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ABSTRACT

The Phase II airworthiness and flight characteristics test of the
AM-1G helicopter with the stabilized night sight (SNS) installed

w1s conducted by the US Army Aviation Systems Tcst Activity. The
tests were conducted to evaluate the flight envelope of the AH-1G
with the SNS installed for significant changes in the structural
loads, handling qualities and performance due to this modification,
The effects of weapons firing on the SNS system were also evaluated.
The structural loads, handling qualities and performance of the AH-1G
were not significantly changed by the SNS installation. The pub-
lished AH-1G flight envelope is satisfactory for the SNS modified
aircraft with one exception: due to the aircraft's reactions fol-
lowing sudden engine failure, the engine toraue should be limited

to less than 35 pounds per square inch, indicated, for all dives

to airspeeds greater than 150 KCAS. Four deficiencies reaquire cor-
rection before further testing in instrument flight conditions or in
a corbat environment: the lack of adequate, reliable attitude infor-
mation for instrument flight: the excessive reflections in the canopy
of the cockpit and instrument lights; the lack of a visual display
or indication to the pilot of the relative position of targets
sighted and tracked by the gunner with the SNS; and the directional
control pedal interference. Three shortcomings were found. The
correction of these shortcomings would improve mission performance.

iv
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INTRODUCTION

BACKGROUND
1. The stabilized night sight (SNS) was developed as a subsystem
to improve the night tactical capability of several weapon systems.
The SNS system for the AH-1G was designed and developed by Itek Cor-
poration, Optical Systems Division, for the US Army Mobility Equip-
ment Research and Development Center. The airworthiness and flight
characteristics (AGFC) of the AH-1G helicopter with the SNS installed
were evaluated in two phases of testing. Phase I tests were con-
ducted by the US Army Aviation Systems Test Activity (USAASTA) with
the mock-up SNS installed on AH-1G, S/N 66-15293. These tests re-
vealed a potential problem in the rotor and controls due to loads.
Since only the nonrotating control boost tubes were instrumented

to provide rotor and control stress data, the Phase I tests were
terminated when higher than expected loads were recorded. Measure-
ment of the actual loads in the rotor and controls was required
before the AH-1G flight envelope could be fully evaluated with the
SNS modified aircraft. The test aircraft was returned to Itek
Corporation for further modification and installation of the func-
tioning SNS equipment. An instrumented main rotor blade, drag
brace, and pitch link along with a slip ring assembly were obtained
from Bell Helicopter Company (BHC). The test plan for Phase II was
revised to incorporate those items not completed during Phase I
(refs 1 and 2, app I).

TEST OBJECTIVES

2. The objectives of the test program were:

: a, To determine the AGFC of the AH-1G with an operational SNS
' ‘ installed.

b. To evaluate the flight envelope for the AH-1G with an SNS
installed.

¢. To obtain control and rotor blade load data both in the
standard AH-1G nose and the SNS nose configurations.

d. To determine the effect of weapons firing on the SNS instal-
lation.
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DESCRIPTION

3. The testing was accomplished with AH-1G, S/N 66-15293. The
aircraft was a standard production AH-1GC with the XM28 weapon sys-
tem installed prior to modification for the SNS installation. The
modification involved remuving the standard AH-1G nose forward of
fuselage station (FS) 46 and installing additional attachment
structure between FS 61 and FS 46. The structural modifications
provided six attachment points at FS 46 for installation of the SNS
nose. The power supply and electronic control boxes for the SNS
were located in the tuil boom radio equipment bay. The SNS control
head for the pilot's cockpit was located on the right console for-
ward of the light control panel. The gunner's SNS control was lo-
cated on the instrument panel at the top of the signal distribution
panel. One hundred pounds of shot ballast were required in the
tail boom at FS 470, the stinger attachment area, to maintain an
acceptable center of gravity (cg) range. The main wiring bundle
for the SNS was routed internally down the right side of the air-
craft. The XM28 turret was modified to reduce the up elevation of
the weapons when pointed forward from 17.5 to 13 degrees. The air-
speed system was modified by relocating the pitot probe to the top
left side of the fuselage aft of the pilot's canopy.

4, The SNS nose (photo 1) with all components installed weighed
approximately 305 pounds. The major components were: the basic
viewing device, a 9-foot fiber optic rope, a laser, azimuth and
elevation gimbals with servos and resolvers. The electronics pack-
age installed in the tail boom consisted of three boxes weighing
approximately 55 pounds. The SNS was designed to provide a visual
aiming capability for the XM28 weapon system in night or low visi-
bility conditions. The SNS azimuth range was *60 degrees, and the
elevation range was +15 to -30 degrees. The eyepiece of the fiber
optic rope was attached to the standard gunner sighting station.
The XM28 weapons and the SNS were controlled by the gunner through
movement of the sighting station. A stowage position for the SNS
was provided. This position of the sight completely closed the
opening for the optic lens and laser.

5. The aircraft was instrumented to record all stability and control
parameters, some performance parameters and forward cockpit vibra-
tion. Strain gage data were recorded for one rotor blade, one drag
brace, one pitch link, the nonrotating control boost tubes and hori-
zontal stabilizer loads. The instrument panels in both cockpits
were modified to include test instruments. The oscillograph re-
corder was located in the ammunition bay. A list of the test instru-
mentation appears in appendix II.
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SCOPE OF TEST

6. The scope of the Phase II tests was limited to establishing the
AGFC of the AH-1G with the SNS installed. Since Phase I tests in-
dicated a potential rotor and control load problem due to this mod-
ification, the first priority was to establish these load values and
trends. The handling characteristics and performance evaluations
were abbreviated to complete the testing and to provide data for the
flight release by 14 November 1969, 6 weeks after receipt of the
aircraft. The wide scope of information and data required limited
testing to two configurations at two gross weights, one cg position
and one test altitude for the entire airspeed and maneuver envelope.
No evaluation of the total weapon system performance and capabili-
ties was included in these tests.

7. Twenty productive test flights were made during this test pro-
gram. Flight time was 23.2 hours. Two of these flights were made
on the firing range at Fort Irwin, California; the remainder were
flown in the vicinity of Edwards Air Force Base, California.

METHOD OF TEST

8. Rotor and control loads were determined from oscillograph records
of the strain gage parameters for each predetermined flight condi-
tion of airspeed and maneuver. Tests were conducted to-increase the
airspeed, maneuver rates and load factors in predetermined increments
following an analysis of the data from the preceding conditions.

9. Handling characteristics were evaluated qualitatively and quan-
titatively by comparing data from tests with the standard AH-1G nose
configuration and that of the SNS nose configuration. In addition,
a comparison was made of the stability and control test results of
the Phase II program with those from the Phase D stability and con-
trol tests of the standard AH-1G (ref 3, app I). The handling
qualities evaluation included tests to determine the static longi-
tudinal and directional stability, dihedral effects, dynamic stabil-
ity, controllability and aircraft reactions to sudden engine failure
Standard test techniques were used for each of the tests described.

10. The effect of the SNS modification on level flight performance
was determined by accomplishing three speed-power polars in both
the standard AH-1G nose and the SNS nose configurations.

—r——— = . -
e — ' : P : -




11.

The test airspeed system and the modified standard airspeed

system were calibrated between 40 and 130 knots calibrated airspeed
(KCAS) using a trailing bomb pitot-static system and between 90 and
180 KCAS using the calibrated pace aircraft technique.

CHRONOLOGY

12.

The chronology of the Phase II test program is as follows:

Test directive received 18 March 1969
Test plan submitted 15 September 1969
Test aircraft received 3 October 1969
Flight testing commenced 21 October 1969
Preliminary letter report and data

submitted 14 November 1969
Flight testing completed 17 November 1969
Aircraft delivered to Sharpe

Army Depot 21 November 1969
Draft report submitted January 1970




RESULTS AND DISCUSSION

STRUCTURAL LOADS TESTS

13, The results of the Phase II structural loads tests showed
essentially no increase in control or rotor loads due to the SNS
modification.

