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ABSTRACT 

This report presents the results of limited enqineerinq tests 
conducted to determine ths performance characteristics of the XT67 
power plant (i.e.  two 172 engines)  irstalled in a YUH-lD/48-foot rotor 
helicopter.    Ten productive hours were flown between 14 October 1965 
ano 22 October 1965.    The tests were performed at the alrframe contractor's 
fliqht test facility located at Greater Southwest Airport, near Fort Worth, 
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 reporting of 
the engineering tests with USAAVNTBD and executing the engineering tests. 

The XT67 power plant improved the hover and climb performance of 
the UH-lD/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 Isvel  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 XT67 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. 
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SECTION  1  - GENERAL 

1.1 OBJECTIVE 

To conduct limited engineering tests to determine the performance 
characteristics of the XT67 power plant Installed In the UH-ID 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 responsibility 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. ;i 

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-ID helicopter could be enhanced by an improvement in the 
hovering and climbing capabilities. 

1.4.2 On 2 May 1963, the engine contractor submitted to the Iroquois 
Project Manager a proposal to Install the XT67 in a UH-K) helicopter 
for evaluation as an alternate power plant. The engine manufacturer's 
test data indicated that the UH-lD's hovering capability, climb 
performance, acceleration, end/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 USAAVNT1 on 28 August 1963. On 8 July 1964, the Iroquois 
Project Manager ■ ested that USAAVNTA accomplish all engineering tests 
for this progr ,. USATECOM, on 20 August 1964, assigned USAAVNTA as 
Particioatlng gency with responsibilities as described in Paragraph 1.2.2. 
The scope of - te program was enlarged to include limited performance 
testing of the XT67 power plant In the UH-ID 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    FINDINGS 

1.5.1 GENERA. 

The XT.i7 offered many desirable characteristics as a power plant 
for the UH-1D helicopter.    The alrframe contractor had relatively little 
flight experience with the installation prior to this evaluationc    The 
installation vas not optimized or developed.    With very little refine- 
ment, the perlormance and engine operating characteristics as described 
in this report  could be significantly Improved.    The XT67 installation 
offered significant improvemint in the performance of the UH-1D helicopter, 
particularly 1-. the areas of hovering, climb and level flight.    Although 
the single-eng.ne height-velocity characteristics were not quantitatively 
evaluttüd, a s gniflcant safety factor over a single-engine helicopter 
was available. 

1.5.2 HOVER 

Hoverinc performance was improved for all ambient conditions; 
however, the het-day hovering capability Improvement in the test 
installation wsn small.    The hot-day hover perfonnance could be greatly 
improved through illmlnaticn of the hot-day power-available limitation 
based on maximum allowable powar turbine inlet temperature.    In addition, 
the hot-day shaft horsepower (SHP) available, and thus the hot-day hover 
performance, could be greatly Improved through eliminstiop of the 
compressor air bleed used to drive cooling blowers in the test 
installation.    The magnitude of the effect of eliminating the bleed 
could not be celculated because neither the ?mount of bleed nor its 
effect upon enplne performance was known. 

1.5.3 CLIMB 

An imprcvement in climb performance was realized because the 
transmission l4m1t SHP could be maintained up to an altitude of 6600 
feet on a stan-iard day.   Sea-level rates of climb were not improved, 
but a higher r^te of climb was possible at higher altitudes. 

1.5.4 LEVEL FLIGHT 

Level flight performance was improved, even though range was 
essentially unchanged, because of higher optimum cruise speeds. 
Optimum cruise speed was the placard limit airspeed in every case. 
Range was increased approximately 30 percent by shutting down one 
engine and cruising on the other} however, cruise speed was reduced 
15 to 35 knots calibrated alr-speed (KCAS).    If the second engine was 
kept at flight-idle rather than shut down, the Improvement in range 
was negligible. 

.«fe. 



