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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 Materiel Command (USAMCl to conduct an expedited comparative 
evaluation of a selected group of three helicopters to fulfill 
the immediate requirement for an armed holicuptcr.  A flight test 
program was conducted on the three aircraft by the US Army Avi- 
ation Systems Test Activity (USAASTA) at Edwards Air Force Base 
(AFB) , California, from 13 November to 1 December 1965.  The All- 
1G Hueycobra was the aircraft selected from the evaluation to meet 
this requirement. 

2. On 17 August 1966, USAASTA was directed by tl,  US Army Test 
and Evaluation Command (USATECOM) to perform Phase B and Phase 
D testing of the Ali-IG helicopter (ref 1, app 1).  A plan of test 
for the Phase B engineering 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 used for the Phase 1) 
test program to reduce the calendar testing time.  One of tiie 
test aircraft was a prototype (aircraft rerial number 6615247) 
and the other was a production model (aircraft serial number 6715695). 
The results of the Phase D performance tests are presented in this 
report (Part 2). The Phase D handling qualities and vibration 
characteristics are presented in other reports (Part 1 and Part 
3).  No wing store jettison or armament subsystem firing tests 
were conducted during the Phas^ D program since adequate testing 
had been accomplished in these areas during the All-lG Phase B pro- 
gram . 

TEST OBJECTIVES 

3. The objectives of the AJI-IG Phase D test program were: 

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

b. To determine compliance with applicable military specifications, 
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c. To determine compliance with contract performance guar- 
antees . 

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

D13SCRIPTI0N 

4. The AJi-lG helicopter manufactured by Bell Helicopter 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 helicopter's main trans- 
mission.  Distinctive features of the AH-1G are:  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 tu the cyclic and directional controls to induce arti- 
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  Sluifter Airport   (42Ü-foot   elevation) ,   l.dwards  Al H 
(2500-foot  elevation)   and  at  high-altitude  test   sites  near Bishop 
(.4120-,   7010-  and  JSOO-foot   elevations).     Testing  was   conducted  to 
determine  the aircraft  performance,  handling qualities  and Vibration 
characteristics.     This  report  contains  the results  of  the perform- 
ance  testing,   and  Part   1   and   Part   3  contain handling  qualities  and 
vibration test results.     Performance testing required   143.4  hours 
and   173  flights.     All   performance  testing was   conducted  on  aircraft 
S/N  6615247.    The configurations  tested during the  performance por- 
tion  of the program are  listed  in table  1. 

Table  1.     Aircraft  Armament  Configurations. 

Configuration Armament Subsystems        | 

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

Basic TAT-102A or XM28 turret, one XM1S7 f 
outboard each wing               j 

Inboard alternate TAT-102A or XM28 turret, one XM159 \ 
inboard each wing               1 

Outboard alternate TAT-102A or XM28 turret, one XM159 1 
outboard each wing               1 

Light scout TAT-102A or XM28 turret, one XM18 
inboard each wing, one XM157 out-  1 
board each wing                 i 

Heavy scout TAT-102A or XM28 turret, one XM18 j 
inboard each wing, one XM159 out- j 
board each wing 

} Light hog TAT-102A or XM28 turret, two XM157 j 
each wing                     | 

Heavy hog TAT-102A or XM28 turret, two XM159 
each wing                      j 

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

6.     The test program was  conducted within the  limitations  estab- 
lished by  the Ali-1G Safety-of-Flight Releases  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   (eg)   at   fuselage station   (FS)   205.97  for aircraft   S/N 
6615247. 

8. The  All-IG  was   evaluated  as   an  armed  tactical   helicopter,   capa- 
ble uf day  or night  operation  from prepared or unprepared  areas. 
The performance of the Ali-1G helicopter was  evaluated to determine 
compliance with  the requirements  of paragraph 3.1.2 of the detail 
specification   (ref  13,  app  I).     Handling qualities ratings were  as- 
signed  in accordance with the Hand.1, ing Qualities Rating Scale   (HQRS) 
presented as  appendix III.     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  techniques  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- 
turbances . 

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 

II.     The  chronology of the AH-1G Phase D; 
as  follows: 

Part  2 test  program  is 

Phase  B flight  test completed  on 
aircraft   S/N  6615247 

Phase  D  flight  test  commenced on 
aircraft   S/N  6615247 

Flight  test  completed on aircraft 
S/N  6615247 

Draft  report  submitted 

3 May 1968 

13 June 1968 

29 July 1969 
January 1970 



RESULTS AND DISCUSSION 

GliNERAL 

12. This  report  presents  the  results  of the  engineering  Phase  I) 
performance  flight  tests  of the AH-1G helicopter.     The test  data 
obtained during these  tests  were used for determining compliance 
with  the detail  specification   (rcf 13,  app  I)   and to provide  infor- 
mation  for use  in  technical  manuals  and other publications.     'Hie 
AJ1-1CI met or exceeded  all   contractor performance guarantees   (see 
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 
excessive  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  geometry;   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.     Subse- 
quent  aircraft  flight  and engine  control  rigging  changes  were 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 
9ü-degree tail  rotor gear box was  installed  to measure  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 performance of the AH-1G were found to be 



limited by the directional control system.  Specific limitations 
are as follows: 

head ins 
Insufficient directional control to maintain a desired 

Overtorquing of the tail rotor drive system. 

c.  Inability 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 directional control margin of 10 percent of the full dis- 
placement while hovering was determined to be the minimum accept- 
able to adequately correct heading deviations caused by small wind 
gusts (2 to 7 knots) and small transient torque variations due to 
main rotor speed changes.  This margin allows an 18-degree-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.  However, the directional control 
displacement limits vary as a function of directional SCAS posi- 
tion discussed in paragraph 20.  Figure A presents the variation 
in directional control margin as a function of skid height. The 
maximum main rotor thrust coefficient (C-p) allowable for each direc- 
tional control margin varied significantly with skid height between 
3 and 15 feet.  The skid height at which minimum main rotor Cj  is 
obtained varied from 5 to 8 feet depending on the magnitude of the 
directional control margin.  Above a skid height of 15 feet, the 
maximum Cy for a given directional control margin increased until 
OGIi hover was attained.  The influence of the lower maximum Cj  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 pnd 55). 



FIGURE A 
DIRECTIONAL CONTROL MARGINS AS A FUNCTION OF AIRCRAFT 
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Notes: I. Total Directional Control Displacement = 7.07 Inches 
2. Full Left Directional Control = 19° Tail Rotor Pitch 
3. Wind Less Than 2 Knots 

18. The contractor's efforts to increase the directional con- 
trol of the AH-IG 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 I). 

19. The tail rotor blades were rigged at a 19-degree (±-4) maximum 
pitch angle with full left directional control.  The horsepower 
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required at the output shaft of the 90-degree tail rotor gear box 
for various directional control margins at different hovering skid 
heights is presented in figures 8 through 1Ü, appendix VI1.  It 
was found that for any given tail rotor blade angle during stabil- 
ized conditions, the tail rotor horsepower required is most criti- 
cal during hovering flight.  The tail rotor horsepower for a given 
blade angle varies as a function of density altitude (lip), decreas- 
ing as density altitude increased.  Mien hovering out of ground 
effect (OC.Li) with a 10-percent directional control margin, 145 slip 
was required at SL and 106 slip at a 10,000-foot Hp.  It was also 
determined that when hovering at 3- to 15-foot skid heights 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 A11-1G stated that the anti-torque drive 
system design limit was 386 foot-pounds of torque [122 slip at 1054 
rpmj.  Analysis of the data reveals that numerous stabilised hover- 
ing flight conditions require higher tail rotor horsepower than 
this design point. The tail rotor horsepower encountered during 
translational flight or unstabilized hovering conditions are greater 
for many conditions than those for stabilized hover. The magni- 
tude of tail rotor horsepower resulting from these transient maneu- 
vers is discussed in reference 15, appendix I.  During the conduct 
of this test program, eight  42-degree gear boxes and four  90-degree 
gear boxes were replaced. Any operation above 180 tail rotor slip 
required immediate replacement of the 42-degree gear box due to 
unacceptable gear wear patterns. The 90-degree gear box required 
replacement when operated above 180 slip 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.  Mien the directional SCAS 
is nulled, full left directional control results in a 19-degree 
tail rotor blade pitch angle. With the directional SCAS 12.5 per- 
cent to the right of the nulled position, only a 16-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 
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to conditions which provide a 10-percent directional control margin. 
Also, hovering at skid heights of 5 to J5 feet should be avoided. 

b.  Action should lie initiated to increase the directional 
control margin and improve the torque transferring capability of 
the tail rotor drive system so the full potential of the All-lC 
can be realized. 

IIUVLJRINL; niRl-'ORMANCi. 

22.  The objective of the hovering performance tests was to deter- 
mine hovering performance as a function of skid height above 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 VII. The test conditions are presented in table 2. 
Tethered hover was used as a primary test method, and the OGE data 
were spot-checked during free-flight hover. 

Table 2. Hovering Performance Test Conditions. 

Configuration 
Skid Height 

(ft) 

Altitude Above 
Mean Sea Level 

(ft) 

Rotor 
Speed 
(rpm) 

Clean 
ICE: 
OGE: 

2,5,10,15,30 
100 

520 324, 314 

Clean and heavy hog 
IGE: 
OGE: 

2,5,10,15,30 
100 

4120 324, 314 

Clean and heavy hog 
IGE: 
OGE 

2,5,10,15,30 
100 

9500 324, 314 

23. The AH-1C hovering performance contract guarantee states that 
the aircraft at an 8000-pound grwt will hover at 2000 feet OGE at 
an outside air temperature of 950F.  The hovering guarantee further 
states that the engine power available will be determined witli the 
particle separator and engine inlet screens removed and zero bleed 
air extracted from the engine compressor section.  Under these condi- 
tions, the aircraft exceeded the contract guarantee by 1400 feet 
in altitude or 430 pounds in gross weight (fig. 15, app VIl).  This 
guarantee was met without encountering the recommended 10-percent 
directional control margin. 

24. The production aircraft has the engine particle separator and 
engine inlet screens installed plus an 0,6-percent compressor bleed 
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air extraction to drive the engine oil cooling fan. These modifi- 
cations decreased the engine power available and, consequently, 
decreased the OGE hovering capability for an ambient temperature 
of 35CC.  This decrease in performance is illustrated in figure B. 
Figure B also presents standard day, CKIli hovering performance.  'Hie 
standard day, ÜGF. 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-E-13 ENGINE 

o 

E- 

—) 
< 

n 
'S) 

tx. 

ENGINE SCREEN AND 
PARTICLE SEPARATOR INSTALLED, 

66  70  74  78  82  86  90  94  98 

GROSS WEIGHT ~ LB x 100 

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-IG at a skid height 
of 5 feet for standard day conditions at a rotor speed of 324 rpm. 
It can be seen that the All-IG hovering capability is greatly reduced 
when observing the recommended 10-percent directional control margin, 
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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 feet, 
the data show that: up 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. 
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FIGURE  D 
HOVERING  IN  WIND ENVEl.oi'U  i 

10-PERCENT DIRECTIONAL C0NTR01 
All-IG    T53-L-13 

SKID HEIGHT =  7  FEET 

OH A 
, MARGIN 

6600    7400     8200     9000    9800   10600 

GROSS WEIGHT - POUNDS 

Notes: 1. Wind Velocity Presented for Critical Wind Azimuth 
2. Seven-Foot Skid Height Represents Most Critical Condition 
3. Full Left Directional Control = 19° Tail Rotor Blade Angle 
4. Ten-Percent Directional Control Remaining From Mean 

Control Position Required During Stabilized Hover 
5. Yaw SCAS OFF 
6. Standard Day 

TAKEOFF  PERFORMANCE 

27.     Takeoff tests  were  conducted to determine the  takeoff distance 
required to  clear a 50-foot  obstacle.     The  test   conditions  were: 
heavy hog configuration,  a 7420-  to 9270-pound  grwt,   a   140-  to  11,320- 
foot HQ and a eg of 195  inches.     'Die  test  results  arc  presented in 
figures   26 to  29,  appendix VII.     The   takeoff performance  summary 
(fig.   26'J   shows  that  takeoff performance  at  altitude  is   limited by 
directional  control.     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  feet   for a  gross  weight 
of 9500 pounds.     The performance summary docs  not   include  data below 
30 knots  indicated airspeed   (KIAS)  because of largo errors  in the 
standard airspeed system between  zero and  30  K1AS.     Data were  ob- 
tained at  airspeeds below  30  KIAS with  the boom airspeed system. 
Although  these  data are  included in  the test  results,   they  are not 
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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. Hover IGE at a 3-foot skid height at 324 rotor rpm. 

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

c. Smoothly increase collective pitch to limit torque (or engine 
exhaust gas temperature (ECT) 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. Climbout at the recommended 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. 'Hie test takeoff technique allowed the 
maneuver 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. 

50. The significance of the modified technique can be se.2n 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 same 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 recommended for 
operational use. 
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CLIMB PERFORMANCE 

31.  Continuous climbs to service ceilings were conducted to deter- 
mine the climb performance of the A11-1G.  All climbs were performed 
with the engine developing 1100 shp until the critical altitude of 
the installed engine was reached.  Above the critical altitude, mili- 
tary rated power (MRP) was used until service ceiling was obtained. 
The optimum airspeed climb schedule was used for all climbs.  The 
test conditions and significant results for cacli climb are presented 
in table 3.  It is estimated that the rates of climb presented in 
table 3 could be improved upon by flying at the aft eg 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 enhance the capability 
of the A11-1C 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 

Configuration 

Climb 
Start 
GRWT 

(lb) 

SL Rate 
of Climj 
(fpm) 

10,000-foot HD 
Rate of Climb 

(fpm) 

Combat 
Ceiling1 

(ft) 

Service 
Ceiling2 

(ft) 

Clean 7500 2200 2150 19,500 20,900  1 

Clean 8500 1725 1625 16,600 18,100 

Heavy 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 feet per minute (fpm). 
2Altitude for maximum rate of climb of 100 fpm. 

32. The climb performance contract guarantee states that the air- 
craft will climb at 1800 fpm on a standard day at SL in the outboard 
alternate 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 eg loading. 
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53.     Additional  continuous  climbs were  flown  from 2000  to   10,000 
feet  to determine  the  correction  factors   for both  gross  weight   (KK) 
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 Kp  in both  configurations.     Kw varies nonlinearly  from 
0.560  for a  gross  weight  of 7000  pounds  to  1.026  for  a  gros.s  weight 
of 9500 pounds.     Altitude had no effect  on the values  of cither  Kn 
or  Ku-.     The  results  of these  tests  arc  presented  in  figure  35,   appen- 
dix VII. 