14. The Phase II structural loads tests were conducted with the
standard AH-1G nose and also with the SNS nose installed in two con-
figurations: the clean wing at 7520 pounds and the heavy scout (two
XM159 rocket pods and two XM18 minigun pods) at 9240 pounds. Com-
parisons were made between the Phase II data and data obtained from
BHC report number 209-090-041 (flight loads survey) (ref 4, app I)
in two configurations: the clean wing at 6500 pounds and the hog
(four XM159 rocket pods) at 9500 pounds, respectively. All BHC data
were obtained with the standard AH-1G nose. The Phase I data used
for comparison were obtained with both the standard AH-1G nose and
the mock-up SNS installed in two configurations: the clean wing at
7560 pounds and the hog at 9270 pounds, respectively. The Phase II
data were obtained at a 5000-foot density altitude (Hp) with a mid
cg and a rotor speed of 324 rpm. The Phase I and BHC data used for
comparison were at the same conditions. All Phase II loads data
with the SNS installed were obtained with the SNS in the stowed
position.

15. Eighteeen parameters of loads data were recorded, reduced and
plotted during the Phase II tests. To reduce the time and cost of
publishing this report, all stress data obtained are not presented
in this report since some showed essentially no deviation from pub -
lished BHC data. The stress data for the lateral control boost tube
(although its fatigue life is not critical for the operating loads
recorded) are presented since the loads (with and without the SNS
installation) are higher than the loads indicated by BHC data (para
19). The remaining data presented are those data considered essen-
tial to determine the fatigue life of critical components by the
US Army Aviation Systems Command (USAAVSCOM) and BHC structures en-
gineers present during the conduct of the tests.

16. The loads data obtained in stabilized level flight and 1.0g
dives (figs. 1 through 12, app III) indicate the following:

| a. The loads data at 7520 pounds in the clean configuration
were the same with the SNS installed as with the standard AH-1G nose
installed.




b. At 9240 pounds, the only loads affected by the SNS instal-
lation were the beamwise bending moments at blade station 110, At
blade station 110, the data indicated an increase in the mean bending
moment of approximately 2500 inch-pounds due to the SNS installation.
This increase is unexplained (para 19).

c. A comparison of the Phase II loads data obtained at 7520
pounds and the data obtained during the BHC flight loads survey tests
at 6500 pounds indicated no significant difference, with the excep-
tion of the lateral boost tube loads. The lateral boost tube load
data obtained by BHC indicated 170 pounds less oscillatory load and
200 pounds less mean load throughout the operational airspeed range
than the data obtained during these tests. The Phase I lateral
boost tube loads data with the standard AH-1G nose installed agreed
with the Phase II data, but the oscillatory loads with the SNS in-
stalled were approximately 100 pounds higher for the Phase I data
than for the Phase II data (para 19 and ref 2, app I).

d. A comparison was made of the loads data obtained at 9240
pounds with the data obtained by BHC at 9500 pounds. BHC data
showed mean beamwise bending moments at blade station 46 which were
2000 inch-pounds lower at 70 KCAS and 6500 inch-pounds lower at 130
KCAS. The oscillatory bending moments were the same. The BHC lat-
eral boost tube loads data were lower than Phase II data at air-
speeds greater than 80 KCAS. The BHC data showed oscillatory loads
240 pounds lower and mean loads 200 pounds lower than the Phase II
data at 130 KCAS. The Phase I lateral boost tube loads data with
the standard AH-1G nose installed agreed with the Phase II data,
but the Phase I oscillatory loads with the mock-up SNS installed
were about 300 pounds higher than Phase II loads for airspeeds
greater than 100 KCAS (para 19 and ref 2, app I).

e. Loads data were obtained at 155 KCAS with five different
engine power/collective settings at 7520 pounds with the standard
AH-1G nose installed. The magnitudes of rotor and control loads are
less for reduced engine power/collective settings (figs. 1 through
6, app III).

17. The symmetrical pullout data were obtained either using the
engine power required for level flight at the trim airspeed or the
maximum power permitted for those trim airspeeds above the maximum
airspeed in level flight (Vy). The pullout was accomplished from a
dive with longitudinal cyclic so that each normal acceleration value
was achieved at the desired airspeed and altitude. The data obtained
in symmetrical pullouts are presented in figures 13 through 48, ap-
pendix III, and indicate the following:




a. At 7520 pounds, oscillatory and mean chordwise bending
moments at blade station 135 and the lateral boost tube loads are
increased slightly by the SNS installation (para 19).

b. At 9240 pounds, the data obtained at a trim airspeed of
approximately 125 KCAS showed that the SNS installation increased
the lateral boost tube loads (200 pounds, oscillatory; 100 pounds,
mean) and increased the beamwise bending moments at blade station
110 (1000 inch-pounds oscillatory; 2200 inch-pounds mean) (para 19).

c¢. Comparison of Phase II loads data with BHC data (ref 6,
app I) indicates similar loads. A detailed comparison was not made
since the BHC data for symmetrical pullouts did not include the nor-
mal acceleration values achieved.

18. Loads data were obtained during various types of maneuvering
flight. These data are tabulated in tables A through C, appendix
ITII. During most of the maneuvers, the maximum loads were main-
tained for only a few seconds. These data are presented to indicate
the level of loads which occur during maneuvering flight.

19. During Phase I testing, the loads recorded for the three con-
trol boost tubes were higher (both with and without the mock-up SNS
installed) than the loads recorded by BHC during their flight loads
survey. There was also an increase in these loads (particularly

the lateral boost tube loads) due to the mock-up SNS installation.
This indicated that excessive loads might be occurring in the rotat-
ing components which would significantly reduce the fatigue life of
these components. The results of the Phase II tests did not confirm
the suspected high loads in the rotating components. In fact, dur-
ing the Phase II tests, the loads in the longitudinal and collective
boost tubes (both with and without the SNS installed) were lower
than those recorded during Phase I tests and agreed with BHC data.
The Phase II lateral boost tube loads showed no difference due to
the SNS installation and agreed with the Phase I standard AH-1G nose
data. However, they were consistently higher than published BHC
data. The loads in some of the rotating components were increased
by the SNS installation, and some of the loads with the standard
AH-1G nose were higher than the loads recorded by BHC. Concurrent
analysis of the increased loads in the lateral boost tubes and the
rotating components by USAASTA, USAAVSCOM and BHC engineers produced
no explanation of these increases or of the discrepancy between
Phase I and Phase II data. It was concluded that none of the loads
data recorded during Phase II testing in either the standard AH-1G
nose or the SNS nose configuration indicated any significant re-
duction of component fatigue life. Therefore, no limitations are
recommended to the AH-1G flight envelope with the SNS installed due
to structural loads.




STABILITY AND CONTROL TESTS

20, The handling qualities of the AH-1G with the SNS installed were
evaluated at each of the configurations described in paragraph 14.
The qualitative and quantitative results revealed no significant
change in the handling qualities due to the modification of the
standard AH-1G nose shape with the SNS installed. The static longi-
tudinal trim stability, static directional stability and dihedral
effects are presented in figures 49 through 53, appendix III.

AIRCRAFT REACTIONS TO SUDDEN ENGINE FAILURE

21. The reactions of the SNS modified AH-1G to sudden engine fail-
ure were evaluated in the heavy scout configuration at a 9240-pound
grwt, mid cg and 5000-foot Hp. Tests were conducted at airspeeds
between 80 and 166 KCAS, the limit airspeed (Vy). The engine power
was set at the power required for level flight at airspeeds less
than Vy and at the maximum power permitted at all dive airspeeds.
Additional tests were made at Vi using reduced engine power and col-
lective settings. The aircraft's reactions and the control delay
times at airspeeds greater than VH (using the maximum permitted
power and collective settings) were unacceptable. The left roll
rates and accelerations induced by the left yaw following sudden
power loss were very high, and maximum delay possible before recov-
ery action was approximately 1 second at 140 KCAS. This decreased
to 0.5 second at Vi for the maximum power condition. Recoveries
required a large (approximately 2 inches) aft and right movement of
the cyclic to arrest the left roll rate and establish a nose-up
pitch rate. Heavy control feedback was experienced during the high-
speed recoveries and limited the recovery capability. Control delay
times were acceptable (greater than one second) at all airspeeds
when the maximum torque used was 35 psi.

