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ABSTRACT

The Army Preliminary Evaluation of the tractor tail rotor modi-
fication on the AH-1G helicopter was conducted in California at
Bishop Municipal Airport (4000 ft) and Coyote Flats (9500 ft) during
the period 9 August to 31 August 1968. This test was conducted to
confirm the results of the feasibility tests with the proposed final
configuration for this modification and also to evaluate both the
performance in hover and level flight and the handling qualities
throughout the flight envelope. This modification provides an in-
crease in the usable in-ground-effect (IGE) operating envelope and
improves the directional control characteristics while maneuvering.
The test showed good agreement with the results of the earlier feas-
ibility tests. The maximum safe IGE maneuvering envelope for the
tractor tail rotor AH-1G was determined and defined by those condi-
tions of gross weight and density altitude where a 10-percent direc-
tional control margin was available in the critical azimuth in a 15-
knot wind. Using the same criteria for the standard AH-1G configu-
ration, the difference due to the improved directional control with
the tractor tail rotor is equivalent to an additional 1500 pounds
payload at the same density altitude. However, the standard AH-1G
operator's manual contains specific wind azimuth and gross weight
restrictions which are less severe than the criteria defined above.
With these operational restrictions applied to the standard AH-1G,
the difference in operating weight for the two configurations is
considerably less than 1500 pounds; however, the safety margin is
reduced. It must be emphasized that the tractor tail rotor does not
solve the basic directional control problem of the AH-1G. The per-
formance capability of the AH-1G weapon system cannot be realized
because of the inadequate directional control. The power loads in
the tail rotor drive system are still high with the tractor tail
rotor. Steady state power loads recorded in the tail rotor drive
were near the revised maximum allowed of 165 shaft horsepower (shp).
Transient peaks up to 225 shp were recorded during maneuvers. The
performance and handling qualities in forward flight up to never-
exceed airspeed (VNg) showed no significant difference between the
standard and tractor tail rotor configurations.
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INTRODUCTION

BACKGROUND

1. Results of the US Army Aviation Systems Test Activity (USAASTA)
Phase B testing showed that the directional control power was inade-
quate within a large portion of the proposed low speed in-ground-ef-
fect (IGE) maneuver envelope for the AH-1G helicopter. These tests
had been conducted with a 20-degree tail rotor blade angle rigging
for full left pedal (ref 2, app I). The tail rotor was rerigged to
23 degrees to provide more directional control and flight tested by
the contractor. With the increased maximum blade angle more direc-
tional control was available, but the high power loads in the tail
rotor drive system (up to 290 shaft horsepower (shp)) caused unaccep-
table damage to the tail rotor drive system components. Equally im-
portant, the increased control did not solve the problem of direc-
tional control instability at certain conditions of relative wind
within the required operating envelope. Later, a revised tail rotor
blade configuration was tested with similar results. The contractor
then conducted tests to define the maximum thrust capability of the
tail rotor and the corresponding horsepower required to develop it
as a function of the tail rotor blade angle. A rigging of 19 de-
grees was determined to require approximately 230 shp when develop-
ing maximum thrust. Limited tests were then conducted by the con-
tractor and USAASTA to define the safe operating envelope and pro-
vide guidance for the operators (ref 3, app I). These tests proved
that even at the lowest usable mission weight and low altitudes,
large areas of uncertain and inadequate directional control existed.
Various warnings and operating restrictions were imposed on the
AH-1G as a result. Despite these warnings and restrictions, there
are continuing reports from the operating units of incidents and ac-
cidents resulting from loss of directional control while maneuvering
in the parking or loading areas. The reports also indicate that the
restrictions on weight significantly reduce the combat effectiveness
of the helicopter. To eliminate these restrictions, a modification
was then proposed by the contractor using the same gear boxes, tail
rotor blades, most control components and a tractor type tail rotor
configuration. The modification is fully described in reference 5,
appendix I, BHC Engineering Change, Proposal AH-1G 350. Early tests
were conducted by the contractor and USAASTA within the low speed
maneuver envelope to evaluate the feasibility of the tractor tail
rotor configuration as a solution to the AH-1G directional control
problem (ref 4, app I). These tests indicated a larger operating
envelope was possible and the directional control instability at or
near control limits was largely eliminated. Further testing by the
contractor to clear the modification throughout the complete speed
and maneuver envelope was completed in July 1968. On 19 July 1968
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the US Army Aviation Systems Command (USAAVSCOM) directed USAASTA to
conduct an Army Preliminary Evaluation (APE) of the tractor tail rotor
on the AH-1G helicopter (ref 7, app I). The test sites were selected
to provide a basis for comparison with the results of the previous
tests and evaluate the maneuver envelope at higher altitudes.