34. The maximum R/C airspeed schedules were derived from the   level- 
flight  performance  data and are presented in  nondimensional   form 
in  figure 36,   appendix VII.     The pilot's  effort required to  fly the 
climb  schedule was  moderate in  that numerous   longitudinal   control 
corrections were necessary to maintain an exact airspeed  (11QRS 4) . 
A reduction  in pilot  effort  was  realized by  flying a climb  airspeed 
approximately 15 knots faster than the optimum airspeed.     Climbs 
performed at the higher airspeed resulted in satisfactory climb per- 
formance with minimal pilot compensation   (I1QRS 3).     It  is  recommended 
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- 
mum range and endurance.    The conditions tested are presented in 
table 4. 
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fahle  -1.     Level-Flight   Test  Condi'. ions . 

i      Cunt' i gurat ion Center of dravity l'hrust   Coefficient   Lange 

i.'lcan forward 0.003823  to  l).(U)()(>()4 

j 

i i..-an forward O.OO-lbfiO  to  0.005382        \ 

(lean Aft 0.(10-1208  to  O.OOMiC? 

Basic forward 0.004613 to  0.005319        | 

i'.j.-. ie'' forward 0.004bbl   to 0.005410        \ 

Light   scout 
1 

Forward 0.0045(i2   to  0.005371         j 

I   Light   hog forward 0.004 504   to 0.005 54 8        | 

Inboard alternate forward 0.004630   to  0.005 351         | 

Outboard  alternate forward 0.00 3088   to  0.005 34 6        j 

heavy  scout forward 0.004 5 76  to  0.006717 

Heavy hog forward 0.003983  to  0.0066 76        | 

Heavy hog2 forward 0.004076  to  0.005735        1 

Heavy hog Aft 0.004624  to 0,006734       | 

landing gear cross- 
2Rocket pod fairings 

:ube  fairings  removed, 
installed. 

ib.     All   tests  were   flown with   the  frangible   rocket  pod   fairings 
removed unless  otherwise  specified.     Lnd plates  were  placed over 
the   front  of each  rocket  pod to acrodynamica1!y  simulate a  loaded 
pod when   inert   rockets  vsere  not  used to achieve  the  desirci'  aircraft 
loading.     The   results   of  the   level   flight   test   are  presented   in   fig- 
ures   37  through   101,   appendix VII.     Aircraft  endurance,   specific 
range  and maximum airspeed   in   level   flight   {\!\\)   for minimum and maxi 
mum  aerodynamic  drag are  summarized   in  figures   106  through   109. 

37.     All  configurations   tested  revealed  an   increase   in  equivalent 
flat  plate area  when  compared  to the clean configuration.     The   in- 
crease  in  equivalent   flat   plate area  for different   configurations 
is  presented   in  figure  f.   for a  thrust  coefficjeut   of   19.0 x  10-^. 

16 



The increase in equivalent flat plate area was greatest for the heavy 
scout and heavy hog configurations.  The equivalent flat plate areas 
for these two configurations increased nonlinearly at higher air- 
speeds.  This nonlinear increase in equivalent flat plate area was 
attributed to the change in aircraft attitude (nose down) as air- 
speed increased. 

FIGURE F. 
CHANGE IN ÜQUIVALENT FLAT PLATO AREA 

DUF TO WING ARMAMENT CONFIGURATION CHANGES 
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38.     i'he  Vu  contract  guarantee  is   144  knots  true  airspeed   (Ki'AS) 
in  the  outboard alternate  configuration  on  a standard day  at   SL  for 
a gross  weight of 8000 pounds  with  the engine developing  1100  shp. 
The model   specification  did not   specify what  eg would be  used  to 
meet   this   guarantee or any other  contract   guarantee.     Figure   102, 
appendix  VH ,   presents  the  results  of the  Vp contract  guarantee  check. 
The  aircraP>,   did not meet   this   guarantee  at   the   forward  eg   location 
since   it   could only achieve a  velocity of  140  KTAS.     However,   the 
aircraft   exceeds   the  contract   guarantee  by  9  knots  when   loaded  at 
an  aft   cq   loading. 
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39.  The V|| 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 S00Ü feet, the V|| decreased from 154 KTAS at a 7000-pound grwt 
to 142 KTAS at a 9500-pound grwt in the clean configuration at a 
forward eg.  The V'n for each individual armament configuration is 
presented in table 5.  When comparing the clean and heavy hog config- 
urations, the V'n decreased about 9.0 percent.  The present limit 
airspeed (Vp cannot be exceeded under any level flight condition. 
Figure F presents the maximum airspeed obtainable versus gross weight 
for the clean and heavy hog configurations at the forward and aft 
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fable  5.     Summary of Maximum Airspeed,   Specific  Range  and  Fndurance. 

Altitude:     5Ü00   feet Rotor  speed:     324   rpm 
Cross  weight:     8500 pounds       Standard day 
Center of gravity:     forward    Rocket  pod  fairings  not   installed 

Configuration 

Maximum 
Airspeed 
in Level 
Flight 
(KTAS) 

Recommended 
Cruise 

Airspeed 
for 99"o 
Maximum 
NAMPP1 

(KTAS) 

Speci fie 
Range 
for '.m 
Maximum 
NAMPP 

Fuel Flow 
at 

Minimum 
Engine 
Powe r 
Required 
(ib/hr) 

Minimum 
Power 

Requi red 
Airspeed 
(KTAS) 

Change in 
Fquivalcnt 
Flat Plate 
Area - tf2 

(ft^) 

Clean 148.5 137.0 0.2200 458 72.0 0 

Bas ic 146.5 135.5 0.2165 462 70 .5 1.4 

Light scout 144.5 134.0 0.2140 464 69.5 2.5 

Inboard 
alternate 

143.5 133.0 0.2130 464 68.0 3.1 

Outboard 
alternate 

143.0 132.0 0.2125 466 67.5 3.2 

Light hog 142.5 131.0 0.2120 466 67.0 3.3 

Heavy scout 140.5 129.5 0.2090 467 66.5 
4.95 

below 130 
KTAS 

Heavy hog 135.5 127.0 0.2030 471 63.5 
7.7 

below 125 
KTAS 

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

40.     The  range performance  contract  guarantee states  that  the  air- 
craft will  have  an operating radius  of  148 miics.     The AII-IC  exceeds 
this   contract  guarantee by   1.6  nautical  miles   (NM)   at  a   forward  eg 



and  S.l   \'M .it   an  aft   c^.     Table  B,   appendix VI,   presents   a  summary 
ot;  the  operating  radius  cuntruct   guarantee  an;ilysis.     This   analysis 
was   iiased  on   figures   lo.i  and   104,   appendix  111. 

II.      The   range  performance  of various  armament  configurations   are 
presented   in   table   .'•   for  a   thrust   coefficient  of 49.ü   x   10"'+.     'llie 
range  of the heavy hog configured aircraft   at  99  percent  of maximum 
XA.MfP   is   .■.'"-percent   less   than   the   range   for  the   clean   configured 
aircraft.     Minimal   pilot  effort  was   required  to maintain  the  cruise 
airspeeds   for all   configurations   [11QRS  3). 

42. The  endurance guarantee  specified that  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  eg  and 
Ü.08 hours  at   an  aft  eg.     Table  C,   appendix VI,  presents   a  summary 
of the  endurance  contract   guarantee  analysis.     This   analysis   is  based 
on   figures   103  and   104,   appendix  VII. 

43. Ihe  endurance capability  of  the  All-JG  in various  armament 
configurations   is  presented   in  table  5   for- a  thrust  coefficient 
of 49.0  x   10-   .     The  aircraft's   endurance   in the minimum aero- 
dynamic   drag  configuration   is   2.8  percent  more  than   in   the 
maximum aerodynamic  drag configuration. 

44. Hxtensive pilot  compensation was  necessary  to  precisely main- 
tain  the  airspeed for maximum endurance   (11QRS 6).     The  compensation 
required was  both  annoying and  fatiguing to the  pilot,   particularly 
for periods  of time  in  excess  of 15  minutes.     If this  airspeed was 
not  precisely maintained,   a rate  of descent   (R/f-O   developed which 
necessitated an  increase  in  power to return to  level   flight.     The 
pilot's  effort  decreased significantly   (11QRS 3)  while  maintaining 
an  airspeed  approximately  15  knots  higher than  the  maximum  endur- 
ance  airspeed.     The  increase   in  engine power i-cquircd  to maintain 
the  higher airspeed was  small  and  resulted in  a maximum 3-percent 
increase   in   fuel   flow.     It  is  recommended that  a discussion  of the 
pilot's  workload versus  the   aircraft's  maximum endurance   capabili- 
ties  be  included  in  the  operator's  manual, 

4?.     The   eg  location had  a  significant  effect  on  the  power  required 
for   iiic.pi. eis   above 50  KCAS.     'Hie  power required  to maintain   level 
flight  decreased as the eg moved aft.     There was  a   larger reduction 
in  power  required   for the heavy hog  than  the  clean  configuration, 
llie  reduction  in  equivalent  flat  plate  area  and  the   increase   in maxi- 
mum airspeed,   endurance  and  range  due  to the  change   in  eg  are  pre- 
sented   in  table  6.     This  analysis   indicates  that   a   greater  reduc- 
tion  in  [lower  required can be  realised by operating at  an  aft  eg. 



Table b.     Effect  of CG on  Maximum Airspeed,   Specific  Range  and  lindurancc, 

Altitude:     5000   feet Standard  day 
Cross weight:     8500  pounds      Rocket  pod  fairings  not   installed 
Rotor speed:     324  rpm 

Recommended Fuel Flow 
Maximum Cruise Specific at Minimum Change in 
Airspeed Airspeed Range Minimum Power Equivalent 

Configuration in Level for 99". for 99üo Engine Required Flat Plate 
Flight Maximum Maximum Power Airspeed Area - Af1 

(KTAS) NAiMPP 
(KTAS) 

NAMPP Required 
(Ib/hr) 

(KTAS) (ft2)   j 

j Clean2 149.0 137.0 0.2200 458 72.0 
3.9     j 

Cl-an3 157.5 150.0 0.2325 455 69.0 

Heavy hog2 137.5 127.0 0.2030 471 63.5 
6.4     | 

! Heavy hog3 146.0 132.5 0.2180 458 69.0 

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

2Forward eg. 
3Aft  eg. 

46. 'Hie 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.     Figure 105,  appendix VII,  presents  a compari- 
son of the blade tip mach number for two speed-power polars  flown 
at  an average  thrust   coefficient of 60.35  x  10-4.     This  limited  check 
indicated no significant degrauation in the  level   flight perform- 
ance with  increasing  tip mach numbers. 

47. The  installation of the  frangible rocket  pod  fairings reduced 
the engine power required to maintain  level  flight.     This reduction 
in  power was  greatest   for the heavy hog configuration.    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 decrease  in  equivalent  flat plate area 
and  subsequent  increases   in maximum airspeed,   endurance and range 
with the  frangible rocket pod fairings  installed  for a thrust  coeffi- 
cient of 49.0 x  10-4. 
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.';.ble 7. liffect ü{
:
 l-'rangihlc Rocket Pod Fairings on 

Maximum Airspeed, Specific Range and Hndurance 

Gross weight:    85(10 pounds 
Altitude:  5000 feet 
Center of gravity:  forward 

Rotor speed : 
Standard day 

324 rpm 

Recommended Fuel Flow 
Maximum Cruise Specific at Minimum Change in 
Airspeed Airspeed Range Minimum Power Fquivalent 

Confjgurat ion in Level for 99% for 99% Fngine Required Flat Plate 
Flight Maximum Maximum Power Airspeed Area - Af1 

(KTAS) NMIPP 
(KTAS) 

NAMPP Required 
(Ib/hr) 

(KTAS) (ft2) 

Basic2 145.5 135.5 0.2165 462 70.5 
0.5 

Basic3 147.5 136.5 0.2175 460 70.5 

Heavy hog2 137.5 127.0 0.2030 471 63.5 
3.8 

Heavy hog3 141.0 131.0 0.2100 457 68.0 

^f equals equivalent flat plate area for rocket pod fairings not in- 
stalled minus equivalent flat plate area for rocket pod fairings in- 
stalled. 

2Rocket pod fairings not installed. 
3Rocket 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 decrease 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 K1AS for 
this configuration was established by USAAVSCOM's message (ref 16, 
app I) and was not exceeded 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  area of both   the  test   aircraft   and 
the product ion A11-1G have been  increased approximately 5  square  feet 
above  that   of the  Bell  Helicopter Company's  model   20'.)  aircraft   ( ref 
17,  app  1).     It  should be noted that  the  engine used during  the Army 
evaluation  of  the  Bell  model   200 was   not   calibrated below  an  output 
torque  pressure of 44.5  pounds  per  square  inch   (psi);  therefore, 
this   increase  in  equivalent  flat  plate area can only be calculated 
accurately at  engine  slip above  1020.     This   increase  in  equivalent 
flat  plate  area was  probably caused by  the  following external   changes: 

a. The  addition  of two   inboard wing stores  stations. 

b. 'llic wider  fuselage  configuration  for acceptance of the  final 
chin  turret. 

c. Increased thickness of the stub wings. 

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

e. 'Hie  removal  of flush-head rivets   from the tail  boom. 

f. The  addition of various  access  and vent  panels. 

AUT0R0TATI0NAL  DESCENT PERFORMANCE 

51. Steady state autorotational  descent performance tests were  con- 
ducted in botli  the  clean and heavy hog configuration under test  condi- 
tions of:     a 5000-foot lip,  an 8500-pound grwt  and a foi-ward eg 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 
occurred 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  airspeed  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 necessary to maintain the airspeeds  for 
maximum glide   (IIQRS  3) . 
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:).S.     I'rcclsc  control   of  the   rotoi* speed  tluring  steady  state  auto- 
rolatiuu  was   difficult  because  small   adjustments   of the   collec- 
tive  pitch  control   resulted   in  relatively  large  changes   in  rotor 
nun.     In  addition,   the  high   inertia  of  the   rotor  system caused 
a   I.it1   in  the   response  of  rotor speed  to   collective   control   inputs. 
liuse   two  characteristics   resulted   in   the  pilot's   tendency  to   "chase 
the   rotor speed".     Although   it  was  not   difficult   to maintain  rotor 
rpm between  red   lines   (294   and  339   rpmj,   attempting  to maintain 
a  precise  rotor  speed   required extensive  pilot   effort  and atten- 
tion   (11QRS 6) . 

LANblNG inikFURMANCli 

Si.     banding  performance   tests were  conducted  to  determine  the 
landing distance   required  to clear a  50-foot   obstacle.     The  test 
was  performed  at   a  6360-foot  lip,  at  gross  weights   from 8490  to 
9500 pounds  and   in   the  heavy iiog configuration. 