22,. The limitations to high-speed, high-power dive conditions for
the AH-1G with the SNS installed should be: all dives to airspeeds
greater than 150 KCAS should be made at medium torque settings with
35 psi as the maximum permitted for any dive, and cockpit torque-
meters should be marked with a yellow line at 35 psi. This mark
should be explained in the pilot's handbook as the maximum permitted
torque at dive airspeeds greater than 150 KCAS.

WEAPONS FIRING TESTS

23. Firing tests of the 7.62 millimeter (mm) machine gun were con-
ducted in daylight conditions to evaluate turret and sight-tracking
firing effects on the SNS and turret envelope for firing. The SNS




installed on the aircraft was in an operating mode for daylight con-
ditions with a lens cover installed to prevent damage to the sight.
The turret and SNS movement followed the movement of the gunner's
sighting station, and the firing cutout circuits stopped the machine
gun firing at the upper elevation limit. The turret positions and
aircraft maneuvers for the tests are shown.in table 1. The 40mm
grenade launcher could not be fired since the drive motor could not
pull the 20 rounds of ammunition through the chute without the ammu-
nition can boost. Instrumentation located in the ammunition bay
prevented installation of the ammunition can.

Table 1. Firing Conditions with the SNS Installed and Operating.

TR

Gross weight: 8500 pounds Density altitude: 5000 feet
Rotor speed: 324 rpm Center of gravity: mid
Turret Turret s
Maneuver Position Position C:;;grzzgd
Azimuth Elevation (kts)
(deg) (deg)
Level flight 0 30 down 105
20-degree bank, left turn 30 right 10 down 105
20-degree bank, right turn | 60 left 10 down 105
20-degree bank, left turn 60 right 10 down 105
Dive 0 0 162
. - Traverse Traverse
Right rolling pullout On target On target 170
. ‘ Traverse Traverse
Left rolling pullout On target On target 170
Dive 0 down to full up 170
Dive 0 0 175
10
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24, Further firing tests of the turret minigun and 2.75-inch
rockets were conducted at night. The SNS installed on the test
aircraft was not fully functional due to the following: the laser
was inoperable because of low helium charge and low vacuum pres-
sure; the image stabilization and focus functions were inoperable
due to damaged wiring; the sight was not bore-sighted with the
weapons; and the sight reticle was not functioning. The firing
tests were conducted using the SNS in the passive mode (no laser
illumination or ranging). The conditions were very dark with no
moon or ground lighting. The test range was desert terrain with
few contrasting features. The muzzle flash and vibration while
firing the minigun had no significant effect on the sight picture,
but the tracers produced large bright tracks in the sight. The
sight target picture was blanked for a brief period during rocket
firing due to the amount of light produced by the rocket motors.
This '"blooming'" of the sight lasted until burnout or impact when
two or more rockets were fired. The rockets were fired from the
outboard wing station from the XM159 pods. No flight path anom-
alies of the rockets were noted due to the airflow around the SNS
nose.

25. The major problems experienced during the night firing tests
were: excessive reflection of cockpit lights on the canopy, unre-
liable aircraft attitude information due to excessive precession of
the indicators during maneuvers and the lack of a visual display in
the aft cockpit to show the relative location of targets being
tracked by the gunner with the SNS and turret weapons. The test
aircraft, S/N 66-15293, did not have NW0-1420-221-30/19 incorporated
and was not equipped with the M55 (Lear Siegler) attitude indicating
system. The M1l indicator installed precessed in both pitch and roll
during firing maneuvers 'as much as 20 degrees in bank and 10 degrees
in pitch. This is unacceptable for use in any condition and limits
this aircraft to flight in conditions where a clear external horizon
is always available. The excessive reflections of cockpit lights

in the canopy were very distracting and resulted in pilot orienta-
tion problems when transitioning to contact (reference to an exter-
nal horizon) from instrument (reference to cockpit instruments)
flying and vice versa. The degree of distraction and pilot dis-
orientation produced by these reflections make gunnery maneuvers in
other-than-complete contact flight conditions extremely hazardous.
Correction of these major deficiencies is mandatory for the aircraft
modified for SNS operations in night and instrument conditions.

26, Additionally, it was determined essential that the pilot be
provided with a visual display on the instrument parcl that would
indicate the relative azimuth and elevation of the gunner's line of
sight. Since this system is designed to be operated in conditions
where visual target engagement cannot be made, it is essential that

I
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the pilot have a visual indication of the relative position of the
target or area being tracked by the gunner with the SNS and turret.
With this information, the aircraft can be maneuvered on instru- {
ments and sustain an engagement by the gunner with the turret wea-
pons. This information is absolutely essential for engaging a
target not clearly visible to the pilot when firing wing-mounted
weapons such as rockets or XM18 guns.

LEVEL FLIGHT PERFORMANCE

27. Six level-flight performance tests were conducted to determine
the performance change with the SNS installed. Three tests were
made with the SNS installed and three with the standard AH-1G nose.
These tests were conducted with the aircraft at a forward cg and in
the heavy scout configuration at: 8100 pounds, 5000 feet; 8100
pounds, 10,000 feet; and 9200 pounds, 10,000 feet. The results are
presented in figures 54 through 60, appendix III.

28. The results of these tests show that the SNS installation
caused an increase in equivalent flat plate area of approximately
0.7 square feet. It was anticipated that the change in equivalent
flat plate area caused by the SNS installation would be greater;
however, the data did not show this. A probable cause for this
difference is the position-error calibration of the airspeed systen.
The position error of the test system established with the SNS in-
stalled was approximately 3 knots different than the position error
established with the standard AH-1G nose. A discrepancy of approxi-
mately 2.5 knots occurred between the two methods used to determine
the position error of the test system with the standard AH-1G nose.
Sufficient time was not available to resolve this position error
discrepancy. A 2.5-knot change in airspeed would result in a change
in equivalent flat plate area of approximately 1.7 square feet at
125 knots true airspeed (KTAS) which would be more consistent with
the antiticpated increase in flat plate area.

VIBRATION

29. Vertical and lateral vibration data at the copilot's seat were
recorded during the Phase II testing. The data were extremely diffi-
cult to reduce due to the large number of active parameters recorded
on the oscillograph. Only a limited amount of vibration data was
reduced in order to reduce the time and cost of publishing this re-
port. A comparison of this data with Phase I data revealed no

changes in the vibration characteristics for those conditions. Quali-
tative results for all comparable conditions during Phase I and
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Phase II testing showed no differences. Therefore, the four-per-
revolution and six-per-revolution (11.6 and 32.4 Hertz) vibrations
were excessive and should be reduced (ref 2, app I).

COCKPIT EVALUATION

Pilot's Position, Aft Cockpit

30. The only change in the aft cockpit with the SNS modification
was the addition of a five-switch control panel on the right console
forward of the light control panel. The five switches control the
power to the SNS system, preamp, sight azimuth and elevation units,
line of sight stabilization and the laser. The switches were posi-
tioned forward for ON and were positive-position type switches (lift
and move). The switches were clearly labeled and well lighted by
surface lighting. An inoperative circuit was indicated by lighting
the appropriate switch label. Some reduction in forward visibility
was noted with the SNS installed but was not significant for the
pilot in the aft seat,

Gunner's Position, Forward Cockpit

31. The SNS function switch, laser ON/OFF switch and light inten-
sity rheostats were located in a single control unit which was posi-
tioned in the upper part of the radio section on the instrument
panel. Lighting and function of the switches were satisfactory.

32. Entry and exit from the gunner's position with the SNS in-
stalled were difficult since the XM28 sighting station had to be
lifted up near the top of the canopy. Removal and replacement of
the sighting station from the stowage bracket were very difficult
tasks and necessitated that the copilot/gunner assume an unnatural
and very uncomfortable position in the seat in order to clear the
sighting station over the right leg. Placing the sighting station
on the stowage bracket was difficult due to interference between
the sight grip and canopy and also due to binding at the support
structure elbow. Moving the stowage bracket approximately % inch
inboard would allow clearance between the canopy and the sight grip
and would eliminate binding at the support structure elbow.

33. Movement of the sight head to the limit azimuth and elevation
angles required more force with this installation than with the
standard XM28 sighting station due to stiffness of the fiber optic
rope. The sight head could be moved to the extremes in elevation
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and azimuth, however, the force required was not considered objec-
tionable. Holding the sight head up near the eye required consider-
able force and was tiring for a tall gunner due to the additional
weight and stiffness of the fiber optic rope. Stronger counter-
balancing springs and a longer optic rope should be incorporated to
alleviate this problem.