1.5.5    ENGINE OPERATING CHARACTERISTICS AND POWER MANAGEMENT 

The static droop characteristics of the XT67 were satisfactory 
though not optimum.    Static load sharing was excellent.    No pilot 
attention was required to maintain equal  torque between the two engines. 
Transient response of the powe*" 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 DISPLAV 

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 

1.6.1 The XT67 power plan.      oroved the hover performance of the 
YUH-lD/48-foot rotor htlicopter at all ambient conditions in which 
maximum SHP available from the T53-L-11 engine was not limited by the 
main transmission.    (Paragraph 2.1.1.4) 

1.6.2 The XT67 power plant imoroved the climb performance of the 
YUH-lD/48-foot rotor helicopter by sustaining the nalicopter main 
transmission torque limit to 5600 feet.    The corresponding increase 
in power available resulted in higher rates of climb at higher altitudes. 
(Paragraph 2.1.2.4) 

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 ^et. 
(Paragraph 2.1.2.4.2) 

1.6.4 The XT67 power plant improved the level flight performance of 
the YUH-lD/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.Ö.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 cnuld be reduced 
significantly through continued development.    (Paragraph 2.2.4) 



1.6.8 Static droop characteristics of the XT67 power plant were 
acceptable, although droop cam compensation was not optimum.    (Paragraph 
?.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 display were adenuate 
for the test installation.    Changes should be Incorporated, however, 
prior to service test,    (Paragraph 2.3.4.4) 

1.6.13 Engine failure and fudl  control malfunction could be readily 
detected, identified, and comp«n$ated for«, however, a modified engine 
torquemeter Ind-lcator and collactlve pitch position indicator would 
simplify detection, identification and compensation.    (Paragraphs 2.3.4.4.4 
and 2.3.4.4.5) 

1.7    RECOMMENDATIONS 

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

Inadequate    transient response of the power plant-dynamic system. 
(Paragraph 2.3.3.4) 

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

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 increased compensation at high collective 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) 

«    -■•'---' 



e. Provide the Individual  twist-grips with individually 
adjustable friction.    (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 motion.    (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) 

*    --r-   -■ - -—J a* Miag 
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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 1n most flight regimes  for the YUH-lD/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-lD/48-foot rotor helicopter with the XT67 installed could be 
calculated using the data containec in Reference e. 

2.0.2    CUmb performance was Increased due to the Increased power 
avaiiabl» 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 performance.    All  data presented in this report was valid 
for a rotor speed of 324 rpm.    Second, there was insufficient Information 
available 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 presentea 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 obtaining this  Information in the limited flight time available. 
Any deviation between the test engine torquemeters and the torquemeter 
characteristics in Engine Specification 2252-A (Reference 1)  affected 
the accuracy of the performance data contained in this report.    Engine 
Specification NOc 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:    ± 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." 
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2.0.4    Engine handling characteristics and power management were briefly 
but quantitatively evaluated In terms of static drooo 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 
PLANT INSTALIHT  

2.1.1 The hovering and level-flight performance characteristics presented 
In this report were calculated based upon the d^ta 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 All 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 helicopter 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 Model 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 bleed - 0.6 percent; and e.    Power extracted from gas 
producer section » 0. 

2.1.1    HOVER 

2.1.1.1 Objective 

The objective of the hover performance tests was to define the 
hover performance of the UH-lD/48-fnot rotor helicopter with the XT67 
power plant installed. 

2.1.1.2 Method 

The shaft horsepower (SHP) required to hover at various gross 
weights, pressure altitides and ambient temperatures was obtained from 
Reference e. The SHP available from the XT67 ;jower plant was obtained 
from Figure 15, Section 3. Appendix I. 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-lD/48-foot rotor 
helicopter with the XT67 power plant Installed are presented in Figures 
1  and 2, Appendix I. 

2.1.1.4 Analysis 

2.1.1.4.1 All 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-lD/48-foot rotor helicopter was significantly 
better with the XT67 power plant than with the T53-L-11 engine.    With 
the XT67 power plant, the OGE standard-day hover ceiling was 4000 feet 
at 9500 pounds gross weight.    With the T53-L-11 engine, the maximum gross 
weight for OGE hover at sea level was 8850 pounds and,at 4000 feet, 8430 
pounds.    At 8500 pounds gross weight, the OGE hover ceiling with the 
T53-L-n was 3690 feet; the XT67 increased the OGE hover 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 
YLIM-10/48-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 1n 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 T5J-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 T53-L-11 engine. 