55.     The   test   results  arc  presented  in   figure   112,  appendix VII. 
The  slowest   recommended approach  airspeed  is   15   KCAS   (17  Ki'AS) 
and resulted  in  a  landing distance of 265  feet   after clearing  a 
50-foot  obstacle.     Although  the data  show that  slower approach 
airspeeds  wore   flown,   airspeeds below  translational   lift   (less 
than  15  KCAS)   are  not  recommended because  of the  critical   tail 
rotor horsepower requirements  and directional   control margins   pre- 
viously di. cussed   (paras   17 and  19).     The  following  landing tech- 
nique was  used  for this  test: 

a. Establish  the  selected  approach  airspeed with  an  approxi- 
mate  300  fpm R/O. 

b. Maintain  airspeed  and K/l) until,  the helicopter  is   10  to 
15   feet  above  the  terrain. 

c. Smoothly  reduce  airspeed and  R/D  and affect  touchdown 
uith   little  or no  ground  speed. 

l V.lj.li   l.SiS'1'Ald.ATJ.ON   lOSSliS 

St'.     ihe  objective  of  these  analyses  and  tests  was  to determine 
engine  installation   losses  and .their effect   on  engine  power and 
engine   fuel   flow.     linginc   power available   and   fuel   flow were   de- 
rived by the  methods   presented   in  the  engine  manufacturer's  model 
specification   (ref   IS,   app  I).     'Ihc  engine  power  and  fuel-flow 
data  are  presented  in   figures   111  through   118.   aups-ndix VII. 
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57. Only one inlet configuration was tested to determine the effect 
on engine performance. This inlet configuration had the engine 
inlet screens and engine particle separator installed and is the 
standard production configuration.  The inlet losses attributed 
to tliis inlet configuration were used to determine engine horse- 
power output and engine fuel flow in all tests in this report except 
for contract guarantee compliance checks.  The results of the produc- 
tion inlet evaluation are presented in figure 113, appendix VII. 

58. The engine inlet temperature rise for the standard production 
configuration varied nonlinearly from 30C to 60C for airspeeds from 
zero  to 150 KCAS.  There was no apparent change in inlet temper- 
ature rise as a function of hover skid height, accumulative hover 
time, engine power required, altitude or rotor speed. However., 
a slight increase in inlet temperature can be expected when hover- 
ing down wind.  'Hie exact magnitude of this additional inlet tem- 
perature 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 effect on both engine power and fuel flow which results 
from an increase in ambient temperature. 

59. The engine inlet pressure ratio (Pt /Pa) 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 airspeed caused a loss in engine power 
only 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 
guarantees were exceeded using these inlet losses as a data basis. 
This inlet configuration did not have engine inlet screens or an engine 
particle separator installed, A comparison of the two inlet config- 
urntinns is presented in figure G, 
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FIGURE  G 
ENGINE CHARACTERISTICS 

AH-1G    T53-L-13 

ENGINE SCREENS AND PARTICLE - 
SEPARATOR NOT INSTALLED 
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Ol.     The  magnitude of extracted  compressor bleed   air  used  was  not 
measured  durmi;  this   test   program.     The   results   and   analysis   of 
the  test   conducted by  the  airframe manufacturer   revealed   that   a 
constant   0.6 percent   of the  total   air  flow   is  used   to  power  the 
aircraft's  oil  cooler  fan.     This  value was used   to determine engine 
performance wiien bleed  air was  nut  used  for  the  environmental   con- 
trol   system,   engine anti-icing or   rain  removal.     When   the  cool- 
ing  portion  of the  environmental   control   system was   opera1 mg, 
3.6  percent  of engine bleed  air was  used to determine  the perform- 
ance  of the  engine.     For normal  operations,  bleed  air  extraction 
will   probably not   exceed   3.G  percent.     It would  be   possible   to 
use   the  entire  4  percent   of maximum allowable  bleed   air   if the 
anti-icer  and  cooling  systems  were  functioning  at   the  same  time. 
Zero bleed  air was  used  for  checking contract   guarantees. 

•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  guarantees  assumed  zero 
horsepower extracted  from the  gas  producer.     A  14.O-horsepowcr 
extraction  resulted  in  a  maximum decrease of  1  percent   in  engine 
power  available and an  increase of 0.05  percent   in   fuel   flow  for 
a  standard day. 

I'OWf.R AVAILABLli 

63. The  objective  of  these  analyses   is   to present   the   engine mili- 
tary  power  available  as   a   function  of airspeed,   altitude  and  am- 
bient   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 
from  the  gas  producer   (zero  horsepower)   and  power   turbine  output 
speed   (6600 rpm).     Power  available was  calculated  using  zero,   0.6 
and  3.6 percent  of engine bleed  air.     The power  available data 
arc  presented  in  figures   114  through   118,  appendix VII. 

64. The  characteristics  of the  production engine  air   inlet   caused 
the  power  available  to  decrease with  increasing  airspeed.     The 
decrease   in  power available  was  approximately  4.5  percent   between 
zero  and   1'')  KTAS  at   10,000   feet. 

65. The  contract   guarantees  were based  on  the   inlet   characteris- 
tics  presented   in  reference   17,   appendix   I.      i'lie  bleed  air  and 
horsepower  extracted   from the  compressor  section  were  assumed  to 
be   zero   since  the  contract   guarantees  did  not   specify   any  value. 

66. The  T53-I.-13  engine   is   rated  at   1400  slip  at   Si,,   standard day, 
uninstallcd conditions.     The  maximum power output   limit   below  the 
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iltitude  of  the  engine   is  defined  by  various  cuntractor 
s   [refs   13  and   II,   app   I)   and  the  US Army AI1-1G operator's 
ruf  191.     The maximum  ptnver  output   limit  varies   !"reru   110(1 
shp  at   a   niter  speed  uf  324  i'piii   (doOO  rpm engine  power 
depend in g an '.diich reference is used to define the limit, 

ormance data in this report are based on an 1lOO-shp limit 
c critical altitude of the engine. The variation in maxi- 
r output limits is presented in table 8. The All-lll opcr- 
anual presents a "redline" engine torque limit of SO ps1 
er seven, while 1100 slip is defined as -19.0 psi in chapter 

These   values  disagree  with   the   torque   limits  presented 
8.      It   is  recommended   that   the  Ail-iC operator's  manual 

ctod  throughout   to   reflect   a   compatible  engine   torque   limit 

able  8.     Maximum  Power Output   Determinations 

hngine  speed:     6600 rpm 
Standard  day 

Hngine 
Critical 
Altitude 

(ft) 

Shaft 
Horsepower 
Available 

(Shp) 

Engine 
Output 
Torque 
(ft-lb) 

F.ngine 
Torque 

Pressure 
(psi) 

Source  of 
Information 

8200 hioo 875' 47.5 Ref  13,   app  1 

7000 1137 2 90 5 49.1 Ref 14,   app  1 

6300 1158 921.5 350.ü Ref  19,   app  1 

Engine  power rating limit. 
Main  transmission  input torque  limit. 

3linginc  "redline"  torque  pressure   limit 

rNGixii t;ilAiucrfRiSTn3 

()7.      The  objectives  of these   tests   were  to  evaluate  enginc/airf rame 
matching  characteristics  and  to  compare  the  contractor's  engine 
calibration  data with  the engine  data obtained   from this  test   pro- 
gram. 

68.     The  engine's  static  "droop"  characteristics  were  good.     few 
adjustments  were  required on  the  power  turbine  speed-select   "beep" 
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switch when  roducing or   increasing engine  power output.     I'hc  engine 
power turbine  speed-select  switch  characteristics  arc  presented 
in  figure   119,   appendix  VII.     The  average  time  required   for  rotor 
speed   to  change   after   the  "beep"  switch  was   activated was   0.(i5 
seconds.     There  was   no  noticeable  variation   in  this  delay  time 
between  a   loaded  or  unloaded   rotor  system.     The  engine  "beep"   switch 
trim rate had  a   constant   value of  157   rpin/sec   after  the delay   time. 
The power  turbine  speed-select   switch  characteristics were  satis- 
factory and much   improved  over previous   Ull-l   series  aircraft   equipped 
with the T53  series   engine   (IIQRS  3). 

69. The dynamic  characteristics of the T53-L-13  appeared  to be 
satisfactory throughout  the  flight  envelope  tested.     When rapid 
power demands were required,  compressor  stall  was  not  encountered 
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 reference 
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  cngine-airframc- 
matching shortcoming previously reported  in  the Ali-lCI Phase B reports 
(refs  2  and 8,,   app  I) .     This  shortcoming was  the  increase  in  engine 
power output resulting  from a rapid  left-lateral  control  input 
while  in  forward  flight.     Conversely,   a  right-lateral  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 presented 
in  figures  120 through  124,  appendix VI1,  and  indicate that  the 
amount of increased  engine power is  a  function  of the  size of  the 
lateral  control   input.     Engine torque  increased  S  psi  as  a result 
of left-lateral  control   inputs of appreximatcly  1.5  incites  at  67 
and  125  KCAS.     A  14-psi   torque  increase was  recorded  for a 4-inch 
left-lateral  control   input  at  108 KCAS.     KTien operating below  engine 
critical altitude,   an  abrupt  left-lateral  cyclic  input  could result 
in exceeding the torque  limit of the main transmission.    This  short- 
coming detracts  from the overall mission  effectiveness  of the AI1-1G, 
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. Referred engine  parameters were monitored  throughout  the  test 
program to check  for  engine degradation  as  a  function of usage. 
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Two engines (S/N I.P. 1-1001 and S/N LE 14008) wrv  used during the 
program. The engine referred parameters calculated for these tests 
are presented in figures 125 through 130, appendix VII. 

75.  The S/N Lli 14001 engine was used for all tests during the pro- 
gram for which engine power was required as a primary parameter. 
Correlation was very good between engine referred parameters ob- 
tained during this program and the engine calibration referred param- 
eters for both the pre-program and post-program engine calibrations. 
The characteristics of this engine were better than the minimum 
acceptable standards specified in reference 18, appendix I.  The 
only area 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 engine operating hours 
was accumulated during the test program. The only change that could 
be construed to constitute engine deterioration was a slight in- 
crease in referred HGT as a function of referred slip when comparing 
the pre-program and post-program calibration. 

74. A total operating time of 56.2 hours was flown on engine S/N 
LE 14008 prior to its failure. The failure 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-foot l-i[) and one at a 
12,000-foot \\Q.    The first restart was made from a steady autorota- 
tion at 65 K1AS at 5000 feet using the procedure outlined in para- 
graph 4-26 of the A11-1G operator's manual. The second was at 110 
KIAS at 5000 feet using the normal engine start procedure (gover- 
nor switch in AUTO).  The third was at 60 KIAS at 12,000 feet using 
the normal engine start procedure. 

76. The results of the restart tests show that it is possible to 
restart the engine during flight if time and altitude are avail- 
able.  Following engine 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 (380oC) for more 
than 60 seconds of flight with the engine 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 monitoring uf N^ and l-.t'.T ua.s required. Uuv  lu t iii' hii'ii 
residual l.CY  at start initiation, close munitonnj; md engine 
control wore required to prevent engine overt einpi nu,.  I he engine 
acceleration capability was limited by high liGT (7(H)0t. to "(il)0i:). 
The control of the engine and rotor speed (during the transition 
from power-off to powered flight) with the HMiiR governor control 
demanded very close attention which left little opportunity for 
evaluation of potential landing sites or ground proximity.  The 
procedure using the hMliR governor control is unaceptable for any 
situation other than a known governor malfunction.  The compound- 
ing problems (engine failure, SCAS disengagement, f.MI.R governor 
control) are too demanding to expect safe recover)- to powered flight. 
Sixty seconds were required after engine starter engagement to regain 
sufficient power to arrest the descent.  The altitude loss was 1800 
feet in stublized autorotation at the minimum R/D airspeed (65 KIAS). 

77. The second restart was initiated at 5000 feet in full auto- 
rotation at llü KIAS.  The governor switch was left in AUTO, and 
the throttle was positioned in the normal start detent.  The Nj 
decay following shutdown was similar to that at 05 KIAS.  The l;GT 
remained high (380oC to 390aC) at rime of starter engagement.  The 
SCAS disengaged with starter activation but was less distracting 
since the resultant aircraft trim change was anticipated.  The liC'.T 
required close monitoring, and some throttle movements were neces- 
sary to prevent the hGT from exceeding 75ü0C. After self-sustaining 
rpm was reached (-10-percent Nil, the lidT was easily controlled, 
and the engine accelerated smoothly to operating rpm.  The time 
required to regain powered flight was 45 seconds. This was less 
time than that required when using manual throttle control of the 
governor (EMER).  The altitude loss was about the same (1800 feet] 
due to the higher R/D at the higher airspeed. The pilot's atten- 
tion required in the cockpit using AUTO governor control was greatly 
reduced from that using the EMF.R governor control, and the restart 
time was significantly reduced. 