TEST OBJECTIVES

2. The test objectives of the Army Preliminary Evaluation were as
follows:

a. A quantitative and qualitative evaluation of the high speed
handling qualities of the AH-1G and the tractor tail rotor configu-
ration.

b. A quantitative and qualitative evaluation of the handling
qualities in the low speed envelope up to the maximum usable density
altitude.

c. A quantitative evaluation of the hover and level flight per-
formance of the AH-1G with the tractor tail rotor.

DESCRIPTION

3. The test aircraft, S/N 66-15283, is the thirty-ninth AH-1G pro-
duced by the Bell Helicopter Company (BHC). It was designed specifi-
cally for the armed role. It is a conventional helicopter with a
narrow fuselage two-place tandem (gunner forward and pilot aft).

The main rotor has two blades and a door hinge. The modified tail
rotor resembles the standard except it is located on the right side
of the vertical pylon and rotates in the opposite direction (counter-
clockwise). The rigging for full left pedal is a 19-degree tail rotor
blade angle, the same as used for the standard configuration. The
controls are conventional in the aft (pilot) cockpit. The cyclic and
collective are short, side-arm type in the front (gunner) cockpit.
The controls to the swashplate are positive mechanical with a dual,
irreversible hydraulic boost system to reduce control forces. A mag-
netic-brake type, spring-feel system is provided for the cyclic and
directional controls. A three-axes stability and control augmenta-
tion system (SCAS) is installed to improve the handling qualities.
The elevator is mechanically linked to the longitudinal cyclic con-
trol to provide improved static longitudinal stability and larger
center of gravity (cg) range. The helicopter is powered by a Lycom-
ing TS3L-13 turboshaft engine rated at 1400 shp. The engine is de-
rated to 1100 shp at 314 rotor rpm due to main transmission torque
limitations.



SCOPE OF TEST

4. The scope of this APE was limited by the time the aircraft was
available to USAASTA fo- testing. Two weeks for testing were allot-
ted with an additional week for aircraft preparation and ferry
flights. Although the AH-1G was not held to MIL-H-8501A in direc-
tional control at the time of acceptance, comparison of data results
with the specification was made in the appropriate sections.

5. The flight restrictions which governed the conduct of this test
were those defined in the operator's manual (ref 8, app I) with the
following exceptions as stated in the safety of flight release (ref

6, app I):

a. Current limitations with gross weight on sideward and rear-
ward flight and takeoffs and landings are rescinded for this air-
craft and sideward and rearward flight limits for all gross weights
and altitudes are 35 knots.

b. Rapid hovering turns and large, rapid directional pedal in-
puts should be avoided in order to preclude damage to the tail rotor
gear boxes. Moderate turn rates of 30 deg/sec (90 degrees in 3 sec-
onds) should not be exceeded. The abrupt arrestment of turns in ex-
cess of 30 deg/sec is prohibited.

c. If 175 shp is exceeded on the tail rotor drive shaft, an in-
spection is required in accordance with AMSAV-SDO message 10-4, 24
October 1967.