2.1.1.4.4 The 2-foot skid height 1n-ground-effect (IGE) hover ceiling 
is presented 1n Figure 2, Appendix I.    This hovering skid height was 
approximately the limit from which a satisfactory takeoff could be 
accomplished with this helicopter without contacting the ground or 
exceeding engine Military 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. 

- ■ '■- -■-'*■ 
 ...^.■■.^       -   ^■■J.:.   --.-»...-.,...     .... ;.,-II.  ..■,■■;,.-■■-■-....:.■■■ ■-;.-     ■-   .    .^ 



2.1.1.4.6    On a 35-degree-C day the 2-foot hover celling 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 small gain 1n 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-lD/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 celling 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. 
SflP was maintained at either the torque limit 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 for 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-lD/48-foot rotor helicopter 
was Improved by the installation of the XT67 power plant.    The sea-le^el 
rate of climb was not significantly changed due to the fact that the 
maximum power available was limited to the torque limit of the main 
transmission.    No flight test climb performance data was available for 
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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 limited 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 XT57.    Service ceiling at 9500 pounds climb-start gross 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    With 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 Objective 

The objective of the level-flight performance tests was to 
define the level-flight performance of the YUH-lD/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-10/48- 
foot rotor helicopter was defined in Reference e.    The curves of SHP 
required versus true airspeed presented In Figures 8 through 13, 
Appendix I were obtained directly from Reference e.    SHP available and 
the fuel  flow at any SHP for the XT67 were measured during this program 
as described in Paragraph 2.2.    With this  information the level  flight 
performance of the YUH~lD/48-foot rotor helicopter was calculated for 
both single-engine 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-lD/4S-foot rotor helicopter 
with the XT67 power p.ant was very similar to that with the T53-L-11 
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engine.    A comparison 1n terms of range factor Is shown In Figure 6, 
Appendix I,    At low value': of thrust coefficient (Cj), less than 
.00294, the T53-L-11  showed slightly higher range performance than the 
XT67.    At higher values of Cj, the range performance of the XT67 power 
plant was slightly superior.    The "crossover" Cj of .00294 corresponded 
to approximately 8380 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~n.    Recommended cruise speed for maximum range with the XT67 was 
the placard limit airspeed for all  conditions.    Recommended cruise speed 
with the T53-L-n 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 placard limit airspeed.    In general, the YUH-lD/48-foot rotor 
helicopter traveled approximately the same distance with the XT67 power 
plant as with the T53-L-11 engine; it would arrive sooner, however8 with 
the XT67 nower plant Installed. 

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 
manner; 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 weight and altitude as shown in Figure 6, 
Section 3, Appendix I.    The airspeed for maximum single-engine range was 
the airspeed at maximum continuous power available (normal rated power 
limit). 

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-to-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 absolute 
celling of the YUH-lD/48-foot rotor helicooter with the XT67 pr^er plant 
Is shown in Figure 7, Appendix I.    The curve of this figure, based 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 weightt 
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 1s presented in Figure 14, Appendix I. 
This  figure shows a comparison of range performance of the YUH-lD/48-foot 
otor helicopter with the 153-1-11 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 typically representative, rather than purposely favoring 
a oarticular 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 (W^), gas producer speed (N^), and power turbine 
inlet temperature (Tjg) 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 singls 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 I.    With these referred characteristics, it 
was possible to calculate at any pressure altitude, ambient temperature, 
and airspeed, the SHP at any H-\ or T-jv.    Then, by knowing the maximum N] 
available, as defined in Figures 19 ana 24, and the maximum TT6 allowable 
as given In Engine Model Specification No.  2252A(Reference 1), the SHP 
available could be calculated.    In a similar fashion, the Wf 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 Figures 15 through 27, Appendix I. 

2.2.4 .'.NALYSIS 

2.2.4.1 Due to the limited 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 1n this report,  therefore, was 
for an engine output shaft speed of 6600 rnm (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 mads.    The data presented In the referred J 
engine characteristics curves, therefore, reflects  the performance of 
the XT67 power plant as Installed in  the test helicopter with all  the j 
Installation 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 Tiv, 677 deques C, or by maximum N] 
available ("topping" N-])  as  limited by the fuel  control.    As a general 
rule, powsr was  limited by "topping" N]  on a standard day or cooler and 
by maxImuTi Jj. on a hotter than standard day. 