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

79. The results of the test indicate that paragraph 1-27 of  the 
All-It; operator's manual should be revised as follows: 

4-27. The conditions which would warrant an at- 
tempt to restart the engine would be: an engine 
flameout analyzed to be a malfunction of the fuel 
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.-'iitrul   unit;   faiiuiv  uF  Uu-  l.oosl   pump or   full 
> lusuix'  nf   the   throttle   tliu    lu   flight    idle   stop 
la'luiv.     Flic  decision   to  attempt  an  engine   re- 
'■tart   during   t light   is   the  !    l>)t,>   responsibility 
and   i,'  dependent   upon  analysis  of:     the  e'ausc 
of  failure,   the  altitude  and  time available, 
the   potential   landiiu',  condition  sites   and   the 
crew  assi.^tuiiCi   available.     Test:,  have   shown 
that   -IS  to  u-i  seconds  will   be   required  to   re- 
gain   powered   flight   from  the   time   the   starter 
switch   is  depressed.     Depend my, em the  air- 
craft's weight,   speed am!  flight path  at  the 
time of   failure,   altitude   loss  during restart 
will   vary between   1500  and  21)00   feet.     Before 
making a  decision,   the  pilot  should  analyze 
the   following  variables:     the   time  and  altitude 
required  following the  engine  failure  to  regain 
aircraft  control,   the  cause of  failure  and 
whether or not  to set the controls and switches 
for restart.     If an engine  restart   is  to be 
attempted,   proceed  as   follows: 

WARNING 

Dili; TO ■ ill: INCREASED ELECTRICAL 
LOAD ON THE BATTERY, THE SCAS WILL 
DISBNGAGE WHEN THE STARTER IS DE-   j 

\    PRESSED BE PREPARE1 ) EOR AN VIR- 
CRAFT Tl im CHANGE. 

a. Establish autorotation and select  a  landing 
area. 

b. Analyze  cause  of failure: 

(1)     Mechanical:     DO NOT ATTEMPT  RESTART 

UJ     i-'uel  starvation:     Due  to  throttle being 
closed,   fuel  switched OFF or boost  pump  failure,  use 
abbreviated normal  start procedure: 

Battery        ON 

Fuel Switch    ON 

Boost Pump Circuit Breakers....   IN 
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Starter and Igniter Circuit 
Breakers    IN 

Throttle     IN UiriT.NT 

Starter   Pill.I, ON, HOLD UNTIL 
LNGINL IS SELL" SUS- 
TAINING AT -10-PliRCliNT N 

liGT and N    MONITOR AN'U CONTROL 
WITH THROTTLE UNTIL 
OPERATING RPM IS RE- 
ESTABLISHED 

(3)  Fuel starvation while operating in GOV EMER 

Throttle   OFF 

Governor Switch   EMER 

Fuel Switch   Check ON 

Battery Switch   Check ON 

Boost Pump Circuit Breakers....  Check IN 

Starter and Igniter Circuit 
Breakers   Check IN 

Starter   PULL ON AND HOLD 

Throttle   OPEN SLOWLY WHEN 
Ni REACHES 10 PER- 
CENT, CONTROL RATE 
OF OPENING TO KEEP 
EGT BELOW START 
LIMITS WHILE MAIN- 
TAINING A SMOOTH 
INCREASE IN N 

Starter   RELEASE WHEN EN- 
GINE IS SELF SUS- 
TAINING, 40-PERCENT N 
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Chrot tic      CXXMlN'DIi TO OITN 
Sl.DUl.Y   IINTII.  OI'I.RAI - 
1M1  RI'M   IS   RLAClllil). 
MON ITUR Nj  Cl.OSl.l.V 
AS i'oiviiRün ii.icirr 
is KI;-I-:STABI,ISIII;I) 
TO PRIA'l.NT UNUlNLi 
AM) ROTOR OVHRSPHhli 
OR UNDliRSPhLT).  CON- 
TIMIli FLIGHT IK  Till: 
MANUAL TIIROTTLi; CON- 
TROL. 

AlRSl'LLU CALIBRATION 

80.  Airspeed calibration tests were conducted to del ermine the 
position error of the standard and test (boom) airspeed systems 
in ciimb, 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 152, 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 Vll.  In addition to the data gathered 
during this evaluation, the test results include data from the 
A11-1G Phase B test reports (refs 2, 4 and 5, app I).  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 KIAS and was acceptable.  This 
airspeed band includes the airspeeds for maximum glide.  Larger 
position errors were present from 30 to 55 KIAS, but these errors 
are not deemed significant since the helicopter is normally ac- 
celerating or decelerating through this airspeed band. 

82. The standard airspeed system calibration for IcVel and diving 
flight was compared to the position errors listed in the operator's 
manual (ref 19, app I). This comparison is presented in figure 11 
and shows essentially the same position error from 40 to 170 
KIAS.  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 recorded during 
this test are satisfactory for the aircraft's mission and should 
be incorporated into the operator's manual. 
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CONCLUSIONS 

,-.■>.  Ivithin the -LOJK of" thi:~ Lest, the All-Hl helico|iter is suit- 
able for rlu J ii,!, d lie I i ^ opt t-i- inissioi; provided the uisuFfi e i ent 
Jireetional contrui |H»Kei' and uuidequate tail rotor drive system 
torque llinilatiuns arc corrceted (paras 17 and 19). 

8-1.  The All-Kl helicopter exceeded all contractor guarantees (paras 
23, 32, 38, -Id and 42). 

85.  A directional control margin of 10 percent while hovering 
i .■ the minimum acceptable for normal operation (para 17). 

So.  Installation of the engine inlet screens and the engine 
particle separator decrease the performance capability of the 
\li-Ul when maximum power available is the limiting parameter 
(para 24). 

87. the level-flight performance capabilities of the A11-1G vary 
with longitudinal eg location and improve as the eg moves aft 
(para 45). 

88. The degradation of hover performance capability when hovering 
in adverse crosswind Is significant (para 26). 

89. The excellent climb performance, particularly from SI, to 
10,000 feet, enhances the capability of the All-LG for the attack 
helicopter mission (para 31). 

1 'HiL1!^'(:ll^L AM' SIIORi'CÜMlNGS AFFECTING MISSION ACLOMI'I.ISIIMP.NT 

'JO.  Correction of the following deficiencies Is mandatory for 
successlul accomplishment of the intended mission: 

a. Insufficient directional control Limits hovering, takeoff 
and landing performance (paras 16, 25 and 26). 

b. The tail rotor drive system components are susceptible 
to damage due to the excessive tail rotor horsepower required for 
havering flight (para 19), 
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91.  Correction of the following shortcomings is desirable for 
improved operation and mission capability: 

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

b. Moderate pilot effort required to maintain optimum climb 
airspeeds (para 34). 

c. Hxtensive pilot compensation required to maintain maximum 
endurance airspeeds (para 44). 

d. The possibility of inadvertently exceeding 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. 'Ilic data presented in this report should he included in the 
operator's manual. 

93. The deficiencies should he corrected on a high-priority hasis. 

'J'l.  ! he shortcominga should be corrected at the earliest con- 
venience . 

95. The operational flight envelope should be restricted to con- 
ditions which provide a 10-percent directional control margin 
(para 21a). 

96. Initiate action to increase directional control margins and 
improve the torque transfer capability of the tail rotor drive 
system. 

97. The following items should be included in tlic A11-1G operator's 
manual: 

a. A warning to avoid hovering at 3- to 15-foot skid heights 
(para 21a). 

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

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

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

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

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

AIRPRAME 

Rotor System 

The  540  "door hinge" main  rotur  assembly  is  a two-bladed,   semi- 
rigid,   underslung  feathering axis  typo  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   arc 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. 

Tail  Rotor 

The  tail   rotor is  a two-bladed,   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 control  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 at  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 provides  a  disconnect  from the  engine  in 
case of a power failure to allow the  aircraft to make an  autorota- 
tional   landing. 

Synchronized Hlevator 

The synchronized elevator, which has  an jnverted airfoil   section, 
is  located  near the aft  end of the  tail  boom and  is  connected by 
control  tubes  and mechanical  linkage to the  fore and  aft   cyclic 
control   system.     Pore and aft  movements of the cyclic  control 
stick  produce a change in  the  synchronized elevator attitude. 
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Control   Systems 

A dual   hydraulic   control   system   is   provided  for  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 consists of two hydraulic   pumps,   two  reservoirs, 
relief valves,   shut-off valves,   pressure warning  lights,   lines, 
fittings,   and  manual,   dual   tandem,   servo  actuators   incorporating 
irreversible  valves.      Tandem power  cylinders   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 brake and force gradient devices arc incorporated in the 
cyclic control and directional pedai controls. These devices are 
installed in the flight control system between the cyclic stick and 
the hydraulic power cylinders and between the directional pedals 
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 each have a force trim 
switch and a SCAS release switch.  The pilot's cyclic stick has a 
built-in operating friction. The cyclic control movements arc 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 actuator 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 pitcii 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 pitch controls 
have a rotating grip-type throttle. 
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Tail Rotor rit^li Controj 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 [SCAS] 

The SCAS is a three-axis, limited-authority, rate-referenced 
stability augmentation system.  It includes an electrical input 
which augments the pilot's mechanical control input.  This system 
permits separate consideration of airframe displacements caused by 
external disturbances from displacements 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 electro-hydraulic servo 
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 to a 25-pcrcent authority and will 
center and lock in case of an electrical and/or a hydraulic failure. 

ENGINE 

1'ngine Description 

The T53-L-13 engine, rated at 1400 slip, is a successor to the 
T53-L-11 engine. The additional power has been achieved with no 
change in the basic T53-L-11 engine envelope mounting and connec- 
tion points and with a 6-percent increase in basic engine 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 turbine into the T53-L-11 
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-perccnt increase 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 tiic inlet housing 
in the area 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 pcrcert, the 
fence is in the extended position. Above 70 percent, the flow fence 
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's   retracted   into  the  uuter u.ill    'T  the   inlet   housing.     Similar  to 
,1  piston   ring,   the  circumference  of  the  flow  fence   is  changed  by  the 
act ion  of  a   piston  actuator   powered  by  compressor  discharge  pressure 

I he   specification   for  this  engine  allows   the  use  of .IP--!   or Jlv-5 
fuel   for   satisfactory  operation   throughout   the  engine's   operating 
envelope,     luiring  this   program,   .ll'-l   fuel  was  used. 

fngine   I'ower  Control   System 

the   fuel   control   for  the  T55-L-13  engine   is  a   hydro-mechanical   type 
of   fuel   control.     it   consists  of  the   following  mam  units: 

a. Dual-e lenient   fuel   pump. 

b. (las  producer speed  governor. 

c. Power  turbine  speed   topping  governor. 

d. Acceleration  and  deceleration control. 

e. Fuel   shut-off  valve. 

f. Transient  air bleed control. 

An  air  bleed  control   is   incorporated within  the  fuel  control  to 
provide   for opening and  closing the  compressor  interstage  air bleed 
in  response  to the   following  signals present  in  the  power control: 

a. Gas  producer speed. 

b. Compressor   inlet  air  temperature. 

c. Fuel   flow. 

The fuel control is designed to be operated either automatically 
or in an emergency mode.  In the emergency position, fuel flow' is 
terminated to the main metering valve and is routed to the manual 
(emergency) metering and dump valve assembly.  While in the emer- 
gency mode, fuel flow to the engine is controlled by the position 
of the manual metering valve which is conectcd directly to the 
power control (twist grip).  During the emergency operation, there 
is no automatic control of fuel flow during acceleration and decel- 
eration; thus, F.CT and engine acceleration must be pilot monitored. 
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BASIC   AIIOAFI    IMIIRMATIH.N 

A in" rank'  I Kit a 

Overall length (rotor tunung) 
Overall width [rotor trailing) 
Center   line of mam   rotor  to  center   line 

of  tail   rotor 
Center   line of main   rotor-  to 

elevat or  h mge   1 me 
1; levat or  area   (total) 
flevator   area   (hoth   panels) 
Elevator  airfoi1   sect ion 
Vert ica 1   st ahi1inor  area 
Vertical   stahilircr  airfoil   section 
Vertical   stahili:er  aerodvnaniie  center 

('37 .2   inches 
1.M.I) inch.es 

320." inches 

li'S.o inches 
1S.2 square feet 
10.9 square feet 
Inverted Clark V 
18.5 square feet 
Special camber 
IS A99.0 

King area: 
Total 
Outboard of Bl. 18.0 (both sides; 

King span 
King ai rfoi1 sect ion: 

Root 
Tip 

King  angle of  incidence 

27.8 square feet 
18.5 square feet 
10.33   feet 

\ACA 0030 
NACA 002-1 
M   degrees 

Main  Rotor Data 

Number  of blades 
Diameter 
Disc  area 
Blade  chord 
Rotor  solidity 
Blade  area   (both blades) 
Blade  airfoil 

Linear blade  twist 
Hub  preconc  angle 

44 feet 
1520.5 square feet 
27 inches 
0.0651 
99 square feet 
9.33 percent symm 
special section 
-0.455 deg/ft 
2.75 degrees 

Antitorque Rotor Data 

Number of blades 
Diameter 
Disc area 
Blade chord 
Rotor solidity 
Blade airfoil 
Blade twist 

8.5 feet 
56.74 square feet 
8.4 1 inches 
0. 105 
NACA 0010 modified 
Zero degrees 
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Transmission   Priw   Svstem  Ratios 

l.n;.',ine   to  main   rotor 
laigino   to  ant i torque   rotor 
l.n^ine  to  ant itoi'i.iut'  drive  system 

lest   Aircraft   lior,trol   Misplacements 

Longitudinal   cyclic  control: 
lull   foruard  to   full   aft  with  StAS  nulled 

I.alera 1   eye 1 i c   cunt ro 1 : 
lull   left   to   full   right  with   SCAS nulled 

Directional   (pedal)   control: 
Full   left   to   full   right   with   SCAS  nulled 

Collective  control: 
full   up  to   full   down with   SCAS nulled 

0. 3 S .i 1 .U 
.1 o>)il 1 .1) 

1 .of, 1 .(' 

l.i.tl'    inches 

lO.on   inches 

7.07   inches 

lJ.3U   inches 

U1M:.R.\T1NC,   LIMlTA'flONS 

Limit  Ai rspeed   (V  1 

Any  configuration  uitli   XMIS'J   rocket   pods:     180   KCAS below  a   3Ü0Ü- 
foot  density  altitude;  decrease   8   KCAS  per  1000  feet  above   3000 
feet 

lor tii i s  test,   the  AII-1C with  skid  gear  fairings   removed:   same 
as  standard configurations   (Normal   limit  for operational   use: 
100   KCAS] 

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

Cross  Weight/Center of Gravity  Hnvclopc 

forward center of gravity  limit:     Below  7000  pounds,   l-'S  190.0; 
linear   increase   to   l:S   192.1   at   9500  pounds 

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

Sideslip  Limits 

Five  degrees  at  V^ with  linear  increase  to 20  degrees  at 60  KCAS 
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Hot"!'  and  iingiiiL'  Speed  1.iiiiit.s   (Steady  State) 

'We I    I'M: 

Bngiiie rpm 
lü>tur i-pm 

OlOd to 061)0 
314 to 324 

I'ouer off: 
Ketur rpm 
iUitor rpm transient lower limit 

Power I'll during dives and maneuvers: 
Rotor rpm 

Temperature and Pressure Limits 

hngine oil temperature 
Transiiuss ion oil temperature 
L'ngiue oil pressure 
Transmission oil [iressure 
fuel pressure 

TSJ-L-I.T fngine Limits 

Normal rated WIT [maximum continuous) 
Militaiy rated lit'/f [30-minute limit] 
Starting and acceleration EGT (5-second limit) 
Maximum EGT for starting and acceleration 
Torque pressure limit 

2(.)-l to 330 
230 

51-1 to 32-1 

93° C 
110oC 
25 to 100 psi 
50 to 70 psi 
3 to 20 psi 

025oC: 
045oC 
675° C 
700oC 
50 psi 
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APPENDIX Ml. HANDLING QUALITIES 
RATING  SCALE 
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APPENDIX IV. TEST TECHNIQUES  AND  DATA 
REDUCTION   PROCEDURES 

INTROmiCTIÜN 

Nondimcn.sional   Method 

1.      I'hc  helicopter  performance  results   may  be   generalized  through 
use  of nondimensional   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   coefficients  were used to  generalize test  results  ob- 
tained during tliis   test  program. 

