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ABSTRACT

The Phase D, Part 2 airworthiness and qualification performance
tests of the AH-1G helicopter were conducted in California at Edwards
Air Force Base and auxiliary test sites during the period 13 June
1968 through 29 July 1969. Specific performance parameters were
evaluated to determine model specification compliance and to obtain
detailed performance and mission suitability information for inclu-
sion in technical manuals and other publications. The AH-1G ex-
ceeded all contractor performance guarantees. There were two defi-
ciencies which affect the mission accomplishment of the helicop-
ter: insufficient directional control which limits hovering, take-
off and landing performance; and excessive tail rotor horsepower
required for hovering flight. There were three shortcomings for
which corrective action is desirable: the inability to achieve
maximum tail rotor blade angle (19 degrees) when full left direc-
tional control is applied for all conditions with the present direc-
tional control/yaw SCAS geometry; excessive pilot effort required

to maintain optimum climb and maximum endurance airspeeds; and

the possibility of inadvertently exceeding the main transmission
torque limit following a left-lateral control input when below

the engine critical altitude.
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INTRODUCTION

BACKGROUND

1. In October 1965, the Department of the Army directed the US
Army Matericl Command (USAMC) to conduct an expedited comparative
evaluation of a sclected group of three helicopters to fultill

the immediate requirement for an armed helicopter. A flight test
program was conducted on the three ajrcruft by the US Army Avi-
ation Systems Test Activity (USAASTA) at Ldwards Air Force Buse
(AFB), California, from 13 November to 1 December 1965. The All-
1G Hueycobra was the aircraft sclected from the evaluation to mect
this requirement.

2. On 17 August 1966, USAASTA was dirccted by th  Us Army Test
and Evaluation Command (USATECOM) to perform Phase B und Phase

i D testing of the AH-1C helicopter (ref 1, app I). A plan of test
| for the Phase B enginecering test was submitted by USAASTA in April
1967 and approved by the US Army Aviation Systems Command {USA-
AVSCOM). Phase B tests were conducted at different test sites

and geographical locations from 3 April 1967 to 3 May 1968 on sev-
eral test aircraft. The results of these tests are contained in
references 2 through 8. The plan of test for the Phase D program
(ref 9) was initially submitted in August 1967 and was approved

by USAAVSCOM on 24 October 1968. The Phase D plan of test was
amended on 5 November 1968 to include an additional test requested
by USAAVSCOM (ref 10). Two aircraft were uscd for thc Phase D
test program to reduce the calendar tcesting time. One of the
test aircraft was a prototype (aircraft serial number 6615247)

and the other was a production model (aircraft serial number 6715695).
The results of the Phase D performance teste are presented in this
report (Part 2). The Phase D handling qualities and vibration
characteristics are presented in other rcports (Part 1 and Part
3). No wing store jettison or darmament subsystem firing tests
were conducted during the Phase D program since adequate testing
had been accomplished in these areas during the All-1G Phase B pro-
, : gram.

TEST OBJECTIVES

3. The objectives of the Al-1G Phasc D test program werc:

a. To provide information for technical manuals and other
service publications.

b. To determinc compliance with applicable military specifications.

1
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¢. To determine compliance with contract performance guar-
antees.

d. To evaluate operational suitability for the armcd heli-
copter mission.

DESCRIPTION

4. The AH-1G helicopter manufactured by Bell lielicopter Company
(BHC} was designed specifically to meet the US Army requirements

for an armed helicopter. Tandem seating is provided for a two-

man crew. The main rotor system is a two-bladed, semirigid, '‘door
hinge" type with the stabilizer bar removed. A conventional anti-
torque rotor is located near the top of the vertical scabilizer.

The AH-1G is equipped with a three-axis stability and control augmen-
tation system (SCAS) to improve the aircraft's handling qualities.
The helicopter is powered by a Lycoming T53-L-13 turboshaft engine
rated at 1400 shaft horsepower (shp) at sea level (SL) under stand-
ard day, uninstalled conditions. The engine is derated to 1100

shp due to the maximum torque limit of the hclicopter's main trans-
mission. Distinctive features of the AH-1G arc: the narrow fuse-
lage (36 inches), the stub midwing with four external store sta-
tions and the integral chin turret. The flight control system is

of the mechanical, hydraulically boosted, irreversible type with
conventional helicopter controls in the aft cockpit (pilot's sta-
tion). The controls in the forward cockpit (copilot/gunner's sta-
tion) consist of conventional antitorque pedals and sidearm collec-
tive and cyclic controls. An electrically operated force trim system
is connected to the cyclic and directional controls to induce urti-
ficial feel and to provide positive control centering. The ele-
vator is synchronized with the cyclic stick. The armament config-
urations are changed by varying the wing stores and chin turret
configurations. The pilot can fire the wing stores and the chin
turret only in the stowed position. The copilot/gunner operates ;
the flexible turret and can also fire the wing stores in an emer-
gency. The wing stores can be jettisoned by either the pilot or
gunner in case of emergency. The design gross weight (grwt) for

. the AH-1G is 6600 pounds, and the maximum grwt is 9500 pounds. More
. detailed aircraft information and operating limits of the AH-1G

! are presented in appendix II.

SCOPE OF TEST

5. During the AH-1G Phase D test program, 256 flights were conducted
for a total of 368.8 flight hours of which 227.9 hours were productive
test hours. Testing was conducted in California from 12 June 1968
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to 29 July 1969 at Shafter Airport (420-foot clevation), Ldwards AlB
(2300-foot clevation) and at high-altitude test sites near Bishop
(4120-, 7010- and 3I500-foot clevations). ‘festing was conducted to
determine the aircraft performance, handling qualities and vibiation
chuaracteristics. This report contains the results of the perform-
ance testing, and Part 1 and Part 3 contain handling qualitics and
vibration test results. Performance testing required 143.4 hours
and 173 flights. All performuance testing was conducted on circraft
S/N 6615247, The configurations tested during the performance por-
tion of the program arc listed in table 1.

Table 1. Aircraft Armament Configurations.

Configuration Armament Subsystems

Clean TAT-102A or XM28 turret, no
cxternal wing store

Basic TAT-102A or XM28 turrct, onc XMIS7
outhoard cach wing

Inboard alternate TAT-102A or XM28 turrct, one XM159
inboard each wing

Outboard alternate TAT-102A or XM28 turrct, one XM159
outboard cach wing

Light scout TAT-102A or XM28 turret, onc XMI1S
inboard cach wing, onc XM157 out-
board cach wing

Heavy scout TAT-102A or XM28 turrct, one XMI18
inboard each wing, onec XM159 out-
board each wing

Light hog TAT-102A or XM28 turret, two XMI57
each wing

1 Heavy hog TAT-102A or XM28 turret, two XMI59
] cach wing

Note: The test aircraft was equipped with the TAT-102A chin turret: ]
one 7.62 minigun (XM-134). 1

6. The test program was conducted within the limitations estab-
lished by the AH-1G Safety-of-Flight Relcases issued by USAAVSCOM,
(refs 11 and 12, app I).
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7. The empty grwt of the test aircraft in a clean configuration
with test instrumentation installed was 5790 pounds with a center
of gravity (cg) at fuselage station (FS) 205.97 for aircraft S/N
6615247,

8. The AH-1C was evaluated as an armed tactical helicopter, cupa-
ble of day or night operation from prepared or unprepared arcas.

The performance of the AH-1C helicopter was evaluated to determine
compliance with the recuirements of paragraph 3.1.2 of the detail
specification (ref 13, app 1). Handling qualities ratings were as-
signed in accordance with the landling Qualities Rating Scale (HQRS)
presented as appendix ITI. Specific test conditions for each test
are presented in the Results and Discussion section of this report.

METHODS OF TEST

9. Test methods and data reduction procedures used in these tests

are proven engineering flight test technijues and are described briefly
in appendix IV. All flights were conducted and supported by USA-

ASTA personnel. Tests were conducted in nonturbulent atmospheric
conditions so the data would not be influenced by uncontrolled dis-
turbauces.

10. The flight test data were recorded from test instrumentation
in the pilot's panel, copilot/gunner's panel, photopanel and 24-
channel oscillograph. A detailed listing of the test instrumenta-
tion is included in appendix V.

CHRONOLOGY

11. The chronology of the AH-1G Phase D, Part 2 test program is
as follows:

Phase B flight test completed on

aircraft S/N 6615247 3 May 1968
Phase D flight test commenced on

ajrcraft S/N 6615247 13 June 1968
Flight test completed on aircraft

S/N 6615247 29 July 1969
Draft report submitted January 1970




RESULTS AND DISCUSSION

GENLERAL

12. This report presents the results of the engineering Phase D
performance flight tests of the AU-1G helicopter. The test data
obtained during these tests were used for determining compliance

with the detail specification (ref 13, app I) and to provide infor-
mation for usec in technical manuals and other publications. ‘The
All-1G met or ecxceeded all contractor performance guarantces (sce
summary in app VI). There were two deficiencies which affect the
mission accomplishment of the helicopter: insufficient directional
control which limits hovering, takeoff and landing performance and
cxcessive tail rotor horsepower required for hovering flight. There
were three shortcomings for which corrective action is desirable:
inability to achieve maximum tail rotor blade angle (19 degrees)

when full left directional control is applied for all conditions

with the present directional control/yaw SCAS gcometry; excessive
pilot effort is required to maintain optimum climb and maximum endur-
ance airspeeds; and the possibility of inadvertently exceeding the
main transmission torque limit following a left-lateral control input
when below the engine critical altitude.

13, An addendum to Part 2 of the Phase D report will be published
to present the test results of the turning performance, level-flight
acceleration and deceleration performance and altitude loss during
recovery from a dive.

AIRCRAFT CONTROL SYSTEM RIGGING

14. Prior to testing, the aircraft flight and engine controls were
rigged in compliance with appropriate US Army publications. Subsc-
quent aircraft flight and enginec control rigging changes werc co-
ordinated with contractor technical representatives.

ANTITORQUE SYSTEM PERFORMANCE

15. Tests were conducted to determine the limitations of aircraft
performance resulting from the antitorque system. An instrumented
90-degrec tail rotor gear box was installed to wmcasure tail rotor
torque. Test data were acquired in conjunction with other tests.

16. Results of the tail rotor performance for various hovering skid
heights is presented in figures 1 through 12, appendix VII. Hover-
ing, takeoff and landing performancc of the AH-1G werc found to be
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limited by the directional control system. Specific limitations
arc as follows:

a. Insufficient directional control to maintain a desired
heading,

b. Overtorquing of the tail rotor drive system.

¢. Inubility to attain maximum tail rotor blade angle (19
degrees) with full left directional control when the SCAS actuator
is extended to the right of the null position.

17. A dircctional control margin of 10 percent of the full dis-
placement while hovering was determined to be the minimum accept-
able to adequately correct hecading deviations caused by small wind
gusts (2 to 7 knots) and small transient torque variations duc to
main rotor spced changes. This margin allows an 18-degrec-per-
second (deg/sec) left yaw rate to be generated (with the directional
SCAS in the null position) when the remaining 10 percent of left
directional control is applied. lowever, the directional control
displacement limits vary as a function of directional SCAS posi-
tion discussed in paragraph 2z0. Figurce A presents the variation

in directional control margin as a function of skid height. The
maximum main rotor thrust coefficient (Cr) allowable for each direc-
tional control margin varied significantly with skid height between
3 and 15 fect. The skid height at which minimum main rotor CT is
obtained varied from 5 to 8 feet depending on the magnitude of the
directional control margin. Above a skid height of 15 feect, the
maximum CT for a given directional control margin increased until
0OGE hover was attained. The influence of the lower maximum CT at-
tainable at specific control margins when hovering between 5 and

8 feet is discussed in Hovering Performance (paras 22 through 26),
Takeoff Performance (paras 27 through 30) and Landing Performance
(paras 54 »nd 55).
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18.

19.