34, The structural modification of the nose included the addition
of a l-inch square brace along both sides of the forward cockpit
under the instrument panel. With the directional pedals adjusted
full aft, it is possible to restrict the travel of the pedal by
pinching the gunner's feet between the pedals and the braces. In
the full aft pedal position, the clearance between either pedal at
full travel and the brace is less than 1 inch. The adjustment
range of the front directional pedals should be modified to limit
the aft travel on all SNS modified aircraft to maintain a minimum
clearance of at least 2 inches between the pedal and the structural
brace.

1




CONCLUSIONS

35. The airworthiness and flight characteristics of the AH-1G heli-
copter with the stabilized night sight system installed are accept-
able for further tests of the system's performance and operational
capability (paras 19 and 20).

36. The operating stress loads in the main rotor and controls are
not significantly increased by the SNS modification of the nose shape
or mass distribution of the AH-1G (para 19).

37. The level flight performance of the AH-1G is not significantly
reduced by the installation of the SNS system (para 28).

38, The published AH-1G flight envelope is satisfactory for SNS
modified aircraft with one exception: the aircraft reactions to a
sudden, total power loss (in both the SNS and standard nose config-
urations) are unacceptable in high-speed dives with an engine-torque
setting greater than 35 PSI (paras 20 through 22).

39, Correction of the following deficiencies is mandatory:
a. Unreliable aircraft attitude instruments (para 25).

b. Excessive canopy reflections of cockpit and instrument
lights (para 25).

c. Lack of a visual display to the pilot indicating the azi-
muth and elevation (relative to the aircraft) of the SNS line of
sight (para 26).

d. Insufficient clearance between the directional control
pedals and the SNS structural brace in the forward cockpit (para 34).

40, The following shortcomings were found which limit mission effec-
tiveness:

a. Excessive force required to hold the sighting station at
eye level (para 33).

b. Lack of adequate clearance between the sighting station
and the canopy with the sighting station on the stowage bracket
(para 32).

c. The excessive vertical six-per-revolution and lateral four-
per-revolution vibrations (para 29).
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RECOMMENDATIONS

41. Based on the information and data contained in this report, it
is recommended that:

a. The permitted engine torque be limited to 35 PSI during
dives at airspeeds greater than 150 KCAS (paras 21 and 22).

b. The cockpit torquemeters be marked with a yellow cautionary
mark at 35 PSI (paras 21 and 22).

c. The operating envelope of the standard AH-1G, as contained
in the operator's manual (TM55-1520-221-10) be applied to the SNS
modified aircraft with the additional limitation of paragraph 4la
(paras 35, 36 and 38).

42, It is further recommended that the following corrective actions
be taken prior to operational tests of the system performance and
capability in instrument flight conditions or in a combat zone:

a. Install reliable aircraft attitude instruments (para 25).

b. KReduce canopy reflections of cockpit and instrument lights
(para 25).

c. Provide a visual display in the aft cockpit to indicate the
azimuth and elevation (relative to the aircraft) of the SNS line of
sight (para 26).

d. Modify the adjustment range of the directional pedals in
the forward cockpit to limit the aft travel so a minimum clearance
between the pedal and the SNS structural brace is at least 2 inches
(para 34). ‘

43, It is recommended that the following corrective actions be
taken to improve mission effectiveness:

a. Install stiffer counter-balancing springs on the XM28/SNS
sighting station (para 33).

b. Move the XM28/SNS sighting station stowage bracket % inch
inboard (para 32).

¢. Reduce the vertical six-per-revolution vibration (para 29).
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APPENDIX II.
TEST INSTRUMENTATION

1. All instrumentation was installed and maintained by USAASTA
personnel with the exception of the strain gages on the rotor blade,
drag brace and pitch link. These gages were installed by BHC per-
sonnel,

2. A high-speed, fixed-type pitot-static probe and an angle-of-
attack and angle-of-sideslip head were installed on a test boom
mounted on the right side of the aircraft extending forward of the

nose.

3. Instrumentation was installed to monitor the following param-
eters:

a. Pilot's Panel

Longitudinal cyclic control position
Lateral cyclic control position
Collective pitch control position
Directional control position
Airspeed (boom system)

Altitude (boom system)

Rotor speed

Angle of attack

Angle of sideslip

Gas producer speed (Nj)

Engine rpm (N3)

Exhaust gas temperature

CG normal acceleration

Rate of climb

b. Engineer's Panel

Torque

Rotor speed

Airspeed (modified standard system)
Altitude (modified standard system)
Gas producer speed (Nj)

Outside air temperature

Exhaust gas temperature

Fuel used

Oscillograph record number




cC.

Oscillograph

Longitudinal cyclic control position

SCAS longitudinal position

Pitch angle

Pitch ‘rate

Lateral cyclic control position

SCAS lateral position

Roll angle

Roll rate

Directional control position

SCAS pedal position

Yaw angle

Yaw rate

Angle of sideslip

Angle of attack

Collective pitch control position

Throttle position

CG normal acceleration

Rotor speed (linear)

Rotor blip

Pilot's event

Engineer's event

Tail rotor torque

Tail rotor blade angle

Horizontal stabilizer position

Lateral vibration at copilot's station
(FS 79, water line (WL) 52, butt line (BL) 10 right)

Vertical vibration at copilot's station
(FS 79, WL 52, BL 10 right)

Oscillograph Strain Parameters on Structural Members

Control 1ink/tube, BHC P/N 209-030-124-1

Control 1link/tube, BHC P/N 209-030-124-3

Control link/tube, BHC P/N 209-030-124-5

Horizontal stabilizer (chordwise bending)

Horizontal stabilizer (beamwise bending)

Horizontal stabilizer (torsional bending)

Main rotor drag brace

Main rotor pitch link

Main rotor blade (beamwise bending at blade stations
46, 60, 85, 110 and 135)

Main rotor blade (chordwise bending at blade stations
60, 85, 110, and 135)

18
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APPENDIX III.

Subject
Loads in 1.0g flight

Loads in symmetrical pullouts
Static stability
Level flight performance

Airspeed calibration

Subject

Loads in maneuvering flight

TEST DATA

Figure Number
1 through 12

13 through 48
49 through 53
54 through 60

61 through 62

Table Number

A through C
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FIGURE 1
. NAIN ROTOR BLADE BEAMNISE -BEND
BLADE STATION 46  FORNARD PL]
AH-1G USA S/N 66-15293

DENSITY  GROSS CG  ROTOR
SYMBOL  ALTITUDE  WEIGHT  STATION  SPEED  CONFIGURATION
(ft) (1b) (in.) (xpm)
o 5000 7520 195.6 - 324  CLEAN, STD NOSE
o 5000 7520 195.6 324 CLEAN; SNS
NOTES :

-1. OPEN SYMBOLS DATA OBTAINED WITH PONER
REQUIRED FOR LEVEL FLIGHT OR MAXIMUM POWER

4
DURING DESCENDING FLIGHT. 5
2. ®  DENOTE 40 PSI TORQUE. :
3. ©  DENOTE 35 PSI TORQUE. a
4. @ . DENOTE 30 PSI TORQUE. -
3 5. @  DENOTE 25 PSI TORQUE. o
i y © :
2 '
g : o 09 o0
s * E/ e
= -
g 5 ° &
- o] ° [~
= 1 g ©
2 — Q. 2—ar |
6. CURVES OBTAINED FROM BELL HELICOPTER
d COMPANY REPORT NQ. 209-099-041. THE
_ CONDITIONS ARE 6500 POUNDS, 5000 FEET,
CLEAN CONFIGURATION. PONER -REQUIRED !
FOR LEVEL FLIGHT OR NOT SPECIFIED.
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2
MAIN ROTOR uuu BEAMWISE DENDING
BLADE STATION 60  FORWARD FLIGHT
AH-16 USA S/N 6~15293