2.2.4.3 Uthough the exact effect of bleed air upon a single engine of 
the XT67 power plant was not known q'jantitativelyj its  general effect was 
to raise  ehe Ti> for a given SHP.    This effect was greater at high 
ambient temperatures than at low ambient temperatures.    This meant that, 
with bleec air being extracted, not only would the SHP available at Tj, 
limit be lowered, but the ambient temperature range over which SHP 
available was limited by maximum TTV would be extended to lower ambient 
temperatures for any pressure altitude.    The fact that maximum 3HP 
available was  limited by maximum TTV et high ambient temperatures was of 
particular significance with the XTB7 power plant.    The power plant 
should be configured to be limited 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 :iweak" engine.    Likewise,  the static droop characteristics 
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. 

2.2.4.5 When 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" N] or 
maximum Tj,-.    If the "weak" engine was limited by "topping" N-i, a 
further increase in collective pitch resulted in the "weak" engine's 
continuing to put out an essentially constant pow^r.    The "strong" 
engine then continued to Increase its power output until  the limit of 
the "strong" engine was reached. 

14 



2.?.4.6    On  the other hand, 1f the "weak" engine was limited by maximum 
Jjrt a further increase in load resulted in the torque matching device's 
"be..p1nq"  the "weak" engine into an unacceptable overtemp condition ^n 
ar effort to match torque output. 

2.2.4.7    The effect was that when the "weak" engine was   limited by 
"topping" N^   the SHP available from the XT67 power plant 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 
Tjr, the SHP available from the XT67 power plant was limited to twice 
that available  from the "weak" engine.    An example of the conditions in 
which the weak engine was limited by maximum Tjfi may be seen in Figures 
15 through 17, Appendix I.    At 5C00-foot pressure altitude and +35-de'jrae- 
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 plant 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 line 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 AMD POWER MANAGEMENT 

2.3.1    STATIC DROOP 

2.3.1.1 Objective 

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

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)  switch 
setting was not changed for the remainder of the test at two airspeeds 
and the ^ower demand was increased in increments by increasing collective 
pitcli.    The resulting relationship between engine output torque and rotor 
speed was recorded. 

2.3.1.3 Results 

The results of the twin-engine and single-engine XT67 static 
droop tests are presented in F,^gures28 and 29, Appendix I. 
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2.3.1.4    Analysis 

2.3.1.4.1 The test installation had a collective "compensator cam" 
installed, so the basic qovernor droop was not evaluated.    The compensated 
droop for both sinqle- and tv.-in-enqine operation was adequate but not 
optimum.    Figure 28, Appendix I    shows that with both engines operating 
during a vertical  takeoff and climb the rotor speed stayed constant to 
within 2 rpm without been adjustment. Slight over-compensation of droop 
occurred in tho 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 presenting 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 The single-engine static droop is shown in Figure 296 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-speed (and high-altitude) 
twin-engine static droop characteristics.    At torque outputs greater than 
approximately 350 pounds-foot, the static droop characteristics of the 
left and right engines were not matched.    A single compensator 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. 
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2.3.2.3 Results 

The results of the static load sharing tests are presented In 
Figure 30, Appendix I. 

2.3.2.4 Analysis 

2.3.2.4.1 The static load sharing of the XT67 power plant was better than 
that of any other helicopter twin-engine 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 torgue 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 matching device adjusts 
the relative power of the engines to match the torquemeter output 
hydraulic pressure. It does not actually match torque. If the torgue- 
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 changes, 

2.3.3.2 Method 

2.3.3.2.1 The helicopter was loaded to normal mission gross 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 
joined at a rotor speed of approximately 332 rnm.    Collective pitch was 
then increased at varyinn rates to the setting previously noted.    Photo 
panel  records were  taken of the resulting transient response to the 
denands. 

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

resnonse tests are nresented in 

2.3.3.3 Results 

The results of the transient 
Figures 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 oscillograph. 