6. Eighteen test flights were flown during this test for a total of
17.6 hours. In addition, 22.4 hours were flown ferrying the air-
craft to the test sites and returning it to Arlington, Texas. Since
Phase D testing with the standard AH-1G was in progress, similar
tests were flown with it to provide comparison data.

METHOD OF TEST

7. Performance and stability and control were evaluated using stan-
dard engineering flight test techniques for both the hover and level
flight conditions.

8. Paced flight tests were conducted in ground effect (IGE) at the
4000- and 9500-foot sites. A calibrated ground pace vehicle was
used for speed reference and the heading was varied in even incre-
ments to cover all relative wind azimuths at each speed. Wind speed
and direction were continuously monitored and this was correlated



with the data points by radio. Control positions, attitudes, rates,
tail rotor blade angle and tail rotor shaft torque were recorded for
each stabilized point. Data points were taken up to the control
limit or 35 knots, whichever occurred first.

9. The directional control capability was evaluated by making rapid,
full pedal control inputs from stabilized flight conditions where
left pedal remaining was less than 10 percent.

10. Arrestment of hover turn rates was evaluated by establishing
steady hover turn rates to the right in calm conditions and rapidly
applying full left pedal until the turn rate was zero. Yaw rate,
pedal input and tail rotor shaft torque were recorded.

CHRONOLOGY

11. The chronology of this program is as follows:

Test directive received 19 July 1968
Test helicopter received 9 August 1968
Flight test commenced 15 August 1968
Flight test completed 31 August 1968
Test helicopter returned to contractor 3 September 1968
Preliminary report submitted 25 October 1968



RESULTS & DISCUSSION

PERFORMANCE

Hover Performance

12, Tethered hover tests were conducted to determine the hover per-
formance of the AH-1G tractor tail rotor configuration. The results
are shown in figure 1, appendix 1I. Comparison of the hover perfor-
mance for the tractor and the standard tail rotor configurations
under the same conditions showed some difference in power required.
The significance of the difference can not be accurately determined
due to the lack of an engine calibration for the tractor tail rotor
test aircraft.

Level Flight Performance

13. The results of the level flight tests are presented in figures
1 through 4, appendix II. The tests were conducted at a forward
center of gravity (cg) with four XM159 rocket launchers (Hog Con-
figuration). Gross weight and density altitude were varied to pro-
vide a range of Cr for best comparison with standard AH-1G Phase D
data. The comparison showed some difference in power required for
the two configurations. This difference may or may not be signif-
icant depending on the error in the engine torque system of the
test aircraft. Further testing with a calibrated engine would be
required to accurately determine performance differences.

STABILITY AND CONTROL

Control Trim Positions

14, The directional control pedal requirement during hovering flight
was recorded at each data point to determine where the operating en-
velope was limited by lifting thrust capability or directional con-
trol available. Two skid heights, 5 and 100 feet, were used to pro-
vide the data for comparison with the standard AH-1G, Phase D test
results. Because of unreliable load cell readings during the teth-
ered hover test at 10,500 feet, the thrust coefficient (Cr) data was
not available; however, power and pedal position data were recorded.
An extrapolation of the power coefficient (Cp) versus Cr curve ob-
tained from hover tests at 5500 feet Hp was used to derive CT values
for the measured power data. The derived CT values were then plot-
ted with pedal position (fig 5, app II).



15. The control trim positions for trimmed level Zlight were ob-
tained during the level flight performance test.. The data are pre-
sented in figure 6, appendix II. The curves are similar to those of
the standard AH-1G.

Static Lateral and Directional Stability

16. The static lateral and directional stability tests were conduc-
ted at three trim airspeeds with fixed collective. The sideslip
angle was increased in increments from zero to the limit in both di-
rections. The quantitative data are presented in figure 7, appendix
II, The static lateral and directional stability is positive and
increases with increasing airspeed. These results are similar to
those of the standard AH-1G Phase D data and comnly with paragraph
3.3.9 of MIL-H-8501A.

