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20.   Abstract 

Air Force   Biiso,  California,   between   27 November   1974  and   10 April   1975. 
rwenty-five tli^hls were flown tor a total of 24.7 productive flight hours. 
IVrfonnancc testinp was limited to hover, level lli>;ht. and autorotational descent. 
Handling qualities were qualitatively evaluated throughout the conduct of the test 
program. Additionally, maneuvering stability was quantitatively evaluated in the 
IR'optical paint configuration and compared with results from previous reports. 
Application ot the IR/optical paint reduced the cut-of-groiuid-eflccf hover 
capabiliU In .UO pounds (which with the added paiut weight n Juced the payload 
hy .?<)l pounds) and the maximum airspeed lor level flight hy h knots true airspeed 
at sea-level, standard-day conditions. The minimum operation;.' rotor speed of 
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in order to ensure detection ol this performance characteristic. The performance 
degradations    were    significantly    reduced   in    the    modified    IR/optical   paint 
onfiguration. Handling qualities were essentially the same lor all configurations. 

Ii the full IK optical paint configuration is fielded, further testing should be 
conducted. 
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INTRODUCTION 

BACKGROUND 

1. The Aircraft Survivability Equipment Product Manager has procured a low 
reflective infrared ORVoptical paint (FSN 8C10-083-6588). The results of other 
tests indicate the paint is effective in reducing the IR signature of an aircraft. 
The United States Army Aviation Engineering Flight Activity (USAAEFA) was 
directed by the United States Army Aviation Systems Command (AVSCOM) to 
determine the effects of this low reflective IR/optical paint on AH-1G performance 
and handling qualities (ref 1, app A, as modified by refs 2 through 6) prior to 
painting the fleet. 

TEST OBJECTIVE 

2.     The objective of this test was to evaluate the effects of the low reflective 
IR/optical paint on the performance and handling qualities of the AH-1G helicopter. 

DESCRIPTION 

3. The test helicopter, serial number 71-20985, was a production AH-1G 
manufactured by Bell Helicopter Company (BHC) of Fort Worth, Texas. The AH-1G 
is a single-main-rotor attack helicopter. Distinctive features include a narrow 
fuselage, small stub wings with four external stores stations, an integral chin turret 
capable of mounting two weapons (not installed for this test), and skid-type landing 
gear. Tandem seating is provided for a crew of two. The main rotor is a two-bladed, 
semirigid, teetering rotor. The aircraft was modified to incorporate a Model 212 
tail rotor. The aircraft is powered by a Lycoming T53-L-13 engine, flat rated to 
1100 shaft horsepower (shp) by the main transmission. The flight control system 
is a positive mechanical hydraulically-booried irreversible system. A three-ax.s 
limited authority stability and control augmentation system (SCAS) employs 
electrohydraulic actuators in series with the flight control mechanical linkages. A 
more detailed description of the AH-1G is contained in the operator's manual 
(ref 7. app A). 

4. The low reflective IR/optical paint was air-sprayed over the existing paint. 
This IR/optical paint is specially formulated to reduce IR solar reflections on the 
spectral band pass of all currently identified IR-seeking missiles. It is also designed 
to have a low visual gloss to aid in visual contrast reduction. Further details of 
the test helicopter, the Model 212 tail rotor, and the IR/optical paint are contained 
in appendix  B. 

Preceding page blank 
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TEST SCOPK 

5. A limited performance and handling qualities evaluation of the AM-1G 
helicopter painted with low reflective IR/optical paint was conducted at Edwards 
Air Force Base, California, between 27 November 1974 and 10 April 1975. The 
test program was comprised of 25 flights for a total of 33.7 flight hours, 24.7 of 
which were productive. Forward flight performance tests were conducted in the 
heavy Hog armament ;onfiguration (two XM159C pod« on each wing), and hover 
performance and handling qualities tests were conducted in the clean armament 
configuration (no external stores). An instrumented cargo hook was installed for 
tethered hover tests and was removed and the fuselage cover plate reinstalled for 
forward flight tests. The flight envelope and operating limits prescribed in the 
operator's manual and the safety-of-flight release (ref 8, app A) were observed 
during this evaluation. Table 1 is a summary of the test conditions. Base-line data 
were collected first, the aircraft was painted, and the tests repeated. A modified 
IR/optical paint configuration, in which the IR/optical paint was stripped from 
the entire tail rotor and the leading edge of the main rotor (para 5, app B), then 
was tested. 

TF.ST MFTHODOLOGY 

6. Fngineering flight test techniques outlined in Army Materiel Command 
Pamphlet AMCP 706-204 (ref 9, app A) were used in conducting the performance 
tests. Handling qualities tests were conducted in accordance with Naval Air Test 
Center flight test manual FTM No. 101 (ref 10). All tests were flown at zero 
sideslip. The flight test data were obtained from test instrumentation displayed 
on the pilot and copilot/gunner panels and recorded on magnetic tape via pulse 
code modulation (PCM) encoding. A detailed listing of the test instrumentation 
is given in appendix C. Data reduction was accomplished using USAAEFA 
computer facilities. The test techniques and data analysis methods used are 
described in appendix D. 
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AND DISCUSSION 

