteristic was measured directly.

2.0.3 Due to the scope of this evaluation, several limitations were
imposed and several assumptions were made, First, no attempt was made
to gather information on the effect of engine output speed (rotor speed)
upon engine perfcrmance. All data presented in this report was valid
for a rotor speed of 324 rpm. Second, there was insufficient information
avajilable to determine the amount of compressor bleed air used in the
test installation to drive cooling blowers. Additionally, the effect
of compressor bleed on engine performance was not well established.
Because of the ambiguity of the effect of bleed upon engine performance,
no attempt was made to standardize the observed data to a zero-bleed
condition, Third, the data presented in this report was based on the
assumption that both engines of the XT67 power plant had specification
torquemeters. Prior to this evaluation, the XT67 power plant was
calibrated in a test cell, It, however, was not run in a single-engine
configuration sufficiently to define the individual engine torquemeter
pressure as a function of engine output torque. There was no dependable
method of obtatning this information in the Timited flight time available,
Any deviation between tne test engine torquemeters and the torquemeter
characteristics in Engine Specification 2252-A (Reference i) affected
the accuracy of the performance data contained in this report. Engine
Specification No. 2252-A, Paragraph 3.23, states: "The torquemeter
signals shall indicate the torque developed by the engines within the
following tolerances:

a. From maximum steady-state torque to normal rated output
torque: ¢t 3 percent of the value being measured.

b. From normal rated output torque to one-third of normal rated
output torque: + 3 percent of the value obtained at normal rated torque."




2.0,4 Engine handling characteristics and power management were briefly
but quantitatively evaluated in terms of static droop and transient
response in both the twin- and single-engine modes. Static load sharing
and transient load sharing were briefly investigated. Cockpit engine
controls and engine information display were briefly evaluated. Time
did not allow evaluation of the single-engine height-velocity charact-
eristics of the helicopter,

2.1 PERFORMANCE OF YUH-10/48-FOOT ROTOR HELICOPTER WITH XT67 POWER

2.1.1 The hovering and level-flight performance characteristics presented
in this report were calculated based upon the dota presented in Reference
e for power required in hovering and level flight,

2.1.2 The climb performance presented in this report was based upon
actual flight test data obtained during climb performance tests.

2.1.3 A1l summary performance for the helicopter with the XT67 power
plant installed was based upon observed installed engine characteristics
which included the installation losses of the test helicopter.

2.1.4 The nelicopter performance with the T53-L-11 engine was calculated
for comparison purposes based upon fuel flow and power available obtained
from an airframe contractor report. Fuel flow and shaft horsepower
available from this report were based upon: a., Engine Mcdel Specification
T53-L-11 (Reference j); b. Compressor inlet total pressure loss = 0;

c. Compressor inlet total temperature rise = 2 degrees Centigrade {(C);

d. Percent air hleed = 0.6 percent; and e. Power extracted from gas
producer section = 0.

Z2.1.1 HOVER
2t Ob]ect1ve

The objective of the hover performance tests was to define the
hover performance of the UH-1D/48-foot rotor helicopter with the XT67
power plant installed,

2.1.1.2 Method

The shaft horsepower (SHP) required to hover at various gross
weights, nressure altitides and ambient temperatures was obtained from
Reference e. The SHP available from the XT67 uower plant was obtained
from Figure 15, Section 3, Appendix 1. Based upon these characteristics,
the hover ceiling both in and out of ground effect was calculated for
various gross weights and ambient temperatures.
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2.1.1.3 Results

The hover performance test results of the YUH-1D/48-foot rotor
helicopter with the XT67 power plant installed are presented in Fiqures
1 and 2, Appendix I.

2.1.1.4 Analvsis

2.1.1.4.17 A1l hover performance was based upon military rated power for
both the XT67 power plant and the T53-L-11 engine.

2.1,1,4,2 On a standard day, the out-of-ground effect (OGE) hover
performance of the UH-10/48-foot rotor helicopter was significantly
better with the XT67 power plant than with the T53-L-11 engine., With

the XT67 power plani, the OGE standard-day hover ceiling was 4000 feet

at 9500 pounds gross weight. With the T53-L-11 engine, the maximum gqross
weight for OGE hover at sea level was 8850 pounds and,at 4000 feet, 8430
pounds. At 8500 pounds gross weight, the OGE nhover ceiling with the
T53-L-11 was 3690 feet; the XT67 increased the OGt nover ceiling to
10,020 feet., Using only the right single engine of the XT67 power plant,
the maximum gross weight for OGE hover at sea level was 6200 pounds.