,,     ,-„.    .     ,       ,.        550  SUP 
Power Loefficient   =  C    =   

P 3 
pA 0"?R) 

Inrust Loetficient = C T        ^ 
pA (ÜR) 

1.689 V, 
Tip Speed Ratio = y =   

im 

Main Rotor Tip Mach Number = M .  - 1 tip 

Instrumentation 

1.689 VT+^ 

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 aircraft sources were:  oscil- 
lograph, photopanel, pilot's panel (hand recorded) and engineer's 
panel (hand recorded).  The ground support sources were:  ground 
station and Fairchild camera station. 

Weight and Balance 

3. A high degree of control was maintained on weight and balance 
of the test helicopter.  Variations in empty gross weight and eg 
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due  to  changes   in helicop.er  component   instrumentation  were defined 
by  periodically weighing  the  helicopter. 

-I.     The  empty weight   of  the   test   aircraft  without    instrumentation 
installed  could  not   be  determined  since  the  aircraft   was   partially 
instrumented when   it   was  delivered  t.o  USAAVNT.A   (USAASTA)   at   the begin- 
ning  of  the  program.      In  addition,   the  aircraft   was   not   a   production 
model   and   was  not   representative  of a  standard  Ali-l(i.     The   fuel   load 
of  the  aircraft  was  defined  by measuring  the   fuel   specific  gravity 
and   temperature  after   each   fueling,   and  by  using  an   external   sight 
gage   on   the  calibrated   fuel   cell   to determine   fuel   volume.     Fuel 
used   in   flight   was   recorded  by  a  calibrated   fuel-used   system,   and 
the   results  were  cross-checked  with the  sight   gage   reading   follow- 
ing  each   flight.     Helicopter   loading and  eg were   controlled by 
ballast   installed  at   various   locations   in  the  aircraft. 

.-V\TITORQUli  SYSTO1  PERFÜRMANQi 

5. The  performance  of the   antitorque  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  horsepower, 
tail   rotor  thrust  and  directional   control   [pedal)   position were 
measured.     Tail   rotor  thrust   was   not   determined   for   translatlonal 
and   level   flight   conditions. 

6. Antitorque  system output   torque was  measured  at   the  output 
shaft  of the 90-degree  tail   rotor gear box.     'Hiis  torque was  used 
to  determine  tail   rotor horsepower by the  following  equation: 

SllPTR = T^TR X NTR X 12  X 53.000 ^ 

7.     Hie nondimensional   tail  rotor power coefficient  was  determined 
by  the   following equation: 

nrTR x 33n 

^VrR    l...TR   rxTRj 

(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  about  important  parameters was  not 
available  to  the  test   team:     The   first  assumed  that   all   restoring 
directional  moment   to  maintain  stabilized hover he  attributed to the 
antitorque  system.     This  assumption neglecteü  to  consider any 
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I'L-iiJi'uij;  Ji rccliüiial   momviit   v.hich   could  be  derived   iVuin  rotor  down- 
■■a>\]    ma   i re i reul.a i iii;  air   flou   over  the   fuselage,   tail   boom  seetion 
md/'-jf  vertical   stabiliser.      t'he  second  assumed  that   the  total   horse- 
.H.iser   loss,   attributed  to   frictional   losses   (gears,   bearings,   etc.) 
aiul  b.irsepi.vver  extracted   from main   transmission  to  drive  accessories 
(livdraulic   puinps ' ,   .-.as   assumed   to  be   f)   [lercent   of the   engiiie  output 
shaft   liorsepovver.     This  assumption  was  necessary  to  determine  the 
horsepower  delivered  to  the  main   rotor.     The  third  assumption was 
necessary   to  determine   the  air  density   in  the  vicinity  of the  tail 
rotor.      Iliis  analysis  assumed  that   the  free  air  temperature  of  the 
air  mass   flow  passing  through  the   tall   rotor was  not   significantly 
influenced  by  'he  hot   gases  being  emitted  from the  engine. 

li.      Hie  horsepower  to  the main  rotor   [MR)  was  determined  by  the 
t 11 low i i. ■   equat i on : 

S,I1MK   =   SlllW, Sill',,,,   -   (...OS   x  SiiPi;N(;] U) 

1>).      The   nondimens ional   power  coefficient   of the  main   rotor  was 
determined  by   trie   following  equation: 

cr 
siii>MR x sso 

MR pA   (SiRp 

i'he   thrust   from the  tail   rotor  in  a hover can be  determined 
the   following equation: 

■n 

SSO   SUP 
THRUST^  =  TRQMR/it 

MR 

"MR     t 
[■■>) 

[2.     l.quation   5  was  expanded   to  obtain  the nondimensional   thrust 
;oefficient   of  the  tail  rotor: 

C      R A {my 
_MR  

t ATR   ( TR RTR}; 

[<-■) 

13.  ihe position of the directional control was determined by meas- 
uring pedal position with SCAS in the nulled position.  Full left 
directional control application rojiilted in the tail rotor blade angle 
of 19 degrees for the test aircraft with SCAS in the nulled position. 
The tot il directional control (pedal) displacement (full left to full 
right) resulted in a SO.0-degree change in tail rotor blade angle. 
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11.     llic  nondimensior.aJ   tail   rotor performance  and  directional 
rontrol   position  were  used  to  determine  tail   rotor horsepower and 
directional   control   margin?   as  a   function  of skid height.     All   anti 
torque  data were  obtained   simultaneousl>   with  hover,   translational 
and   forward   flijiht   tests. 

ItUVl-R 

15, lo define hover performance, both the tethered and free-flight 
techniques were used.  During fethered hovering, a helicopter cargo 
hook WJS secured to the bottom of the main transmission by a cable. 
An inteimediate cable was tiien attached to a cable anchored to the 
ground.  I'hc length of this cable was varied to achieve the desired 
skid height.  A load cell was installed between the helicopter and 
the ground to measure cable tension.  increasing cable tension had 
the same effect on hovering performance as increasing gross weight. 
Wien [lower required ami cable tension were stabilized, tiie parameters 
necessary to define gross weight, cable tension shaft horsepower 
and ambient air conditions were recorded.  During free-flight hover- 
ing tests, the helicopter was stabilized at a skid height of 100 
feet (OiiLi.  When the helicopter was stable, the parameters to de- 
fine grnss weight, shaft horsepower and ambient air conditions were 
recorded.  ITie free-flight hovering technique was used only at a 
skid height of 100 feet to provide a cross-check of tethered hover- 
ing technique.  The clean configuration :as 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 data collected in terms of gross weight, shaft horse- 
power and ambient air conditions were converted to define the re- 
lationship between the nondimensional Cj and f" ,  This relation- 
ship was unique for each skid height.  Summary hovering perform- 
ance was calculated from nondimensional hovering curves by dimen- 
sional izing the curves at selected ambient conditions. 

17, The wind iimitation envelope during hover and translationa1 
flight -as determined by conducting tests at various combinations 
of azimuth and airspeed.  Wien the aircraft was reasonably sta- 
bilized in translational flight, parameters necessary to deter- 
mine gross weiglit, ambient air conditions, azimuth, airspeed and 
directional control (pedal J with SV.AS  in the nulled position were 
recorded.  A ground vehicle with a calibrated speedometer was used 
as a pacer to determine true airspeed for each stabilized condi- 
tion.  Ambient wind velocity and direction were incorporated into 
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the analysis when determining the exact speed and direction of the 
aircraft when translating, across the ground.  Tests were conducted 
when wind velocities were less than 4 knots.  The results of each 
individual test are presented in reference 15, appendix I, and are 
summarized in this report in nondimcnsional and engineering unit 
forms. 

TAKLOi-r 

18. Takeoff performance was 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 engine power available above that 
required to hover at a reference skid height.  'Die reference skid 
height used during this test program was 3 feet.  This takeoff 
performance, expressed in nondimcnsional terms, is shown in the 
following equation: 

AC« = Cp available at test conditions (7) 

- Cp required 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 Afp.  Day-to-day tempera- 
ture variation permitted testing through a range of ACp by changing 
only gross weight and pressure altitude.  Curves of distance re- 
quired to clear a 50-foot obstacle versus airspeed at various values 
of ACp were carpet-plotted.  This carpet-plot defined takeoff per- 
formance throughout a wide range of gross weights, pressure 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- 
speeds . 

CLIMB 

20.  Continuous-climb performance tests were conducted by estab- 
lishing engine power (1100 slip) at a transmission input torque limit 
below critical engine altitude and military power above the criti- 
cal altitude. The airspeed schedule used during all climb tests 
was derived from the level-flight performance data.  All climbs were 
flown at an airspeed which produced the maximum engine power dif- 
erential between engine power required for level flight and engine 
power available.  All climbs except the climb for contract guarantee 
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compliance check were flown from near SL to service ceiling.  The 
climb to check contract guarantee compliance was flown from near Si. 
to an approximate 9000-foot lip.  Climbs were conducted at two gross 
weights in both the clean and heavy hog configuration.  Additional 
climbs were flown in these two configurations from near S!. to a 
10,000-foot Hß to determine the climb power coefficient (K,,) and the 
climb gross weight ccefficient (Kw). 

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

R/C+   ,.   = dhp/dt (T /T + .) (8) tape line    '     t std 

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

(SUP.  - SUP ) (33,000) 
AR/C     = K  —  r,m.T

t  ('.)) 
power   p        GRlfl 

25.  Hie variation in rate of climb for nonstandard gross weight 
was calculated by the expression: 

SUP. x 33,000 (GRWT  - GRWT 1 
AR/C     •   ,      =   K b  r,„irr    ,.,■„,,. — (10) weight w GRWT    GRWT ^     ' 

st 

24.     Hie  standard day rate of climb was  then  calculated: 

R/C ^ ,  =  R/C   + AR/C + AR/C     .   . + (11) 
std t power weight 

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  G.. was  maintained by 
increasing altitude  as  fuel  was  consumed.     A broad range  of Gp's 
was  flown  for eight  different wing store  configurations  at  a for- 
ward eg and with  the  landing gear cross-tube  fairings  removed.     The 
results  of the  level-flight  tests  were  converted to nondimensional 
form and carpet-plotted as Cp versus Cj with  lines of constant  tip- 
speed ratio.     This  carpet-plot  defined  the  level   flight  performance 
for all  gross  weights,  deisity  altitudes  and airspeeds  throughout 
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the   range of i j's   tested   ior eaeli  aircraft   conf igur;;t lun, 

Jd.     Spec i i"ie   range  perfünnance was  calculated   from the   relation 
ship of the  true   air-peed at  any power setting t )  the  engine   fuel 
flow  at  that  power setting,     lor an)'  given  gross  weight   and stand 
ard day   aiul'ient   condition.-,   the   following would  apply: 

true  airspeed      nautical  air miles ,, ,, 
.-.pcClijC    Kanoe   =    = : rrr1    - i       ,•    ,-      , il-l 1 fuel   flow per pound  ot   fuel 

27.     fuel   flow  at   any  power  setting  and  standard  day  atmospher.c 
conditions was  derived   from engine model   specification   104.33   ror 
the   133-1.-13 engine   (ref  IS,   app  1).     All   faired,   level-flight   infor- 
mation  based on  fuel-flow data  from reference   18,   appendix   I,   include 
:>-perccnt  conservatism per MIL-C-5011A   (ref 21). 

JS.     Increase   in  equivalent   flat  plate  area   for various wing store 
and aircraft  configurations  was  calculated 'jy  the   folio..ing cqua- 
t i on : 

2  AC    A   f'.MO3       2  AC    A 
Af -  ! ^ =  L— (13) 

[V,r x  1.089) M 

29.  This method for evaluating equivalent flat plate area was 
valid only for airspeeds above 90 KTAS. 

Autorotation 

30. Auto rotational descent performance data were acquired during 
sawtooth autorotations.  Variation in rate of descent with airspeed 
was 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 speed on rate of descent, airspeed was stabilised 
and rotor speed was varied. The observed rate of descent was cor- 
rected to tapeline rate of descent by the expression: 

R/1J   ,.   = fdhp/dt)(T /T ^ ,) (14) 
tapeline   ■ '     t std 

Power Determination 

31. 'Die engine torquemeter is essentially a piston (restrained by 
oil); the pressure of which is proportional to the power output of 
the engine. The equation for determining the t^st shp as obtained 
from engine manufacturer test cell calibration curves is developed 
as outlined in paragraphs 32 through 36. 
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•"1-'.      Hu   hurscpoutT  ti'an^mil tod 1)>   a   rotating shaft   ir.a\'  he  cxpressc-J 
in  T!:     fol Lou inv r.ianiU'r : 

: 
\ ruo ci:,) 

37).     I'iic  calihration  of the  engine's  torqueineter syst'      for engine 
>/N   l.iMDOl    indicated  that   engine   hhaft  output   torque   ..as   slightly 
nonlinear  :i<   a   function  of   indicated  torque  pressure.     This   non- 
linear  relations!     '   for engine  S/\  11.14001   is  graphically  presented 

!■   figure   1.     the  calibration  range  for engine S/N LH14008 was  not 
■uificictu   to  provide  a  vaii J means  of determining engine  output 
torque  as  a   function of engine  output  torque  pressure  since  the  en- 
tire  operating  range was  not   covered.     However,  the   limited  amount 
of  information  available  on  this  engine's  torque  measuring  system 
is  presented   in  figure   II.     These  plots were used to obtain  engine 
output   torque. 

04.     Hie   rotor speed can he  determined from engine output  siiaft 
sj    ed   a     follow i: 

NR =  21083 {lb) 

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

2TT x 20.383 x TRQ x N 

^ =  12 x 33.000  = 3-234 X 10" X TRQ X h ^) 

36. This equation was used during the program to determine the 
shaft horsepower for each tost condition. 

ENGINE ClIARAnTHISTICS 

Hngine "Heep" Control Characteristics 

37.  The engine '"beep" control characteristics were defined both 
with a loaded and unloaded main rotor system.  The engine "beep" 
control characteristics were defined by stabilizing at a rotor 
speed of 324 rpm while in level flight and on the ground.  The en- 
gine "beep" control was then actuated for a specified time.  A 
continuous record was made of engine and rotor speed response dur- 
ing the maneuver. This process was repeated until the entire 
speed-range authority of the "beep" control was determined. 
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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: 

Nl SHP (18) 
versus 

&. 

Wf SHP (19) 
versus 

t2 t2       t2 t2 2      2 

SHP (20) 
SFC versus - 

EGT        SHP (21) 
  versus   J 

W          N 
f          1 (22)   versus   

6 v^- 
Z2       2 

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 simultaneously. 
The  calibrated airspeed was  computed from the  known position  error 
of the pacer aircraft. 