GENERAL 

7. The performance and handling qualities of the AH-1G helicopi?r were 
evaluated in the basic paint configuration, with the fuselage and main anii tail 
rotors painted with IR/optical paint (IR/optical paint configuration), and in the 
modified IR/optical paint configuration, in which the tail rotor blades and he 
main rotor blade leading edge (to 20 percent chord) were stripped of the IR/optiial 
paint. Performance testing was limited to hover, level flight, and autorotational 
descent. Handling qualities were qualitatively evaluated throughout the conduct 
of the test program. Additionally, maneuvering stabil-ty was quantitatively evaluated 
in the IR/optical paint configuration and the results compared with those of other 
tests. Application of the IR/optical paint reduced the out-of-ground-effect (OGE) 
hover capability by 340 pounds and the maximum airspeed for level flight (VH) 
by 6 knots true airspeed (KTAS) at sea-level, standard-day conditions. Missions 
requiring a higher density altitude OGE hover capability will incuf a significant 
payload reduction with the IR/optica! pain*ed tail rotor. The minimum operational 
rotor speed of 294 rpm could not 'JC maintained down to sea-level, standard-day 
conditions at light gross weights during autorotational descents. The performance 
characteristics may not be detectable with existing maintenance test flight 
procedures. The performance degradations were significantly reduced in the 
modified IR/optical paint configuration. Handling qualities were essentially the same 
for all paint configurations. 

Hover Performance 

8. The hover performance of the AH-IG helicopter in each configuration was 
determined at the conditions shown in table 1. The tethered hover and free flight 
test techniques were used to determine the 100-foot skid height OGE hover 
performance characteristics. A summary of hover performance is shown in figures 1, 
2, and 3 of appendix E. Nondimensional hover performance data are presented 
in figures 4 through 6. Summary hovering performance was based on power 
available, as presented in figure 7. 

9. A comparison of hover performance summaries for a standard day at sea level 
shows that the IR/optical paint application caused a reduction in hover performance 
of approximately 340 pounds (which with the added paint weight reduced the 
payload by 361 pounds). In the modified IR/ortical paint configuration, the 
performance losses were reduced to approximately 60 pounds (81 pounds of 
payload). 

10. Above an altitude of 480C feet, the standard-day OGE hover performance 
of the AH-IG in the IR/optical paint configuration is limited by the 10-percent 
directional control margin of military specification MIL-H-8501A (ref 11, app A). 
This limitation occurs at an altitude of approximately 7900 feet for the aircraft 



•"—"I" 

with a nonlR/optical painted tail rotor (basic and modified IR/optical paint 
configurations). Missions requiring a higher density altitude OGE hover capability 
will incur a significant payload reduction w'.th the IR/optical painted tail rotor. 
For example, at 8000 feet density altitude, this reduction is approximately 
800 pounds. If the IR/optical paint configuration is fielded, further testing should 
be conducted. 

Level  Flight Performance 

11. Level flight performance characteristics were determined for all configurations 
at the conditions shown in table 1. Hie basic AH-1G level flight performance is 
.■•u! imarized in figure 8, appendix H. Figures 9 through 13 depict the level flight 
1*0 set required and the specific range curves for the basic AH-1G. The 
co'responding data for the full and modified IR/optical paint configurations are 
sh wi in figures 14 through 19 and 20 through 22, respec ively. Computed level 
fli) ht power-required characteristics for all configurations at 9500 pounds gross 
wt ght, sea-level, standard-day conditions, are ±own for direct comparison in 
ilf ire 23. Application of the IR/optical paint reduced VH by 6 KTAS. The 
minimum level flight power required increased by 54 shp. With the modified 
IR/optical paint configuration, VH was reduced by 2 KTAS and the minimum 
level flight power required increased by 12 shp. For the basic IR/optical paint 
configuration, 99 percent maximum specific range (based on fuel flow curves, 
ref 12, app A) at 9500 pounds gross weight, standard-day, sea-level conditions, 
was 0.190 nautical air miles per pound of fu< (NAMPP). This was reduced to 
0.180 NAMPP for the full IR/optical paint configuration and 0.186 NAMPP for 
the modified IR/optical paint configuration. 

Autorotatronal Descent Performance 

12. The autorotational descent performance of the AH-IG helicopter was 
determined at the conditions shown ir. table 1. Autorotational characteristics as 
a function of gross weight are summarized in figure 24, appendix E. Data are 
presented for the minimum density altitude to maintain rotor speed with full-down 
collective. At a given gross weight, there will be a minimum density altitude below 
which a constant rotor speed cannot be maintained with the collective pitch control 
on the bottom stop. For the IR/optical paint configuration at a given gross weight, 
the density altitude for full-down collective and 324 rpm rotor speed was I 800 feet 
higher than the altitude for the basic configuration. The significant aspect of this 
degradation was that at light gross weights (less than 7600 pounds), the minimum 
operational rotor speed of 294 rpm could not be maintained down to sea-level, 
standard-day conditions. This performance characteristic may not be detectable with 
existing maintenance test flight procedures. It is recommended that present 
maintenance test flight procedures for determining autorotational rotor speed limits 
be reevaluated. The increase in the density altitude for full-down collective for 
the modified IR/optical pain* configuration was 300 feet higher than for the basic 
configuration. 
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13. The rates of descent for the IR/optical paint and modified iR/optical paint 
confir-'^tious of 70 knots calibrated airspeed (KCAS) were, respectively, 190 feet 
per minutf (ft/min) and 80 ft/min greater than for the basic configuration. 

HANDLING QUALITIES 

14. The handling qualities of the AH-1G helicopter were qualitatively evaluated 
in the basic, IR/optical paint, and modified IR/optical paint configurations 
throughout the conduct of the test program. Within the scope of this test, the 
AH-1G handling qualities were the same for all paint configurations. 