2.3.3.4.2 Twin-engine transient response was poor and considered a 
shortcoming.    The minimum allowable nower-on rotor speed of 299 rpm was 
reached during torr,ue demand rates of apnroxlmately 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 approximately 5 percent/second.    The engine 
acceleration, although slow, was very uniform.    Torque changes were 
uniform and easily anticipated with directional  control to avoid helicopter 
yawing.    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 instability or hunting.    There was room for considerable improvement 
in the test installation In the transient load 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 simulated single-engine power failure presented In Figure 
36, Appendix I shows the only evidence of engine Instability observed 
during the evaluation.    Thrpe 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 mean torguc, this oscillation was not objectionable or even noted in 
flight.    It should be noted t.iat if a single-engine failure were to occur 
at a high combined power plant output power setting on a cold day at low 
pressure altitude, the operating engine would accelerate and exceed its 
limit torque if collective pitch were not lowered.    For example, a left- 
engine failure at a combined power plant output of 800 SHP at sea level 
on a -10-degree-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 engine controls and information 
display evaluation was to present specific comments concerning this 
aspect of the test installation. 

2.3.4.2 Method 

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

2.3.4.3 Results 

The results of this evaluation are presented and discussed in 
Paragraph 2.3.4.4. 

2.3.4.4    Analysis 

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 both twist-grips the same size and provide a 
distinctive texture for each to facilitate identification by feel. 

d. Reduce, if possible, the distance between the twist-grips 
and the flight-idle release buctons to reduce hand motion. 

1 

2.3.4.4.3 The practice of displaying the power turbine speed (N?)  on 
large needle and rotor speed (N^)  on the small  needle of the dual 

the 
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 
in N2 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 large range of altitude 
and ambient temperature 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 fue 
to the engine coul 
manual mode would 
restrict fuel  flow 
in a reduction in 
speed due to singl 
one engine.    The r 
identification of 
result in an incre 
identified by an i 
engine with the ma 
indicator would si 

1 control  incorporated a manual mode by which fuel  flow 
d be regulated directly by twist-grip rotation.    This 
restore full power should a fuel control malfunction 
to either engine.    A fuel  control  failure resulting 

fuel  flow could be identified by the decrease in rotor 
e-engine static droop and the reduction of torque on 
ecommended three-needle torque indicator would simplify 
the failed engine.    Were a fuel  control  failure to 
ase in fuel  flow to either engine, this could be 
ncrease in rotor speed and an  ,1 crease in torque on the 
functioning system.    Again, \.>  recommended torque 
mplify identification of the malfunctioning engine. 

PHOTO NO.  3 and 4 - UH-1D COCKPIT DISPLAY and THROTTLE CORTROL STICK 
20 



SECTION  3 - APPENDICES 

APPENDIX I 

TEST DATA 
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.orrue   jutout of the  two engines 
•  z:\n:t-  turn'ries   from 32,400  rpm 
'ut  bi'dft soeed of 66uC  rpm.    The 
:■:.  '.he sane as  that of the T53-L-11 

■.i   '.tanda'-d 'JH-1 main transmission, 
"o   ::müininq learbox had a 
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ba; .vvi1  '.'•o axial   thrust from a 

- fain.    Th-1 axial  thrust on the 
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•-■jtc   n-'it.)   rating of 700 SHP.    The 

■ ■ cat"d dft of the  combining 
t;'   -s'.die  centrifugal  compressor.    The 

Lo offer  considerable advantage 
fach .ax4a'   comr^essor rotor1 had 
reMsta.ice of the engir« to damage 
■jit engine  contractor and 
dete'-loration in djst environment 
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The combustor section was 