2.1.1.4,3 The hot-day (35-degree-C) OGE hover performance of the
YUH-1D/48-foot rotor helicopter was not as greatly improved with the
installation of the XT67 power plant as was the standard-day performance.
The reason was that the SHP available on a hot day from the XT67 power
plant was low for reasons explained in Paragraph 2.2.4, Maximum gross
weight for OGE hover on a 35-degree-C day at sea level was 8360 pounds
with the XT67 power plant and 8160 pounds with the T53-L-11 engine. At
design gross weight, 6600 pounds, the OGE hover ceiling was 6470 feet
pressure altitude with the XT67 power plant and 5900 feet pressure
altitude with the T753-L-11 engine,

2.1.1.4,4 The 2-foot skid height in-ground-effect (IGE) hover ceiling

is presented in Figure 2, Appendix I. This hovering skid height was
approximate’y the 1imit from which a satisfactory takeoff could be
accomplished with this helicopter without contacting the ground or
exceeding engine wilitary power limits., The 2-foot nover ceiling at 9500
pounds gross weight on a standard day was 12,400 feet with the XT67

power plant and 5850 feet with the T53-L-11 engine.

2,1.1.4,5 Using only the right single engine of the XT67 power plant,
the maximum gross weight for a 2-foot hover at sea level was 7420 pounds,
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2.1.1,4,6 On a 35-degree-C day the 2-foot hover ceiling at 9500 pounds
gross weight was 1080 feet pressure altitude with the XT67 power plant
and 300 feet pressure altitude with the T53-L-11 engine. Again there

was only a smail gain in hot-day hover performance due to the low hot-day
SHP available from the XT67 power plant for reasons explained in
Paragraph 2.2.4,

2.1.,2 CLIMB
2.1.2.1 Objective

The objective of the climb performance tests was to define the
climb performance of the YUH-1D/48-foot rotor helicopter with the XT67
power plant installed,

2.1.,2.2 Method

2.1.2.2.1 Continuous climb performance tests were conducted from minimum
attainable altitude to service ce1ling at military rated power. One
climb was made at a climb-start gross weight of 9500 pounds using both
left and right engines. One climb was made at a climb-start gross weight
of 7000 pounds using only the left engine. One climb was made at a climb-
start gross weight of 7000 pounds using only the right engine.

2,1.2.2.2 A rotor speed of 324 rpm was maintained during the climb tests.
SHP was maintained at either the torque 1imit of the helicopter
transmission or the maximum power available at the test conditions using
the military power limits,

2,1,2,2,3 The climb performance data was corrected to standard-day
conditions and standard climb gross weights of 9500 pounds for the twin-
engine climb and 7000 pounds tor the single-engine climbs.

2.1.2.3 Results

The results of the climb performance tests are presented in
Figures 3. 4 and 5, Appendix I,

2.1.2.4 Analysis

2.1.2.4,1 The climb performance of the YUH-1D/48-foot rotor helicopter
was improved by the installation of the XT67 power plant, The sea-leve!
rate of ¢1imb was not significantly changed due to the fact that the
maximum power available was limited to the torque 1imit of the main
transmission. No flight test climb performance data was available for




the T53-L-11 engine; however, sea-level rate of climb at 9500 pounds
gross weight was 1560 feet/minute with both the XT67 power plant and
the T53-L-9 engine, The increase in climb performance was the result
of the capability of the XT67 to maintain the transmission limit power
to a higher altitude, with a subsequent increase in power available above
the altitude where the main transmission no longer 1imited maximum
power (6600 feet), A higher service ceiling also resulted with the
XT67 power plant, The time to climb to 10,000 feet, which was 9.3
minutes with the T53-L-9, was reduced 19.4 percent to 7.5 minutes with
the XT67, Service ceiling at 9500 pounds climb-start qross weight was
14,630 feet with the XT67 power plant and 12,550 feet with the T53-L-9
engine.

2.1.2.4,2 Vith a sea-level climb-start gross weight of 7000 pounds,
using only the left engine of the XT67 power plant, the sea-level rate
of climb was 660 feet/minute and the service ceiling was 12,680 feet,
At the same conditions using only the right single engine, the sea-
level rate of climb was 820 feet/minute and the service ceiling was
15,000 feet, because of the higher SHP available,

2.1.3 LEVEL FLIGHT

2,1.3.1 0Objective

The objective of the level-flight performance tests was to
define the level-flight performance of the YUH-1D/48-foot rotor
helicopter with the XT67 power plant installed.