15. Manerjvering stability characteristics for the IR/optical paint configuration 
were quant'tatively evaluated at the conditions shown ir table I. Steady turns 
and s «dden pull-ups were conducted. Results are depicted in figures 25 and 26, 
appendix E. The longitudinal control required to achieve normal acceleration was 
greater than that presented for the basic AH-1G in the AH-1G Phase D report 
(ref 13, app A). However, comparison with other reports, specifically the AH-1G 
Phase B report (ref 14) and the AH-IQ improved Cobra armament system Army 
Preliminary Evaluation (ref 15), indicates essentially the same longitudinal cyclic 
variation with normal acceleration. The maneuvering stability characteristics are 
essentially unchanged with the application of IR/optical paint. 

VIBRATION 

16. Vibration data were recorded during level flight performance tests. Three-axis 
vibration data were recorded at the eg. Although spectral analysis was not available, 
a visual comparison of trace characteristics showed no discernible differences 
between the basic, IR/optical paint, and modified IR/optical paint configurations. 

iBBaMMk 
-- 



T 
*mrQt****e*cm* * 

CONCLUSIONS 

17.   The following conclusions were reached upon completion of tesdng: 

a. The application of IR/optical paint degrades aircraft performance in all 
areas tested (paras 10 through 13). 

b. The performance losses were significantly reduced in the modified 
IR/optical paint configuration (paras 10 through  13). 

c. Present maintenance test flight procedures are not adequate to ensure 
that rotor speed can be maintained within operational limits during autorotations 
at light gross weight (para 12). 

d. Within the scope of this evaluation, the IR/optical paint appiication did 
not noticeably affect aircraft handling qualities or vibrations (paras 14 and  15). 



RECOMMENDATIONS 

18. If the full IR/optical paint configuration is fielded, further testing should be 
conducted (para 10). 

19. The adequacy of present maintenance test flight procedures should be 
reevaluated to ensure that safe autorotational rotor speeds can be maintained 
(para 12). 

10 
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APPENDIX   i.   DESCRIPTION 

1. The test helicopter, serial number 71-20985, was a production AH-1G 
manufactured by BHC. The AH-1G is a single-main-rotor attack helicopter. 
Distinctive features include a narrow fuselage, small stub wings with four external 
stores ' cations, an integral chin turret capable of mounting two ba.rel-type weapons 
(not installed for this test), and skid-type landing gear. Tandem seating is provided 
for a crew of two. The main rolor is a two-bladed, semirigid, teetering rotor. The 
aircraft was modified to incorporate a BHC Model 212 tail rotor, which is described 
in paragraph 2. The aircraft is powered by a Lycoming T53-L-13 engine, flat rated 
to 1100 shp by the main rotor transmission. TTie flight control system is a positive 
mechanical hydraulically-boosted irreversible system. A three-axis limited authority 
SCAS employs electrohydraulic actuators in series with the flight control mechanical 
linkages. 

2. The BHC Model 212 tail rotor is a two-bladed, delta-three hinge type 
employing a flex-beam yoke. Location, power source, and controls are essentially 
the same as the Model 801 tail rotor. The tail rotor was rigged for 16.4 degrees 
full left pedal to  12.2 degrees full right. 

3. The paint supplied for these tests is a low reflective olive-drab acrylic lacquer, 
FSN 8010-08 I-6S88, specified by military specification M1L-L^6159. It is specially 
formulated to reduce 1R solar reflections in the spectral band pass of all currently 
identified IR-feeking missiles. It is also designed to have a low visual gloss to aid 
in visual comrast reduction. 

4. The IR/optical paint was applied by overspraying the existing paint. The 
fuselage, main and tail rotors, and XM1S9C rocket pods were sprayed. Main and 
tail rotor control linkages and mast were not painted. Photos 1 and 2 show the 
paint application. 

5. The modified IR/optical paint configuration was achieved by stripping the 
IR/optical paint from the entire surface of the tail rotor blades and the leading 
edge of the main rotor blades. The paint was stripped back S inches along the 
main rotor chord over the entire span. Photo 3 shows the configuration. 
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Photo 1. AH-1G Helicopter With Painted Tail Rotor Blades. 

• 

Photo 2. AH-1G Helicopter With Painted Main Rotor Blades. 
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Photo 3. AH-1G Helicopter With Stripped Man Rotor BUde. 
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APPENDIX   C.   INSTRUMENTATION 

The test instrumentation was calibrated installed, and maintained by the Data 
Systems Office of USAAEFA. A test boom was mounted on the nose of the aircraft 
and the foUowir.^ sensors were mounted on the boom: a swivelng pitot-static head, 
a sideslip vane, and an angle-of-attack vine. A total-temperature sensor was mounted 
aft of the test boom on the underside of the aircraft nose section (fuselage station 
(FS) S3). Fittings for installation of a trailing bomb airspeed calibration system 
were installed on the left side of the fuselage at FS 90. Data were obtained from 
calibrated sensitive instrumentation and were recorded on magnetic tape and/or 
displayed in the cockpit. The following list is a breakdown of the instrumentation 
utilized during this evaluation. 