DENSITY  GROSS G ROTOR |
(SYMBOL  ALTITUDE ~ WEIGHT  STATION  SPEED  CONFIGURATION
(£t) 1wy * (in.) (rpw)
o 5000 7520 195.6 324  CLEAN, STD NOSE
a 5000 7520 195.6 324 CLEAN, SNS
NOTES:
1. OPEN SYMBOLS DATA OBTAINED WITH POWER
. REQUIRED FOR LEVEL FLIGHT OR MAXIMUM PONWER
DURING DESCENDING RLIGHT. i
2, @  DENOTB 40 PSI TORQUE. - = :
3. ©  DENOTE 35 PSI TORQUE.
4. ®  DENOTE 30 PSI TORQUE.
5. @  DENOTE 25 PSI TORQUE.
" 6. CURVES OBTAINED FROM BELL MELICOPTER
COMPANY REPORT NO. 209-099-041, THE
CONDITIONS ARE 6500 POUNDS, 5000 FEET.
CLEAN CONFIGURATION. POWER REQUIRED
§ FOR LEVEL FLIGHT OR NOT SPECIFIED. ®
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PIGURE 3 .
MAIN ROTOR BLADE BEAMNISE BENDING
| BLADE STATION 110 FORWARD FLIGHT |
[ AH-1G  USA S/N 66-15293 | q
l v DENSITY GRoss 6 RO’IUR‘
l SYMBOL  ALTITUDE =~ WBIGHT  STATION SPEED  CONFIGURATION
: (ft) (1b) (in)  (vpm)
o 5000 7520 195.6 . 324  CLEAN, STD NOSE
5 o 5000 7520 195.6 324  CLEAN, SNS
NOTES : :
1. OPEN SYMBOL DATA OBTAINED WITH POWER
REQUIRED FOR LEVEL FLIGHT OR MAXIMUM POWER
DURING DESCENDING FLIGHT.
16 DENOTE 40 PSI TORQUE.

2 o 3
3. © DENOTE 35 PSI TORQUE. Qm
4. @ DENOTE 30 PSI TORQUE. !

5 (] [?ENOTE 25 PSI TORQUE.

bos
~N

(a.-1b x 10°%)
e [}
0]

OSCILLATORY BENDING MOMENT

: 4 . _..,GB':" .eﬁ’@

: 6. CURVES OBTAINED FROM BELL HELICOPTER

0 COMPANY REPORT NO. 209-099-041;  THE ' !
. "CONDITIONS ARE 6500 POUNDS, 5000 FEET, :

CLEAN CONFIGURATION. *POWER REQUIRED ;
FOR LEVEL PLIGHT OR NOT SPECIFIED.
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FIGURE 4
MAIN ROTOR BLADE CHORDWISE BENDING
BLADE STATION 135  FORWARD FLIGHT
AH-1G USA S/N 66-15293

_DENSITY GROSS CG ROTOR
SYMBOL ALTITUDE WEIGHT STATION SPEED CONFIGURATION
(ft) (1b) (in.) (rpm)
o] 5000 7520 195.6 ‘324 CLEAN, STD NOSE
o 5000 7520 195.6 324 CLEAN, SNS
NOTES :
1. . OPEN SYMBOLS DATA OBTAINED WITH POWER
: REQUIRED FOR LEVEL FLIGHT OR MAXIMUM o
POWER DURING DESCENDING FLIGHT. '
2. @ DENOTE 40 PSI TORQUE. o
3. © DENOTE 35 PSI TORQUE.
4. @ DENQTE 30 PSI TORQUE.
§ 6 5. @ DENOTE 25 PSI TORQUE.
— (0]
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0 6. CURVES OBTAINED FROM BELL HELICOPTER '
COMPANY REPORT NO. 209-099-041. THE
CONDITIONS ARE 6500 POUNDS, 5000 FEET,
CLEAN CONFIGURATION. POWER REQUIRED
e FOR LEVEL FLIGHT OR NOT SPECIFIED. ¢
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i FIGURE § Lo

DRAG BRACE AXIAL LOAD
FORMARD FLIGHT
AH-1G USA S/N 66-15293
DENSITY GROSS CcG ROTOR X
SYHDOB ALTITUDE WEIGHT STATION SPEED CONFIGURATION
(£e) (1b) (in.) (rpm)
(o) $000 7520 195.6 - 324 CLEAN, STQ NOSE
a 5000 7520 195.6 - 324 CLEAN, SNS °
2 NOTES: "
1. OPEN SYMBOL DATA OBTAINED WITH POWER ’
] REQUIRED FOR LEVEL FLIGHT OR MAXIMUM [o)
_ & . POWER DURING DESCENDING FLIGHT.
= 6 2. O DENOTE 40 PSI TORQUE.
3 3. © DENOTE 35 PSI TORQUE. 2
¢ 4. @ DENOTE 30 PSI TORQUE. (o)
2 5. ® DENOTE 25 PSI TORQUE.
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6. CURVES OBTAINED FROM BELL HELICOPTER
' COMPANY REPORT NO. 209-099-041. THE
CONDITIONS ARE 6500 POUNDS, 5000 FEET,
CLEAN CONFIGURATION. POWER REQUIRED
8 FOR LEVEL FLIGHT- OR NOT SPECIFIED.
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OSCILLATORY LOAD (1b)

MEAN LOAD (1b)

FIGURE 6
LATERAL BOOST TUBE AXIAL LOADS
FORWARD FLIGHT
AH-1G USA S/N 66-15293
DENSITY GROSS - CG ROTOR
SYMBOL  ALTITUDE  WEIGHT  STATION  SPEED  CONFIGURATION
‘ (ft) (1b) (in.) (rpm)
o 5000 7520 195.6 324 CLEAN, STD NOSE
(a] 5000 7520 195.6 . 324  CLEAN, SNS
2000
NOTES:
1. OPEN SYMBOLS DATA OBTAINED WITH POWER
REQUIRED FOR LEVEL FLIGHT OR MAXIMUM POWER
*  DURING DESCENDING FLIGHT.
1600 2. @ DENOTE 40 PSI TORQUE.
3. © DENOTE 35 PSI TORQUE.
4. @ DENOTE 30 PSI TORQUE.
5. ® DENOTE 25 PSI TORQUE.
1200 6. SOLID LINE REPRESENTS PHASE 1 DATA AT 5000 FEET, '
7560 POUNDS WITH SNS MOCK-UP INSTALLED. 8
800
400
7. DASHED LINE REPRESENTS PHASE I DATA AT
5000 FEET, 7560 POUNDS WITH STANDARD NOSE.

0 8. DASHED-DOTTED CURVES OBTAINED FROM BELL
"HELICOPTER COMPANY REPORT NO. 209-099-041. ‘ 1
THE CONDITIONS ARE 6500 POUNDS, 5000 FEET,
CLEAN CONFIGURATION. POWER REQUIRED FOR
LEVEL FLIGHT OR NOT SPECIFIED.
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FIGURE 7
MAIN ROTOR BLADE BEAMWISE BENDING :
BLADE STATION 46  FORWARD FLIGHT i
AH-1G USA S/N 66-15293

DENSITY GROSS CG ROTOR
SYMBOL ALTITUDE WEIGHT  STATION SPEED  CONFIGURATION
(ft) (1b) (in.) (rpm)
o) 5000 9240 195.4 " 324  HEAVY SCOUT, STD NOSE
»] 5000 9240 195.4 324  HEAVY SCOUT, SNS
NOTES:
1. OPEN SYMBOLS DATA OBTAINED WITH POWER
. REQUIRED FOR LEVEL FLIGHT OR MAXIMUM
POWER DURING DESCENDING FLIGHT.
4 2. CURVES OBTAINED FROM BELL HELICOPTER
COMPANY REPORT NO. 209-099-041.
THE CONDITIONS ARE 5000 FEET,
- 9500 POUNDS, HOG CONFIGURATION. o o
POWER REQUIRED FOR LEVEL FLIGHT B
3 OR NOT SPECIFIED. &
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. FIGURE 8
MAIN ROTOR BLADE BEAMWISE BENDING
BLADE STATIQN 60 PORWARD FLIGHT
AH-1G USA S/N 66-15293