Dynamic Stability

17. Following one-inch pulse inputs, the dynamic stability charac-
teristics of the AH-1G tractor tail rotor were qualitatively evalua-
ted. The results showed no significant difference between the trac-
tor and standard configurations (PRS A2 for SCAS ON, PRS A3 for SCAS
OFF) .

Controllability

18. Lateral and directional controllability tests were conducted in
hover and forward flight. Quantitative data are presented in fig-
ures 8 through 19, appendix II. Table 1 shows the directional re-
sponse results at various gross weights, altitudes, cg and trim air-
speed for 0.75-inch inputs.

19. The maximum yaw displacement recorded for a l-inch pedal in-

put was well below the maximum of 50 degrees allowed in paragraph
3.3.7 of MIL-H-8501A. The response to directional control inputs is
equal in both directions for the tractor tail rotor. For the same
test conditions, the standard AH-1G directional response to the left
is 6 deg/sec less than the rate to the right. The directional re-
sponse characteristics in forward flight are similar for the two con-
figurations.
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20. The maximum roll rate during a SCAS OFF lateral stick input of
1 inch was 21.5 deg/sec to the right and 20.5 deg/sec to the left,
respectively, at a gross weight of 7705 pounds and 128 KCAS. At a
gross weight of 8800 pounds and 118 KCAS, the rates were 23 deg/sec
and 18 deg/sec. For SCAS ON l-inch lateral inputs, the maximum

roll rates were 14 deg/sec right and 15 deg/sec left at 7705 pounds
and 128 KCAS. At 8800 pounds and 118 KCAS, the rates were 17 deg/sec
right and 14 deg/sec left. There was no tendency o over-control
during SCAS ON flight (PRS 2). For SCAS OFF flight, the roll con-
trol characteristics are degraded considerably at high speeds above
120 KCAS. The aircraft has a short-period roll oscillation, and the
control characteristics are such that experience and practice are
required to avoid P10 in roll with roll channel OFF (PRS 5).

Simulated Engine Failure

21. The aircraft behavior following a simulated engine failure was
evaluated qualitatively at airspeeds up to Vyg at 6000 feet Hp. The
tests indicate no noticeable difference in aircraft characteristics
between the two configurations (PRS 4).

DIRECTIONAL CONTROL CAPABILITY

22. During the directional control capability tests, the yaw re-
sponse of the aircraft at critical wind azimuth and speed conditions
was qualitatively evaluated to determine the margin of directional
control travel required for safe IGE maneuvering. Qualitative im-
pressions were correlated with the time history records of several
left pedal inputs from stabilized sideward flight conditions where
less than 10 percent of the total travel was availahle. Three such
time histories are presented in figures 46, 47 and 48, appendix II.
As a result of these tests, a yaw response of 8 deg/sec in 1 sec-
ond after the input is considered marginally adequate for this air-
craft. Figures 10, 46, 47 and 48 show that an input of 10-percent
pedal travel (0.5 in.) will produce a yaw response of at least 8
deg/sec in 1 second for all conditions tested. This margin, 10
percent of the directional control travel, is significantly less
than that required to meet the requirements of paragraph 3.3.6 of
MIL-H-8501A. The specification requires a margin of approximately
14 percent. This 4-percent difference, although small, results in

a significant difference in the flight envelope. The envelopes shown
in figure 20 would be reduced approximately 5 knots each. To achieve
the specification yaw response, 5 degrees displacement at a gross
weight of 9500 pounds at the critical azimuth and 35 knots would re-
quire a tail rotor thrust much greater than the capability of either
the standard or tractor tail configurations on the AH-1G helicopter.
In addition, the AH-1G is further limited in both configurations by



maximum power allowed in the tail rotor drive system. Thus, these
directional control capability cests defined the maximum safe IGE
maneuver envelope for the AH-1G with the tractor tail rotor installed.