FIGURE A

DIRECTTONAL CONTROL MARGINS AS A FUNCTION OF ATRCRAFT

SKID HETGHT IN A HOVER
All-1G
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Notes: 1. Total Darectional Control Displacement = 7.07 Inches
2. Full Left Directional Control = 19° Tail Rotor Pitch
3. Wind Less Than 2 Knots

The contractor's cfforts to incrcase the directional con-
trol of the AH-1G by increasing the tail rotor blade pitch angle
above 19 degrees proved to be unsatisfactory. Although the tail
rotor thrust was increased, the increased torque required caused
overtorquing of the tail rotor drive system components (ref 3,

app 1).

The tail rotor blades were rigged at a 19-degrece (+4) maximum
pitch angle with full left directional control. The horsecpower
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required at the output shaft of the 90-degree tail rotor geuar box
for vurious directional control margins at different hovering shid
heights is presented in figures § through 10, appendix VII. It

was found that for any given tail rotor blade angle during stabii-
ized conditions, the tail rotor horscpower required is most criti-
cal during hovering flight. The tail rotor horscpower for a given
blade angle varies as a function of density altitude (lp), decreas-
ing as density altitude incrcased. When hovering out of ground
effect (OGE) with a 10-percent directional control margin, 145 shp
was required at SL and 106 shp at a 10,000-foot Ilp. It was also
determined that when hovering at 3- to 15-foot skid hcights with
less than the 10-percent control margin, the tail rotor horsepower
required increases nonlinearly as the directional control approaches
the left limit. Although a current tail rotor drive system torque
limit could not be determined, the Structural Design Criteria Report
(ref 14, app I) for the All-1G stated that the anti-torque drive
system design limit was 386 foot-pounds of torque (122 shp at 10654
rpm). Analysis of the data reveals that numerous stabilized hover-
ing flight conditions require higher tail rotor horsepower than
this design point. The tail rotor horsepowcer cencountered during
translational flight or unstabilized hovering conditicns arc greater
for many conditions than those for stabilized hover. The magni-
tude of tail rotor horsepower resulting from these transicnt mancu-
vers is discussed in reference 15, appendix I. During the conduct
of this test program, eight 42-degree gear boxes and four 90-degrecc
gear boxes were replaced. Any operation above 180 tail rotor shp
required immediate replacement of the 42-degrec gear box due to
unacceptable gear wear patterns. The 90-degree gear box rcquired
replacement when operated above 180 shp for limited periods. The
excessive tail rotor horsepower required and resultant drive system
damage were unsatisfactory, and correction is mandatory.

20. The limits of the directional control displacement vary as

a function of directional SCAS position. When the directional SCAS
is nulled, full left directional control results in a 19-decgree
tail rotor blade pitch angle. With the directional SCAS 12.5 per-
cent to the right of the nulled position, only a l6-degree blade
angle can be attained. Thus, when operating under conditions where
directional control is critical, the yaw SCAS operation can fur-
ther deteriorate the maximum directional control power.

21. The following recommendations resulted from an analysis of
the antitorque system performance:

a. To provide adequate directional control power and to
preclude excessive overtorquing of the tail rotor drive system
components, the operational flight envelope should be restricted




to conditions which provide a 10-percent divectional control margin.
Also, hovering at skhid heights of 3 to 1S feet should be avoided.

h. Action should be initiated to increase the directionul
control margin and improve the torque transferring capability of
the tail rotor drive system so the full potential of the AH-IG
can be realized.

HOVERING PERFORMANCE

22. The objective of the hovering performance tests was to deter-
mine hovering performance as a function of skid height ubove the
ground. The tests were conducted in the clean configuration and
spot-checked in the heavy hog configuration to determine the effects
of wing stores. The test results are presented in figures 13 through
19, appendix Vil. The test conditions are presented in table 2.
Tethered hover was used as a primary test method, and the OGL data
were spot-checked during free-flight hover.

Table 2. Hovering Performance Test Conditions.

Configuration Ski%f?;ight giﬁitggz izszi 23223
(ft) (rpm)
Clean CI)(G;E 563’10’15’30 520 324, 314
Clean and heavy hog éggz iég’lo’ls’so 4120 324, 314
Clean and heavy hog égg 368’10’15’30 9500 324 314

23. The AH-1G hovering performance contract guarantee states that
the aircraft at an 8000-pound grwt will hover at 2000 fcet OGE at

an outside air temperature of 95°F. The hovering guarantee further
states that the cngine power available will be detcrmined with the
narticle separator and engine inlet screens removed and zero bleed
air extracted from the engine compressor scction., Ilndcr these condi-
tions, the aircraft exceeded the contract guarunice by 1400 feet

in altitude or 430 pounds in gross weight (fig. 13, app VI1). This
guarantee was met without encountering the recommended 10-percent
dircctional control margin.

24. The production aircraft has the engince particle separator and
ecngine inlet screens installed plus an 0.6-percent compressor bleed

9
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alr extraction to drive the engine oil cooling fan., These modifi-
cations decreased the engine power available and, conscquently,
decreased the OGE hovering capability for an ambient temperature

of 35°C. This decrease in performance is illustrated in figure B.
Figure B also presents standard day, OGE hovering performance. The
standard day, OGE hovering ceiling was limited by the recommended
10-percent directional control margin above 13,200 feet as indicated
by the dashed line in figure B,

FIGURE B
OGE HOVERING PERFORMANCE
AH-1G
T53-L-13 ENGINE
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Notes: 1. Wind Less Than 2 Knots
2. Rotor Speed = 324 RPM

25. The in-ground-effect (IGE) hovering performance is limited by
directional control in many areas depending on skid height, density
altitude and rotor speed. The most critical IGE skid height occurs
at 7 feet with a directional control margin of 10 percent. Figure

C presents the IGE hovering capability of the AH-1G at a skid height
of 5 feet for standard day conditions at a rotor speed of 324 rpm.
It can be seen that the AH-1G hovering capability is greatly reduced

when observing the recommended 10-percent directional control margin.
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FIGURE €
LGE HOVERING PERFORMANCE
AH-1G 0 T53-1L-13
ENGINE PARTTCLE SEPARATOR INSTALLLED

i

5 Feet
324 RPM

Notes: . Standard Day 3. Skid Height

2. Wind Less Than 2 Knots 4. Rotor Speed

i

PRESSURE ALTITUDE ~ FLEET x 1000

66 70 74 78 82 86 90 94 98

GROSS WEIGHT ~ POUNDS x 100

26. The hovering performance capability was further degraded

when hovering in adverse crosswind conditions as shown in figures
20 through 25, appendix VII. Figure D is presented to illustrate
this degradation. For IGE hover ceilings at 5000 and 10,000 fcet,
the data show that: wup to and including wind velocities of 10
knots, the maximum hovering grwt is reduced approximately 55 pounds
per knot; for wind velocities above 10 knots, the reduction in
gross weight increases nonlinearly with increasing wind veloc-

ity at all three altitudes.

1
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RFORMANCE

27.

directional control,

Takeoff tests were conducted to determine the tuakeoff distance
required to clear a 50-foot obstacle.
heavy hog configuration, a 7420- to 9270-pound urwt, a 140- to 11,320-
foot Hp and a cg of 195 inches. The t
figures 26 to 29, appendix VII. The t
(fig. 26) shows that takeoff performance at altitude 1s limited by

The test conditions were:

e¢st results are presented in
akcoff performance summary

For a 10-percent directional control margin,

the maximum takeoff density altitudes attained were: 10,600 feet
for a gross weight of 8500 pounds and 6600 fect for a gross weight
The performance summary docs not include data below
30 knots indicated airspeed (KIAS) becausc of larpe errors in the
standard airspeed system between zero and 30 KIAS. Data were ob-
tained at airspeecds below 30 KIAS with the boom airspeed system.
Although these data are included in the test results, they are not

of 9500 pounds.

12




recommended for handbook inclusion since they are neither accurate
nor repeatable with the production airspeed system,

28. The test technique used during this test was as follows:
a. llover IGE at a 3-foot skid height at 324 rotor rpm.

b. Slowly accelerate to 15 knots {(translational 1ift) with
the minimum increase in collective pitch required to maintain a 3-
foot skid height.

c. Smoothly increase collective pitch to limit torque (or enginc
exhaust gas temperature (EGT) limit, if applicable) and continue
the acceleration at the same skid height.

d. Rotate the helicopter to a climb attitude. Rotation was
initiated at the climbout airspeed minus 10 percent to prevent over-
shooting.

e, C(limbout at the reccommended airspeed until clear of the
obstacle.

29, The above technique differs from the normal level-flight accel-
eration test method where maximum power is applied at a hover. The
change in technique was necessary to avoid excessive horsepower re-
quirements in the tail rotor drive train and encountering insuffi-
cient directional control. The test takeoff technique allowed the
mancuver to be performed with little or no increase in the left pedal
required for a stabilized 3-foot hover. Also, this test technique,
unlike the normal method, does not demand uncomfortably large, nose-
down pitch attitudes to maintain a constant skid height during accel-
eration when performing a takeoff with high excess power available.

Ty

30. The significance of the modified technique can be se2n in the
time histories of this maneuver (figs. 30 and 31, app VII). These
data show that the design tail rotor horsepower limit and the 10-
percent directional control margin were closely approached during
the initial phase of the maneuver. The data also show significant
decreases in tail rotor horsepower and left pedal required with in-
creased airspeed. For the samc test conditions, the earlier power
application of the normal takeoff technique would result in exceed-
ing the tail rotor horsepower limit and reducing the directional
control margin significantly. To preclude further limitations to
the takeoff envelope due to either excessive tail rotor horsepower
requirement or loss of adequate directional control margin, the level-
flight takeoff technique used during this test is rccommended for
operational use.

13




CLIMB PERFORMANCE

31, Continuous climbs to scrvice ccilings were conducted to deter-
mine the climb performance of the All-1G. A1l climbs were performed
with the engine developing 1100 shp until the critical altitude of
the installed engine was rcached. Above the critical altitude, mili-
tary rated power (MRP) was used witil service ceiling was obtained.
The optimum airspeed climb schedule was used for all climbs. The
test conditions and significant results for cach climb are presented
in table 3. It is estimated that the rates of climb prescented in
table 3 could be improved upon by flying at the aft cg limit. The
complete test results of the continuous climbs are presented in fig-
ures 32 through 36, appendix VII. The rates of climb, particularly
from SL to 10,000 feet, were excellent and cnhance the capability

of the AH-1G for the attack helicopter mission.

-

Table 3. Climb Performance Test Results.

Center of gravity: forward Standard day

Rotor speed: 324 rpm Rocket pod fairings not installed
Climb ‘
Start SL. Rate 10,000-foot Hp | Combat Service
Configuration GR&T of Climb | Rate of Climb |Ceiling! | Ceiling?
qvy | Eem (£pm) (£t) (£t)
Clecan 7500 2200 2150 19,500 20,900
Clean 8500 1725 1625 16,600 18,100
lleavy hog 8500 1675 1550 16,500 17,900
Heavy hog 9500 1250 1050 12,600 14,200

!Altitude for maximum rate of climb of 500 fcet per minute (fpm).
2Altitude for maximum rate of climb of 100 fpm.

32. The climb performance contract guarantec states that the air-
craft will climb at 1800 fpm on a standard day at SL in the outboard
alternat. configuration with a climb start grwt of 8000 pounds. Due
to atmospheric conditions and the altitude specified by the contract
guarantee, it was necessary to extrapolate the test data from 2400
feet to SL. The extrapolation indicates a SL rate of climb (R/C)

of 1835 fpm (35 fpm more than required by the guarantee). It is
estimated that an additional 65-fpm R/C could be realized by flying
at an aft cg loading.
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33. Additional continuous climbs were flown from 2000 to 10,000

feet to determine the correction factors for both gross weight (K)
and engine power (K} changes. These climbs were conducted in both
the clean and heavy hog configurations. A value of 0.873 was deter-
mined for K;; in both configurations. K, varies nonlincarly from
0.560 for a gross weight of 7000 pounds to 1.026 for a gross weight
of 9500 pounds. Altitude had no effect on the values of cither Kp

or K. The results of these tests arc presented in figure 35, appen-
dix VII.