DENSITY  GROSS CG OTOR
SYMBOL - ALTITUDE  WEIGHT  STATION  SPEED . CONFIGURATION
(ft) (1b) (in.) (rpm)
o 5000 9240 195.4 324  HEAVY SCOUT, STD NOSE
o 5000 9240 - 195.4 324  HEAVY SCOUT, SNS
NOTES:
1. OPEN SYMBOLS DATA OBTAINED WITH POWER
 REQUIRED FOR LEVEL FLIGHT OR MAXIMUM |
POWER DURING DESCENDING FLIGHT.
2. CURVES OBTAINED FROM BELL HELICOPTER COMPANY
REPORT NO. 209-09%-041. THE CONDITIONS ARE
5000 FEET, 9500 POUNDS, HOG CONFIGURATION.
4 POWER REQUIRED FOR LEVEL FLIGHT OR NOT :
SPECIFIED. |
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o 5000 9240 195.4 ' 324 HVY SCQUT, STD NOSE |
] 5000 ' 9240 195.4 324 HVY SCQUT, SNS
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FIGURE 10
MAIN ROTOR BLADE CHORDWISE BENDING
BLADE STATION 135 FORWARD FLIGHT
AH-1G USA S/N 66-15293

. DENSITY GROSS CG ROTOR
SYMBOL ALTITUDE  WEIGHT STATION SPEED CONFIGURATION
(ft) (1b) (in.) (rpm)
(o) 5000 9240 195.4 324 HEAVY SCOUT, STD NOSE
Q 5000 9240 195.4 324 HEAVY SCOUT, SNS
NOTES: :
1. OPEN SYMBOLS DATA OBTAINED WITH POWER
* REQUIRED FOR LEVEL FLIGHT OR MAXIMUM POWER
8 DURING DESCENDING FLIGHT.
2. CURVES OBTAINCD FROM BELL HELIGOPTER COMPANY
REPORT NO. 209-099-041. THE CONDITIONS ARE
5000 FEET, 9500 POUNDS, HOG CONFIGURATION.
; POWER REQUIRED FOR LEVEL FLIGHT OR NOT
6 SPECIFIED.
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OSCILLATORY LOAD (1b x 107°)

MEAN LOAD (1b x 10°3)

FIGURE 11
DRAG BRACE AXIAL LOAD
FORWARD FLIGHT
AH-1G USA S/N 66-15293

DENSITY GROSS CG ROTOR
SYMBOL  ALTI1TUDE  WEIGHT STATION SPEED  CONFIGURATION
(ft) (1b) (in.) (rpm)
o) 5000 9240 195.4 324 HEAVY SCOUT, STD NOSE
o 5000 9240 195.4 324 HEAVY SCOUT, SNS

NOTES:
1. OPEN SYMBOLS DATA OBTAINED WITH POWER
REQUIRED FOR LEVEL FLIGHT OR MAXIMUM
. POWER DURING DESCENDING FLIGHT.
2. CURVES NBTAINED FROM BELL HELICOPTER

COMPANY REPORT NO. 209-099-041. o
THE CONDITIONS ARE 5000 FEET, B 8
9500 POUNDS, HOG CONFIGURATION.

PONER REQUIRED FOR LEVEL FLIGHT o %

OR NOT SPECIFIED. Q
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LATERAL BOOST TUBE AXIAL LOADS !
FORNARD PLIGHT '
AH-1G USA S/N 66-15293 1
DENSITY GROSS 6 ROTOR !
SYMBOL  ALTITUDE' WEIGHT  STATION SPEED  CONPIGURATION =
(£t) (b)) (in.) (rpm)
o) 5000 9240 195.4 324" HEAVY SCOUT, STD NOSE
o 5000 9240 195.4 324 HEAVY SCOUT, SNS

20001 norRg:
1. OPEN SYMBOL DATA OBTAINED WITH PONER
REQUIRED FOR LEVEL FLIGHT OR MAXIMUM
- POWER DURING DESCENDING FLIGHT.
NEee 2. SOLID CURVE REPRESENTS PHASE I DATA AT
5000 FEET, 9270 POUNDS, HOG CONFIGURATION
WITH SNS MOCK-UP INSTALLED.

1200

B8
(0]

0

800 /'?‘/____Em ®

400 3. DASHED CURVE REPRESENTS PHASE I DATA AT
5000 FEET, 9270 PouNDs, HOG CONFIGURATION
_ NITH STANDARD NOSE.'
4. DASHED-DOTTED CURVES OBTAINED FROM BELL
0 HELICOPTER COMPANY REPORT NO, 209-099-041.
THE CONDITIONS ARE 9500. POUNDS, HOG
L CONFIGURATION, S000 FEEY, POWER REQUIRED
FOR LEVEL FLIGHT OR NOT SPECIFIED.

OSCILLATORY LOAD (1b)
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FIGURE 13
~ MAIN ROTOR BLADE BEAMWISE BENDING
BLADE STATION 46 SYWMETRICAL PULL-OUTS
| AH-1G USA S$/N 66-15293

DENSITY  GROSS G ROTOR  TRIM CALIB
SYMBOL  ALTITUDE  WEIGHT  STATION  SPEED  AIRSPEED  CONFIGURATION
(ft) (1b) (in) (rpm) (kt)
0 5000 7520 195.6 324 126 CLEAN, STD NOSE
o 5000 7520 195.6 324 127 CLEAN, SNS
NOTES:
1. DATA OBTAINED AT POWER REQUIRED FOR
4 LEVEL FLIGHT AT THE TRIM AIRSPEED.
2. SHADED SYMBOLS DENOTE DATA OBTAINED
FROM FIGURE 1 AT 126.5 KCAS.
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.. FIGURB 14
MAIN ROTOR BLADE BEAMWISE BENDING
BLADE STATION 60 SYMMETRIGAL. PULL-OUTS
AH-1G  USA S/N 66-15293

'DENSITY GROSS CG ROTOR TRIM CALIB
SYMBOL ALTITUDE WEIGHT STATION SPEED  AIRSPEED  CONFIGURATION
(ft) (1b) (in.) (rpm) - (ke)
o 5000 7520 195.6 324 126 CLEAN, STD NOSE
o 5000 7520 195.6 324 127 CLEAN, SN$
" NOTES:
1. DATA OBTAINED AT PONER REQUIRED FOR LEVEL
FLIGHT AT THE TRIM AIRSPEED.
2. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
4 FIGURE 2 AT 126.5 KCAS.
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FIGURE 15 .. |
MAIN. ROTOR BLADE BEAMNISE MENDING.
BLADE STATION 110 SYMMETRICAL PULL-OUTS
AH-1G USA S/N 66-15293

DENSITY GROSS CG . ROTOR  TRIM CALIB
SYMBOL  ALTITUDE  WEIGHT  STATION  SPHED AIRSPEED CONFIGURATION
(ft) (1b) (in.)  (rpm) (kt)
o] 5000 7520 195.6 324 ‘126 CLEAN, STD NOSE .
o 5000 7520 195.6 324 127 CLEAN, SNS
20
NOTES:
1. DATA OBTAINED AT POWER REQUIRED FOR LEVEL
16 FLIGHT AT THE TRIM AIRSPEED.
2. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
FIGURE 3 AT 126.5 KCAS.
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FIGURE 16

MAIN ROTOR BLADE 8B BENDING
BLADE STATION 135 SYMMETRICAL PULL-OUTS
 AH-1G USA /N 66-15298
DENSITY  GROS§ GG ROTOR  TRIM CALID
SYMBOL  ALTITUDE  WEIGHT  STATION  SPEED  AIRSPE} CONFIGURATION
(ft) (1b) (in.) (rpm) (kt)’
o 5000 7520 195.6 324 126 CLEAN, STD NOSE
o 5000 7520 195.6 324 127 CLEAN, SNS
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1. DATA OBTAINED AT POWER RIQUERED: POR
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OSCILLATORY LOAD (1b x 10-3)

MEAN LOAD (1b x 10-3)

o ) - - e
| oG ME ML O [
AH-1G USA 3 :“&-1’5;}
DENSITY = GROSS cq ROTOR  TRIM CALID

SYMPOL  ALTITUDE - WEIGHT - STATION . SPBED--  AIRSPEED.  CONFIGURATION |
(fr) (1b) (in)  (rpm). (ke) '

o 5000 7520 195.6 324 . 136 CLEAN, STD NOSE |
a . 5000 7520 195.6 328 137 | CLEAN, SN = '

1. DATA OBTAINED AT POWER L T
REQUIRED FOR LEVEL FLIGHT

- AT THE TRIM AIRSPEED.