2.1.3.2 Method

The SHP required to maintain level flight with the YUH-1D/48-
foot rotor helicopter was defined in Reference e. The curves of SHP
required versus true airspeed presented in Figures 8 through 13,
Appendix 1 were obtained directly from Reference e, SHP available and
the fuel flow at any SHP for the X767 were measured during this program
as described in Paragraph 2.2, With this information the level flight
performance of the YUH-1D/48-foot rotor helicopter was calculated for
both single-cngine and twin-engine XT67 operation.

2.1.3.3 Results

The results of the level flight performance tests are presented
in Figures 6 through 14, Appendix I.

2,1.3.4 Analysis

2,1.3.4,1 The range rformance of the YUH-1D/46-foot rotor helicopter
with the XT67 power p.ant was very similar to that with the T53-L-11

10
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engine, A comparison in terms of range factor is shown in Fiqure 6,
Appendix I. At low valuez of thrust coefficient (Cy), less than

.00294, the T53-L-11 showed slightly higher range performance than the
X767, At higher values of Ct, the range performance of the XT67 power
plant was sliqghtly superior. The "crossover" CT of .00294 corresponded

to approximately 8330 pounds gross weight at sea level or 7220 pounds
gross weight at 5000 feet with a rotor speed of 324 rpm on a stardard day.

2,1.3,4,2 The airspeed for maximum range with the XT67 power plant was
always greater than or equal to the airspeed for maximum range with the ]
T53-L~11, Recommended cruise speed for maximum range with the XT67 was
the nlacard 1imit airspeed for all conditions, Recommended cruise sneed 5
with the T753-L-11 was the airspeed at .99 maximum nautical air miles per
pound of fuel (.99 max NAMPP), With the T53-L-11, .99 max NAMPP occurred
at or below piacard 1imit airspeed. In general, the YUH-1D/48-foot rotor #
helicopter traveled apnroximately the same distance with the XT67 power i
plant as with the T53-L-11 engine; 1t would arrive sooner, however, with
the XT67 nower plant installed. f

2,1.3,4,3 There was a considerable increase in range to be gained by
cruising on a single engine of the XT67 power plant with the second
engine shut down. Range was increased approximately 30 percent in this
mannar; however, the decrease in cruise speed necessary to gain this
increase in range was 15 to 35 knots true airspeed (KTAS) depending upon
the combination of gross wefght and altitude as shown in Fiqure 6,
Section 3, Appendix I. The airspeed for maximum single-engine range was
the a;rspeed at maximum continuous power available (normal rated power
1imit).

2,1.3.4.4 If the second engine of the XT67 power plant was operated at
flight-idle instead of shut down to maintain twin-engine reliability,
the range advantage was lost., The 15-t0-35-KTAS cruise speed sacrifice,
however, still resulted. The flight-idle fuel consumption of the second
engine canceled the advantage of operating a single engine in its high-
power, low-specific-fuel-consumption range,

2.1.3.4.5 Single-engine level flight was not possible for all conditions
of gross weight and density altitude. The single-engine absci te

ceiling of the YUH-1D/48-foot rotor heliconter with the XT67 prwer plant
is shown in Fiqure 7, Appendix 1. The curve of this figure, Lased upon
normal rated power on a standard day at a rotor speed of 324 rpm, shows
the maximum altitude at which the helicopter was capable of level flight
at the airspeed for minimum power required. At 8500 pounds gross weight,
level flight could be maintained on one engine at normal rated power at

a standard-day altitude of 5200 feet.
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2.1.3.4,6 A calculated range mission is presented in Fiqure 14, Appendix I.
This figure shows a comparison of range performance of the YUH-1D/48-foot
‘otor helicopter with the T53-L-11 engine, XT67 power plant, XT67 right
single engine with the second engine shut down, and XT67 right single

ngine with the second engine at flight-idle. The conditions chosen for

the comparative range mission, listed in Figure 14, Appendix I, were

chosen as being typicallyv representative, rather than nurposely favoring

a particular power nlant, The results of the comparative range mission

are summarized in table on the following page.

2.2 POWER AVAILABLE AND FUEL FLOW

2.2.1 OBJECTIVE

The objective of the power-available and fuel-flow tests was to
define through flight test data the parameters required to calculate
maximum SHP available from the XT67 power plant and the fuel flow at
any conditions of SHP pressure altitude and ambient temperature.