34, The maximum R/C airspced schedules were derived from the level-
flight performance data and are presented in nondimensional form

in figurc 30, appendix VII. The pilot's effort required to fly the
c¢limb schedule was moderate in that numerous longitudinal control
corrections were necessary to maintain an exact airspecd (lIQRS 4).

A reduction in pilot cffort was rcalized by flying a climb airspeced
approximatcly 15 knots faster than the optimum airspced. Climbs
performed at the higher airspced resulted in satisfactory climb per-
formance with minimal pilot compensation (LIQRS 3). Tt is rccommended
that the optimum climb airspeed be increased 15 knots for night oper-
ations or instrument flight.

LEVEL FLIGHT PERFORMANCE

35. The objectives of these tests were to define level-flight maxi-
mum airspeeds and to determine optimum cruise airspeeds for maxi-
mun range and endurance., The conditions tested are presented in
table 4.
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lable 4. Level-Flight Test Conditions,

f.ontfrguration Center of Gravity Thrust Cocefficient Range

Clean Forward 0,003823 to 0,.0060664
PimL;;:l_-- ) | lForward N 0, 004650 to 0,005382
_(-'—l.:;ln I Aft 0, 004298 ?o (., 006667

Iius—icm - lforwu;d 0.000613 to 0.00531Y

Banigzhm_ . Forward 0.0040661 to 0.005419
_—E{;ht.;;;ut Forward 0.004562 to 0.005571
-_I};Lt.hog Forward 0.004564 to 0.005548
_M;A;;;}d ultcrnut; Forward 0.004630 to 0.00535]
“Saihuuré_;]tcrnute Forward 0.003988 to 0.005310
_chvy scout Forward 0.004576 to 0,006717
&

Heavy hog Forward 0.003983 to 0.0060676

tieavy hog? Forward 0.004976 to 0.005735

lleavy hog Aft 0.004624 to 0.000734

Tanding gear cross-tube fairings removed.
“Rocket pod fairings installed.

6. All tests were flown with the frangible rocket pod faivings
removed unless otherwise specified. Ind plates were placed over

the front of cach rocket pod to aerodynamically simulate a loaded
pod when inert rockets were not used to achicve the desive!d aircraft
loading. The results of the level flight test are presented in fig-
urcs 37 through 101, appendix VIIL Aircraft endurance, specific
range and maximum airspeed in level flight (V) for minimum and maxi-
mum acrodynamic drag are summarized in {igures 106 through 100,

37. All configurations tested revealed an incrcase in cquivalent
flat plate arca when compared to the clean confipurntion. The in-
crease in equivalent flat plate arca for different conyigurations
is presented in figure E for a thrust cocfficicnt of 19,0 x 10-4,
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The increase in equivalent flat plate area was greatest for the heavy
scout and heavy hog configurations. The equivalent flat plate arcas
for these two configurations increased nonlinearly at higher air-
speeds. This nonlinear increase in equivalent flat plate arca was
attributed to the change in aircraft attitude (nose down) as air-
spred increased,

FIGURL E
CHANGE IN EQUIVALENT FLAT PLATE AREA
DUE 'TO WING ARMAMENT CONFTGURATION CHANGES

ROTOR SPEED = 324 RPM
DENSITY ALTLITUDE = 5000 FEET
GROSS WEIGHT = 8500 POUNDS
Cr = 49,0 x 10-4
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TRUE ATRSPEED . KNOTS
38.  the Vyy contract guarantec is 144 knots true airspeed (KTAS)

in the outboard alternate configuration on a standard day at SL for
@ gross weight of 8000 pounds with the engine developing 1100 shp.
The model specification did not specify what cg would be used to
meet this guarantee or any other contract guarantee. Figure 102,

appeadix VI, presents the results of the Vjj contract guarantcee check.

The atrcraii did not meet this guarantec at the farward cg location
since it could only achieve a velocity of 140 KraS. llowever, the
atreraft exceeds the contract guarantee hy 9 knots when loaded at
are att co loading.
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39. The Vi was limited by the main transmission torque limit up

to the critical altitude of the engine. Above the critical alti-
tude, maximum engine power available was the limiting parameter.

At 5000 feet, the V| decrcased from 154 KTAS at a 7000-pound grwt

to 142 KTAS at a 9500-pound grwt in the clean configuration at a
forward cg. The Vj for ecach individual armament configuration is
presented in table 5. When comparing the clean and heavy hog config-
urations, the Vj decrcased about 9.0 percent. ‘The present limit
airspeed (V) cannot be exceeded under any level flight condition.
Figure I’ presents the maximum airspeed obtainable versus gross weight
for the clean and heavy hog configurations at the forward and aft

cg.

FIGURE F
MAXIMUM AIRSPEED IN LEVEL FLIGHT
Alf-1G T53-L-13
ALTITUDE = 5000 FEET
ROTOR SPEED = 324 RPM
STANDARD DAY
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| Table S. Summary of Maximum Airspeced, Specific Range and Endurance.
] Altitude: 5000 fceet Rotor speed: 324 rpm
Gross weight: 8500 pounds  Standard day

LT VL T L T ey

Center of gravity: forward Rocket pod fairings not installed
: Recommended Fuel Flow
, Maximum Cruise |Specific at Minimum |Change in
3 Airspeed| Airspeed Range | Minimum | Power [|Equivalent
' Configurationjin Level| for Y9% for 99%| Engine  [Required|Flat Plate
Flight Maximum Maximum | Power |Airspeed|Arca - Lf*
(KTAS) NAMPP? NAMPP | Required | (KTAS) (ft2)
(KTAS) (1b/hr)
Clean 148.5 137.0 0.2200 458 72.06 0
Basic 146.5 135.5 0.2165 462 70.5 1.4
Light scout 144 .5 134.0 0.2140 464 09.5 2L
Lbepry 143.5 133.0 0.2130 164 08.0 3.1
alternate
Optboard 143.0 | 132,0 | 0.2125 66 | 67.5 55
alternate
Light hog 142.5 131.0 0.2120 166 67.0 8.5
4.95
lleavy scout 140.5 129.5 0.2090 467 66.5 below 130
KTAS
ol
Heavy hog 135.5 127.0 0.2030 471 63.5 below 125
KTAS

'Nautical air miles per pound of fuel.
2Af equals cquivalent flat plate area for configuration minus cquiva-
lent flat plate area for clean configuration.

40. The range performance contract guarantce states that the air-
craft will have an operating radius of 148 miics. The All-1G cxceeds
this contract guarantee by 1.6 nautical miles (MM) at a forward cg
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and 8.1 NM v oan art ey, Table B, appendix VI, presents a summary
ot the operating radius contract cuarantee analysis,  This analysis
wits basced o frgures 103 and 104, appendix VI

V. The range performance of varions armament configurations are
nresented in table 5 for o thrust coeff{icient of 49,0 x 10-4. the
range ot the heavy hog contiyured arrceraft at 99 percent of max ot
NAMEP is 7L -percent less than the range for the clean configured
atrcraftr.  Minmmal prlot eftfort was required to maintain the cruise
atrspeeds for all configurations (HQRS 3).

42, The endurunce guarantee specificed thut the aircraft would be
capable of loitering in level flight for a period of 3.0 hours. 'The
aircraft exceeded this guarantee by 0,03 hours at a forward cg and
0.08 hours at an aft cg. Table C, appendix VI, presents a summary
ol the endurance contract guarantee analysis, ‘This analysis is based
on figures 1u3 and 104, appendix VI,

43, The endurance capability of the AH-1G in various armament
contfigurationy is presented in table 5 for a thrust cocfficient
of 49,0 x 10-4. The aircraft's endurance in the minimum aero-
dvnamic drag configuration is 2.8 percent more than in the
maximum acrodynamic drag configuration.

44, Extensive pilot compensation was nccessary to precisely main -
tain the aivspeed for maximum endurance (IIQRS 6). The compensation
required was both annoying and fuatiguing to the pilot, particularly
for periods of time in excess of 15 minutes. 1f this airspeed was
not preciscly maintained, a rate of descent (R/D) developed which
necessitated an increase in power to return to level flight. The
pilot's effort decrcased significantly (1IQRS 3) while maintaining
an airspeed approximately 15 knots higher than the maximum cndur-
ance airspeed. The increasce in engine power required to maintuin
the higher ailrspeed was small and resulted in a maximum 3-percent
increase in fuel flow. It is rccommended that a discussion of the
pilot's workhload versus the aircraft's maximum endurance capabili-
tics be included in the eperator's manual,

15, The cg location hud a significant ceffect on the power required
for siirapue fs abhove 50 KCAS.  The power required to maintain level
f1ipht Jdocrcased as the cg moved aft. ‘There was a larger reduction
in power roequired tor the heavy hog than the clean configuration.

The reductlion in equivalent flat plate arca and the incrcase in maxi-
mum airspeed, endurance and range duc to the change in cg are pre-
sented in o table 6. This analysis indicates that a greater reduc-
Tiea 1n power requived can be realized by opercuving at an aft cg.
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Table 6.

Altitude:

Gross weight:

S000 feet

8500 pounds

Standard day
Rocket pod fairings not installed

Effect of CG on Maximum Airspeed, Specific Range and lndurance.

Rotor speed: 324 rpm
Recommended Fuel Flow
Maximum Cruise |Specific at Minimum | Chunge in
Airspeed | Alrspeed Range | Minimum | Power Lquivalent
Configuration|in Level | for 99% for 99% | Engine |Requirced| Flat Plate
[Flight Maximum Maximum | Power [|Airspeedt Area - AF?
(KTAS) NAMPP NAMPP |Required | (KTAS) (ft2)
(KTAS) (1b/hr)
Clean? 149.0 18710 0.2200 458 72.0
5.9
Cl2an® 157 b 150.0 0.2525 455 69.0
Heavy hog? 1,595 127.0 0.2030 471 6545
6.4
Heavy hog? 146.0 132.5 0.2180 458 69.0

1Af equals equivalent flat plate arca for forward cg minus equivalent
flat plate area for aft cg.

Zlorward cg.
R g,

46, The effects of main rotor compressibility were checked; how-
ever, the limited temperature range available during the test pro-
gram was only sufficient to achieve a blade tip mach number change

of 0.014 at 140 KTAS.

at an average thrust coefficient of 60.35 x 10-4,

Figure 105, appendix VII, presents a compari-
son of the blade tip mach number for two spced-power polars flown

This limited check

indicated no significant degracation in the level flight perform-
ance with incrcasing tip mach numbers.

47. The installation of the frangible rocket pod fairings reduced
the cngine power required to maintain level flight.

in puwer was greatest for the heavy hog configuration.

This reduction
The decrease

in engine power required with the fairings installed was less sig-
nificant in the basic configuration than in the heavy hog configura-

tion.

Table 7 presents the decreasc in equivalent flat plate urca

and subsequent increascs in maximum airspeed, endurance and range
with the frangible rocket pod fairings installed for a thrust coeffi-
cient of 49.0 x 10-4.

21
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I'uble 7.

Effect of Frangible Rocket Pod Fairings on

Maximum Airspeed, Specific Range and Endurance.

Gross weight: 8500 pounds Rotor speed: 324 rpm
Altitude: 5000 feet Standard day
Center of gravity: forward
Recommended Fucl Flow
Maximum Cruise {Specific at Minimum [Change in
Airspecd| Airspeed Range | Minimum | Power |Equivalent
Configuration|in Level for 99% for 99%| Engine |Required|Flat Plate
Flight Maximum Maximum | Power [Airspeed|Arca = Af!
(KTAS) NAMPP NAMPP  |Required (KTAS) (ftz)
(KTAS) (1b/hr)
Basic? 146.5 135 .5 0.2165 462 70.5
0.5
Basic? 147.5 136.5 0.2175 460 70.5
tHleavy hog? 137.5 127.0 0.2030 471 63.5
3.8
Heavy hog? 141.0 131.0 0.2100 457 68.0

1

'Af equals equivalent flat plate area for rocket pod fairings not in-
stalled minus cquivalent flat plate area for rocket pod fairings in-
stalled.