2. SHADED SYMBOLS DENOTE DATA =1
OBTAINED FROM FIGURE S : ® 4
AT 126.5 KCAS. , :
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S name ; |
LATERAL BOGST TUBE AKIAL LOADS
s (ICAL PULL-OUTS
. AH-1G USA $/N 66-15293
_ DENSITY | GROSS CG  ROTOR TRIM CALIp
SYMBOL ALTITUDE WEBIGHT STATION SPEED  AIRSPEED  CONFIGURATION
= (f¢) (1b) (in) (rpm) (kt) -
o 5000 7520  195.6 324 126  CLEAN, STD NOSE
| 2400, @ 5000 7520 195.6 324 127 CLEAN, SNS
i MBS:: | : ;
2000} REQUIRED BOK LEVEL FLIGHT .
. AT THE TRIM AJRSPEED, a 2
~ 2. SHADHD SYNDOLS DENOTE DATA = = =
2 OBTAINED FROM FIGURE 6 ® )
g 1600 AT 126.5 KCAS.
S ®
o] o}
®
3 100 e
g i @ ©
i . (] ©
800} ¢ o
o]
400
. ) 0
-400}
2
o]
o =1200
J
{ "Tm '




| FIGURE 19
MAIN ROTOR BLADE BEAMWISE BENDING
BLADE STATION 46 SYMMBTRICAL PULL-OUTS
AH-1G USA S$/N 66-15293

pyom.

DENSITY GROSS c6 ROTOR  TRIM CALIB : |
SYMBOL  ALTITUDE  WEIGHT  STATION  SPEED AIRSPEED  CONFIGURATION |
(ft) (1b) (in) (rpm) (kt)
o 5000 9240 195.4 324 125 HVY SCOUT,STD NOSE
] 5000 9240 195.4 324 127 HVY SCOUT, SN .

NOTES: ‘k: SOLD LINE REPRESENTS DATUM OBTAINED FROM
BELL WELICOPTER COMPANY REPORT NO. 209-099-041

: AT 5000 FEET, 9500 POUNDS, HOG CONFIGURATION,
" AND AIRSPEED DURING PULL-OUT OF 122.5 KCAS.
NORMAL ACCELERATION VALUE UNKNOWN. POWER UNKNOWN.
2. DATA OBTAINED AT POWER REQUIRED FOR LEVEL FLIGHT
AT THE TRIM AIRSPEED.
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§ FIGURE 7 AT 126.5 KCAS.
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I magumm2e T
MNAIN ROTOR BLADE BEAMNISE BENDING
BLADE SYATION 60 SYMBTRICAL PULL-OUTS
AH-1G USA $/N 66-15203 )
{
DENSITY = GROSS G ROTOR  TRIN CALIB. |
SYMPOL  ALTITUDE WBIGHT  STATION  SPEED  AIRSPEED councumxon
(ft) (1b) (in) (rpm) (ke)
o 5000 9240 195.4 324 128 HVY SCOUT,STD NOSE
o 5000 9240 ' 195.4 324 127 HVY SCOUT, SNS'
NOTES: . min l. PRESENTS DATUM OBTAINED FROM
BRLL m.xoo c PANY REPORT NO. 209-099-041
AT 5000 FEET, 9§ » HOG CONFIGURATION, | S
AND AIRSPEED DURING PULL-OMF OF 122.5 KCAS. | ;
NORMAL ACCELERATION VALUE UNKNOWN. POWER UNKNOWN. |
2. DATA OBTAINED AT POWER REQUIRED FOR LEVEL f
4 FLIGHT AT THB TRIM AIRSPEED. = .
3. SHADED LS DENOTE DATA OBTAINED FROM
FIGURE 8 AT 126. 5 KCAS.
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(£e)

5000
5000

NOTES:
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FIGURE 21

MAIN ROTOR BLADE BEAMNISE RENDING |

BLADE STATION 110 SYMMETRICAL PULL-0OUTS
AH-1G USA $/N 66-15203

GROSS cG ROTOR  TRIM CALIR
WEIGHT  STATION SPEED  AIRSPEED CONFIGURATION
(1b) (in.)  (rpm) (kt) |
9240 195 .4 324 125 HVY SCOUT, STD NOSE
9240 195.4 324 127 HVY SCOUT, SNS ~
1. SOLID LINE REPRESENTS DATUM OBTAINED FROM '

BELL HELICOPTER COMPANY REPORT NO. 209-099-041

AT 5000 FEET, 9500 POUNDS, HOG CONFIGURATION,

AND AIRSPEED DURING PULL-OUT OF 122.5 KCAS.

NORMAL, ACCELERATION VALUE UNKNOWN. POWER UNKNOWN.

2. DATA OBTAINED AT POWER REQUIRED FOR LEVEL
FLIGHT AT THE TRIM AIRSPEED.

3. SHADED SYMBOLS K DENOTE DATA OBTAIN FROM !
FIGURE 9 AT 126.5 KCAS.
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MAIN ROTOR BLADE CHORDWISE MW
BLADE STATION 135 § ICAL! nu.-ou'rs
AH-1G USA 8/N “—:sm

PENSITY GROSS (5] ROTOR  TRIM CALII
SYMPOL ~ ALTITUDE  WEIGHT  STATION  SFEED.  AIRSPEED  CONFIGURATION
(ft) (1b) (in) (rpm) (ke) :
o | 30-' 9240 195.4 324 125 HVY SCOUT,STD Nds_z
Q 000 9240 195.4 324 127 HVY SCOUT, SNS
8
Q
B O
®
o]

T

S
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3

a NOTES: 1. SOLID LINE REPRESENTS DATUM OBTAINED FROM,

e BELL HELICOPTER COMPANY REPORT NO. 209-099-041
v 3 AT $000 FEET, 9500 POUNDS, HOG CONFIGURATION,
3 AND AIRSPEED DURING PULL-OUT OF 122.3 KCAS.
NORMAL ACCELERATION VALUE UNKNONN. POMER UNIKNOWN.
2. DATA OBTAINED AT POWER REQUIRED FOR LEVEL
0 ! . FLIGHT AT THE TRIN AIRSPEED. '

3. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
FIGURE 10 AT 126.85 KCAS.
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S —

OSCILLATORY LOAD (1b x 10°%)

MEAN LOAD (1b x 10~5)

U —

!
SYMPOL - ALTITUDE. | ‘ P
(f8) - | (k) - (in) (rpw) (ke)
o 5000 | 9240  195.4 328 125
=! 5000 9240  195.4 324 127
: o
m<
o}
=
o ©
8
»
NOTES:

1. DATA OBTAINED AT POWER REQUIRED FOR LEVEL
FLIGHT AT THE TRIM AIRSPEED.

2. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
FIGURE 11 AT 126.5 KCAS.
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G MOMENT
)

(in.-1b x 10

OSCILLATORY BENDIN

(in.-1b x 10'4)

MEAN BENDING MOMENT

SYMBOL

DENSITY

(]

ALTITUDE

(ft)

5000

NOTES:
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FIGURE 25
MAIN ROTOR BLADE BEAMWISE BENDING
BLADE STATION 46 SYMMETRICAL PULL-OUTS
AH-1G USA S/N 66-15293

GROS§ CG ROTOR TRIM CALIB

WEIGHT STATION SPEED AIRSPEED CONFIGURATION

(1b) (in.)  (rpm) (kt)

9240 195.4 324 156.5 HEAVY SCOUT, SNS

1. SOLID LINE REPRESENTS DATUM OBTAINED FROM
BELL HELICOPTER COMPANY REPORT NO. 209-099-041
AT 5000 FEET, 9500 POUNDS, HOG CONFIGURATION,
AND AIRSPEED DURING PULL-OUT OF 153.5 KCAS.
NORMAL ACCELERATION VALUE UNKNOWN. POWER UNKNOWN.

DATA. OBTAINED AT MAXIMUN POWER.

SHADED SYMBOLS DENOTE DATA OBTAINED FROM
FIGURE 7 AT 156.5 KCAS.
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MMB 26
BEAMWISE BENDING .