2,2.2 METHOD

During stabilized flight all pertinent engine parameters,
including SHP, fuel flow (Wg), gas producer speed (Ny), and power turbine
inlet temperature (T7.) were recorded. By means of standard engineering
methods (Reference m), these readings were reduced to standard-day, sea-
level, static conditions, resulting in a single curve expressing the
relationship of any two parameters for a single engine on a "referred"
basis. These referred engine characteristics for both the left and right
engines of the XT67 power plant are presented in Figures 20 through 22
and 25 through 27, Appendix 1. With these referred characteristics, it
was possible to calculate at any pressure altitude, ambient temperature,
and atrspeed, the SHP at any Ny or Tt Then, by knowing the maximum Nj
available, as defined in F1qures19 ang 24, and the maximum T7. allowable
as given in Engine Model Specification No. 2252A(Reference i), the SHP
available could be calculated. In a similar fashion, the W¢ required for
any available SHP at any pressure altitude, ambient temperature or
airspeed could be calculated,

2.2.,3 RESULTS

The results of the power-available and fuel-flow tests are
presented in Fiqures 15 through 27, Appendix I.

2.,2.4 ~NALYSIS

2.2.4,1 Due to the 1imited scope of this test, no effort was made to
determine the effect of engine output shaft speed (rotor speed) upon
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engine performance. All data presented in this report, therefore, was
for an ergine output shaft speed of 6600 rom (324 rpm rotor speed). The
data for the referred engine characteristics was not corrected for non-
optimum power turbine speed. Similarly, the effects of compressor air
bleed and power extracted from the gas producer section were not defined
and no b:eed correction was made. The data presented in the referred
engine chraracteristics cuirves, therefore, reflects the performance of
the XT67 power plant as installed in the test helicopter with all the
installasion losses included with the exception of compressor inlet duct
losses.

2.2.4,2 The maximum SHP available at military power limits was limited
either by maximum allowable TT., 677 degrees C, or by maximum Nj
available ("topping" Ny) as 1191ted by the fuel control. As a general
rule, powzr was limited by "topping" Ny on a standard day or cooler and
by maximun TT6 on a hotter than standard day,

2.2.4.3 \lthough the exact effect of bleed air upon a single engine of
the XT67 vower piant was not known gquantitatively, i1ts general effect was
to raise che Ty, for a given SHP, This effect was greater at high
ambient tcmperagures than at low ambient temperatures. This meant that,
with bleec air being extracted, not only would the SHP available at TT5
1imit be Towered, but the ambient temperature range over which SHP
available was limited by maximum Ty. would be extended to lower ambient
temperatures for any pressure a1t118de. The fact that maximum SHP
available was limited by maximum Tt. at high ambient temperatures was of
particular significance with the X¥g7 power plant. The power plant
shiculd be configured to be 1imited by "topping" N, over as large a span
of ambient temperatures as possible.

2.2.4,4 With a twin-engine installation, the two engines are never
precisely matched. There is always a relatively "strong" and a
relatively “weak" engine, Likewise, the static droop cheracteristics
are not the same, To overcome this, the XT67 power plant employed a
torque matching device which "beeped up" the low engine, or shifted its
static droop line to the point where the engine torquemeter output
pressures would be equal at any load or rotor speed, L

2.2.4.5 V‘hen increasing power was demanded by increasing collective
pitch, the engine supplied an equal torque to the rotor until the "weak"
engine reached its maximum output, limited by either "topping" Nj or
maximum Tt.., If the "weak" engine was 1imited by "topping" N]. a
further 1n§rease in collective pitch resulted in the "weak" enqgine's
continuing to put out an essentially constant powar. The "strong"
engine then continued to increase its power output until the limit of
the "stronqg" engine was reached,

14




2.2.4,6 On the other hand, {f the "weak" engine was limited by maximum
T1., @ further increase in load resulted in the torque matching device's
"becping" the "weak" engine into an unacceptable overtemp condition in
ar effort to match torque output.

2,2.4,7 The effect was that when the "weak" engine was (imited by
"topping" Ny the SHP available from the XT67 power riant was the total

of the SHP available from the left engine and the SHP available from the
right engine. When the "weak" engine was limited by maximum allowable
TT., the SHP available from the X767 power plant was limited to twice
thgt available from the "weak" engine. An example of the conditions in
which the weak engine was limited by maximum Ty. may be seen in Figures
15 through 17, Appendix I. At 5C00-foot pressuge altitude and +35-de--2e-
C ambient temperature, SHP available from the left engine was 393 and SHP
available from the right engine was 423. The combined SHP available from
the XT67 power nlant was 786, twice that available from the "weak" left
engine., The 30 SHP remaining in the right engine was not available
without either overtemping the left engine or switching into the manual
mode of the fuel control on the left engine. This took the "weak" engine
governor off 1ine and allowed the twist-grip selection of maxiinum power
on that engine while collective pitch was increased to absorb remaining
power on the right engine.