’Rocket pod fairings not installed.

*Rocket pod fairings installed.

48, The removal of the landing gear cross-tube fairings increased
the equivalent flat plate area by 0.5 square feet. This increase

in the flat plate area caused a decreasc of less than 2 percent

in range performance and maximum level-flight airspeed. There was
a negligible effect on endurance capability. A V| of 160 KIAS for
this configuration was established hy USAMVSCOM's message (ref 16,
app I) and was not excceded during level-flight testing.

49. The tail rotor horsepower required was monitored during several
level-flight performance tests. This parameter does not limit the
operational, forward level-flight envelope. The tail rotor horse-
power in forward flight above 40 knots calibrated airspeed (KCAS)
varied from 15 to 45 horsepower. The higher values were encountered
at maximum airspeed.
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50, The equivalent flat plate arca of both the test aircraft and

the production AlI-1G have been increased approximately 5 squarce feet
above that of the Bell llelicopter Company's model 209 aircraft (ref
17, app 13. It should be noted that the engine used during the Army
evaluation of the Bell model 209 was not calibrated below an output
torque pressure of 44.5 pounds per square inch (psi); therefore,

this increcase in cquivalent flat plate arca can only be calculatad
accurately at engine shp above 1020, This increase in equivalent

flat plate arca was probably cuaused by the following external changes:

a.  The addition of two inbourd wing stores stations.

b. ‘The wider fuselage configuration for acceptance of the final
chin turrct.

c¢. Increcascd thickness of the stub wings.

d. Different configurations of the skid tubes and supporting
structure.

e. The removal of flush-head rivets from the tail boom.
f. The addition of various access and vent panels.

AUTOROTATIONAL DESCENT PERFORMANCL

51. Stcady state autorotational descent performance tests were con-
ducted in both the clean and heavy hog configuration under test condi-
tions of: a 5000-foot Hp, an 8500-pound grwt and a forward cg loca-
tion. The test results are presented in figures 110 and 111, appen-
dix VII. The minimum R/D was 1815 fpm for both configurations and
occurrced at 77.5 KTAS in the clean configuration and 74 KTAS in the
heavy hog configuration. The data also indicate that airspeed can
vary +10 knots from the minimum R/D airspeed without significantly
increasing R/D. This is a desirable characteristic since it allows
the pilot to concentrate on such things as the landing site selec-
tion without incurring a large penalty should the airspeed vary as
much as *10 knots from the optimum.

52. The airspced for maximum glide distance in the clean config-
uration was 112 KTAS and resulted in a 2140-fpm R/D and a glide ratio
of 5.2:1. For the heavy hog configuration, the airspeed for maxi-
mum glide was 98 KTAS with a 2015-fpm R/D and a 4.9:1 glide ratio.
Minimal pilot effort was nccessary to maintain the airspeeds for
maximum glide (HQRS 3).
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‘ 550 Precise control of the rotor speed during steady stuate auto-
' rotuation was ditficult because small adjustments of the collec-
| tive pitch control resulted in relatively large chunges in rotor

rpm. In addition, the high inertia of the rotor system caused

a lag an the response of routor speed to collective control inputs.
| Ihese two characteristics resulted in the pilot's tendency to 'chase
the rotor speed”,  Although it was not di(ficult to maintain rotor
rpm between red tines (294 and 339 rpm), attempting to maintain
G4 prectse rotor speed required extensive pilot effort and atten-
tion (HQRS ),

LANLENG Plﬂ(FLN(bbUVE}i

51, lLanding performunce tests were conducted to determine the
tanding Jdistunce required to clear a 50-foot obstacle. The test
was pertormed at a 6360-foot Iy, at gross weights from 8490 to

Y500 pounds and in the heavy hog configuration,

5. The test results arve presented in figure 112, appendix VI,
The slowest recommended approach airspeed is 15 KCAS (17 KTAS)

and resulted in a landing distance of 265 fect after clearing a
50-foot obstacle. Although the data show that slower approach
dirspeeds were flown, airspeeds below translational lift (less
than 15 KCAS) arce not rccommended because of the critical tail

; rotor horsepower requirements and directional control margins pre-
f viously di.cussed (paras 17 and 19). The following landing tech-
nique was uscd for this test:

a, LUstablish the selected approach airspeed with an approxi-
mate 300-fpm R/D,

b, Maintain alrspeced and R/D until the helicopter is 10 to
15 feet above the terrain.

¢. smwoothly reduce airspeed and R/D and affect touchdown
nith little or no ground speed.

ENGILE INSTALLATION LOSSES

5. ihe objective ot these analyses and tests wus to determine
englie installation losses and .their cffect on engine power and
engine fuel flow. Engine power available und fuel flow were de-
rived by the methods presented in the engine manufacturcr's model
specitication (ref 18, app 1), The engine powcer and fucl-flow
data e presented in figures T11 through 1S, avpendix VLT,
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57. Only one inlet configuration was tested to determine the cffect
on engine performance. This inlet configuration had the engine

inlet screens and engine particle separator installed and is the
stundard production configuration. The inlet losses attributed

to this inlet configuration were used to determine engine horse-
power output and engine fuel flow in all tests in this report cxcept
for contract guarantece compliance checks. The results of the produc-
tion inlet cvaluation are presented in figure 113, appendix VII.

58. 'The engine inlet temperature rise for the standard production
configuration varied nonlinearly from 3°C to 6°C for airspeeds from
zero to 150 KCAS. There was no apparent change in inlet temper-
ature risc as a function of hover skid height, accumulative hover
time, cngine power required, altitude or rotor speed. llowever,

a slight incrcasc in inlet temperature can be expected when hover-
ing down wind. The exact magnitude of this additional inlet tem-
peraturc is transient in nature. No tests were conducted to deter-
mine the effects of dirt and debris accumulation in the particle sepa-
rator and engine screens. The variation of inlet temperature rise
had the same cffect on both engine power and fuel flow which results
from an incrcase in ambient temperature.

59. The cngine inlet pressure ratio (Pt _/P,) varies nonlinearly from
a maximum of 0.985 at zero airspeed (hover) to 0.97 at 150 KCAS with
the standard production inlet configuration. The inlet pressure ratio
did not vary with hover skid height, accumulative hover time, engine
power required, altitude or rotor speed. This decreasing inlet
pressure ratio with increasing airspced caused a loss in engine power
onlyv and did not significantly affect specific fuel consumption.

60. Where applicable, all contract guarantees were based on the inlet
characteristics presented in reference 17, appendix I. Confirmation
of these inlet characteristics was not necessary since all contract
guarantces were exceeded using these inlet losses as a data basis.

This inlect configuration did not have cnginec inlet screens or an engine

particle scparator installed. A comparison of the two inlet config-
urations is presented in figure G,

sy
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6l.  The magnitude of extructed compressor bleed air used was not
measured during this test program. The results and anuaiysis of
the test conducted by the airframe manufacturer revealed thuat a
constuant 0.6 percent of the total air flow Is usced to power the
aircraft's oil cooler fun. This value was usced to determine engine
pertormance when bleed air was not used for the environmental con-
trol system, cngine anti-icing or rain removal.  When the cool-
ing portion of the environmental control system was opera’ ing,

3.6 percent of engine bleed uair was used to determine the perform-
ance of the engine. For normal operations, bleed air extraction
will probably not exceed 3.¢ percent. It would be possible to
use the entire 4 percent of maximum allowable blced uir if the
anti-icer and cooling systems were functioning at the same time.
Zero bleed air wus used for checking contract guarantcees.

52, Power extracted from the gas producer section varied between
zero and 14.0 horsepower depending upon the electrical load. The
analysis in this report including contract guarantces assumed zero
horscpower cxtracted from the gas producer. A 14.0-horscpower
extraction resulted in a maximum decrease of 1 percent in engine
power available and an increasce of 0.05 percent in fucl flow for
a standard day.

POWER AVATLABLE

63. The objective of these analyses is to present the engine mili-
tary power available as a function of airspeed, altitude and am-
bicnt temperature. The installation losses discussed previously

in paragraphs 58 through 62 were used in determining engine power
available, Constant values were assumed for horsepower extracted
trom the gas producer (zero horsepower) and power turbine output
speed (6600 rpm). Power available was calculated using cero, 0.6
and 3.0 percent of enginc bleed air. The power available data

are presented in figures 114 through 118, appendix VII.

61,  The characteristics of the production engine air inlet caused
the power availuble to decrease with incrcasing airspeed.  The
decreuse in power aviilable was approximately 4.5 percent between
zere and 109 KTAS at 10,000 feet.

65.  The contract guarantees were bhased on the 1nlet characteris-
tics presented in reference 17, appendix 1. The biced air und

horscpower extracted from the compressor scection were assumed to
be zero since the contract guarantees did not specify anyv value,

66. The T53-L-13 engine is rated at 1400 shp at SL, standard day,
uninstalled conditions. The maximum power output lbimit below the
2l
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critical Jltitude of the engine s detfined by various contractor
doctment s (rets 13 and LE,oapp 1) oand the US Army AH-1G operator's
monu Ll (roett 19, The maxuman power outpul it varies from 1100
te LIGS shp at a rotor speed of 324 rpm (6600 rpm engine power
turbine) depenaing on which retferonce is used to define the limit,
VL operformance data an this report arve based onoan FH00-shp Timit
up Lo the critical altitude of the engine.  The variation in maxi-
Fum power output limits o presented in table 3. The AH-1G oper-
ator's manual presents a "redline” engine torque limit of 50 psi
in chapter seven, while 1100 shp 1s defined as 49,0 psi in chapter
fourteen.  These values disagree with the torque limits presented
in table 8. It is vecommended that the MI-LG operator's manual

be corrected throughout to reflect a compatible engine torque limit,

Table 8, Maximum Power Output Detcrminations.

Lngine speed: 6600 Tpm
Standard day
‘I
Imgine Shatt Ingine Engince
Critical llorsepower Output Torque Source of
Altitude Available Torque Pressure Information
(£ft) (shp) (ft-1b) (psi)
8200 11100 875" 47.5 Ref 13, app 1
7000 1137 2905 49,1 Ref 14, app 1
6300 1158 921.5 50,0 Ref 19, app |

'kngine power rating limit.

2% . g o 3 o %o
sain transmission input torque limit.
Jkngine "redline" torque pressure limit.

67, The objectives of these tests were to cvaluate engine/airframe
matching characteristics and to comparce the contractor's cngine
calibration data with the engine data obtained from this test pro-
gram.

08, The engine's static "droop'" characteriztice were good.  Few
adjustments were required on the power turbine speed-select "beep
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switch when reducing or increasing engine power output.  fhe cnypine
power turbine speed-sclect switch characteristics arce presented

in figure 119, appendix VI1. The average time required for rotor
speed to change ufter the "bheep' switch was activated wias 0,05
seconds.  There was no noticeable variation in this delay time
between a loaded or unifoaded rotor system.  The engine "beep' switch
trim rate had a constant value of 157 rpm/sce after the delay time.
The power turbine speed-sclect switch characteristics were satis-
factory and much improved over previous Ull-1 series aircraft cquipped
with the T53 series engine (HQRS 3).

69. The dynamic characteristics of the T53-1.-13 appeured to be
satisfactory throughout the flight cenvelope tested. When rupid
power demands were required, compressor stall was not cncountered
during engine acceleration. Power overshoot was small and engine
oscillations damped quickly.

70. A slight engine oscillation was noted when operating the engine
at maximum power available above the critical altitude of the engine.
This oscillation was not as serious as that reported in refercnce

20, appendix I. The engine oscillation was eliminated when power

was reduced slightly below the maximun available.