Pilot Fanel 

Airspeed (boom) 
Altitude (boom) 
Main rotor speed 
Sideslip angle 
Vertical speed (ship's system) 
Engine output shaft torque 

Engineer Panel 

Airspeed (boom) 
Altitude (boom) 
Main rotor speed 
Total outside air temperature 
Tether cable tension 
Fuel consumed 
Engine output shaft torque 

Magnetic Tape 

Airspeed (boom) 
Altitude (boom) 
Engine output shaft torque ' 
Main rotor speed ! 
Fuel consumed 
Total outside air temperature 
Sideslip angle 
Pitch attitude 
Roll attitude 
Tether cable tension 

16 
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Control positions: 
Longitudinal cyclic 
Lateral cyclic 
Pedal 
Collective 

Longitudinal control force 
Center-of-gravity normal acceleration 
Time code 
Pilot event 
Engineer event 
Vibration accelerometers: 

Center-of-gravity vertical (FS 197.50, BL* 12.75, WL** 36.92) 
Center-of-gravrty lateral (FS 197.50, BL 12.75, WL 36.92) 
Center-of-grav.ty longitudinal (FS 197.50, BL 12.75, WL 36.92) 

•BL: Buttlinc 
••WL:  Water line 

17 
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APPENDIX   0.   ?SST   TECHNIQUES   AND 
DATA   ANALYSIS   METHODS 

TEST TECHNIQUES 

Aircraft Weight and Balarce 

1. The test aircraft wa» weighed on sensitive electronic scales in the basic 
configuration after test instrumentation was installed and with the helicopter fully 
serviced. The fuel loaa for each test flight was determined prior to engine start 
and following engine shutdown by using a calibrated external sight gage to 
determine fuel volume and by measuring the fuel specific gravity. Fuel used in 
flight was recorded by a sensitive fuel-consumed counter and cross-checked with 
readings taken from the sight gage after each flight. Aircraft gross weight and eg 
were controlled by installing ballast in 25-pound increments in the tail boom 
(FS 472), under the pilot seat (FS 135), and/or in the battery compartment 
(FS 43). 

Hover Performance 

2. Hover performance parameters were determined using the tethered and free 
flight hover techniques as described in AMCP 706-204. With the aircraft tethered 
to the ground by a steel cable, engine torque was varied from that required to 
maintain a minimum 200-pound cable tension to the maximum, defined either 
by a maximum torque limit or by reaching topping power. (For this test, topping 
power was determined by an inability to ma'ntain the desired rotor speed.) This 
torque range was repeated for main rotor speeds of 294, 314, and 324 rpm. During 
the test, the aircraft was maintained in a position to keep the cable vertical with 
respect to the ground, through voice or hand signals from two observers located 
to observe the longitudinal and lateral position of the helicopter. Atmospheric 
pressure, temperature, and wind velocity were recorded from a ground weather 
station. All hover tests were conducted with wind velocity less than 3 knots. All 
data were recorded on magnetic tape in 15- to 30-second data records backed 
up by hand-recorded cockpit data. 

Level Flight Performance 

3. Level flight performance parameters were determined utilizing the constant 
weight to density (W/p) ratio technique described in AMCP 706-204. This method 
allows the entire test to be flown at a constant value of the nondimensional 
parameter thrust coefficient (Cj) defined below. In flight the aircraft was stabilized 
at airspeeds between 40 KTAS and VH as limited by engine power available. The 
altitude for each test point was determined from current aircraft weight and ambient 
density (determined from pressure altitude and ambient temperature). All test 
points were flown at 324 rpm. The helicopter was stabiLzed at each test condition 
for at least 2 minutes. 
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AutoroUtional Pggceni Performance 

4. Autorotational descent performance tests were conducted by stabilizing the 
aircraft in an autorotational descent at constant airspeed and constant rotor speed 
or full-down collective. Rotor speed was maintained by adjusting collective position 
until the density altitude-gross weigh? condition was achieved in which the collective 
was on the bottom stop. When this condition was reached, rotor speed was allowed 
to decrease with altitude. 

Maneuvering Stability 

5. Maneuvering stability tests were conducted by first stabilizing the helicopter 
in lg level flight at the desired airspeed and recording the trim condition. The 
load factor was increased by stabilizing the helicopter at increasing bank angles 
in left and right turns. Airspeed and collective were maintained constant and altitude 
allowed to decrease. Additionally, sudden pull-ups were conducted by initiating 
a dive from a higher altitude and lower airspeed than the trim conditions. As the 
trim airspeed was approached, the longitudinal cyclic was displaced aft and the 
aircraft allowed to pitch up through the horizon. Data were recorded with the 
aircraft at approximately zero pitch attitude. 

DATA ANALYSIS 

Hover Performance 

6. Test data fron the PCM flight tape were calibrated and converted to 
dimensional engineering units. This dimensional data were then converted to the 
nondimensional parameters power coefficient (Cp) and Cj by use of the following 
equations: 

GRWT 
"T ' 2 

pA(fiR) 
(1) 

and 

SHP x 550 

pA (f2R) J 
(2) 
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Where: 

p = Ambient density - determined from ground barometric pressure, 
ambient temperature, and hover height (slug/ft3) 

A = AH-1G rotor disc geometric area (ft2) 

II = Main   otor speed (radians/sec) 

R = Main rotor radius (ft) 

GRWT = Thrust - determined from helicopter engine start gross weight, 
fuel consumed, and tether cable tension Ob) 

SHP = Engine output shaft power - determined from main rotor 
speed and engine output shaft torque 

7. A plot of the variation of Cp with Cj was then constructed and a line was 
faired through the data points. Use of the nondimensional hover performance plots 
allows a direct comparison of the power required to hover at a given thrust level. 
The summary hover performance was calculated by use of these nondimensional 
-»lots and the power available presented in figure 7, appendix E. 