23. The AH-1G, with either tail rotor configuration, does not meet
the present specification criteria for IGE yaw control power and di-
rectional response at the maximum gross weight and 35 knots. The
present specification is considered inadequate for both design and
test purposes. The following are reasons for this consideration:

a. The criteria considers gross weight only with no allowance
for the role (or category) of the helicopter, specifically not pro-
viding for very heavy helicopters.

b. The criteria describes a yaw displacement without consid-
ering the yaw rate and acceleration characteristics which are the
pilot's cues and form the basis for his control inputs.

c. The criteria provides no minimum pedal travel margin. This
must be considered along with total travel available, control sen-
sitivity and the directional stability characteristics near the
limit conditions. In this aircraft the minimum travel required is
considered to be 0.5 inch.

PACED FLIGHT

24. Ground paced flight at selected azimuths and speeds was the test
technique used to evdaluate the IGE maneuver envelope. A calibrated
ground pace vehicle was used as a speed and position reference. The
speed was increased in 5-knot increments from 5 to 35 knots or until
the control limit was reached. At each speed the relative wind azi-
muth was varied through 360 degrees by stabilizing on selected head-
ings while maintaining a constant ground track over the runway. The
skid height maintained during the tests was approximately 5 feet for
all points. The test conditicns flown with the tractor tail rotor
and standard tail rotor configurations are summarized in tables 2
and 3, respectively. The test results are presented in figures 20
through 45, appendix II.



and standard tail rotor configurations are summarized in tables 2
and 3, respectively. The test results arc presented in figures 20
through 45, appendix IT.

Table 2. Test Conditions - Tractor Tail Rotor.

Gross CG Density

Configuration Weight  Location Altitude %otor
(1b) (in) (£t) rpm)
Heavy Scout 8420 192.3 4,685 324
Heavy Scout 8885 194.5 6,010 324
Heavy Scout 8235 193.2 10,240 324

Table 3. Test Conditions - Standard Tail Rotor.

Gross CG Density Rotor

Configuration Weight Location Altitude (rpm)
(1b) (in) (£¢) e

Heavy Scout 8060 200.7 130 324
Heavy Scout 8060 200.8 570 314
Heavy Scout 8050 200.8 5,260 324
Heavy Scout 7250 195.4 11,100 324

25. The 10-percent directional control margin discussed in para-
graph 22 was used to define the areas of inadequate directional con-
trol. To ensure acceptable yaw response for this aircraft in the
most adverse condition, the IGE maneuver envelope was defined by
those stable IGE flight conditions where at least 10 percent (0.5
in.) of the total pedal travel is available as a control margin.
This criterion is more accurately based on a steady tail rotor blade
angle of 16.1 degrees with the remaining 2.9 degrees available as
margin, rcgardless of the SCAS yaw actuator position, since the pedal
position for certain tail rotor pitch angles vary with SCAS actuator
position. ‘The tractor tail rotor aircraft was modified to provide
sufficient pedal travel to ensure that the defined, maximum tail
rotor blade angle (19 degrees) could be obtained in the most adverse
position of the SCAS actuator. The BHC changes to the directional
control linkage include a modified bell crank and new location of
the stops. The bell crank affects a 12-percent gearing change

10



between the- pedal position and the tail rotor blade angle. This pro-
vides a margin of 12-percent left pedal travel with the SCAS actua-
tor nulled. This modification was not on the tractor tail rotor
AH-1G used for the feasibility tests; consequently, those tests were
based on a 12.5-percent control margin. The standard AH-1G used
during these tests did not incorporate this yaw control geometry
change either. All data for the tests with the standard AH-1G were
taken with the SCAS yaw channel OFF. This was done for two reasons,
to ensure that the full 19-degree tail rotor blade angle would al-
ways be available to the pilot and also to facilitate rapid data re-
duction, since no tail rotor blade angle data were available except
by addition of the pedal and SCAS actuator positions. The data pre-
sented for the tractor tail rotor tests were also taken with the yaw
SCAS OFF, although comparison tests were flown with the SCAS ON.