71. Tests were performed to further define an engine-airframe-
matching shortcoming previously reported in the AH-1G Phasc B reports
(refs 2 and 8, app I). This shortcoming was the incrcase in engine
power output resulting from a rapid left-lateral control input

while in forward flight. Conversely, a right-latcral control input
resulted in a reduction in engine power output. With fixed col-
lective and directional controls, a rapid left-lateral control

input caused a decrease in rotor speed. The engine's power-turbine
governor sensed the reduced rotor rpm and increased the fuel flow,
thus increasing engine power output. The test data arc prescnted

in figures 120 through 124, appendix VII, and indicate that the
amount of increcased engine power is a function of the size of the
lateral control input. Engine torque incrcased 5 psi as a result

of left-lateral control inputs of approximately 1.5 inches at 67

and 125 KCAS., A 14-psi torque increase was recorded for a 4-inch
left-lateral control input at 108 KCAS. When operating below cngine
critical altitude, an abrupt left-lateral cyclic input could result
in excceding the torque limit of the mwain transmission. This short-
coming detracts from the overall mission effectiveness of the All-1G,
and correction is desirable. Until such correction is accomplished,
it is recommended that a complete discussion of this engine-airframe
characteristic be included in the operator's manual.

72. Referrcd engine paramcters were monitored throughout the test
program te check for engine degradation as a function of usage.
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Two engines (S/N LE 14001 and S/N LE 14008) were used during the
program. The engine referred parameters caleuluted for these tests
are presented in figures 125 through 130, appendix VII.

73. The 5/N LE 14001 engine was used for all tests during the pro-
gram for which engine power wias required as a primary paramcter.
Corrclation was very good between engine referred purameters ob-
tained during this program and the engine calibration referred param-
cters for both the pre-progrum and post-program cngine calibrations.
The chuaracteristics of this engine were better than the minimum
accentable standards specitied in reference 18, appendix T. The
only arca where there was a marked difference between the engine
calibration information and test program data was in the referred
parameters for engine EGT. A total of 225.75 enginc operating hours
wias accunulated during the test program. The only change that could
be construed to constitute engine deterioration was a slight in-
creasc in referred EGT as o function of referred shp when comparing
the pre-program and post-program calibration.

74. A total operating time of 56.2 hours wuas flown on engine S/N
LE 14008 prior to its failure. The failurc was noted during a rou-
tine preflight inspection. Visual inspection revealed that the
power turbine wheel was rubbing against the casing.

ENGINE RESTART DURING FLIGHT

75. Tests were conducted to determine: the feasibility of attempt-
ing engine restarts in flight and, if practical, the best procedure
to follow; altitude loss during a restart; and the engine/aircraft
handling characteristics during the restart. Three engine restarts
were performed luring flight, two at a 5000-fcot Hp and one at a
12,000-foot Hlp. The first restart was made from a steady autorota-
tion at 65 KIAS at 5000 feet using the procedure outlined in para-
graph 4-26 of the All-1G operator's manual. The second was at 110
KIAS at 5000 fcet using the normal engine start procedure (gover-
nor switch in AUTO)}. The third was at 60 KIAS at 12,000 fect using
the normal engine start procedurc.

76. The results of the restart tests show that it is possible to
restart the engine during flight if time and altitude arec avail-
able. Following enginc shutdown, the compressor speed (Nj) decayed
rapidly and showed no tendency to continue rotation due to inlet
airflow., The decay was not noticeably affected by different air-
speeds (65 and 110 KIAS). The EGT remained high (380°C) for more
than 60 seconds of flight with the cngine off. Engaging the starter
caused the SCAS to disengage due to low voltage. The SCAS disen-
gagement resulted in a distracting trim change during the time when
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close monittortng of Ny and LGT was required. bue to the bayh
residual ROV ar start anitration, close monitoring and capging
control were required to prevent engine overtemping.  The engine
acceleration capability was Limited by high LGT (700°C to 760%C) .

The control of the engine and rotor speed (during the transition

From power-off to powered flight) with the EMER povernor control
demanded very close attention which left little opportunity for
cvaluation of potential tanding sites or ground proximity. The
procedure using the EMER governor control is unaceptuble for any
sttuation other than a known governor malfunction. The compound-

ing problems (engine failure, SCAS disengagement, EMER governor
control) ure too demanding to expect safe recovery to powered {light.
Sixty seconds were required after engine starter engagement to regiin
sufficient power to arrest the descent.  The altitude loss was 18C0
feet in stablized autorotation at the minimum R/D alrspeed (05 KIAS).

77. The sccond restart was initiated at 5000 feet in full auto-
rotation at 110 KIAS. The governor switch was left in AUTO, and

the throttle wuas positioned in the normal start detent. The Nj
decay following shutdown was similar to that at 65 KIAS. ‘the EGT
remained high (380°C to 390°C) at time of stuarter engagement. The
SCAS disengaged with starter activation but was less distracting
since the resultant aircraft trim change was anticipated. The LGT
required close monitoring, and sceme throttle movements werce neces-
sary to prevent the LEGT from cxceeding 750°C.  After self-sustaining
rpm was reached (40-percent Ni), the EGT was casily controlled,

and the engine accelerated smoothly to operating rpm. The time
required to reguain powered flight was 45 seconds. This was less
time than that rcquired when using munual throttle control of the
governor (EMER). The altitude loss was about the same (1800 feet)
due to the higher R/D uat the higher airspeed. The pilot's atten-
tion required in the cockpit using AUTO governor control was greatly
reduced from that using the EMER governor control, und the restart
time was significantly reduced.

78. The third restart was made at 12,000 fecet in a 60-KIAS auto-
rotation. The AUTO governor position was used. This restart was
identical to the sccond in all respects cxcept for altitude loss
(ie, handling qualities, pilot workload and time to restart). The
altitude loss was 1350 feet.

79. The results of the test dndicate that paragraph 1-27 of the
AH-1G operator's manual should be revised as follows:

1-27. The conditions which would warrant an at-

tempt to restart the engine would be: an engine
flamcout analyzed to be a malfunction of the fuel
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ptrob untt; favture off the boost pamp or tull

fosure ot the throttle duc o flight idle stop
tatlure,  The decision to attemnpt an cngine re-
start doring tlight is the ; tot's responsibility
aid 1o dependent upon analysis of the cause
of fallure, the altitude and time avatlable,
the petential landing condition sites and the
crew assi: tance avaitable,  Pests have shown
that J5 to o scconds will be required to re-
pain powered lipght trom the time the stuarter
switch is depressed. bepending on the air-
craft's welght, speed and flight path at the
time of failure, altitude loss during restart
will vary between 1500 and 2000 feet,  Before
making a decision, the pitot should analyze
the following variables: the time and altitude
required following the engine fuilure to regain
aircraft control, the cause of failure and
shether or not to set the controls and switches
for restart.  If an engine restart is to be
attempted, proceed as follows:

WARNING

DUE TO THE INCREASED ELLECTRICAL
LOAD ON THE BATTERY, THE SCAS WILL
DISENGAGE WHEN THE STARTER IS DE-
PRESSED.  BLE PREPARED FFOR AN AIR-
CRAFT TRIM CHANGL,

a.  bstablish autorotation and seclect a landing
e

bh. Analyze cause of faillure:

(1) Mechanical: DO NOT ATTEMPT RESTART

{(2) Fuel starvation: Due to throttle being
vleosed, fuel switched OFF or boost pump failure, use
abbreviated normal start procedure:

Battery ... e i e e ; ON

Fuel Switch. ..o, ON

Boust Pump Circuit Breakers.... IN
32
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starter and Igniter Circuit

|

| Broakers. .o oo i [N

E TREOTEIC vt e e e e e IN DETENT

|

{ RIAID 313 T PULL ON, HOLD UNTIL
ENGINE IS SELEF SuUS-

; TAINING AT 40-PERCINT N,

t EGT @it N feonsvmmene o o ceeee o s MONITOR AND CONTROL

WITH THROTTLE UNTIL
OPERATING RPM IS RL-
ESTABLISHED

(3) Fuel starvation while operating in GOV EMER:

Throttler .. ..o e e b cvnmm oo s OFF
Governor Switch................ EMER
Fuel Switch..........ooovvuvtn Check ON
Battery Switch.,................ Check ON

Boost Pump Circuit Breakers.... Check IN

Starter and Igniter Circuit

Breakers..... e et e Check IN
SHALHCT waET ) o« 2 EweMenE o - Lo o ol ol oxs PULL ON AND HOLD
Throttle. ... ii i OPEN SLOWLY WHEN

N1 REACHES 10 PER-
CENT, CONTROL RATE
OF OPENING TO KEEP
EGT BELOW START
LIMITS WHILE MAIN-
TAINING A SMOOTH
INCREASE 1IN Nl

S AV &S S IO Ol IO O b 20 B D00 6 RELEASE WHEN EN-
GINE 1S SELF SUS-

TAINING, 40-PERCENT N1
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L L R CONTENUE TO OPEN
SLOWLY UNTIL OPLRAT -
ING RPM 1S REACHED.
MONTTOR No CLOSELY
AS POWERED FLIGHT
IS RE-ESTABLISHED
TO PREVENT ENGINE
AND ROTOR OVERSPELD
OR UNDERSPEED . CON-
TINUE FLIGHT IN THE
MANUAL THROTTLE CON -
TROL .,

AIRSPEED CALIBRATION

80. Airspeed calibration tests were conducted to determine the
position error of the stundard and test (boom) airspeed systems
in climb, dive, autorotation and level flight. The methods used
to calibrate the test airspeed system were a combination of the
trailing bomb, pacer aircraft and ground speed course test tech-
niques. The calibration was conducted in the clean configuration
only, and the data are presented in figures 131 and 132, appendix VII.

81. The standard airspeed system was calibrated using the trail-
ing bomb and pacer aircraft methods, and the results are presented
in figure 131, appendix VII. In addition to the data gathercd
during this evaluation, the test resvlts include data from the
AlI-1G Phase B test reports (refs 2, 4 and 5, app 1). In those
test reports, the test configurations were clean, basic and out-
board alternate. The position error in climb and autorotation

was less than 3 knots from 55 to 100 KTAS and was acceptable. This
airspeed band includes the airspceds for maximum glide. Larger
position errors were present from 30 to 55 KIAS, but these crrors
are not deemed significant since the hclicopter is normally ac-
celerating or decelerating through this airspeed band.

82. The standard airspeed system calibration for level und diving
flight was compared to the position crrors listed in the operator's
manual (ref 19, app 1). This comparison is presented in figure Il
and shows essentially the same position error from 40 to 170

KTAS. For the airspeed ranges from 30 to 40 KIAS and from 170

to 190 KIAS, there is a difference of 2 knots or less between the
two sources of data. The airspeed position errors rccorded during
this test are satisfactory for the aircruaft's mission and should
be incorporated into the operator's manual.
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CORRECTION TO BE ADDED-AV-.KNOTS

FIGURE H
AIRSPEED CALIBRATION
All-1G T53-L-13
STANDARD AIRSPEED SYSTEM

-RECOMMENDED
10 DERIVED FROM US ARMY AH-1G OPERATORS
MANUAL TM-55-1520-221-10
5
0
-5
-10
0 40 80 120 160 200

INDICATED AIRSPEED -Vinp~KNOTS
(CORRECTED FOR INSTRUMENT ERROR)
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CONCLUSIONS

S50 Within the scope of this test, the AH-1G helicopter is suit-
able tor rhe arwed helicopter mission provided the insufficient
directional control power and pnadequate tail rotor drive system
torque limitations arc corrected (paras 17 and 19),

S, The M=o helicopter exceeded ull contractor guarantees (paras
23, 032, 38, 0 and 42).
8. Adirectional control margin of 10 percent while hovering

the winimum acceptable for normal operation (para 17).

So. Instullation of the engine inlet screens and the engine

particle scparator decrease the performunce capability of the
\H-16 when maximum power available is the limiting paramcter

(pura 24).