41. The  test boom airspeed indicator system was  calibrated  in  level 
flight over a measured ground course.    Two passes were  flown on re- 
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  system 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). 
All  instrumentation was  calibrated.    The flight test   instrumenta- 
tion was   installed and maintained by USAASTA.     The  following test 
parameters were presented. 

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 

^ra^Uiil 

Photo  1.     Pilot's Panel 
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HNGlNHIiR  V.\K\.\. 

Boom  system ;i i rspucd 
Boom  system alt it ude 
Outs idc a i r  temj>erat ui e 
Rotor speed 
Cas  producer speed 
Tue]   used   (total] 
Torque   pressure   (high) 
Torque pressure   (low) 
lixhaust  gas   t emperat ure 
Oscillograph   correlation   counter 
I'hotopanel   correlation   counter 
Fuel   temperature 
Engine  fuel   flow 

Photo 2.     Copilot/Engineer's  Panel 
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PHOTOPANEL 

Boom system airspeed 
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 temperature 
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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rnoto  b.  lest Hitot-btatic System. 

66 



APPENDIX VI. CONTRACT GUARANTEES 

1. A summary of the AH-1G helicopter contract,  guarantees  and the 
results of the tests to determine compliance with these guarantees 
is  shown in table  A., The  calculations  to determine  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  (ICAO)   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 engine 
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 



*. 

Table A.     All-IG  Performance  Guarantees 

Performance Conditions Units Guaranteed 
Test Res ults 

Forward CG Aft CG   ! 

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

Knots 144.0 140.0 153.0    j 

Maximum endurance at SL 
I   with 1600 pounds of fuel. 

Fuel includes a 10-percent 
reserve plus warm-up and 

1 takeoff allowance. Does 
j not include a S-percent 
increase in engine speci- 

i 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- 

1 eludes a 10-percent re- 
1 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    1 

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

fpm 1800 1835 1900     | 

Hover ceiling OGE 
(6600 rpm) with 950F 
OAT (MRP). 

Feet 2000 3390 3390     | 

| Vertical R/C 1100 slip 
limit at SL (6600 rpm). 

fpm 500 Not 
Tested 

Not 
Tested 
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Table B.     Range  Performance Contract  Guarantee Analysis. 

Configuration:  outboard alternate 
Standard day 
Altitude:  sea level 

Rotor speed:  324 rpm      j 
Rocket pod fairings removed | 

Condition 
Aircraft 

Gross Weight 
(lb) 

Fuel    j 
(lb) 

linglne start conditions 8000 1600       | 

Initial condition after fuel required 
1  for warm-up and takeoff has been con- 

sumed (assumed to be 25 pounds) 7975 1575 

Final condition with a 10-percent 
!  fuel reserve 6560 160       | 

F0R1VARÜ CG 

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

lingine fuel flow for initial condition at maximum NAMPP: 598.5 Ib/hr 

Cruise airspeed for Initial condition at maximum NAMPP:  124.5 NM/hr 

Engine fuel flow for final condition at maximum NAMPP:  583.5 Ib/hr 

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

Average fuel flow: '——x '■— = 591 Ib/hr 

,        ...  124.5 + 125.5     .„,. .,.,.. 
Average cruise airspeed:  =  = 125 NM/hr 

Usable fuel:  1415 pounds 

69 



J 

Distance  traveled:     1415  lb  x     ^   1,
1;, x  125  NM/hr =  299.3 NM 

799 3 
Operating radius:      ~ =     149.6 NM 

AFT CG 

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

Engine fuel flou' for initial condition at maximum NAMPP; 588 Ib/hr 

Cruise airspeed for initial condition at maximum NAMPP: 135 NM/hr 

Engine fuel flow for final condition at maximum NAMPP: 567 Ib/hr 

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

Average fuel flow:  =—  = 577.5 Ib/hr 

Average cruise airspeed:  = = 135.5 NM/hr 

Usable fuel: 1415 pounds 

Distance traveled:  1415 lb x c--, ~. n  x 135.5 NM/hr = 332.0 NM 577.5  Ib/hr 

332 0 Operating radius:     ^— =  166.0 NM 
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Table C. Endurance Performance Contract Guarantee Analysis 

Configuration:  outboard alternate 
Standard day 
Altitude: sea level 

Rotor speed:  324 rpm 
Rocket pod fairings removed 

Condition 
Aircraft 

Gross Weight (lb) 
Fuel Load 

(lb) 

Engine start condition 8000 1600 

Initial condition after fuel 
required for takeoff has been 
consumed (assumed to be 25 
pounds) 7975 1575 

Final condition with a 10- 
percent fuel reserve 6560 160 

FORWARD 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: 478.5 Ib/hr 

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

Average fuel flow: 478-52
+ 456  = 467.3 Ib/hr 

Usable fuel:  1415 pounds 

c   . „. 1415  lb  
Endurance time:       467 3 lb/hr 3.03 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 lb/hr 
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Engine fuel flow for final condition at minimum shp: 450 Ib/hr 

^  i JTI 468 + 450   .rn   -.u/u 
Average fuel flow:  =  = 459 Ib/hr 

Usable fuel: 1415 lb 

Endurance time: 
1415 lb 
459 

3.08 hr 
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APPENDIX ViB.TEST DATA 

Subject Figure Number 

Directional control margin 1 

N'ondimensional tail rotor performance 2 through 7 

Antitorque drive system hi rsepower in a hover 8 through 10 

Nondimcn.sional tail rotor performance 11 and 12 

ÜGG hover performance 13 and 14 

tGE hover performance 15 and 16 

N'ondimensional hover performance 17 through 19 

Hover in critical crosswinds 20 through 25 

Takeoff performance 26 through 31 

Climb performance 32 through 36 

Level flight performance 37 through 104 

Compressibility effects on level flight performance 105 

Specific range and endurance summaries 106 through 109 

Autorotational descents 110 and 111 

Landing performance 112 

tingine inlet characteristics 113 

Engine characteristics 114 through 130 

Airspeed calibration 151  and 132 
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b.POlMTS  DtRIVED  FROM   REfEREWCE   15  APP X 

320 340 350 

310 

 V 

■■/ 

50 

300 / 

290 

280 

270 

260 

250 

240 r 

._klk C RO.^S. IWlbAlj 

.''"V//77H.\.\\\ •/,/■■ 

'   / / / / l 

■/ 7-/ ■!■ 
1 

60 

70 

80 

90 

100 

110 

y no 
/ ■. 

A 

230 

TJo 210 200 

/    30.i<T.S. .. 
;     ■! 

;   "TAtL   1WIND 
/ I 

 L—,. . 
180 

96 

\ 
130 

190 170 T6Ö" 150 140 



310 

300 

290 

280 

270 

260 

Ft CURE Klo 24- 
DiK£CTiüKiP.L CONTROL SUMMARY 

MVY   SCOOT   CONFlCURATiOKJ WITH ROCKET POD F/MR\V^G<=.RLM< Jib 

M.r\ Tuoe 
H0 --FT 

saro 
uOl ES 

^Obb lAlClGHT 
-LB. 
Q050 

\.OVdC. c c ROTOR &PE.E.O 
- RPM 

^00 7(AfT) ^24- 

"VHRUSf   COt\ V 
- c, 

O.0O4fcCt( 

I   I07. DIRECnOMftL COWTROL RtMftm\WiG  TKOM MEAU COMTRDL   POSiTlov^ 
kLQU» RED DURIMG ^TftBlLigED  FLIGHT   CONQlTlOM 

Z  VftW   SCfth OFP 

3 TC)Tf\L  OlReCTlOWftL COMTR.OL  Ü1SPLRC.EMLMT - 7 O Tl M    FkOn VULA,LU.1 1 

'VSKAüeO ARep. REPRLSEWTS LtSS,   vHAW » CT. Dl RECTlOkl AL LOWTROL MftRGlM 

b.POl UTS DERIVED FROM   REFERTMCE  IS APP X 

320 330 340 350 0        10 20 30              4i. 

HEAD WIMD 

J.T. CROSS IHIMD 

a 

''QKTS. 

Q- 

o :*/\ X 

■ ^;V;. 

■■;•■• 

oo 

/o 

80 

KMOpf 

/GO 

a0 

^i; 

250 

240 

230 

^OK;TS 

220 210 200 190 

30^VS 

TAIL   WlWti 

iao 
a/ 

170 

Ov 

y ■ 

(S 

160 150 U0 

110 

120 

iio 



TicuRe Klo   25 
DlRLCTlOMAL COMTRO\_ SUIM tv\^\R^_ 

V-m SCOOT  COHFlGUR^lOKi WSTH ROCKET POD FMRIWGS RtMOVIED 

ALTITUDE    CjROSS Wfc.\GHT 
H0~fT - LB 

I 1 S 2.0 T 2 I O 
VUOTe.S: 

I   lOf-01RECT1OM.AL CONTROL. Rt.W\K\KiVWC. S-RON\ N\E.P»M  COIMTROL 
POSITIOKI   REQUiRtO  DURIUG   -atABlLViED   FUCKT   CDWD\T\OU 
I Sf\\ti  SCftS OFF 

3TOTP\L 0lRe.CT\OWft\_ COMTROL Dl-äPLACEMevjT    Y 07 IM. FROM fULL LEFT 

4.SHADED ftREA  REPRESCWTS LtSS THAM 107«. DIRECTIOMAL COWTROL MPvKGlM 

5 POIMTS  DE RIVED  FROM KEFEREWCE   \S  APPX 

LOKiG CG        KOTOR SPEED 
- lK1 - RPrvi 
19 5 4-(fvUD") 324- 

\HRUST  COEf ? 

O 005025 

370 330 340 350 0 10 20 30 40 

F\tKO WIKip 

310 50 

300 60 

290 jn. 70 

280 

270 

260 

250 

LT. CROSS WIWD RT. CROSS W1M.D 

80 

90 

100 

110 

240 
20 KIS 

120 

230 30KTS 130 

T5o" 210 200 190 180 

98 
170 160 150 140 

-»   - 



FicuKfe Kio. 26 
TAKB. Off Pe-RfOgMAKiCE SuMWvsnf 

AH-IG TS3-t-l3 

HV>< HOC COWf ICURATIOM WITH ROCKfcT POD F^miUCS REMOVS.O 

T£CH »J\ QUC • LJtViEL FLVaHT ACCELtWiTlOM FJWM A-SfOOT MOVta 

WOTES- I.OIRECTIOWAL CONTROL MftRGIKi Of VOPtBCEWT BPvSEO OW 
FIGURE UO. I   APR 3m. 

2.CURVE.S DERIVED FROM FIGURE MOS. \'K\&. 2.1 t U'VilSl ftPP 511 

3.STAWDARD OAX  OOWDITIOUS 

it. ROTOR SPEED » 32.4 RPN\ 

5. IMIMD VELOCITY  Z   3KUOTS 

6. VIM^-»MOVCATED AIRSPEED DURlUG CUrAB-QUT 

IZ00O 

ÖOO0 

4000 

i 
ul 
O 
o 

GROSS MEt&HT* qSOOL*. 

iOPI.iKCe.MT DIR&CTVOUAL 
COMTROI. MAaGin J-OK n 
3 FEET MOVER» Wd 
SKID HEIGHT 

ifeOOOl 

12000 

Q00O 

4O0O 

GROSS W6IGMT t S&OOLB. 

40 PERCENTOlRECTiOMAL 
COMTROt MAHGIW FOR A 
3FEET   HOVBRItja 
SKID  HEIGHT 

ZOO 400 600 flOO IOOO ITOO 

HORICOKTTAL. Di STANCE REQUlKED TO CLEAR A SO FEET 
OBSTACLE - %^ ~. FEET 



bl a. 

0 
l- 0 
Kl 3 

<\ 

ul a. 

ul  a! w 
«^^ >" ah < 

^S 0 

•> 
^ 3 ui 

a. 
0 * 
1- * 
< < 
ec X 
i: k 

> 2J 

18 8 8^8 £ = cr r- •« r» 

3T3V14«0 JJI Off V >»V3TD0i Q3»m03M 30r«Vi»ia lVi.Oi> 
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T*ikt-otr DistMjct RtopiRioToCuLM» 

fc 5>0?fctT OO&TRCL* 

HVf  n<Xi COtJfkClJWNTlOlJ  WUM ROCKET POD UMRlUtiSREwOv!. 11 

Ti ....'.'.jOt   UiJEv   V i_a... 7 ».rXELERAllOW   FROM  AIHKtlftl' 
MOTt    I   ÄCp"   !.(.»"    SCILti-    CpIO ■tCn IH   Rt   3F11 1 

J   CpRTSClWI     UhStD ON tHClWt   f^f«« AVM JlBLt 
üwOtB TtV DA-< AnvlGSPWtRjC COMDi llOMi 

3 C p lO VO/t« Al   JV F. L 1     BAy^O OM tNOlUt POtH* 
Rt5>ÜlKE0 10 KSJtR ftl  IFttl UNDLR lAt.[   Off 
MNMD1,PHfcHit  LOMDl1iOUS> 

0 

> 
ft 

0 Ui 

o   ( 
Ul 
U  er 

5 " ff 

ütf  -   IB   S% a * 

UHC r, kltluHl 191,0 J, 

12X30 f KtL ft(K "n-w tK fitueV     . B r," >- 

t-iOTOR sptto iZ-i H.'M 

PRiSSURl ftLl lUDt' W J)i 1 

wiuo vtiocni * sKj^ors 

vooo 

eoo 

/ 

WX) A 

400 / 

ax> 

/ 

kUTTDK SPt.LD • 324 erw ROTOH M»£LÜ- i^4ttPW 

/ 
/ 

«A 
/ 

2D       SO      *0       SO      feO       70      BO       JCO        So      40      SO      «O       TO      BO       20904050       Co        ro       So 

TRUt   MRWBED AT BOFEtT — V,--ttUOTS 1>S 

ocp . in «. »10 
-4 

WOO GROSS WEIGHT q230tB 

FK£6 NR ItMPERATUHt • 11 O'C 

ROTORWKD'SiMRPM 

PRt%S(J<t. ALTITUDt 2ion 

(ZOO »JltJO VtLOClTT ♦ SKUOTS 

1000 

7 
Soo 

e 
/ 

fcoo 

/ 
/ 

♦00 

/ 

200 

B 
tCf •   1I211ID 

(.«»S WEIGHT'84601-B 

FRtE AIR TEMPtHATUM. • Z4 St 

ROTOR &l=t6D ■ 5Z» RPM 

PRtSSURt ALTlTUDt-IOeOF T 

WINO VEUJCITY « »KNOT S 

&RÖSS Wtl&HI    ffiMliLS 

F-ÜEt (imTtKPERAluBl ■• ■ 1 ' 

ROtlO«  bPl.ED-321 Rl'H 

PRESSURE »U»Wt-t     «". ' 

MUD VEl.OCiTVS S-liiMt 

tO      20     SO     M3       &0     bO      70     ttO zo     SO     •«>     SO "SO      eo     2D      BJQ     40     NO      fcc      IC 

TAUS. A\»ltiP1i60   AT BOFteT ■ -KTA« 
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TiCUKE Wo   2.1 

TAKE orr PERFonwwuct 

«tNV-l HO« COUUCUMMIOM MITH KOCKKT POO f MR\01C.« atlflOVtO 
ROTOR SPttD« 3ZA RPM 

CENTER OfCRAVnX.iqaiUCHE^MlO) 

TECH WlQue   LEVEL fU&HT RCCELtRftTlOH fOOt* A"4tttTHOVtR 

UOTES i acf ' Cp»T sortET- CpittHovt» AT after 

2 C(i»T 3ef ttT    BASED OU EklOlUS POWER AVAlLABLt 
UWOta TtST DA"« ATMOSPHtRIC cowoniows 

3 Cp TO HOVER AT SftET . BAtitD OUEUGIUE POWBR R6Q01SED 
TOHOVER AT 3FEEr  UUDE« TAKE   Off   AT>AOSPHtltIC   COtJoniows 

&ROS* WUWIT.TUo LB. 