Level Flight Performance 

8. Test day level flight power was corrected to standard-day conditions by the 
following relation: 

P 
SHP    "SHP    x — (3) 

8 t Pt 

Where: 

pt = Test day ambient density 

ps = Standard-day average density for the flight 

The data were then generalized to nondimensional coefficients of Cp, Cr, and 
H through the following relationships: 

1.689 VT 

OR (5) 
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Where: 

Vc = Calibrated airspeed - determined from indicated airspeed by 
applying instrument error and pitot-static system error 
corrections (kt) 

\j = True airspeed (kt) 

a = Air density ratio 

Curves defined by the power required as a function of airspeed were plotted 
nondimensionally as Cp versus ß for a constant value of Cj. For each level flight 
performance test flown, these curves were then cross-plotted as Cj versus Cp for 
constant /J value, which allows determination of the power required as a function 
of airspeed for any value of Cj. 

9. The specific NAMPP range data were derived from the test level flight power 
required and specification engine fuel flow data obtained from figure 114 of 
ÜSAASTA  Final  Report No. 66-06. 

Autorolational  Descent Performanre 

10. Collective position, rotor speed, and tapeline rate of descent were plotted 
a? a function of density altitude. The altitude at which the bottom collective s'op 
was reached was the minimum altitude for full-down collective for the test gross 
weight. At lower gross weight-density altitude conditions in which rotor speed could 
not be maintained with full-down collective, the slope of rotor speed versus density 
was calculated. The altitude for full-down collective was then cetermined by 
extrapolating back to the desired rotor speed. The second method is required at 
light gross weights because a constant rotor speed could not be maintained at 
full-down collective. Rotor speed decay versus density altitude, at constant 
collective, is linear, providing a slope which can be used to determine the relation 
of the two parameters at various values of either one. Tapeline rate of descent 
was calculated by the following relationships: 

.»P 
R/D

t 
= ddt 

(6) 

T 
R/DTL = R/Dt x - 

s 

t (7) 
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Where: 

-TT- = Tirst derivative with respect to time 

R/Dt = Test-day rate of descent 

R/DJL = Tapeline rate of descent 

Hp = Pressure altitude 

Tt = Test-day temperature 

Ts = Standard-day temperature 

22 
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APPENDIX   E.   TEST   DATA 

INDEX 

Figure 

Hover Performance 
Nondimensional Hovering Performance 
Power Available 
Level Flight Performance (Basic Configuration) 
Level Flight Performance (IR/Optical Paint 

Configuration) 
Level Flight Performance (Modified 

IR/Optical Paint Configuration) 
Level Flight Performance Comparison 
Autorotational Characteristics 
Maneuvering Stability 

Figure Number 

I  through 3 
4 through 6 

7 
8 through 13 

14 through 19 

20 through 22 
23 
24 

25 and 26 
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FIGURE 3 

SUHWAgY 06E HOV« PERFMHANCE 
AH-1G   USA   S/N 71-20985 
MILITARY POWER AVAILABLE 

MODIFIED IR/OPTICAL PAIMT CONFIGURATION 

NOTES:    1. SHP OBTAINED FROM FIGURE 7, 
2. MINDS LESS THAN 3 KNOTS. 

3. ROTOR SPEED « 324 RPM. 
4.' BROKEN LINE DEPICTS 10 PERCENT 

DIRECTIONAL CONTROL MARGIN (MIL-H-8501A) 
5. HOVER DATA OBTAINED FROM FIG. 6. 

12000 

10000 

ä   8000 u. 

~   6000 

a. 
4000 

2000 

N     \ 
N\ \ X 

N^ V 

S 

S.X 

\ 

^\ ^ N,.     C „ W x^. % XV 
XV 

\ 

6600 7000 7400 7800 8200 8600 9000 9400 

GROSS WEIGHT %  POUNDS 

26 



• 1 !; 

Si   46 

324 

I        ;; : !     ;       :; ■:  .    •      ' 

■      ilii ■•:•;     ;■   . 

  •     -••■-     -rr:: ' T HA    itrpri 33^ ff?'' f♦ii'Ht ■.,1 fr* T '12*4   '-- 

:r:V!.:f. 
.;.■   ...•:! .: ..   ::.      ,; . .-.•■,..   {..: i..-. 

•   ■ 
I 

10 PgRCEUT OWtCTldW. 
CONTROL RfmiN!Nfi 

1 
.  ■;  ■!;;«■:  —.      ■   .    .■ ;       ,    / 

:. . ; : .: :■■    .      !        '     • ■ t\-/ 

< : I 

! ■■ ; ■■ 

... .•...■..    ,     ; 

I 
■;•■:■■.■■ 

.' .Ui.. ■      .x    ..... ' 
  ■ t . t _ 

j    ■ ■.    . ;   . 

■    ..:.f. .■ ,. ;:■. ....        .          

•■ ::i-:::t:::-r:.'i;:-   ■ ■ 
■   i      ;■ . !- 

■.-'      •  ■ .:■■-; 

;•:•, ;.!.-' 
..  '-i-U^umf i    i • *  

52 S6 : 

; ■ .: ;   ■ .-■: .         i. . : ,.       .     .       '   ; 
l:.;.t.'   j' ■ • -      fi        .. «;:. 
I "*'     ■ I "-^ -  >      > 

:j! m 

Gr   X 
IK 

Tl 
HIMI ROTO» THRUST COCFFICICITT. 