87. ‘the tevel-tlight performance capabilities of the All-1G vary
with longitudinal cg location and improve as the cg moves aft
(para 45).

58, The degradation of hover performance capability when hovering
in adverse crosswind is significant (para 20).

89. The excellent climb performance, particularly from SLoto

10,000 feet, cenhances the capability of the AH-1G for the attack
helicopter mission (pura 31).

DEFTCIENCIES AND SHORTCOMINGS AFFECTING MISSION ACCOMPLISHMENT

Y0, torrection of the following deficicncies 1s mandatory for
successtul cccomplishment of the intended mission:

a. Insufficient directional control limits hovering, takcoff
and randing performance (paras 16, 25 and 26).

b, The tail rotor drive system components are susceptible

to damige due to the excessive tail rotor horsepower required for
hevering flight (para 18}).
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a1, Correction of the following shortcomings is desirable for
improved operation and mission capability:

a. The inability to achieve maximum tail rvotor blude angle
(19 degrees) when full directional control is applied for ull
conditions with the present dircctional control/yaw SCAS geometry
(para 20).

b. Moderate pilot effort required toe maintain optimum ¢limb
airspeeds (para 34).

c. Lxtensive pilot compensation required to miintain maximum
endurance airspeeds (para 44),

d. The possibility of inadvertently cxceeding the main trans-

mission torque limit due to the torque rise following a left-lateral
control input when below the engine critical altitude (para 71).
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RECOMMENDATIONS

92, The data presented in this report should be included in the
operator’'s manual,

93. the deficiencies should be corrected on a high-priority basis.

94. The shortcomings should be corrected at the carliest con-
venlence.

95. ‘The operational flight cnvelope should be restricted to con-
ditions which provide a l0-percent directional control margin
(para 2la).

96, Initiate action to increasc dircctional control margins and
improve the torque transfer capability of the tail rotor drive
system,

[ 97. The following items should be included in the All-1G operator's
f manual :
i

a. A warning to avoid hovering at 3- to 15-foot skid heights
(para 2la).

b. A description of the modificd level-flight acceleration
takeoff technique (para 30).

¢. An increase in the maximum climb airspeceds for night or
instrument flight operations (para 34).

d. A discussion of the pilot's increcased workload require-
ments when flying at maximum endurance airspeed (para 44).

¢. The compatible engine torque limits (include, throughout
the manual) (para 66).

| f. The revised procedure and warning notes for cngine re-
start during flight (para 79).
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APPENDIX I!. BASIC AIRCRAFT INFORMATION
AND OPERATING LIMITS

ATRFRAME
Rotor System

The 540 "door hinge" muain rotor assembly is a two-bladed, scmi-
rigid, underslung feathering axis type rotor. The assembly con-
sists basically of two all-metal blades, blade grips, yoke exten-
sions, yoke trunnion, and rotating controls. Control horns for
cyclic and collective control input are mounted on the trailing
edge of the blade grip. Trunnion bearings permit rotor flapping.
The blade grip to yoke extension bearings permit cyclic and col-
lective pitch action.

Ta1l Rotor

The tail rotor is a two-vladed, delta-hinge type employing pre-
coning and underslinging., The blade and yoke assembly is mounted
to the tail rotor shaft by means of a delta-hinge trunnion. Blade
pitch angle is varied by movement of the tail rotor contrcl pedals.
Power to drive the tail rotor is supplied by a takeoff on the

lower end of the main transmission.

Transmission System

The transmission is mounted forward of the engine and coupled to
the engine by a short drive shaft. The transmission is basically
a reduction gear box which transmits engine power ¢t reduced rpm
to the main and tail rotors by means of a two-stage planetary gear
train. The transmission incorporates a free-wheeling clutch unit
at the input drive. This precvides a disconnect from the engine in
case of a power failure to allow the aircraft to make an autorota-
tional landing.

Synchronized Elevator

The synchronized clevator, which has an inverted airfoil section,
is lucated ncar the aft end of the tail boom and is connected by
contr<i tubes and mechanical linkage to the fore and aft cyclic
control system. Fore and aft movements of the cyclic control
stick produce a change in the synchronized clevator attitude.
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Control Systems

A dual hydraulic control system 1s provided tor the cyclic and
collective controls., The directional controls are powered by a
single servo cylinder which is operated by system number 1. The
hydraulic system conststs of two hydraulic pumps, two reservoirs,
relief valves, shut-off valves, pressure warning lights, lines,
fittings, and manual, dual tandem, servo actuators incorporiating
irreversible valves. Tandem power cviinders incorporating closed
center four-way manual servo valves and irreversible valves are
provided in the lateral, fore and aft cyclic and collective control
system. A single power cylinder incorporating a closed center
Four-way manual servo valve is provided in the directional control
system.  The cylinders contain a straight-through mechanical linkage.

Force Trim
Magnetic bruake and force gradient devices are incorporated in the
cyclic control and directional pedal controls. These devices are
installed in the flight control system between the cyclic stick and
the hydraulic power cylinders and between the directional pedais
and the hydraulic power cylinder. The force trim control can be
turned off by depressing the left button on the top of the cyclic
stick. The gradient is accomplished by springs and magnetic brake
release assemblies which enable the pilot to trim the controls

as desired,

Cyclic Control Stick

The pilot's and gunner's cyclic stick grips cach have a force trim
switch and a SCAS relcuase switch. The pilot's cyclic stick has a
built-in operating friction. The cyclic control movements are trans-
mitted directly to the swash plate. The fore and aft cyclic control
linkage is routed from the cyclic stick through the SCAS actuator,

to the dual boost hydraulic actuater and then to the right horn of
the fixed swash plate ring. The lateral cyclic is similarly routed
to the left horn.

Collective Pitch Control

The collective pitch control is located to the left of the pilot and
is used to control the vertical mode of flight. Operating friction
can be induced into the control lever by hand tightening the fric-
tion adjuster. The pilot's and gunner's collective vitch controls
have a rotating grip-type throttle.
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Tail Rotor Pitch Control Pedals

Tail rotor pitch control pedals alter the pitch of the tail rotor

blades and thereby provide the means for directional control.  The
force trim system is connected to the directional controls and is

operated by the force trim switch on the cyclic control grip.

Stability and Control Augmentation System (SUAS)

The SCAS 1s a three-axis, limited-authority, rate-referenced
stability augmentation system. It includes an clectrical input
which augments the pilot's mechanical control input. This system
permits scparate consideration of airframe displacements causced by
external disturbuances from displucements caused by pilot input.

The SCAS is integrated into the fore, aft, lateral and directional
flight controls to improve the stability and handling qualities of
the helicopter. The system consists of clectro-hydraulic scervo
actuators, control motion transducers, a sensor/amplifier unit and

a control panel. The servo actuator movements arc not felt by the
pilot. The actuators are limited te a 25-percent authority and will
center and lock in case of an electrical and/or a hydraulic failure.

ENGINE

Engine Description

The TS3-1.-13 engine, rated at 1400 shp, is a successor to the

T53-L-11 engine. The additional power has been achicved with no
change in the busic T53-L-11 cngine cnvelope mounting and connec-
tion points and with a G-percent increasc in hasic cngine weight.

The performance gain is accomplished thermodynamically by the
mechanical integration of a modified axial compressor, a two-stage
compressor turbine and a two-stage power turbinc into the TS53-L-1l
engine configuration,

Replacement of the first two compressor stators and changing of
the first two stages of compressor rotor blades and disks results
in an approximate 20-percent incrcasc in mass air flow through the
engine. This is accomplished without the use of inlet guide vanes.

An inlet flow fence, located on the outer wall of the inlet housing
in the arca of the previously used inlet guide vanes, provides the
desired inlet conditions for the transonic compression during accel-
eration at low speeds. At compressor speeds up to 70 percert, the
fence is in the extended position. Above 70 percent, the flow fence
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v retracted nto the cuter wall of the anlet housing.  Swlar to

a4 prston ring, the circumterence ot the flow fence s changed by the
action of g plston actuator powered by compressor discharge pressure,
Ihe spectitication for this engine allows the use of P-4 or JP-5

fucl tor satrstuctory operation throughout the engine's operating

cnvelope.  buring this program, JP-1 fucel was used,

tngine Power Control Svstem

he fuel controd for the TS53-L-13 engine is a hyvdro-mechanical type
ot tfuel control. It consists of the following main units:

a. Dual-clement fuel pump.

b. Gas producer speed governor.

¢. Power turbine speed topping governor.

d. Acceleration and decelerution control.

¢.  luel shut-off valve.

f£. Transient air bleed control.
An air bleed control is incorporated within the fuel control to
provide for opening und closing the compressor interstage air blced
in responsc te the following signals present in the power control:

a.  Gas producer speed.

b. Compressor inlet air temperature.

¢. Tuel flow,
The fuel control is designed to be operated cither automatically
or 1n an emergency mode.  In the emergency position, fucl flow is
terminated to the main metering valve and is routed to the manual
(emcrgency) metering and dump valve assembly. While in the emer-
pency mode, fuel flow to the engine is controlled by the position
of the manual metering valve which is conected directly to the
power control (twist grip). During the cmergency operation, there

1s no automatic control of fuel flow during acceieratioen and decel-
eration; thus, EGT and engine acceleration must be pilot monitored.
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fransmission Drive System Ratios

Lngine to marn rotor A0, S5k R
Ingine to antitorque rotor S.000:0 .0
Engine to antitorque drive system 1.5535:1.0
fest ANircratt Cortrol bisplacements
longitudinal cyclic control:

Fall forward to full att with SCAS nulled 9,07 inches
Lateral oyvelie control:

Full lett to full right with SCAS nulled 10,00 inches
Divectional (pedal) control:

Full letft to full right with SCAS nulled 7.07 inches
Collective control:

Full up to full down with SCAS nulled 9,30 inches

OPERATING LIMITATIONS

Limit Airspeed (Y])

Any configuration with XMI5Y rocket pods: 180 KCAS below a 3000-
foot density altitude; decrcase 8 KCAS per 1000 feet above 3000
feet

for this test, the AH-1G with skid gear fairings removed: same

as standard configurations (Normal limit for operational usce:

160 KCAS)

All other configurations: 190 RCAS below a 4000-foot density
altitude; decrease 8 KCAS per 1000 feet above 4000 feet

Gross Weight/Center of Gravity Envelope

Forward center of gravity limit: Below 7000 pounds, IS 190.0;
lincar increcase to FS 192,1 at 9500 pounds

Aft center of gravity limi:i: Below 8270 pounds, I'S 201.0; lincar
decrease to FS 200 at 9500 pounds

Sideslip Limits

Five degrees at Vi with linear increcase to 20 degrees at 60 KCAS
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Poror and Engine Speed Limits {Steady State)

Power on:
Engrne rpm
Rotur rpm

Power of
tor rpm
tor rpm transient lower limit

R
)
AY

‘
N

Power on during dives and mancuvers:
Rotor rpm

Temperature and Pressure Limits

Engine v1l temperature
Trapsmissien oil temperature
Ingine oil pressure
Transmission oll pressure
Fuel pressure

153-1L.-13 Engine Limits

Normal rated EGT (maximum continuous)

Militar: rated EGT (30-minute limit)

Starting and acceleration EGT (5-sccond limit)
Maximum EGT for starting and acceleration

Torque pressure limit

48

0100 te 6600
314 te 324

204 to 339
250

314 to 324

93°C

110°C

25 to 100 psi
30 to 70 psi
5 to 20 psa

625°C
645°C
675°C
760°C
50 psi
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APPENDIX IV. TEST TECHNIQUES AND DATA
REDUCTION PROCEDURES

INTRODUCTTON

Nondimensional Method

1. The helicopter performance results may be generalized through
use ot nondimensionual coefficients. The test results obtained

at specific test conditions may be used to accurately define per-
formance at conditions not specifically tested. The following non-
dimensional cocetficients were used to generalize test results ob-
tained during this test program.