2.3 ENGINE OPERATING CHARACTERISTICS AND POWER MANAGEMENT

2.3.1 STATIC DROOP
2,3.1.1 Objective

The objective of the statiz droop tests was to define the static
droop characteristics of the XT67 power plant in both the twin-engine and
single-engine configqurations.

2.3.1.2 Method

Rotor speed was established on the ground prior to the static
droop tests at 324 rpm. The power turbine speed select (beep) swich
setting was not changed for the remainder of the test at two airspzeds
and the power demand was increased in increments by increasing collective
pitch. The resulting relationship between engine cutput torque and rotor
speed was recorded,

2.3.1.3 Results

The results of tne twin-engine and single-engine XT67 static
droop tests are presented in Figures22 and 29, Appendix I.
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2.3.1.4 Analysis

2.3.1.4,1 The test installaticn had a collective "compensator cam"
installed, so the basic qovernor droop was not evaluated, The compensated
droop for both single- and twin-engine operation was adequate but not
optimum, Figure 28, Appendix 1 shows that with both engines operating
during a vertical takeoff ancd climb the rotor speed stayed constant to
within 2 rpm without beep adjustment. Slight over-compensation of droop
occurred in the mid power range. This is a desirable feature in vertical
flight since it helps maintain a high rotor speed as a safety margin and
aids in preventing rotor overspeed during power reduction during a landing,

2.3.1.4,2 At 72 knots calibrated airspeed (KCAS), when the collective
pitch settings for a constant power were higher than at zero airspeed,
compensation was less ideal. Total static droop from a "needles-joined"
to maximum power was approximately 5 rpm. This value was certainly
acceptable; however, hysteresis of approximately 2 rpm made the apparent
static droop appear somewhat larger.

2.3.1.4.3 Tne single-engine static droop i1s shown in Figure 29, Appendix I.

As would be expected, static droop of the single engine was approximately
double that of the twin engine. An increase in compensation at higher
collective settings not only improved the single-engine static droop
characteristics, but also improved the high-sneed (and high-altitude)
twin-engine static droop characteristics. At torque outputs greater than
anproximately 350 pounds-foot, the static droop characteristics of the
left and right engines were not matched, A cingle ccompensator cam was
fitted, so this mismatch was the result of the different fuel control
characteristics of the two engines.

2.3.2 STATIC LOAD SHARING

2.3.2.1 Objective

The objective of the static load sharing tests was to determine
the static load sharing characteristics of the two engines of the XT67
power plant.

2.3.2.2 Method

At minimum collective pitch on the ground, a stabilized rotor
speed was selected, The power demand was increased by increasing
collective pitch in increments, allowing the engines to stabilize, then
recording the individual engine output torques.

20l




proTr i

2,3.2.3 Results

The results of the static load sharing tests are presented in
Fiqure 30, Appendix I.

2.3.2.4 Ana]xsis

2.3.2.4,1 The static load sharing of the XT67 power plant was better than
that of any other helicopter twin-enqgine installation tested to date.
Differences in torquemeter readings were generally small enough to be
unreadable on the standard instruments and well within their accuracy.
Only at maximum torque output, when one engine was "topped" and could
deliver no more power, was there any significant deviation from ideal
static load sharing,

2.3.2.4,2 It should be noted that the torque matchinqg device adjusts
the relative power of the engines to match the torquemeter output
hydraulic pressure, It does not actually match torque. If the torque-
meter of one engine were to transmit a higher hydraulic pressure for a
given torque output, that engine would produce less torque when the
torque matching device was satisfied that the load was being equally
shared by the engines. The load sharing characteristics of the XT67
power plant were only as accurate, reliable, and repeatable as the
torquemeters of the individual engines. Without the automatic torque
matching device of the XT67 power plant, the load sharing characteristics
of these engines would probably have been poor. A high degree of pilot
attention would have been required to keep the power output of the
engines equal,

2.3.2.4.3 The single-engine static droop characteristics of the test
installation were described in Paragraph 2,3.1.4, The single-engine
static droop characteristics of the left and right engines were not well
matched, especially at high torque output.