27 



Hi![:;;u-:.!i!!; mm 

L... . .j- 

44 48 52 56 
MAIN ÄOTOR 7MIÜST COtFFICIEWT, 

28 
H:ü;, 



FIWRE6 

^^rr^^sr« 
mmm mmmirm tmirnktuk 

0« SKID HTIflHT - 100 PEET 

T—t" 

HIND LESS THAN 1 MOTS 

:■■■ • ' .i .'■   ._;.L'lü :;;71i.".l-   .... 

-rrrr- m 

rtrrctr 

IMP 
JftMEIMft COTSIOE A» TEHPflArUKi .2.0*C. 
1 ttttOMDWttRiTÄHMffglt rt^i^irvrn.!^::.^-:,; :,• 

54 

50 

in 
-   O 

UJ  x  46 
»ml 

t— O 
u. «n 
u. IA 

UJ    O 

*   ^    IB 

UJ    a. u 

34 

30 

4. SOLID SYMBOLS DENOTE FREE FLIGHT HDVER AT *60C, 
5. TETHERED HOVER DIRECTIONAL CONTROL IMSTWMENTAnOi 

a.. 

iwmmm. LJüL.;_..!..: . 

10 PERCENT OIRECVIOHAL 
CONTROL REMAININS. 

TOTAL OIRECTIONAL CONTROL TRAVEL • S.63 IN. 

SYMBOL 

O 
a 

ROTOR SPEED 
(RPM) 

3?4 
3t4 
Z9fc 

i 

i.  .. f 

.    .  i ■ ;..: 
. 

i 

10 PERCEKT OIRECTIONAL 
CONTROL «EUAINIIIG 

• r 

.... ,..-.-..; 

40 44     48    52     55 
MAIN ROTOR THRUST COEFFICIENT,. 

29 

60 64 





in     • t .•■:: ::•.••  :;r7rt: i.j'.Hmitrj 

:t;;;::;;it 
!. 

n  M i^ :::<|J I* !.:<p. ::«* ;;|0:  «,, * :: tt '"■:|P' r3sr 
Hfe«ii 

Ui ...■„-;U::-. 

ISKSI 
31 



•»>     —IS«»,, 

-i-     «ma 
■      •'{•HöHKßi 

TRUE AIRSPttO-v KÄOTS rrrf"--;--;- ■-::•::;.: 

■ 

32 



Ave 
GROSS 

AVG 
DENSITY 

WEICHT    ALTITUDE 
(LB) (FT) 

8300 6340 

rrrrnrri ci 

AH-1€   USA   $/N 71-20985 
BASIC COHfieURATIW 

AVG 
AVG €6 
OAT     LOCATION 

CC) (IN.) 
3.0   199.5(ÄFTJ 

AVG 
»TOR AV6 
SPEED CT 

(RPM) ' 

324 0.004981 

ARMAMENT 
CONFIGURATION 

HEAVY HOG 

1100 

1000 

900 
a. 

c5 

£ 
^     800 

a. 

C3 

700 

600 

500 

NOTE: FUEL FLOW DATA OBTAINED FROM 
FIG, 116, REF 11. APP A. 

0.99 MAXIMUM 

SPECIFIC RANGE 

J" 

FAIRING OBTAINED FRON FIG. 8 

I 
.20  S| 

.15  ■— j 
u 
Ui 

.10   » 

400 
40 60 80 100 120 140 160 

TRUE AIRSPEED ^ KNOTS 

33 



ifru;.',;;!::-::;;-::.;:::!:.1; r.v.'r *:   :; 11$ bifäd pffi 
ulii '  Tr P I ■•-'•■"I ''•.•'.:-r • - ttntf »nrj-tt rsfrjri 

tilt', '''.'i!.*!i; '.i'i"^*i li^ii*^ 

MM 
GROSS  OEMSITY   AVO 
WEIGHT  ALTITUDE  ViT 

(LB) (ft) ro 
8970 5700 9.0   JM.tfAfT 

-rT:j-rr-t--*:!-:r.- Mfffl 

; ;;: ;i;.r;.iU. ^II..' ::■.■ 

I 
QC 

i 
ü ./: 

is, 

t 

a. 

o 

1100 

1000 

900 

800 

700 

600 

500 

IGURATR* 

;    Ria FLW DATA OBTAIWED FRON 
u«; «r n. AMM. 

D.9S mAWt^W^ • I 
t       SPECliFIC RWBlf 

; :..■. 

!:..; 

400 
40 60     80     110    120 

TRUE AIRSPEED % KNOTS 

34 

140 leo 



W$W± IjMttlli:];: 

I 
i 

:'    ' 
r... 

• JVMi   USA  $/M 71-20965 
BASIC COHf IfiURATIOl 

AVG     AVG 

»• ■ - 

AVG     ÄVS 
GROSS 0OISITY AVG 06 «0T0R   AVG 
«EIGHT ALTITUDE m LOCATION SPEED   C. 

(LB)           (FT) CC) CIN.) (ftPM)          T 

8840          8360 SJ 199.«(AH) 325 0.005613 

i : 'i^ ,! 

: -r   :-;--|r- — 

^iirf :, :.. . 

mT- 

m i 

cairittüMTioH 

1100 

1000 

900 

g     600 
S 
t 
i 

700 
to 

o 

2     600 

8 

500 

400 

HEAVY HOG 

ROTEr' FUEL FLOW DATA OBTAINED FROM 
FIG.  118, REF 11, APP A. 

0.99 MAXIMUM 
SPECIFIC RANGE 

y 

.25 

.20 

.15   S' 

,10 
a. 

■    .    - 

.:.4-.-:.--i. 
:     . ■ .! 