other engines freduced by the 
cnarge  airflow entered  the contbtstor 
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'ne   tu(;l   control  was  h7'jvo'Vii.'cl..i'"ii ca! i v operated.     It provided control 
f( r engine-start  *jei   ■«t.c-^iq, CJP Hno-dcceleratlon schedulinr,, qas- 
producer-ineed rjoverni'i-j  ind ■lowt-r-'.urblne-sneed  governinq.    A manual  or 
"coen   'COP' Cör.t-'ül  'j/slc    .-ov^  ai'>.  l;rov1üed.     Three control   levers were 
provided for each   fuel   control.     The qas generator condition  lever 
dttemnne::  trie set tioi;.t  o;   tne   jas  generator qovernor.    Any setting   less 
tt-an  fully uuen woulo  lower  ise naxi";urn ^uei   How,  or "topping" of the 
eiqine.    Tnis   lever weis  connected directly  to the  pilot's  twist-grip.    The 
power turbine s::eed set   lever determined  the power turbine speed about 

h w* 1 ch  tne  t.M'.gi :it:  wj j 

L.1.Ü1; >   ei tner  dJ tüf'-ä l i 
h e I  ■  ow ; 
t\ ist-qrip, 

the 

qovern      A  two-oosltinn switch placed the engine 
or i'ianua:  mode,    when  the manual mode was selected, 

regulated directly by  rotation of the pilot's 

r\ hydro-mecnani :;a 1 
output tor.iue for each c 
torquemeter was apnlled a 
torquemcter pressure ..OJ 1 
a mechanical   linkage  this 
to increase torque output 
output of the high engine 
low engine was  increased 
Dosi tiori.    When  output   to 
to  the  nolnt where  it was 
differential  across  the   1 
o':c.Lon would center in  a 
of  tie  torque matcnlng de 
orrice sizes. 

orque matcnlng device was  used to maintain equal 
glt-e.    M/draulic pressure   fron eaci. enqine 
cro^?  a   load sharing oiston.    Any Imbalance in 
d  cajse  the  load sharing piston  to slew.    Throuqh 
would cause engine with  low torquemeter pressure 

The linkage was desiqned so that the torque 
would not be reduced-    The torque output of the 

tj'v changing the ^ower turbine speed set lever 
rquemeter pressure of the  low engine w^c  increased 
equal   to that of the other enmne, the pressure 

nao sharing niston would qo to zero and the 
trimmed condition.    The sensitivity and response 
vice  could be  varied  throuqh  changing hvdraulic 

ÜU'inq nrelimifiarv   ?liqht  lest of the >Tc7 power plant  in the YUH-1D/ 
4B-foot rotor helicopter,   it .-as  found  that additional   cooling of the 
engine aria comblnirr' gearbox   luD'icants was  required.    Meat exchangers and 
blowers were i iSialle.'  in   th,e  test neliconter.     for convenience in 
ins tall alien,  Jn.  cociirg L lowers were powered by air turbine motors 
nowered by high pressure enqinu  compressor discharge  bleed air.    The 
airflow required to drive  the cooling blowers, and  thus the comnressor air 
blee'i, was not known;  and  the effect of the airflow upon enqine performance 
could not be defined. 

■or the one-of-a-'-i■  ' nower . 'art installation  of  the  test helicopter, 
no concentrated effort wai    »ade  ; .-ar.i .veight reduction,    The gross weiqht 
of the emoty test helicopter was 936 pounds  heavier  than  that of a 
production UH-lD/^-foot   rotor helicopter.     This   increase  in qross weiqht 
included flight test  instrumentatton.    The neliconter manufacturer estimated 
tnat on a production basis   the gross weight of  the empty IJII-lD/48-foot 
rotor helicopter with  the  KT67 oov/er plant installed would be approximately 
160 pounds greater tnan wi    .  the T5J-L-11  engine  Installed, 
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APPENDIX III 

TEST INSTRUMENTATION 

The Instrumentation required to measure the following parameters 
was supplied, calibrated and maintained by the airframe contractor: 

a. Photo Panel 

(1 

(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

(11 

(12 

(13 

b. P1 

(1 

(2 

(3 

14 

(5 

Record Number 

Pressure Altitude 

Airspeed 

Ambient Temperature 

Collective Stick Position 

Combining Gearbox Oil 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 

ot Panel 

Record Number 

Pressure Altitude 

Airspeed 

Ambient Temperature 

Collective Stick Position 

24 
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A 

(6) Rotor Speed 

(7) Compressor Inlet Temperature - Left and Riqht Engine 

(8) Engine Torque - Left and Right Engine 

(9) Gas Producer Speed - Left and Right Engine 

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

(11) Total Fuel Used - Left and Right Engine 

(12) Fuel Flow Rate - Left and Right Enqine 

PHOTO NO. 5 - INSTRUMENTATION PACKAGE 

64 



UNCUSSUl&P—:  
Secunty Classification 

DOCUMENT CONTROL DATA ■ R&D 
fSocurifv c/aas (/icaffon o/ titlo    hodv ol abstract and mriexinü annotation must  be  ontored when  the  overall report  in  c las atlied) 