FREE (MR TEHIPHlATURt'lB.i'C 

PRESaUHE ftLTITUOfc'V^SC FT 

acp • ng.s mo"1 

Grose   Utl&HT .TKO L6 
FRtt RmitMPEMlTURE» 25. VC 

PRESSURE ALTITUDE ■ swo FT 

aCf • is».J MO-' 

If 
u It 

If 

sS 
X 
in 

I» 
It 
a 3 
i c 
a g 
«a 

CROSS WEIGHT "T420 LB. 

FREE Al R TEMPtRRTURt • U. 5"C 

PHtaSURE ALTITUDE • qT*OFT. 

aCp'IM.T    HO'* 

to 

GO 

■♦o 

50 

I1» 

I 
r  . 

o o 

GROSS MEIOHT • 17.10 LB. 

FTUEAtRTEMPERATURE- rt^'C 

PRESSURE ALTITUDE« 210 FT. 

OCp >in-6  K I0'fc 

bWOSS ME1CHT • BUO LB 

FREE AaHTlMPEJUVTUIUi.« 26.S"C 
P«eSSU«t ALTlWOt • 40«rf3«T. 

iCp« ")L2   mo"* 

V> *0 *aO m 

TBJUt MRS PEED - VT ~ KITA» 

GROSS WEIGHT • 8110 LI. 

FREE AIRTE.MPER.ATURE= ISO 

PRESBURE ALTITUDE ""WIOFT. 

OCp " Stt MO"* 

ao ^o «o «o 

TRUE (WROPEfcO-VT ~KfA» 
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TlGURt Mo   SO   ■ 
TMCLCW» TIME HISTOM 

AH-iG     U5A  »A^lSa*-! 

HVY   MOCCOWVIOUBJlTION WITH  KOCK.tl POO V *i K I uo^ »tMO^lU 
TtCH»il<aUt.    LtVEV-f UC.MT ACCtLtRATlOM tKOM A Bf ttl   iVTjvt.H 

ALTlTUOtAT OlWit WT       LOUCi  C a ROTOR 5 Pt to IHHJSI   COLfUCltwT 
AMOWtR   H,-fT 

Bit«. 
■ t.rn 

Cl OObtSO 

bMBl Ot TAMOU A. APPLICATION OV M'Hl KW t 
POWtK        ^ 

-4  

ys^0s   2i 

8^?    o 

101- DlRt.Cl>awftl  UJMTtÜJL t^^Mfj 

\z i6 ao 

TIMt ~S«COM03 

103 
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- 

ALTITUOl M 

T».Kt OFfTlMt. HUTOKI 

AH-IG USA     %f,\Sfr1 

TSS-Uli  %/£,1400l 

MV>I HOC. COkJt l&OR^TIOhl *J1TM H.C)t><.&T POD f ft.KIVJU^  KtMOVED 
TtX.HUlQUE.    1-e.Vtl. FL.1C.HT ÄCCtl.i.B.ATlCl(4 fKOMASFEET MOV tu 

THRUST   COtf HCltUT CROSS wr 
- Li 

Bl(bO 

UOWG  C G. ROTOR   SfttL 
~  RPM 

T Z4 o oo;ik,sa 

TIM>C ~ aecowos 

104 



c 
Tl CURE Kio. 52 

.IMS PERFORVAAwCt 

TS3-L   13   1U\JE.\40Q\ 

COWTH.ACT G,UHttA>MtS.6. CXJÜftgUftMCE CHECK. 

EUOlwe P»ART\CLt StPARATIOR UOT IMarALLE-O 

UOTESil.CLIMB START GROSÄ WEIGHT • BOOOLB 

2 ROTOR SPtED • 324-RPM 

5.C.G. SVATIOW« l92.OUaCKtS(F0RV«lAaD) 
f. STAUDARO DAV 

S-EKJOIKIE POWER AVAILABLE OBTAINED 
FROM FIGURE WO. lift   APRTOI 

lOOOtH 

s 
u- 
; 

0 

5 
< 

flOOO 

6000 

*ooo 

Zooo 

T/C- 

COWTRACT 
GUARAN.TEE- 

[] 

[] 

PUtL U5Et -CROSS WtiGHT 

OOMTRACT GUARAVJTEE 
DERIVED FROM REF. MO. 
A-PP I 

O KDOO 20CO 3CÖO 
RATE  OFCUMB^-PT/MIKi» 

O lO Z.O 30 

TIM«  TO CUMÖ ^N\l W. 

TibOO 7<»0O ÖOOO 

GROSS  NeiGHT~Lfö'Ä 
O IOO ZOO 

FUEL USED^LRS. 

105 



PlGURE Vsio.32    COKJTIViUED 

MAMT SVAP- \ ^CftL" 

0 4-8 
Ni^UTlCAU AIRMILES 

TRAVCLED 

lOOO I \ oo 
bHAFT HORSePCMtH 

IDOOD 

800O 

6O0O 

400O      r 

y 
Ui u 
i 

ul 
Q 
O 

< 

Zooo 

«o    «o    TO    ao 

108 



FlCUBE Klo 35 

AH-IG     OBA Vuiiii«-? 
CLtAM CONflGUR.MIOM 

EkiCIWE PARTICUe SePARMDRIUSTM-LED 

UOTES   1 LklCmt POWER AVMl.«kOLt OBTMkitO 
PROM flGURt UO   \ii. HffOS. 

i  ROTO» 6PtlO'i24RPM 

S   3TAUDARD DAI 

t-LIMB  &IAR^  t»KO&V WfclGHT- TSOClLB 

CtNTEROKiRAvnX -191 21W (FHD) 

FUEL USEB 

looo tooo        »ooo 
RATE Of CLIMB ~FT /Ml N 

IO 20 SO 

TIME TOCL1MB  -NI1W. 

ISOO "MOO TOOO 

GROSS WEIGHT ~LB 

O I0O ZOO 

FUEL  UStD~ IÄ 

O tO 20 
UAOTlCftL RIRWtLCS 

TRAVELED 
TOO MOO IIOO 

&HI\FT HORacpoweR 

SO      «O    TO 
AIRSPEED-KTS 

v:nMB   START GROSS WEIGHT-BSOO LB. 

CeMTER  Of GiRAViT,<-lcll.+IN.(HMD) 

l&OOO 

IIOOO 

TUELUSED- R/c \ / v 
ROSS  WEIGHT 

O IOOO 20OO SOOO 
RÄTE Of CLIMB ~FT./MIW. 

O IO ID SO 
TIME  TO CLIMB -WIIM. 

MOO «400 tSOO 
bROSS WEIGHT ~L6. 

O I0O 2DO 

PUEL USEO-LB. 

0 IO to 
MMJTICAL  AIÜMILIS 

TRAVELED 
TOO «WO IIOO 

SHAn HOBUI.POWER 

so    *e>   to 
MIKBPEBD^KTS 

107 
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Fico«t Klo 34 

CLIMB PtRPOKWAKice. 
AH   IG      USA  VUi'SZ-VT 

TS3-U-IS   "^Ltit-ooi 

HUW  HOC. COMf fC,U^^^^IO»J WITH H0CK.ET POO fMRIU&% HtMOviD 
tUClMt PftBTlCLt itPftRATT« IWiTPL.eo 
UOTVi   I EMClUt POrlER (WAluAbl.t OPT/. Jfco fROI" H&gRt UO 11 (. APPXQ 

I ROVOR  SPtXl)«  3Z* RPM 

CUIMB START c.t».oa5 wtuiHT ; 8^00 1-» 
CE.UTt.R   Of GiRAViW-T'«! • IN.tf IXO) 

FUtLO'jtü 

Y 
C ROV) Wtl&HT 

IODO tOOO 3000 
RATE Ot;CUM6~FT/MIU 

IO zo 50 
TIMt TO CUIM B ~M1M. 

asoo ertoo        Bsco 
OROSS WEIGHT ~ LBS 

O IOD ZOO 
FUtU USED   ~ LBS 

V 

/ 
\/ . 
// 
/   ■ 

□ 10 20 
NAUTIC/U. AIRVA\LES 

TRAVELED 
TOO qoo |,oo 

SHAFT HORSEPOWtR 

IGOOOi CLIMB 3TART aHOSSM'dlCMT» qSQOLB 
CtUTER   OF GRAVITY"ll1» OlU.(,f WOl 

FUEL OSLO - 

(,ROS5. WEIGHT 

NAMT 

lODO 3000 

L_.. 

2000 

HATE OtCLItAS^FTAAIM. 
IO 2D SO 

TIME TOCUNIS~MIW. 

<**oo qsoo «iwo 

GROS't. l««.!CiHT~LM 
o icn a» 

FUf.L.  L>ftE.O~L»t 

o 10 ao 
WAUTICAU. AtRMlLCS 

TRAVeLED 
too qoo 1100 

SHAFT HORSePOWe« 

SO      60     TO 

AiRspeeo~«T« 

108 



bin-    Ok.l-.ilVY   PMUIllUt    KOIOR apf-uu 

IOOOO a* 

fi CD«1. Wo  5S 

Ki'Mjoj-  ^kAit ov CUM6 AI*- 1 uucnoyj 
O t   O RQ6^ VJ t_ULHT A^>j D 

AH- IG    USA ^jd bZ^l 

1  bl    L- i i\U 14001 

tUdut ÜH 

t l OO 

COtH IC0KA\iOll 

riv 1     HOC 

hw *    HOG 

2tOOj 

i l 

■J- ,      A 

(0 
| ■O 

IBOO| 
A 

s A 

ul 
l- 

1 ^        ^ 
IT KOo 

\ 
ICXX)  J^ 

IMOO ICXJO acx»        looo IOOOO 

CROSS WEIGHT~LB 

i 

.3 

i 
i 

«ooo lOOO 80OO MOOO lOCOCJ 

OMOSS »!E\&HT~LB 

SVM     DtUSITY  ALTITUDE      GROSS WEIGHT     ROTOR SPEED     QÜWflGURhTlOH LOMC   l.  I, 

■i 5000 8500 524- HVY   HOC fftb 
3 3000 8aOO SZ4- CLEAN I1 W U 

i^cyi' 

o.    tooo 
s 
1/1 

bl 

80O 

Kp ■ Ca MeMaKHTl   .  O. 615 

(aSHC)( ssooo) 

.e   . n 

I 

ul 
2 
3 
2 
1U 

too 

♦OO 

»OO 

o i—ar—^  
-2000 -1400 -IIOO -BOO -4O0 a 400 BOO IIOO ItOO zooo 
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Ti CURE Mo 36 
MoM-D^^nEKiSio^A^L RonroR TipSpt&p 

RPTOO FOR MMtMÜMCuMSPERfORMAMCE 
AW-JG  OS A Hi6l5 2<V7 

T53-L-13    %\S\+CO\ 
CtUTtR  OVGiRAVlTt'FORWÄAO 

~ CLEAN 
—.   HW HOG 
—   OUTB'D ALTLRKlftTt 

TIP SPEED RATIO 

r* i 



V* 
0 

O 

a 
x 

'I 

*0 

►-■ 

2 
UJ 

G 

111 

ul 
2 
S 
U 

i 
Ui 

SO 

44 

4-2 

39 

4 
a, 54- 

^o 

2fe 

22 

18 
3ä 

FicuRt Klo37 

AH-IO USA   ^i\52*-7 
T53-L-\5 H/Jtl400l 

CCUTeR OF GRAVITY« FORWARD 

 CLtAM 
 HVV HOG 
 OUT BO ALTtRMATE 

MOTE.CURVES DERWED FROMFIOURES. 3ci,40,TZ.7S, 84-4 OS APfim 

40 48 52 5t <o 64- 

MWM ROTOR THRUST    CT * • O4" •    GiROSS WEIGHT   X IO* 
CO€ff»C»EMT- TMR fAC^.R>*  

111 

m 



TSAoa^ v^¥V luru AWII x«"«^vMnö3 n\ asvaaon i 
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a! 
2 
a 
U) a 
£ 

rf > 
3 Ui 

u * 
2 
0 
V> 
2 
ui 
| 
5 
2 
0 
2 

or-»- |     5     g «   «   «   ^   ^   A   A   ^ 

«   *   ft 

WITT 
i f rni ä ä 
T~irr~s 

3 

j 

3    It 

vS 
4- 

0 0 
vj "*** 

■7< 

tJ 
IB f^> 

3Ü \- c< 
1 3 

vJ) ot w 
10 0 
i 
ko 

4 

«M D 
>0 *$ 

t~ 
0 U 
«) 

f 5 
u) 

* 
Ü 

i; 

J s 
H 
in 

•.\' M 

f t^ 
■j: 
L. 