2.3.3 TRANSIENT RESPONSE

2.3.3.1 Objective

The objective of the transient response tests was to determine
quantitatively the response of the XT67 power plant-dynamic system to
abrupt power chanqges,
2.,3.3.2 Method

2.3.3.2.1 The helicopter was loaded tu normal mission qross weight,
8500 pounds. At the test altitude, approximately 1900 feet pressure
altitude, 85 percent military rated power was selected at approximately
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67 KCAS and the collective nosition noted. The collective was then
lowered to a stabilized autorotation in which the needles were just
inined at a rotor speed of approximately 332 rom, Collective pitch was
then increased at varvinn rates to the setting previously noted. Photo
panel records were taken of the resulting transient response to the
demands.

2.3.3.2.2 Single-engine transient resnonse was also brieflv evaluated,
first as described above, then bv recording the reaction nf one enqgine
as it assumed the load imposed when the second engine was "chonped"
simulating a single-engine power failure,

2.3.3.3 Bgsu]ts

The results of the transient response tests are nresented in
Fiqures 31 through 36, Appendix I,

2.3.3.4 Analysis

2.3.3.4.1 Oscillograph recording of transient response data was not
available, so a detailed analysis of the XT67 power plant's transient
response, including system lags and time constants, could not be made.
The results obtained through photo panel recording presented here are,
however, representative of the results that could have been obtained
more accurately through the use of an oscilloqraph.

2.3.2.4.2 Twin-engine transient response was poor and considered a
shortcoming. The minimum allowable power-on rotor speed of 299 rpm was
reached during torgue demand rates of apnroximately 211 pounds-foot/
second, With the T53-L-11 engine installed, this minimum transient

droop was not reached at torque demand rates of 289 pounds-foot/second

at approximately the same ambient conditions. Maximum XT67 gas-producer
accelerations were aporoximately 5 percent/second. The enqgine
acceleration, although slow, was very uniform, Tornue changes were
uniform and easily anticipated with directional control to avoid helicopter
vawing, The engine manufacturer stated that acceleration could be easily
increased through fuel control adjustments and that acceleration was
purposely kept to a low value in the experimental installation to provide
a highly damped torsionaily stable dynamic system,

2.3.3.4.3 The load sharing during transient power demands was inferior

to the static load sharing. The torque-matching device incorporated a
variable damper which was set for very hinh damping to avoid any possible
engine instabilitv or hunting, There was room for considerable improvement
in the test installation in the transient Toad sharing area. The difference
in torque between the left and right engines during transient response
reached as high as 72 pounds-foot, or approximately 20 percent.
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2.3.3.4.4 The simuiated single-engine power failure presented in Figure
36, Appendix I shows the only evidence of engine instability observed
during the evaluation, Three oscillations in torque were observed while
the right engine was accelerating to assume the load of the "chopped"
engine, Although the peak oscillation was approximately 18 percent of
the mear torque, this oscillation was not objectionable or even noted in
fiight, It shouid be noted tihat 1f a single-engine failure were to occur
at a high combined power plant output power setting on a cold day at Tow
rressure altitude, the operating engine would accelerate and exceed its
Timit torque 1f collective pitch were not lowered. For example, a left-
engine failure at a combined power plant ocutput of 800 SHP at sea level
on a -10-deqree~C day would result in a right-engine overtorque if
corrective action were not taken by the pilot.

2.3.4 COCKPIT ENGINE CONTROLS AND INFORMATION DISPLAY

2.3.4,1 Objective

The objective of the cockpit enyine controls and information
display evaluation was to present specific comments concerning this
aspect of the test installation,

2.3.4.7 Method

This evaluation is based upon the comments of an experienced
engineering test pilot.

2.3.0.3 Results

The results of this evaiuation are presented and discussed in
Paragraph ?2.3.4.4,

Z.3.4.4 Andlysis

2.3.4.4.1 The two-position starter button on the cyclic control stick
was satisfactory, but better identification of the two modes of operation
seemed desirable. During air starts, it was easy to release the button
fully; this took the starter motor off the line and resulted in a hot
start,

2.3.4,4,2 The tandem twist-grip arrangement should be improved by
incorporating the following changes:

a. Provide the individual twist-grips with individually
adjustable friction,

b. Incorporate a "dead band" at the full-open position to
prevent the fuel control levers from "backing off.,"
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c. Make hoth twist-grips the same size and provide a
distinctive texture for each to facilitate identification by feel,

d. Reduce, if poss‘ble, the distance between the twist-qgrips
and the flight-idle release buctons to reduce hand mction,