1     ORIGINATINGACTlv/ITY  (Corporate author) 

U.  S. Amy Aviation Test Activity (USAAVNTA) 
Edwards A1r Force Base, California 

2 a      REPORT   SECURITY    C   L A53I Fl C A T ION 

UNCLASSIFIED 
2b    OROUP 

3    REPORT   TITLE 

Engineering Test of Utl-1D Helicopter with XT67 Power Plant Installed 

4    DESCRIPTIVE  NOTES (Type ol report and Inclusive dalea) 

Final Report, 14 October through 22 October 1965 
5    AUTHORf'Sj fLa«( name,   flrat name,   initial) 

MELTON, JOHN R., Project Engineer 
ANDERSON, WILLIAM A., Project Pilot 

6    REPO RT   DATE 

April 1966 
7a     TOTAL  NO    OF   PACES 

71 
7 b    NO    OF   REF3 

13 
On      CONTRACT   OR   ORANT   NO 

b.    PROJEC T   NO 

9a.    ORIGINATOR'S   REPORT   NUMBERfS; 

N/A 

c USATECOM Project No.   4-3-0150-17 

" USAAVNTA Project, No. 64-20 

9b.   OTHER  REPORT   HO(S)   (A ny olbar numbora   timl may bo atialCnad 
thia report) 

/LIMITATION NOTICES 

elkniay obtain^ples,, 
all r^ues^r througrfiwGoir 

ATTN:    M:fM-IRFQ-Tf Pro.- Manager 
11    SUPDLEMENTARYNOTES 12   SPONSORING MILITARY ACTIVITY 

U. S. Amy Materiel Command 
(AMCPM-IRFO-T) 

13    ABSTRACT 

This  report presents the results of limited engineering tests conducted to deter- 
mine the perfomance characteristics of the XT67 power plant (i.e. two T72 engines) 
installed in a YUH-lD/48-foot rotor helicopter.    Ten productive hours were flown 
between 14 Oct 65 and 22 Oct 65.    The tests were performed at the airfrarr^ 
contractor's flight test facility located at Greater Southwest Airport, near Fort 
Worth, Texas.    The U. S. Amy Avn Test Roard (USAAVNTBD) was assigned as Executive 
Test Agency, responsible for ccordinating the test plan preparation, executing the 
limited serviceability testing and coordinating the test reporting.    The U.  S. Amy 
Aviation Test Activity (USAAVNTA) was assiq. ed the responsibilitv for coordinating 
the planning and reporting of the engineern'.g tests with USAAVNTBDand executing the 
engineering tests.    The XT67 power plant Improved the hover and climb perfomance o 
the UH-lD/48-foot rotor helicopter by sustaining the helicopter main transmission 
torque limit to higher altitudes  than were possible with the T53-L-11 engine.    The 
XT67 power plant improved the level  flight perfomance by allowing higher cruise 
speeds for essentially the same range.    Increased range could be attained by shutt 
ing down one engine.    Test Installation losses were high but could be reduced 
significantly through continued development.    The static droop characteristics of 
the XT67 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 shortcomin-1 

should be corrected prior to service test. 

DD FORM 
1    J A N   04 1473 UNCLASSIFIED 

Security Classification 

^ 



UNCLASSIFIED 
Security Classification 

KEY WORDS 
ROLE WT 

LINK  B 

ROLE WT 

LINK C 

ROLE WT 

YUH-1D Helicopter 
XT67 Power Plant 
Engineering Performance Test 
Alternate Engine Test 

INSTRUCTIONS 

1.   ORIGINATING ACTIVITY:    Enter the name and address 
cf Ihe contractor, subcontractor, grantee.  Department of De- 
lense activity or other organization fco;porn(e author) issuing 
Ihe report. 