0 a 
<r fi 

0 
(T) W 
KJ 2 

v2 < 
2 

fC 
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TICURE Wo +0 
bL2±t DlM£U5|OMAL LEVE L f UGHT PEKPORMAHCE 

AH-1G    US A *<tl 6 24.7 

ClXAiW COWf IGUR^TVOU 
CttJTtB OF&MVITX- FORWM10 

BOTOR SPtSO» Sl^RPfl 
NCfTE    PQ^UTS  OBT(MUE.O   FROM FIGURE  «I 

THRßUGH #*    APPIOI 

3&3ft4o4a'^4-'V<i+asoS3LS*S&S8fcof.E.to^6<,t« 

MA1KI  ROTOB THRUST OaiWl a IUT -   CT>(.IO   . G« MT 4(0* 

114 



FicuRt V4o 41 

AK-VC        UBA^0ilSZ*-7 

SYMBOL  Ava ftLtauoe. 
H0~FEtT 

Q ^ISO 
c ^fcio 

AVC  GROSS MCIGKT   AV<ä LDUG. C G 

7ISO 19 1 O(FWO) 
I3SO l<ll  2(f»«l) 

AVO THRUST C£>CFF      ROTOH^TUO     AKMAMCUT 

o ooimzi 
o oo*iei 

CUt/SM 
CLtA U 

'S: 
«I 

N 

* o 
3 S 

Ü 

O 11 MA11MUM UAMPP- 

o   o 

0,--' Q-- 
0- 

OH MAJIMUW MAMPP 

o   a 

o,. 9^' o- .P' 

5 

3 

e 
c 

« 
3 

90 

,1« 

^ 
^ 

/ 

FAimO CURVES  FORfeUtHUt SHAFT J0 
HOItePOMtR AM UAMPP OtRIVED FKO>*        0 
HOURES   SI.^O   «lit    APP 3JE EK" 

TRAMSMISSIOWi IMPUTTORQUt  UMIT 

loco 

qoo 

BOO 

RtCOlnMS.UOE.0  CRUiSC AIRSPECO 

SCO 

•o MO 

4o fro ao IOO ItO l4o 
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Pi cuRt klo 4-2 

TSS-L I» %Uti'KlOI 

ttVMBOL     AV&   AUTTTUOt        AVC OROSS WEIGHT       AVCi   m«Ci  C &    WC ■mBUST COt«.    «OTORBTtSD    A«M»ir<V[UT 

■VSfcO 81 SO l<12 0<fND) O.OOAS»^- S-25 CLtAkl 

> J 

-  J 

2 o 

n 

a 

OH^MAHlMUM MAMP^ 

o    Ji.-    0    lü 4- 

^••" 
>- 

OIR MIAVIMUM NAt-.Jl'— 

iv 

IS 

X 
/■ 

& 
PI 

p> / 

^ 
O' 

141 

I 

(IÄO 

"loo 

eoo 

0 .-^ Q- FAIRED CURVES fOR EMGIMtSKAfT CJ' 
HORSEPOWtR AMO MAVAPP DERIVED 

0 FROM FIGURES  Sl.^Oflllt   APPTn 

TRANiMlMlON IWPUT TO(\Qül LIMIT 
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FIGURE Klo. i2S 
E kid Mr. CHARACTERISTICS 
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FIGURE KJO.I2ö 

E.MClUiE.CH<\R<\CTER\STtCS 
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E.UGIUE PARTICLE StPARATOR mST^U-tO 

KIOTES: I. CUBA/t bAStD OKI LYCOMiWCi T53-L-f 3 t.uailife 
MODEL  SPtClFlCATtOVJ UO.I04.33 

Z. CURVE. ÖASED OM tKi&VUt IULET CHARACTERISTICS 
PREStViTi.0  IU FIGURE UO. '   '-   FOR CERO AIRSPEfeD 
ÄGEUERATOR. ELECTRICAL LOAD'ZERO 
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FiCURt Klo   I 2S 
EMGIU£ CnA»ftCTi.RI5TlC3 
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AUTQROTATIVE   FLIGHT AT KOTÜR 
SPEED OF 324- RPM 
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CUMBIMG PLIGHT AT MILITARY   RATED PöÜÜ< 
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MOTES. \.«OHO SVMBOUS DEWOTE AlPXRftFT OESCEMDiUe 
^OPtN SYMBOLS ÜEUOTEMRCRAFTIU LEVEL FUr,H\ 
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(CORRECTED PDA lU«tR,UM»WT ERRO«) 
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FicuRt klo I 32 
AIRSPEED CALIBRATIOW 

AH-\G.    USA VwGI5247 

BOOM SYSTEM 

»XM GROSS WEIGHT 
^LBS. 

CG STATIQM    DENSITY  ALTITUDE ROTOR SPEED 
^RPM 

COWFIGURATIOU 

D 
O 
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7265 
7116 
7?.00 

1^3.5                         I020FT 
193.3                    saoorr 
I93S                             BOOOfT 

324- 
324- 
324- 

C LE-Akl 
CLEAN 
GLEAM 
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og^oa- 

THE G.ROUKiDc.ptEO METHOD. 

2.0 OftTA CDLLECTeD ÜS\ WC-. 
THE PACER AIRCRMT METHOD. 

3A0t\M\ COLLECTED USIMG 
THETKAIUWG BOMB METHOD. 

4.SHADED SyMBOL5 OEKiOTE 
CLIMB ATUM\T   POWER 

5.FLAGGED SVMBOLS DEMOTE 
AUTOROTATION 

i5 

0 
ui 

1/5 
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QC 
£0 

J 
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O       ao     40     <bO      SO      ICO     \20     l^O     ISO     18D   200   220 
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APPENDIX V8II. SYMBOLS AND   ABBREVIATIONS 

\bbreviat inn Def i 11 i t ion Unit 

ALT Alt itude foot 

AVC Average -- 

cc.,  . 'S (!eiit er   of   grav i ty -- 

C'OND fundi t i on -- 

CONF ('onf i gurat ion -- 

HEG, deg Pegrees degree 

Dm Down -- 

licrr Fnginc  exhaust  gas  temperature 0C 

fig. figs. Figure,   Figures -- 

i-LT Flight -- 

fpm Feet  per minute,   foot  per minute ft/min 

ft Foot,   feet foot 

\-ä Fuselage  station inch 

fwcl Forward -- 

GRWT grwt Cross  weight pound 

11QRS Handling qualities  rating  scale -- 

11R Hour hour 

1 FR Instrument   flight  rules -- 

[Gil In  ground   effect -- 

in. Inch,   inches inch 

KCAS Knots  calibrated airspeed knot 

207 

... .-^—^k^ 
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Abb re ;viat]on 

K1AS 

KTAS 

LB, lb 

LT 

LONT; 

MAX, max 

MIN, min 

MRP 

NACA 

NAM!' > 

NAM" 

ND 

MM 

NU 

NO. , no. 

QGE 

PSl, psi 

ref 

RPM, rpm 

RT 

SCAS 

SEC, sec 

definition Unit 

Knots indicated airspeed knot 

Knots true airspeed knot 

Pound, pounds pound 

Left 

Longitudinal 

Maximum 

Minimum 

Military rated power shp 

National Advisory Committee for 
Aeronautics 

Nautical air miles per pound of fuel 

Nautical air miles traveled NM 

Nose down 

Nautical miles 

Nose up 

Number 

Out of ground effect 

Pound(s) per square inch lb/in" 

Reference, referred 

Revolution(s) per minute rpm 

Right 

Stability and control augmentation 
system 

Second 
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.\bbrcviation Dc-fLixitiüti unit 

SFC Specific   t\ifl  consumiJtion 

Sill', slip Shaft horsepower 

SL Sea  level 

S/N Serial number 

Si'D, std        Standard 

SYM Symbol 

IRQ Engine output torque in-lb 

WT Weight pound 

Symbol Definition Unit 

2 
A Rotor disc area ft 

a Speed of sound ft/sec 

C,, Power coefficient 
r 

C Thrust coefficient 

dlip/dt Rate of altitude change ft/min 

2 
f hquivalent flat plate area ft 

h Skid height foot 

H Density aJtitude foot 

IL Pressure altitude foot 
F 

K Engine power correction coefficient 
for climbing flight 

K Gross weight correction coefficient w 
for climbing flight 
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Symbol 

h 

M 

NTR 

Nl 

P 

R 

R/C 

R/D 

s 
g 

T 

V 

V 

V, 

cal 

cruise 

H 

VT 

V' 

w 

bl 

W, 

Uefini tIon 

Distance from center line of main 
rotor shaft to center line of a 
90-degree gear box output shaft 

Mach number 

Lingine speed 

Main rotor speed 

Tail rotor speed 

Hngine compressor speed 

Engine output torque pressure 

Rotor radius 

Rate of climb 

Rate of descent 

Ground distance required to clear 
a 50-foot obstacle 

Temperature 

Calibrated airspeed 

Cruise  airspeed 

Maximum airspeed  for level  flight 

Limit  airspeed 

True  airspeed 

Engine  air flow 

Engine bleed air  flow 

Engine  fuel  flow 

Un i t 

foot 

rpm 

rpm 

rpm 

percent 

in.   o f 11 g 

foot 

ft/min 

ft/min 

foot 

0V,   0C 

knot 

knot 

knot 

knot 

knot 

Ib/hr 

Ib/hr 

Ib/hr 
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Symbol 

0C 

ß 

A 

5 

COLL 

DIR 

LAT 

LUNG 

y 

p 

a 

Ü 

Definition Unit 

Degree(s) centigrade degree 

Degree(s) Fahrenheit degree 

Percent 

Angle of attack degree 

Angle of sideslip degree 

Difference 

Engine inlet pressure ratio 

Collective control position inch 

Directional control position * inch 

Lateral cyclic control position inch 

Longitudinal cyclic control position   inch 

Aircraft pitch attitude degree 

Engine inlet temperature ratio 

Main rotor tip speed ratio 

Air density slugs/ft' 

Density ratio 

Aircraft roll attitude degree 

Aircraft roll rate deg/sec 

Rotor rotational frequency rad/sec 
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Subscript 

a 

ENG 

std, s 

t 

TR 

MR 

TIP 

Definition 

Ambient 

Engine 

Standard 

Test 

Tail rotor 

Main rotor 

Main rotor tip 
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APPENDIX IX. DISTRIBUTION 

Agency 

Commanding General 
US Army Aviation Systems Command 
ATTN:     AMSAV-R-F 

AMSAV-C-A 
AMSAV-D-ZDOR 
AMSAV-R-EH 
AMSAV-R-R 

PO Box 209 
St. Louis, Missouri 63166 

Test 
Plans 

Interim 
Reports 

Final 
Reports 

6 
i 

2 
2 
1 

Commanding General 
US Army Materiel Command 
ATTN:  AMCPM-AAWS 
PO Box 209 
St. Louis, Missouri 63166 

Commanding General 
US Army Materiel Command 
ATTN:  AMCRD 

AMCAD-S 
AMCPP 
AMCMk 
AMCQA 

Washington, D. C.  20315 

Commanding General 
US Army Combat Developments 

Command 
ATTN:  USACDC LnO 
PO Box 209 
St. Louis, Missouri 63166 

11 11 11 

Commanding General 
US Continental Army Command 
ATTN:  DCSIT-SCH-PD 
Fort Monroe, Virginia 23351 

213 

3£L-  



1  ■Ll.W.J-lt-IPJ.Il.llJJJ ■lli'^,- 

Test Interim Final 
Agency Plans Reports Reports 

'„umiiianding General 
US Army Test and livaluution 

Command 
ATTN:  AMSTE-BG -i i 1 

USMC LnO 1 1 1 
Aberdeen Proving Ground, 

Marvland 21005 

Commanding Officer 
US Army Aviation Materiel 

Laboratories 
ATTN:  SAVFE-SO, M. Lee -        - 1 

SAVFE-TD - ■ 2 
SAVFE-AM -        - 1 
SAVFE-AV - - 1 
SAVFE-PP -        - 1 

Fort Lustis. Virginia 23604 

Commanding General 11 1 
US Army Aviation Center 
Fort Rucker, Alabama 36362 

Commandant 11 1 
US Army Primary Helicopter School 
Fort Wolters, Texas 76067 

President 11 1 
US Army Aviation Test Board 
Fort Rucker, Alabama 36362 

Director -        1 1 
US Army Board for Aviation 

Accident Research 
Fort Rucker, Alabama 36362 

President -        - 1 
US Army Maintenance Board 
Fort Knox, Kentucky 40121 

Commanding General 
US Army Electronics Command 
ATTN:  AMSEL-VL-D -        - 1 
Fort Monmouth, New Jersey 07703 
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Agency 

Commanding General 
US Army Weapons Command 
ATTN:     AMSWE-RÜT 

,\MSWli-KlilV 
(Airborne Armament   Plying) 
Rock  Island Arsenal 
Rock   Island,   Illinois     61202 

Commandant 
US Marine Corps 
Washington,  D.  C.     20315 

Director 
US Marine Corps  Landing 

Force Development  Center 
Quantico, Virginia    22133 

US Air Force,  Aeronautical 
Systems Division 

ATTN:    ASNFD-10 
Wright  Patterson Air  Force  Base, 

Ohio    45433 

Test 
Plans 

Interim 
Reports 

Final 
Reports 

Air Force  Flight Test  Center 
ATTN:     PSD 

SYSE 
Edwards Air Force  Base, 

California    93523 

Naval Air System Command 
Headquarters   (A530122) 

Department of the Navy 
Washington,  D.  C.     20350 

Commander 
Naval Air Test Center   (FT23) 
Patuxent River, Maryland    20670 

Federal Aviation Administration 
ATTN:    Administrative Standards 

Division   (MS-11Ü) 
800  Independence Avenue S.W. 
Washington,  D.  C.     20590 
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Test     Interim     Final 
Agency Plans    Reports     Reports 

Department of the Army 
Office of the Chief, Research 

and Development 
ATTN:  CRD 7.7 
Washington, D. C.  20310 

Department of the Army 
Deputy Chief of Staff for Logistics 
ATTN:  LOG/MED -        - 1 

LOG/SAA-ASLSB -        - 1 
Washington, D. C.  20310 

Department of the Army -        - 2 
Army Concept Team in Vietnam 
APO San Francisco 96384 

Director -        - 1 
US Army Aeromedical Research Unit 
Fort Rucker, Alabama 36362 

Lycoming Division of -        - 5 
Avco Corporation 

Stratford Plant 
550 South Main Street 
Stratford, Connecticut 06497 

Bell Helicopter Company -        - 5 
Military Marketing Sales Engineering 
PO Box 482 
Fort Worth, "exas 79901 

Defense Documentation Center        -        - 20 
Cameron Station 
Alexandria, Virginia 22314 
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13      ABS^ACT 

The Phase D, Part 2 airworthiness and qualification performance tests of the All IG 
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 capability information for inclusion in technical 
manuals and other publications.  The AH-1G exceeded all contractor performance 
guarantees.  There were two deficiencies which affect the mission accomplishment 
of the helicopter:  insufficient directional control which limits hovering, take- 
oft" 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 upplied for all conditions with the present directional control/yaw 
SCAS geometry; excessive pilot effort required to maintain optimum climb and maximum 
endurance airspeeds; and the possibility of inadvertently exceeding the main trans- 
mission torque limit following a left-lateral control input when below the engine 
critical altitude. 
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