2.3.4.4.3 The practice of disnlaying the power turbine speed (N») on the
large needle and rotor speed (Ny) on the small needle of the dual tacho-
meter is undesirable, Rotor speed is the primary parameter and should be
displayed more prominently, The small needle is difficult to read and
subject to considerable parallax. The pilot is not normally interested
fn Ny except for monitoring during needle-split operation,

2.3.4.,4.4 A three-needle torque indicator displaying left-engine torque,
right-engine torque and total power plant torque is desirable. The

total torque indication is desirable because over a larqe range of altitude
and ambient temperatuve conditions the power output of the XT67 power
plant is limited by helicopter main transmission torque limit. With a
separate indicator for each engine, the total torque must be summed by a
pilot. Having individual left- and right-engine output torque on one
indicator would aid the pilot in identifying an engine failure or torque
matching device malfunction,

2,3.4,.4,5 The fuel control incorporated a manual mode by which fuel flow
to the enqgine could be regulated directly by twist-grip rotation. This
manual mode would restore full power should a fuel ccntrol malfunction
restrict fuel flow to either engine. A fuel control failure resulting

in a reduction in fuel flow could be identified by the decrease in rotor
speed due to single-engine static droop and the reduction of torque on
one engine. The recommended three-needle torque indicator would simplify
identification of the failed engine, Were a fuel control failure to
result in an increase in fuel flow to either engine, this could be
{dentified by an increase in rotor speed and an .. <rease in torque on the
engine with the malfunctioning system. Again, 1> recommended torque
indicator would simplify identification of the malfunctioning engine,

- W T e

PHOTO HO. 3 and 4 - UH-1D COCKPIT DISPLAY and THROTTLE CONTROL STICK
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SECTION 3 - APPENDICES
APPENDIX I
TEST DATA
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Flte L85 ¥ o 7 coute st % wwy Tro onas turbine engines joined
]l .,l ."',‘ Ly . g =45 _-':.A.’ " ':1"\7));(‘

Telblegs, cxtrpe. ¢, 3nwen the nerformance ratings
of the 707 power near T ol Lo n=a-deval static conditions and the
enqire on oy . \ Voot the ToYlowing nage,

The Canninan wolte o Lortue suthut of the two engines
and redubed e colelaag sled T Lthe Zower turbines from 32,400 rpm

at 00 e

gngine, so o Zhanees
The aguwer ' -ziv "nr @
torauemaler o Ty W
Ehie | Mol e el aher L

heiical tdler st § o e

1dler sear wre 9o iy
nressure reaire ! © bas Gy
and was v ioatp oo 0 vt

alsn in the reduci-r cear tr
torque in aniv one 0 S tion

nilat's sele_riop nr - Lge
Lach woadne 4o 0 o
engire, v toa i i
gas genar- o s, :
geéerbion, } S

Cofnpr‘lf',)\i) RL | P
iopeciot e e e
oniy Seve it wiae- ot

from soti ouut LAy
susceptii Y-ty to ol oo
should orove Lo b vlat

compaty ans of-a do ik
englae conlractor.
througn three sy ot 0

£
|
coupled drectly Lo trne comer
v ‘; L

discharge coolinag, Vel ac
rotating at gqas produles sree
turbine counies, fthrougr 3 gh
the comhining zearhex,

Cort ¥
nower nlant oLi-nl 391 e

S vower deterigration in dust environment

v . [N

cesle oe dosired cembustion pettern.  One of
these airpaths passed ovuer tne

R o B L T

s toat spaft soeed of 06028 rom, The

¢ d.n the tame as tnat of the 753-L-11

. S 0 standard )M=Y mafin transmission.,
Wi e LIzmuinang nearhox had a

e A oo cuenweter desiqn was based on
st one T o the awial thrust from a

7o < taatrn,  Tha axial thrust on xhe
£ are-ne o outnut torque, so the 0il
ARy R e s onrgnortiorar to torque

o

cscore qaqe,  The overrunning clutch,

2in af pach #nine, allowed transmission of

croviding singia-eng ne operation either at
tortnieem gine farlurn,

ioner nitant was 4 free turbire turboshaft
ot yed ) raning of 760 SHP,  The

i coated aft o of the combining

ot -5 v centrifugal compressor,  The
someaig Lo offer considerable advantage

L Leraqt,  racho axta compressor rotor had
cve e toreniscanee of the engine to damage