2a.   RKPORT SECURITY CLASSIFICATION:    Enter the over- 
all security classification of the report.    Indicate whether 
"Restricted Data" is included.    Marking is to be in accord- 
ance with appropriate security regulations. 

2h.   GROUP:    Automatic downgrading is specified in DoD Di- 
rective S200. 10 and Armed Forces Indu-'.:;al Manual.   Enter 
Ihe group number.    Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as aulhor- 
i/cd. 

3.    REPORT TITLE:    Enter the complete report title in all 
capital letters.    Titles in all cases should be unclassified. 
If a meaningful title cannot be selected without classifico- 
Imn,  show title classification in all capitals in parenthesis 
in.'nccliiilely following the title. 

t.    DESCRIPTIVE NOTES:    If appropriate, enter Ihe type of 
report, e.g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific repotting period is 
( overed. 

S.    AUTHOKtSj:    Enter Ihe name(s) of aulhoKs) as shown on 
oi  in the report.    Entei  last name, first name, middle initial. 
If n ilitiiry,  shew rank hni branch of service.    The name of 
the principal  cither is an absolute minimum requirement. 

I).    REPORT DATL:    Enter the dale of the report as day, 
month,  year;  or month,  year.    If more than one date appears 
on the report,  use dat? of publication. 

7a.    TOTAL NUMBER OF PAGES:    The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information. 

7b     NUMUER OF REFERENCES;    Enter the total number of 
r. ferc-ni os cited in the report. 

8,i.    CONTRACT OR GRANT NUMBER:    If appropriate, enter 
Ihe applicable number of the contract or grant under which 
Ihe report was written. 

8b, a-, 86 Bd. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
subproject number,  system numbers, task number,  etc. 

9a.   ORIGINATOR'S REPORT NUMBER(S):    Enter the offi- 
cial report number by which the document will be identified 
and controlled by the originating activity.    This number must 
be unique to this report. 

9b. OTHER REPORT NUMBER(S): If the report has been 
assigned .mv other report numbers (euht-r by Ihe originator 
or by the sponsor), also enter this number(s). 

10.    AVAILABILITY/LIMITATION NOTICES:    Enter any lim- 
itations on further dissemination of the report, other than those 

imposed by security classification, using standard sLatements 
such as: 

(1) 

(2) 

(3) 

(4) 

(5) 

"Qualified requesters may obtain copies of this 
report from DDC " 

"Foreign announcement and dissemination of this 
report by DDC is not authorized." 

"U. S. Government agencies may obtain copies of 
this report directly from DDC.   Other qualified DDC 
users shall request through 

"U. S. military agencies may obtain copies of this 
report directly from DDC   Other qualified users 
shall request through 

"All distribuiion of this report is controlled   pur- 
ified DDC users shall request through 

If Ihe report has been furnished to the Office of Technical 
Services, Department of Commerce,  for sale to the public,  indi- 
cate this fac and enter the price, if known. 

11. SUPPLEMENTARY NOTES: Use for additional explana- 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay- 
ing for) the research and development.   Include address. 

13. ABSTRACT:   Enter an abstract giving a brief and factual 
summary of the document indicative of the report, even though 
it may also appear elsewhere in the body of the technical re- 
port.   If additional space is required, a continuation sheet shall 
be attached. 

It is highly desirable that the abstract of classified reports 
be unclassified.    Each paragraph of the abstract shall end with 
an indication of the military security classification o( the in- 
formation in the paragraph, represented as (TS). (S). (C), or (U) 

There is no limitation on the length of the abstract.    How- 
ever, the suggested length is from 150 to 225 words. 

14. KEY WORDS:    Key words are technically meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report.    Key words must be 
selected so that no security classification is required.    Identi- 
fiers, such as equipment model designation, trade name, military 
project code name, geographic location, may be used as key 
words but will be followed by an indication of technical con- 
text.    The assignment of links, rules, ami weights is optional. 

UNCLASSIFIED 
Security Classification 

... ....J; 