26. The critical wind azimuth for the tractor tail rotor configu-
ration is a right crosswind; for the standard configuration it is
ahead of a direct right crosswind, 60 to 65 degrees off the nose of
the aircraft. At and just below translation speed, 12 to 14 knots,
the standard configuration is unstable at most crosswind and tail-
wind headings. The control inputs required to maintain a heading
(+10 degrees) are frequent and considerably larger than for other
flight conditions. This instability results in marginal or inade-
quate directional control. The critical wind speed for the trac-
tor tail rotor was 16 knots at a referred gross weight (W/o) of
9680 pounds, 12 knots at 10,600 pounds and zero at 11,230 pounds.
The comparable numbers for the feasibility test with this aircraft
are 27 knots at 9400 pounds, 18 knots at 9800 pounds and 13 knots
at 10,800 pounds. For the standard configuration with the yaw SCAS
OFF and the 10-percent pedal-remaining criterion, the critical speed
is 15 knots at 8100 pounds, 10 knots at 9450 pounds and 13 knots at
8240 pounds using 314 rotor rpm. During testing at Coyote Flats, di-
rectional control of the standard AH-1G was completely lost on one
occasion, while it was possible to maintain control under the same
conditions with the tractor tail rotor aircraft and accomplish more
demanding maneuvers.

27. The paced flight tests showed the tractor tail rotor was much
more stable and easier to control than the standard AH-1G at all
relative wind azimuths up to the absolute control limit. The stand-
ard AH-1G required frequent and occasionally large pedal inputs to
maintain heading in the critical conditions. This difference in the
ease and accuracy of directional control is considered to be an im-
portant improvement offered by the tractor tail rotor. With consis-
tent response and no areas of instability, the number of incidents
and accidents due to loss of directional control with this aircraft
should be reduced.

1



28. Figure A shows the IGE maneuvering flight envelope for the trac-
tor and standard tail rotor configurations. The envelope is based on
a control margin of 10-percent pedal travel at a critical azimuth in
a 15-knot wind. For the same conditions and wind/azimuth restric-
tions, the tractor configuration shows a 1500-pound greater payload
capability. For density altitudes above 1000 feet, the envelope
shows a reduction of payload from the performance capability. At
5000 feet this difference is approximately 1100 pounds. If more de-
manding directional control criteria are used, the difference is even
greater. The tractor configuration affords a significant improvement
and should be considered as an interim modification for AH-1G heli-
copters. However, it must be strongly emphasized that this would
only be a partial, expedient solution to the AH-1G directional con-
trol problem. A study and/or development program is required to pro-
vide a directional control system for the AH-1G which will not re-
strict the operational capability of the weapon system.
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29. Qualitative takeoff tests using the modified level accelera-
tion technique, where the power is increased gradually until the
aircraft accelerates through translational 1ift (13-15 knots), were
made with both AH-1G configurations. The results showed that 5 to
10 percent more left pedal was required as the aircraft reached
translation than the pedal position required for a stable hover
under calm conditions. This pedal travel requirement during take-
offs was the same for both configurations and varies with the rate
of power increase during the maneuver. For moderate, comfortable
rates of acceleration a control margin of 10 percent in a 2ero
wind hover provides adequate directional control to perform a safe
takeoff. The degree to which this control margin affects the
hover performance capability is shown in figures 1 and 5, appendix
II. However, the 10-percent directional control margin for maneu-
vering capability in a 15-knot wind required the more restrictive
envelope shown in figure A.