¢ L. e engine contracisr and

4 s [

4

ol o two-stete axial flew turbine was

nneoy sactior, The combustor section was
FERES other engires rraduced by the

dcnerae dirilow entered the combustor

combustor chasher, providing combustor
1nnectes thyouan a centrifugial slinger

d. 'he onower turhbine was a single-stage axial
vt oconcent-ic to the ga« oroducer shaft, to
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e fuel o control owac nvdronedthaticaliv operated. It provided control
for engine-start *uei netering, engiae-geceleration scheduling, qgas-
nioducer-sneed qovernt g and oower- uwrbine-soeed qoverning, A manual or
“pen Teopn LontUul uosLe oy dise raviced,  Three control levers were
provided for each fuei contrcl.  Tne gas generator condition lever
de termines Lie set oot L 00 Lhe 52y generator governor,  Any satting less
than fully vpen woulu lower the maximum fuel flow, or "topping" of the
erqgine,  This lever wes vonnecled directiv to the nilot's twizt-grip., The
nower turpire sraed cet lever detemined ithe power turbine speed about
GAch e wreging wou'o yovern A two-nosition switch nlaced the engine
Ghdg. el lapr dulocatie or ranua: mode,  when the manual mode was selected,
flel “Tow to the onalve was requiated Jdirectly by rotation of the pilot's
tist-grin,

fohviro-mecnanical torque matening device was used to maintain equal

output toruus far pach enq\,e. Hodreulic pressure from eaci, engine
torquemeter was apniiet acrozs a load sharing niston. Any imbalance in
torqueneter pressure woliv lalse the lead sharing piston to slew. Through
a mecharnical linkaqe tnis would cause engine with Tow torquemeter pressure
to increase torque cuiput, The linkage was decigned so that the torque

outnut of the hinh engine would not be reduced. The torque output of the
1ow engine was increased 5w changing the nower turbine speed set lever
nosittor, when agutput terquemeter nressure of the low enyine wac increased
to the noint where 1t was eaqual to that of the other enaine, the pressure
diffe.ential across the load sharing niston would qgo to zero and the
picion woula center in a trimmed condition, The sensitivity and response
of tae teraque matcning device could be varied through changing hvdraulic
ori~ice sizes,

During nrelwmifAf~ tiiabe test of the xTe/ power nlant in the YUR-1D/
4g-foot rotor heifconter, it 25 ‘ound that additionel cocling of the
engine anu conttane geerbox lub-icants was required, Heat exchangers and
blowers were 1 staiie 1o he test neiiconter, for coavenience in
installaticn, he couiirg Liovers were powered by atr turbine motors
nowerad Ly nigh pressure engine compressor dischdarge bleed air, The
airflow required to drive the cooling blowers, and tnus the comnressor air

bleed, was not known; antt the offect of the airflow upon engine performance
could nnt be defined.

Por Lhe one-Grea-we D onower Clart o installation of the test helicopter,
no concentreted effort was cade Daard sotght reduction,  The gross weight
of the emnt test helicopter was 436 nounds heavier than that of a
production UH-10/4%faot rotor heliconter. This increase in qross veight
included flight t. vt 'rstrumentatian,  Tne nelicopter manufacturer estimated
tnat on a nreduction basis the nrosc weight of the emntv UH-1D/48-foot
rotor helicopter with the X7t/ power plant instailed would be approximately
160 pounds qreater tanan wi . the 7TH3-L-11 enqine installed,
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was supplied, calibrated and maintained by the airframe contractor:

24

[ aad

"PRECEDING PAGE BLANK - NOT FIIMED.

APPENDIX III
TEST INSTRUMENTATION

The instrumentation required to measure the following parameters

a.

b.

Photo Panel

(10)
(11)
(12)
(13)

Record Number

Pressure Altitude

Airspeed

Ambient Temperature

Collective Stick Position
Combining Gearbox 011 Pressure
Cabin Pressure

Time of Day

Compressor Inlet Pressure - Left and Right Engine

Engine Torque - Left and Right Engine

Engine Output Shaft Speed - Left and Right Engine

Gas Producer Speed - Left and Right Engine

Total Fuel Used - Left and Right Engine

Pilot Panel

Record Number
Pressure Altitude
Airspeed

Ambient Temperature

Collective Stick Position
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(6) Rotor Speed

(7) Compressor Inlet Temperature - Left and Right Engine
(8) Engine Torque - Left and Right Engine

f (9) Gas Producer Spced - Left and Right Engire

(10) Power Turbine Inlet Temperature - Left and Right Engine

(11) Total Fuel Used - Left and Right Enqine

(12) Fuel Flow Rate - Left and Right Engine
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