550 SHPp
oA (OR)>
GRWT
1 )
pA (SR)™
1.689 V..

Power Coefficient = CP

Thrust Coefficient = CT =

Tip Speed Ratio = p =
&R
1.68

9V,
Main Rotor Tip Mach Number = M_. = [+ GR
tlp a

Instrumentation

2. All instrumentation was calibrated prior to commencing the
test program. A detailed tabulation of the instrumentation is
given in appendix V. All quantitative data obtained during this
flight test program were derived from special sensitive instru-
mentation, Data were obtained from four aircraft sources and

two ground support sources. The alrcraft sources were: oscil-
lograph, photopancl, pilot's pancl (hand recorded) and engincer's
pancl (hand rccorded). The ground support sources were: ground

station and Fairchild camera station.

Weight and Balance

3. A high degrece of control was maintained on weight and bhalance
of the test helicopter. Variations in empty gross weight and cg
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due to changes 1n helicop.er component instrumentation were defined
by periodically weighing the helicopter.

4. The empty weight of the test aircraft withoat instrumentation
installed could not be determined since the ailrcraft was partially
instrumented when 1t was delivered to USAAVNTA (USAASTA) at the begin-
ning of the program. In addition, the aircraft was not a production
model and was not representative of a standard AH-1G.  The fuel loud
of the aircruft was detfined by measuring the fuel specific gravity
and temperature after cach fueling, and by using an external sight
giage en the calibrated fuel cell to determine fuel volume. Fuel
used 1 {light was recorded by a calibrated fuel-used system, and
the results were cross-checked with the sight gage reading follow-
ing cach tlight. Helicopter loading and c¢g were controlled by
ballast installed at various locations in the aircraft,

ANTITORQUE SYSTEM PERFORMANCE

5. The performance of the antiterque rotor system was defined by
measuring various parameters. These parameters were recorded in
hover, translation and forward flight. When the helicopter was
stable, the parameters necessary to define tail rotor horscpower,
tail rotor thrust and directional controi (pedal) position weve
measured,  Tuil rotor thrust was not determined for translational
and level flight conditions.

0. Antitorque system output torque was measured at the output
shaft ot the 9-degree tail rotor gear box. This torque was used
to determine tail rotor horsepower by the following cquation:

2m
am = TR : et = __}
Sy = Ty X Nopp X 153733, 000 )

7. The nondimensional tail rotor power cocfficient was determined
by the following cquation:

(P“) ) \\ (ﬂ R )3 (2)

8. The tail rotor thrust for hover was determined by first making
several assumptions. The three following assumptions were neces-
sary since sufficient information asbout important parameters was not
avallable to the test team: The first assumed that all restoring
dircecticnal moment to maintain stabilized hover be attributed to the
antitorque syvstem. This assumption neglected to consider any
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re~torang directironal moment which could be derived from rotor down-
cashoand recireulating air fflow over the fuscelage, tall boom scection :
ard/or vertical stabilizer.  The sccond assumed thut the total horse-
puker loss, attributed to frictional losses {gears, bearings, cte.)
and horsepower extracted from main transmission to drive accessories
thvdranlic pumps?, wus assumed to be 5 percent of the engine output
shart horscepower.  This assumption was necessary to determine the

torscpower Jdelivered to the main rotor,  The third assumption was
necessary to determine the atr density in the vicinity of the tatl
rotor,  lhis analysis assumed that the free air temperature of the
arr omass Flow passing through the tail rotor was not significantly
intiuenced by the hot gases being emitted from the cengine.
U, The horsepower to the main rotor (MR) was determined by the
tollowing equation: |
sy, = stb o - sliby, - (0005 x SHP 3
it = P = Wil Wellsie il g (3
lo,  the nondimensional power coefficient of the main rotor was
determined by tine following ciuation:
| P
. .\,HlMR X 550
Cp = (+4)
MR pA (GR)2
. The thrust from the tail rotor in a hover can be determined
by the following cquation:
550 SHPMP
THRUS T, = TRQ, /¢, = ————— (5)
IR hip/ o4 T L : !
MR OTE
i
12, Iquation 5 was cxpanded to obtain the nondimensional thrust i
coertficient of the tail rotor:
2
CP RA (R
)
Cp = - MR ) (6)
‘ 4 o e
e 5y Ay G Ry
13,  The position of the directional control was determined by meas-
uring pcdal position with SCAS in the nulled position. Full left
direct:onal control application resulted in the tail rotor hlade angle j
of 19 degrees for the test aircraft with SCAS in the nulled position. :
The tot il directionul control {pedal) displacement (full left to full
right) resulted in a 350.0-degree change in tail rotor blade angle.
. ]
Y4 S‘
i
i
g
{
R

—e—e - —— — - - = -



Lh, o the nondimensional tail rotor performance and directional
control posttion were used to determine tail rotor horsepower und
Jdivectional control margins as a function of skid height, All anti -
torque data were obtained simultancously with hover, translational
and forward flight tests,

HOVER

15, lo detine hover performance, both the tethered and free-flight

techniques were used,  buring *othered hovering, a helicopter cargo
! ook was sccured to the bottom of the main transmission by a cable.

An intermediate cable was then attached to a cable uanchored to the
around. the Tength of this cable was varied to achicve the desired
shid heighe, A load cell was installed between the helicopter and
the ground to measure cable tension.  Increasing cable tension had
the same ceffect on hovering performance as increasing gross weight.,
bhen power required and cable tension were stabilized, the purameters
necessary te define gross weight, cable tension shaft horsepower

and ambient alr conditions were recorded. BDuring {rece-flight hover-
ing tests. the helicopter was stabilized at a skid height of 100
Fecet {06y, When the helicopter was stable, the parameters to de-
fine pross weipht, shaft horsepower and ambient air conditions were
i recorded.  The free-f1light hovering technique was used only at a
shid heighe of 100 feet to provide a cross-check of tethered hover-
ing technique. The c¢lean configuration vas used to gather a ma-
jority of the hovering data. A limited amount of hover data were
gathered in the heavy hog configuration to determine the effects

of wing stores armament on hovering data, All hovering performance
tests were conducted in winds of less than 2 knots.,

16, Hovering datu collected in terms of gross weight, shaft horse-
power and ambicent air coaditions were converted to define the re-
lationship between the nondimensional € and €. ‘This rclution-
ship was unique for cach skid height. Summary hovering perform-
ance was caleulared from nondimensional hovering curves by dimen-
stonalizing the curves at sclected ambicent conditions.,

7. The wind fimitation envelope during hover and translational
Flight .as determined by conducting tests at various combinations
of asiumuth and airspeed. When the aircraft was reasonably sta-
bilized in translational flight, parameters nccessary to deter-
mine gross weight, ambient air conditions, azimuth, airspeed and
directional control (pedal) with SCAS in the nulled position were
recorded. A ground vehicle with a calibrated specdometer was used
as a pacer to determine truc airspeed tor cach stubilized condi-
tion. Ambrent wind velocity and direction were incorporated into

53
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the analysis when determining the exuct speed and direction of the
aircraft when translating across the ground. Tests were conducted
when wind velocities were less thun 4 knots. The results of cach
individual test are presented in reference 15, appendix I, 2nd are
summarized in this report in nondimensional and engineering unit
forms.,

TAKEOFF

18. Tlakeoff performance wuas defined by measuring the horizontal
distance required to takeoff and clear an obstacle 50 feet high

as a function of airspeed. This distance was primarily a function
of airspeed and the magnitude of cngine power available above that
required to hover at a reference skid height. The reference skid
height used during this test program was 3 feet. This takcoff
performance, expressed in nondimensional terms, is shown in the
following equation:

ACP = CP available at test conditions (7)

- CP requirced to hover at a 3-foot skid height

19. A series of takeoffs was conducted at a single ACp throughout
an airspeed of range. This series defined the variation in take-
off distance versus airspeed for a single ACp. Day-to-day tempera-
ture variation permitted testing through a range of ACp by changing
only gross weight und pressure altitude. Curves of distance re-
quired to clear a 50-foot obstacle versus airspeed at various valucs
of ACp were carpet-plotted. This carpet-plot defined takeoff per-
formance throughout a wide runge of gross weights, pressurc alti-
tudes, ambient temperatures and airspeeds. All tests were conducted
with winds of less than 4 knots. A Fairchild flight analyzer was
used to determine horizontal and vertical distances and true air-
specds.

CLIMB

20. Continuous-climb performance tests werc conducted hy estab-
lishing enginc power (1100 shp) at a transmission input torque 1limit
below critical engine altitude and military power above the criti-
cal altitude. The airspeced schcdule used during all climb tests

was derived from the level-flight performance data. All climbs were
flown at an airspced which produced the maximum cngine power dif-
erential between cngine power requived for level flight and engine
power available. All climbs cxcept the climb for contract guarantece
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compliance check were flown from near SL to scrvice ceiling. The
climb to check contract guarantee compliance was flown from near 5L
to an approximate 9000-foot Hlp. Climbs were conducted at two gross
weights in both the clean und heavy hog configuration. Additional
climbs were flown in these two configurations from near SL to «
1G,000-foot Hp to determine the climb power cocfficient (Kp) and thc
climb gross weight ccefficient (Ky).

21, Climb tests were conducted on nonstandard days; therefore, scv-
eral corrections were necessary to detfine standard day climb per-
formunce. The observed rate of change in pressure altitude was
converted to tapeline rate of climb by the expression:

R/C

tapeline S dipE (rt/Tstd) (3)

22, At the test density altitude, the variation in rate of climb
for nonstandard power available was calculated by the cxpression:

S - 3,000
{ “Pstd SHPt) (33,000)

power P GRWTt ()

AR/C

23. 'The variation in rate of climb for nonstandard gross weight
was calculated by the expression:

SHP  x 33,000 (GRWT,_ - GRWT )
S t S

‘1 . D = K )
BR/C oigne = K CRIT GRWT in

24, The standard day rate of climb was then calculated:

AR/C (11)

R/Cst - R/(“t = Al “weight

& +
d power

LEVEL FLIGHT

25. level flight performance was defined by measuring the shaft
horsepower required to maintain level flight throughout the air-
speed range of the helicopter. A constant (; was maintaincd by
incrcasing altitude as fuel was consumed. A broad range of Crp's
was flown for eight different wing store configurations at a for-
ward cg and with the landing gear cross-tube fairings rcmoved. The
results of the level-flight tests were converted to nondimensional
form and carpet-plotted as Cp versus Cp with lines of constant tip-
speed ratio. This carpet-plot defined the level flight performance
for all gross weights, deasity altitudes and airspeeds throughout
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the range of Cj's tested for cach aircraft confrgurction, 4

20, Specitic ronge porformance wuas calculated from the relation
ship of the true airspeed at any power setting to the engine el |
flow at thut power sctting. For any given gross weivht and stund
ard duy anbient conditions, the following would apnl ..

truc airspeed _ nautical air miles

fuel flow  per pound of fuc! L

specific Ruange =

27, lkuel flow at any power sctting and standard day atmospher.c
conditions was derived from engine model specification 104,35 ror

the #53-L-13 engine (ref 18, app 1). All faired, level-flight infor-

mation based on fuel-flow data from reference 18, appendix 1, incluac 1
Sepercent conservatism per MIL-C-SO0LTA (ref 21).

28, dncrease in equivalent fiat plate arca for various wing store
and aircratf't configurations was calculated by the following cqua-
tion:

2 AC, A eR)° 2 BCy A
'L.\xf = = .‘ (13)

(VT X 1.()89)3 u

29, This method for cvaluating equivalent flat plate arca was
villid only for airspeeds above 90 KTAS.