ARRESTMENT OF HOVER TURN RATES

30. Tests were conducted to evaluate the effects of sudden ar-
restments at various steady hover turn rates up to 30 deg/sec and

at different gross weights. Figure 51, appendix II, shows a maxi-
mum of 225 tail rotor shp which was recorded while arresting a

right turn at a rate of 30.9 deg/sec with a gross weight of 9090
pounds. For a total time of 2.9 seconds the tail rotor drive sys-
tem load was above 165 shp which was the revised maximum allowable.
At a gross weight of 9100 pounds the arrested turn rate was 21.5
deg/sec (fig 50). The peak load was 204 shp and the time above

165 shp was 1.4 seconds. At a gross weight of 8100 pounds a hover
turn rate of 21.1 deg/sec was arrested with a peak load of 178 shp,
and the time above 165 shp was 0.6 seconds. Following these tests,
the examination of the gear boxes revealed a slight change in the
gear wear pattern; but this change was not beyond the allowable
tolerance. This was the final flight of the program; therefore,

the wear included all which was experienced during 18 hours of tes-
ting. The results indicate that rapid arrestment of hover turn
rates greater than 30 deg/sec produce very high power loads in the
tail rotor drive system. Large pedal inputs (more than one inch)
must be avoided, regardless of the initial turn rate, to prevent
excessive power loading of the tail rotor shaft or at least to mini-
mize the period of time the tail rotor shaft horsepower limit is ex-
ceeded. The operator's manual should be amended to include the warn-
ing note as worded in the safety of flight release (ref 6, app I).
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CONCLUSIONS

31. The tractor tail rotor modification on the AH-1G helicopter im-
proves the IGE maneuvering directional control and increases the pay-
load capability significantly for similar wind/azimuth restrictions
(para 28).

32. The tractor tail rotor modification does not solve the basic
directional control problem of the AH-1G, and significant flight and
gross weight restrictions are still required (para 28).

33. The change to the yaw control geometry included in the tractor
tail rotor modification is essential for all AH-1G helicopters and
should be incorporated at the earliest possible time (para 25).

34. A clear design and performance criteria for IGE yaw control
power and directional response required for land based, attack heli-
copters should be developed for future designs and current engineer-
ing test evaluations (para 23).

35. The power loads in the tail rotor drive system with the tractor
configuration are near the maximum allowed for stabilized IGE flight
near the envelope limits and exceed the maximum allowed during IGE
maneuvers requiring left pedal inputs (para 30).

36. The level flight and hover performance results for the tractcr
tail rotor AH-1G are close to those for the standard AH-1G. The
exact amount and significance of the difference would require fur-
ther testing with a calibrated engine installed (paras 12 and 13).

37. The handling qualities of the tractor tail rotor configuration

throughout the forward flight envelope are the same as those for
the standard AH-1G (paras 14 through 23).

14



RECOMMENDATION

38. It is recommended that:

® a. The tractor tail rotor modification be considered for opera-
tional AH-1G helicopters as an interim solution for the directional

control problem.

® b. An immediate study and/or development program be initiated
to provide a directional control system which will eliminate present
wind/azimuth and gross weight restrictions and accept the resulting
power loads without gear box damage.

# c. A design performance criteria for land based, attack heli-
copter directional control power and response requirements be estab-

lished.

15



APPENDIX |. REFERENCES

1. Test Plan, USAAVNTA Project No. 68-37, "Engineering Flight Test
of the AH-1G Helicopter Equipped with a Tractor Tail Rotor, Army
Preliminary Evaluation,'" September 1968.

2. Final Report, USAAVNTA Project No. 66-06, "Engineering Flight
Test of the AH-1G Helicopter, Phase B, Part 1," January 1968.

3. Final Report, USAAVNTA Project No. 66-06, "Engineering Flight
Test of the AH-1G Helicopter to Determine the Area of Inadequate
Directional Control Power at 8100 Pounds Gross Weight," February
1968.

4. Final Report, USAAVNTA Project No. 66-06, 'Feasibility Test of
Tractor Tail Rotor Modification on the AH-1G Helicopter,'" March
1968.