..;.::.   .4.,       ., 

1 

FAIRING OBTAINED FROM FIG. 8. 

40 60 80 100        12c 

TRUE AIRSPEED * KNOTS 

35 

140 160 



AV6 
GROSS 
HEIGHT 

(LB) 

9030 

!;•:■   - 

,   '    :    : 

:■ mtk 
DENSITY 

to 

ae 

-r 

1100 

1000 

900 

800 

700 

2     600 

500 

400 

:FI 

Wm pP Pi I 

}» :; :;;: t. v.' 
KIB - -•   *■:■   M  

.-■- rr-i .TTrm^iTviTrr-r 

....)   ....; 
AV6 

m 
c& ■% tiiliiLOLi 

ÄLTITÜK      OAT     tOCATIOK     *EE0        Cf        (»(FISURAr^ 
(FT) CC) (IN.)        (RW) fv! ■ ;!:     ;- :! ■j;;;-rij.'.; 

5,5    199,4{AFT)     324    a00600S HEAVY H06 

FOCI FLOH WTA OBTAHIED 
FIG. 116, IttF 11, APP A 

NÖTE:    FUEL FLOH WTA OBTAHIED FRCB 

0.99 NAXI 
SPECIFIC SAUGE 

;■'.;..'-; . 

FAIRING OBTAINED FRON FIG.  8 

: 

.25    ^ 

.20    Sj 

.15    t 

.10    * 

40 60 80 100 120 140 160 

TRUE AIRSPEED -v KNOTS 

36 



00 

N 

a 

m 
O 

o 
in — 

50 

48 

46 

44 

42 

5   40 

38 

36 

34 

32 

30 

28 

26 
ui 

|      24 
UJ 

22 

20 

M 

O 

o. o 

UJ 

us 

3-        r- 

34 

32 

30 

28 

26 

24 

22 

18     20 

•^ 

FIGURE 14 
NOMIHSHSIOMi. UYEL FH6HT PtRFQRHflflCE 

AH-1^   USA   5/W 71-20985 
IR/OPTICÄL PAIMT CONFIGURATION 

CENTER OF GRAVITY • AFT 

HEAVY HOG CONFIGURATION 

■ 
3 

CM 

• 

34 

32 34 

30 32 

28 30 

26 28 

24 26 

22 24 

20 22 

18 20 

r  - 18 

I 

,.. :j. 

.28 

y » .26 

V *  .24 

u = .22 

u ■ .20 

y t: .18 

y = .16 

M s J4 
u c .2 

40  42 44 46  48  50  52 54  56  58  60 62 

GRWT 
1 I IT = - 

'MR 
MAIN ROTOR THRUST COEFFICIENT, CT X 10* » ^jfa)*  X 10* 

37 



-■■■■ 
,*, ..   ,,—.i-i.*. .«*«.. 

.j:;;:;::; 
:;i;t: 

AVG 
GROSS 
WEIfiHT m 
7710 

■ 

;l ;■ 

i 
~rr 

AH^!}fi   USA   ^/tt 7t-209BS 
: tmmVL iPAIHt CONFIQÜRATIOH 

AW    i AVß AVG 
OEKSm        AVG   .      CG «OTOR        AVG AWAMENT 

■■■\'~: 

I      :t. 

ALTrruo^ 

5220 
-  ;  

OAT     LOCATION     SPEED C* 
TO (P.)        (RPM) ^    ; 
3.0   19M(ÄFT),   324   0.004473 

CONFIGURATION 

HEAVY HOG 

t— 

• -:.-- ;  

WTC: Füll ROH DATA OBTAINEO FROM     i 
FIG.  116. REF 11, APR A, ^ 

180 140;        160 
....    i:"1,; j'i j' ii:::;j:r;ji 

"rtWE AlKPEEO ^ WOTS 

BIMMM^MMAA 
  



- .. . 

L 

m 
GRDSS 
WEIGHT     ALTlTUOe      #T 

(LB) 
8280 

2 
CO 
oc 

o 

C3 

1100 

1000 

900 

800 

700 

UJ 

£     600 

500 

400 

(m 
6320 

20965 
' Oltf IGUlATlCal 

tti uA$>)   im) 
iL:Amym, 325     0.004937 

FLOW DATA OBTAINED 
Ft«. 116. REF 11. «t A. J 

••:] 

•F 

0.99 MAXIMUH-^ 
SPECIFIC RAK6E 

i.:.; .;i 

:.:;• ■•! 

Ui 

4.10 i 

FAIRING OBTAINED FROM FIG.  14. 

40 60     80     100    120 

TRUE AIRSPEED * KNOTS 

39 

140 160 



- •MMa^aiaa 



400 
I :  • 

 U    ■ 
40 0 

1 — i  

. , •.    1   ■ : ,.;     •.:r:r 
r;::;.,i:.:::;.: ri.t:;f.::,H-„ 

ihm» 

■i:! 
; i 

160 

ÄlftSPEEO t KNOTS 
i. 

41 



11IÜI ?iEftt < 

:l!i:; ■•pl-):i mil: :: mthv- 

IflBirilüii liüliiil ■WW' !L|ii-r ■!.■!!■:!' rrtrrrr 

GROSS m$m 
«EIGHT ALflTUK       OAT 

(LB) (Ft)         ^Cj 
»10 

LmA 
6.5   199.4(AFT) 

mm 

;; m 

$24. 0.005958 

ü 
awMMCffr 

üii 

HEAfT 

Bmj 

imaü 
~:T.:% 

511tt4l , 
....    . 