MAD m*mu :3 SYMMETRICAL, PULL-QUTS
AH-1G USA $/N 66-15293

et

|
| DENSITY  GROSS cG ROTOR  TRIM CALIB
SYNBOL ALTITUDE  WEIGHT STATION  SPEED AIRSPEED CONFIGURATION
(ft) (1b) (in.) (rpm)  (kt)
(o] 5000 9240 195.4 324 156.5 HEAVY SCOUT, SNS

NOTBS: 1. SOLID LINE REPRESENTS DATUM OBTAINED FROM

BELL HELICOPTER COMPANY REPORT NO. 209-099-041

AT 5000 FEET, 9500 POUNDS, HOG CONF IGURATION,

AND AIRSPLED DURING PULL-OUT OF 153.5 KCAS.
NORMAL ACCELERATION VALUE UNKNOWN. POWER UNKNOWN.

DATA OBTAINED AT MAXIMM POWER.

p 3. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
FIGURE 8 AT 156.5 KCAS.
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_BEAMWISE BENDING
BLADE Db STATION gm SHMETRICAL PULL-OUTS '

. AH-16 USA' S§/N 66 15293

DENSITY  CROSS . (G ROTOR  TRIM CALIB
SYNBOL  ALTITUDE  WEIGHT STATION  SPEED AIRSPEED CONF IGURATION
(ft) (1b) (in.) (rpm) (kt)
o 5000 9240 - 195.4 324 " 156.5 HEAVY SCOUT, SNS
F 20
16
g .
12 o @
z,
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3% e
v
g & ¥8
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ag
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§ 4
NOTES: 1. SOLID LINE REPRESENTS DATUM OBTAINED FROM
BELL HELICOPTER COMPANY REPORT NQO. 209-099-041
AT 5000 FEET, 9500 S, HOG CONFIGURATION,
AND AIRSPEED DURING PUL our OF 153.5 KCAS.
| 0 NORMAL ACCELERATION VALUE UNKNOWN. POWER UNKNOWN.
2. DATA OBTAINED AT MAXIMUM POWER.
3. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
4 FIGURE 9 AT 156.5 KCAS.
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. FIGURE 29

DRAG RRACE AXIAL LOAD

SYMMETRICAL PULL-OUTS
AH-1G USA S/N 66-15293

DENSITY  GROSS cG ROTOR  TRIM CALIB
SYMBOL  ALTITUDE  WEIGHT  STATION  SPEED AIRSPEED  CONFIGURATION '
(£2) (1b) (in.)  (rpm) (kt) |
0 5000 9240 195.4 324 156.5 HEAVY SCOUT, SNS
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g 4 NOTES:
> 1. DATA OBTAINED AT MAXIMUM PONER.
& 2. SHADED SYMBOLS DENOTE DATA OBTAINED FROM
3 2 . FIGURE 11 AT 156.5 KCAS.
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T () aw) . (in) | il
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" NoTES: i

1. DATA OBTAINED AT MAXIMM 1
“ 2. SHADED svlznsnmkms b)«r%;\m T O
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_ naﬁ"ai”" PRSI TR TN B R
SE_BENDING ,
iuoa STAT 50 cn. PULL-OUTS |
m-;c /N 68-15208 na |
DENSITY Gioss ROTOR  TRIM c:u.xs ; q
SYMBOL : ALTITUDE  WEIGHT snuou SPEED  AIRSPEED CONFIGURATION . |
(ft) (1b) (in.): (rpm) (kt) _
0 5000 7520 198.6 324 156.5 CLEAN, SNS

: NOTES: 1. DATA QRTAINED AT MAXIMUM PONMER.
5 2. SHADED SYMBOLS DENOTE DATA OBTAINED
FROM FIGURE 2 AT 156.5 KCAS.
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PG 5 u I :
 MAJN 20 1S DENDING. | 4
SLADR STATION 110 mu 1CAL PULE- o;m
, AH-16 USA $/N 86-15298
DENSITY GROSE c¢ ROTOR  TRIN CALIB |
SYMBOL  ALTITUDE  WHIGHT ~ STATION  SPEED  AIRSPEED  CONFIGURATION
(ft) (1b) (in.) (rpm) (ke)’ I
Q 5000 7529 195.6 324 156.5 CLBAN, SNS$
20 NOTES: 4 ,
1. DATA OBTAINED AT MAXIMM POWER,
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FROM FIGURE 3 AT 156.5 KCAS.
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i : NOTES: . f
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APPENDIX IV. DATA REDUCTION
AND ANALYSIS METHODS

STRUCTURAL LOADS

1. The structural loads data were obtained by an analysis of the
strain gage output as displayed on an oscillograph record. TLe mean
load was defined as the average of the maximum and minimum loads re-
corded during one revolution of the main rotor. The oscillatory
load was defined to be one-half the difference between the maximum
and minimum loads recorded during the rotor revolution. The calibra-
tion zeros on the beamwise bending-moment parameters included the
static load of the rotor blade. In the data reduction process,
these static load values (obtained from BHC) were subtracted from
the mean beamwise bending moments to obtain the mean moment. The
sign convention used in the presentation of the loads data is:

a. Positive for a rotor blade beamwise bending moment that
creates tension in the lower blade surface.

b. Positive for a chordwise bending moment that creates tension
in the blade-leading edge.

c. Positive for tension in the drag brace and the lateral boost
tube.

LEVEL FLIGHT PERFORMANCE

2. Standard nondimensional data reduction techniques used at USAASTA
were used in reducing the level-flight performance data. The change
in equivalent flat plate area caused by the SNS installation was
determined at 124 KTAS using the following equation:

2AAC (1)

3. The nondimensional coefficients used in the data reduction are
defined as follows:

Thrust coefficient:

c. = oW (2)
T 2
PA(SiR)
"
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Power coefficient:

where: AC, =

SHP x 550
PA(QR)3
The difference between power coefficients of the

standard AH-1G nose data and the SNS installed
data at a constant thrust coefficient

GW = Gross weight

o}

A
Q2

R

SHP =

Air density ratio
Area of the rotor disc
Rotor angular speed

Rotor radius

Shaft horsepower

U = True airspeed divided by rotor tip speed
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APPENDIX V. STANDARD AH-1G
OPERATING LIMITATIONS
AND DIMENSIONS |

LIMIT AIRSPEED (VL)

Hog or alternate configuration: 180 knots indicated airspeed (KIAS)
below a 3000-foot Hp; decrease 8 KIAS per 1000 feet above 3000 feet

All other configurations: 190 KIAS below a 4000-foot Hp; decrease
8 KIAS per 1000 feet above 4000 feet

GROSS WEIGHT - CENTER OF GRAVITY ENVELOPE

Forward limit: Below 7000 pounds, FS 190; linear decrease from FS
190 at 7000 pounds to FS 192.1 at 9500 pounds

Aft limit: Below 8270 pounds, FS 201; linear decrease from FS 201
at 8270 pounds to FS 200 at 9500 pounds

SIDESLIP LIMITS

Five degrees at 190 KIAS; linear increase to 20 degrees at 60 KIAS

RPM LIMITS

Rotor:
294 to 324 rpm, continuous operation
339 rpm, maximum for autorotation

Engine:
6000 to 6400 rpm, 0 to 70 knots
6400 to 6600 rpm, continuous operation
6600 rpm, maximum
6750 rpm, maximum at or below 91-percent gas producer speed (N1)
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TEMPERATURE AND PRESSURE LIMITS

Engine oil temperature
Transmission o0il temperature
Engine o0il pressure
Transmission o0il pressure
Fuel pressure

T53-L-13 ENGINE LIMITS (Installed)

Normal rated (maximum continuous)

Military rated (30-minute limit)

Starting and acceleration (5-second 1limit)
Maximum for starting and acceleration
Torque pressure

PHYSICAL CHARACTERISTICS

Aircraft length (rotors turning)

Fuselage length

Maximum fuselage width (including stub wings)
Maximum fuselage width (without stub wings)

MAIN ROTOR

Rotor diameter
Chord
Disc area

93°C

110°C

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

625°C
645°C
675°C
760°C
50 psi

54.5 feet
44.6 feet
10.3 feet
3.0 feet

44 feet
27 inches
1520.4 ft2
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