Autorotation

30, Autorotational descent performance data were acquired during

sawtooth autorotations., Variation in rate of descent with airspeed

wias defined by stabilizing at a constant airspeed with a rotor

speed of 324 rpm and measuring rate of descent. To determine the

effect of rotor specd on rate of descent, airspeed was stabilized

and rotor speed was varied. The obscrved rate of descent was cor-

rected to tupeline rate of descent by the expression: :

R/1 = (dhp/dt)(Tt/Tstd) (14)

) .
tapeline

Power Determination

2o

31, The engine torquemeter is essentially a piston (restrained by
0il); the pressurc of which is proportional to the power output of
the engine.,  The cquation for determining the tost shp as obtained
from engine manufacturer test cell calibration curves is developed
as outlined in paragraphs 32 through 36,

96
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SO0 the horsepower transmitted by @ rotating shaft may be cexpressed
tn o the dullowing manner.

Yo

SHE = e — % \[ N IROD (15)

152 20 550, s

55, Jhe caltbration of the eng:ne's torquemeter syste  f{or cngine
S/N LELTIOOT indicated that engine shaft output torque w.as slightly
nonlinear a+ a function of indicated torque pressure. This non-

Pinear relationst o for engine §/N 1114001 is graphically presented
notieure I, the calibration range for engine S/N LE14008 was not

witrciont to provide a valil means of determining engine output
torsue as @ tunction of engine output torque pressure since the en-
tire operating range was not covered. llowever, the limited amount
of information available on this c¢ngine's torque measuring system
1s presented in figure IT. These plots were used to obtain engine
output torque,

34, The rotor speed can be determined from cngine output shaft
spoed o follows:

N,
R 50,383 (16)

35. substituting cquation 16 into equation 15, a convenient cqua-
tion for determining output shaft horsepower can be developed:

2m x 20.383 x TRQ x NR

-4 . .
LI = =] 2 RO x
st 12 % 35,000 3.234 x 10 x TRQ x N

R (17)

36. This cquation was used during the program to determine the
shaft horsepower for cach test condition.

ENGINE CHARACTERTISTICS

Enginc "Beep' Control Characteristics

37. Thc cengine *“beep'" control characteristics were defined both
with a loaded and unloaded main rotor system. The engine "beep"
control characteristics were defined by stahilizing at a rotor
speed of 324 rpm while in level flight and on the ground. The cn-
gine "beep' control was then actuated for a specified time. A
continuous record was made of engine and rotor spced response dur-
ing the maneuver. This process was repeated until the entire
speed-range authority of the '"beep" control was actermined.
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38. Test shaft horsepower and measured values of fuel flow, gas
producer speed and exhaust gas temperature were corrected to stand-
ard day, SL atmospheric conditions. The engine characteristics

are defined by the following equations:

N
1 versus _SfL (18)
VN 5. 0.
iEe) o)
We SHP (19)
versus —————
5. /o 8 B
€21 2 %5
SFC versus T (20
5. VB
E ta
Ei'r- VEIsus —S}-E—-— (21)
6 8 /B
L L)
W N
versus (22)
6. o /B
L) ty

Airspeed Calibration

39. The test airspeed indicator system (boom) and standard airspeed
system were calibrated by comparing readings to a known reference.

A calibrated trailing bomb was suspended from the helicopter with

a cable approximately 50 feet in length to avoid proximity effect.
The aircraft was then stabilized at various airspeeds in level
flight, climb and autorotation. By comparing the airspeed cor-
rected for instrument errors of both systems to the bomb system,

the error was defined.

40, The test boom airspeed indicator system was calibrated at

higher airspeeds, both in level flight and dive using a T-28 pacer
aircraft. The test and pacer aircraft were stabilized at the same
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airspeed, and data were recorded in each aircraft simultancously.
The calibrated airspeed was computed from the known position error 1
of the pacer aircraft.

41, 'The test boom airspeed indicator system was calibrated in level
flight over a mecasured ground course. Two passes were flown on rec-
ciprocal headings at each airspeed to average wind effects. This
method provided a cross-check on the trailing bomb method described
in paragraph 39.

42. The test boom airspeed sy.tem consisted of a boom with a non-
swiveling pitot-static head mounted just aft and below the nose of
the aircraft. This pitot-static system was connected to the sensi-
tive airspeed and altimeter indicators on the instrument panels.
This system was used in place of the standard pitot-static system
since the standard system was not accurate when both systems were
installed on the aircraft.
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APPENDIX V. TEST INSTRUMENTATION

Flight test instrumentation was installed in the test helicopter
prior to the start of this evaluation. This instrumentation pro-
vided data from four sources: pilot's panel, copilot/gunner's
panel, photopanel, and a 24-channel oscillograph (see photos).
Al}l instrumentation was calibrated. The flight test instrumenta-
tion was installed and maintained by USAASTA. The following test
parameters were prescnted.

PILOT'S PANEL

Standard system airspeed

Boom system airspeed

Boom system altitude

Rate of climb

Gas producer speed

Torque pressure (standard system)
Exhaust gas temperature
Longitudinal control position
Lateral control position

Pedal control position
Collective control position
Center of gravity (normal acceleration)
Angle of sideslip

L
F-1
3
=
A=

.
»

Photo 1. Pilot's Panel.
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ENGINEER PANEL

cliaz

Boom system airspeced
Boom svstem altitude
Outside air temperatute
Rotor speed
Gas producer speed
Fuel used (total)
; Torque pressure (high)
Torque pressure (low)
Lxhaust guas temperature
Oscillograph correlation counter
Photopanel corrcelation counter
Fuel temperature
Engine ftuel flow

Photo 2. Copilot/Engineer's Panel.
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PHOTOPANEL

Boom system airspecd

Standard system airspeed

Boom system altimeter

Rotor speed

Gas producer speed

Fuel used total

Torque pressure (high)

Torque pressure (low)

Exhaust gas temperature
Compressor inlet temperaturc
Compressor inlet total pressure
Inlet guide vane position

Bleed band position (light)
Fuel pressure at nozzle

Time (10-second stopwatch)
Oscillograph correlation counter
Photopanel correlation counter
Engineer's event

Pilot's event

Photo 3.

Photopanel.
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OSCILLOGRAPH

Longitudinal control position
Lateral control position
Directional control position
Collective control position
Pitch attitude

Roll attitude

Yaw attitude

Pitch rate

Roll rate

Yaw rate

CG (normal acceleration)
Angle of sideslip

Angle of attack

Engineer's event

Pilot's event

Photopanel correlation blip
Linear rotor speed

Gas producer speed

Inlet guide vane position
Bleed band position

Fuel pressure at the nozzle
Tail rotor torque

Photo 4. 24-Channel Oscillograph.
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Test Pitot-Static System.
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APPENDIX VI. CONTRACT GUARANTEES

1. A summary of the AH-1G helicopter contract guarantces and the
results of the tests to determine compliuance with these guarantees
is shown in table A, The calculations to determinc operating
radius and endurance guarantees are included in tables B and C.

2. The aircraft shall be capable of the following performance
under International Civil Aviation Organization (ICAOQ) standard
air conditions (unless otherwise specified) at a gross weight

of 8000 pounds. The installed armament shall be the XM28 turret
and two LAU-3/A (XM159) 19 round rocket pods. Performance is
predicated on the XM28 turret having the same aerodynamic drag

as the TAT-102A turret. Engine fuel flow is based on cnginc

Model Specification No. 104.33, for the Shaft Turbine Engine,
Model T53-L-13, Lycoming Division of Avco Corporation, 30 September
1964, revised 30 July 1965 and 6 May 1966 using JP-4 fuel. All
performance items were determined without the government furnished
aircraft equipment (GFAE) particle separator or foreign object
damage screen installed.

67

Ve H



Table A. Al-1G Performance Guaranteces

Performance Conditions

Units

Guarantecd

Test Results

Forward CG

Aft CC

Speed at SL (6600 rpm)
(1100 shp).

Knots

144.0

140.0

153.0

Maximum endurance at SL
with 1600 pounds of fuel.
Fuel includes a 10-percent
reserve plus warm-up and
takeoff allowance. Does
not include 4 5-percent
increase in engine speci-
fication sfc (6600 rpm).

Hours

3.0

3.03

3.08

Operating radius at cruis-
ing speed at SL with 1600
pounds of fuel. Fuel in-
cludes a 10-percent re-
serve plus warm-up and
takeoff allowance. Does
not include a 5-percent
increase in engine speci-
fication sfc (6600 rpm).

NM

148.0

149.6

166.0

Best R/C at 1100 shp
limit at SL (6600 rpm).

fpm

1800

1835

1900

Hover ceiling OGE
(6600 rpm) with 95°F
OAT (MRP).

Feet

2000

3390

3390

Vertical R/C 1100 shp
limit at SL {6600 rpm).

fpm

500

Not
Tested

Not
Tested

e
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Table B.  Range Performance Contract Guarantece Analysis.

Configuration: outboard alternate | Rotor speed: 324 rpm
Standard day Rocket pod fairings removed
Altitude:  sca level
- R
Adrceraft .
Condition Gross Weight Fucl
(1b) (1b)
Engine start conditions 8000 1600
Initial condition after fuel required
for warm-up and takeoff has been con-
sumed (assumed to be 25 pounds) 7975 1575
I'inal condition with a 10-percent
fuel reserve 6560 160

FORWARD CG

Engine
engine

Lngine
Cruise
Engine

Cruise

Average fuel flow:

fuel flow values do not include a 5-percent increase in
specification fuel flow.

fuel flow for initial condition at maximum NAMPP: 598.5 1b/hr
alrspeed for initial condition at maximum NAMPP: 124.5 NM/hr
fucl flow for final condition at maximum NAMPP: 583.5 1b/hr

airspeed for final condition at maximum NAMPP: 125.5 NM/hr

598.5 + 583.5
2

= 591 1b/hr

124,5 + 125.5

Average cruise airspeed: = 125 NM/hr

Usable

2

fuecl: 1415 pounds
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Distance traveled: 1415 1b x —¢ﬁ———i777—— X 125 NM/hr = 299.3 NM
591 1!;/!11

Operating radius: —/——- 149,06 NM

AFT CG

Fuel-flow values do not include a 5-percent increase in engine
specification fuel flow.

Engine fuel flow for initial condition at maximum NAMPP: 588 1b/hr
Cruise airspeed for initial condition at maximum NAMPP: 135 NM/hx
Engine fuel flow for final condition at maximum NAMPP: 567 1b/hr

Cruise airspeed for final condition at maximum NAMPP: 136 NM/hr

588 x 567

5 = 577.5 1b/hr

Average fuel flow: -

Average cruise airspeed: _}éﬁ_%_}éﬁ__z 135.5 NM/hr

Usable fuel: 1415 pounds

1

£77 5 To/hr X 1355 M/hr = 332.0 NM

Distance traveled: 1415 1b x

Operating radius: —EE%LQ— = 166.0 NM

10
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Table C. Endurance Performance Contract Guarantec Analysis.

Configuration: outboard alternate | Rotor speed: 324 rpm
Standard day Rocket pod fairings removed
Altitude: sea level

S Aircraft Fuel Load
= .
Condition Gross Weight (1b) (1b)
Engine start condition 8000 1600

Initial condition after fuel
required for takeoff has been
consumed (assumed to be 25

pounds) 7975 15¢5
Final condition with a 10-

percent fuel reserve 6560 160
FORWARD CG

Engine fuel flow valves do not include a S5-percent increase in engine
specification fuel flow.

Engine fuel flow for initial condition at minimum shp: 478.5 1b/hr

Engine fuel flow for final condition at minimum shp: 456 1b/hr

Average fuel flow: 478'52+ 466 = 467.3 1b/hr
Usable fuel: 1415 pounds
Endurance time: LleldD = 3.03 hr

467.3 1b/hr

AFT CG

Engine fuel flow valves do not include a 5-percent increase in engine
specification fuel flow.

Engine fuel flow for initial condition at minimum shp: 468 1b/hr

H

R
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== - e
Engine fuel flow for final condition at minimum shp: 450 1lb/hr
Average fuel flow: ——0 2350 = 459 1b/hr
Usable fuel: 1415 1b

.. 1415 1b  _
Endurance time: —%gg — ° 3.08 hr
1
i RS, —p i
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