I    . 

• ■   -   •       -■ — 

NOTE: FUEL FLOH DATA OBTAINED FROH 
.1.- ..:  L FIG 116, REF 11. AFP A. 

■ 

s 

i 

1100 

1000 

900 

800 

«/»  700 

600 

500 

400 

I--;::--; rr: ,,f : 

: ■ ,; . ; ' 

 i' ' ■ r'"""';'' 
*. . .. .■  . . 

... _ ... 

FAIRING OBTAINED FRON F.'G. 14. 

40 60 80 100 no 140 

2) 

l:!fti;i 

S 
,:;::• 

* 

m 

. ;■ 

oi». 

10Ä 

:i 

160 

TRUE AIRSFEEO i KNOTS 

42 



t I li»^' 

s 

w i .16 

■ ;   I i,: 

- ±^m~ -^^4- 

40     42     44     46    48     50     52     54     56     5860    62 

MAIN ROTO« THRUST COEFFICIENT. CT     X lO* » ^gfp X 101» 

43 



üfTIS- 

■    —- 

.--r 

-. 

r 

.'U';r...,!.- ;i—-r—r 

•r-TfhvrtrrM-T:- 

-rrrrrrrrrrr 

— —n }—— ■;■■?■>:: ■■■"irrri--r-i 
.; ;:     ■.:!;-,;:J:;: 

*"■   tt»>.'Pt'"TT*'tTT''T"     -..•    •■4~-  t—  -r* 4 

I..,     |      ■.,!■■-.. •..*    * t* . . . ♦» . h» 

ii.   i'i'rli. .-T.— i' 1'»i. ■ 111 

WtIGHT     /U.TITUOC 
(Ul) CFT) 

5280        14.0 

"" 

iW-M':-;' 

l.lli^l**»     ■--.•M-J»*-^»-    ■.>»*»*»■      - 

: 
■■•;'.•. 

m.4(An)      32^   0.0048dl 

H:- •.r.t-:-; 

TrTrT~r 

NOTE:   FUEt FtOV MTA OBTAINCO PfMH 
F!S 116» REF 11, Ä«» A. 

M::!p.::; 

1100 

1000 

900 

800 

700 

S      600 

500 

400 
40 60 80 100 120 

TRUE AIRSPEED * KNOTS 

44 

140 160 



45 



... m m 
GROSS 
VEISHT 

(LB) 

Bei ■ntiHi; 

1100 

1000 

900 
(X 
Ul 

2 
w 800 

t 
X 
to 

700 

£ 600 
i 

500 

400 

-T-^T r— -^v- 
•I:.1' 

,11* p ^ITI irag 
95oo    w,«m ;$ö Uia!    :w.o 
LEGEND PAINT CmWMlim 
  BASIC 
  IN/OPIICAl 
  WWf IED »/OPTICAL -j 

..... 

i    ■ 

i ■■ 

:      •      t 

40 60 80 100 120 140 160 

TRUE AIRSPEED ^ KNOTS 

46 

i ■ 



H ■■■ ' 

:       ■    •. ■       .     : ■   ' .'r '     i  . ' '.::';J    '■fi   i •'; : ■ .;.';  '■       "    '.. ••fr    .•:• '                1) nmn    ■_-■:■  -; •   7- :;I       ;:. : -     \-   ;}[■■: 
• •»•)••-■•■       i ■    ' .  - -. j ■      .       , .      ,'        ,       . . ■        ; 

^TOPO 7400 7800        KOO «600 9000 9400 
:        ,        t    . 

' 1 
: 

7400    ;    TWO        8200 0600        9000    ; 

47 

:'■'•*•■:■■ 

: . .;. 
:i ; 

T%: 

MM« 



s 

CG NORMAL ACCELERATION v 6 
I 

48 

■ ■ -    - 



|--ti-JI!|!hiJ:::,:;(!1Hii:'}:hiH{^i!Hi: 

fiftOSS C& DENSITY       AÄ 
SVMBOL     MEIGHT     LOCATI«     ALTITUDE     OAT 

O 
D 

8100 m.O(AFT) 5150 15.5 
8020 198i<KAFT) $150 16.0 
7860     19»l«öfFT)      4«I0 

' tt*Tl*   ♦    ••■   *t*    ■♦••-*■•.       ■]*••'■    •   ♦I-'f   _ 

4Jimg|mt 

:: .:.:hx'-: 

i~« 8 

O   Ui 

UI OL   u. 

-J o o 

•      :   • 
;. 

17.5 

321 0, 
322 0.004702     139 
320 0ÜD4OT9    m 

!•■ 

RIGHT 

,     .; . ..... ^'WHfM 
l.   .     -..   j.   . -,      ..    .-♦-*■•   (■•'*~tir:i 

•-.   ,      r--:.f:r.-:p.-..- .^l-tr: 
■     ,        •     I •■    :     ; , . .: ■■.:::■. ■■■ Rffi 

..■•p-^ 

41 MJü. 

11 t'.-ttrU-u: i ,;r.:-l}rr: 
.i.r.-. 

- i::.' 

■:-i-> 

:■■ 

: ,    ■ • k .•-:.■: 
.      ;;    I    .;■ 

i 

i,    t 
t . 

f 
1 

•1 ■ 

-J •— JE 
z •— a 
« t^ H- 

i£5 
•-H —i a: 

o »- z 

£4 

go 
1.2 1.4 K6 1.8 

CG NORMAL ACCELERATION % G 

49 

r—i .: ■ 

'..I..': 