5. Engineering Change Proposal AH-1G 350, Bell Helicopter Company,
"Improved Anti-Torque System for the AH-1G Helicopter," 29 August
1967.

6. Unclassified Message, AMSAV-EF 8-1328, SUBJECT: "Safety of
Flight Release for Tractor Tail Rotor Configuration, AH-1G,"
8 August 1968.

7. Test Directive, USAAVCOM Project No. 68-37, '"AH-1G Tractor Tail
Rotor, Army Preliminary Evaluation,' 19 July 1968.

8. Operator's Manual Army Model AH-1G Helicopter, TM55-1520-221 10,
April 1967.

16



APPENDIX II. TEST DATA

17



oHIE ;

e R I I ] e e S P e B
eyt

! : .

......

?
1B
¥

|
!

1

:

| S L e

o AVGy- DEMSITY ALTITURE~5845 T, . . . o .
C.G. STATION. ~195.0 IN. S Pl EE

| mmm : _ ~CLEAN . i . I Sl B B S

ROTOR EKID b dioid
SYM RPN HEIGHT ERA
O - 324.0 5 PFT. i
u] 314.0 S PT. .
g 324.0 100 FT. !

16

12

PEDAL POSITION ~
PERCENT FROM FULL LEFT
=

100 PFT.
SK1D HEIGHT

X 10°
F N
o

SHP X 550
2 AlaR)3

c,:mf'-




ENGINE OUTPUT SHAFT HORSEPOWER

PIGURE NO. 2

— — e -y

LEVEL FLIGHT PERPORMANCE
AH-1G USA S/N 66-15283
TRACTOR TAIL NOTOR

AVG, GROSS WEIGHT ~ 8070 LBS.
AVG. DENSITY ALTITUDE ~ 5220 FT.
AVG. 'C.G. STATION ~ 190.4 IN.
RUTOR SPEED “ 328 R
CONFIGURATION ~ HOG -0y
Cr ~ 46.83 X 10"
1000
900
- 800
©
700
- 600
500 (o)
0 IR NS IO B
20 | 40 .60 g 160 130 . . 140

1S et L.

e S e e

FRUB ATRHPRED & SN0t

SSRGS SO U

d . { i

it ..

a2 e e

T S

e g e e s 3 s

§-are B --L ORI S '..-.—*...u«...«..:-ﬁ.-,

]

t

e
t

i

1 {
1 i .
{ d { & e gl ety



e L e ) mmq M. 5 L
il Sl | , J! = T -»}._ 0 i

SO

1 1
? t
g T B AT | : : ; = e
. 5 os b 4ttt b ! + ' !
""’f""’"“ R T et = Lo 2 ey ¥
1

| . . AVG.GROSS WEIGHT  ~ 8315 LBS.
| L AVG. DEMSITY ALTITUDE ~ S365 FT.
Fo ' AVG. C.G» swnw e 191.0 IN.

EEET M!: b i e 324 RPME
el T L. m'non - HOG
SR F I SR RS X , -~ 48.48 X 1074

]
— - P
1 1
—n ..T —- — o -

i NS

g U R 0 ™R ™ L 100, 120 140

! fupreris s
=i Lo | TRUE AIRSPEED ~ KNOTS
T , ;
: {
:4 . f e 20 e et o/l - -+ —
A B SR Fo T
feede i S S 3 TR R R i L T 1 + i
i i =y
= i il j: ST s e o W) { ) { i




e = —e

' 1000

H
R E——

e

AVG. .GROSS WEIGHT

AVG. DENSITY ALTITUDE

AVG, c G. STATION
ROTOR SPEBD

fcmrramgrm

or + = . B

[

1Lt

8440 LBS.

10,180 FT.
191.2 IN,

© 324 R

HOG

57.10 X 1074

s e g

s g w

e

muﬂ—m

40 60 80 100 120 140




SHP X 550
T X 105

Cp X 105 =

PEDAL POSITION~
PERCENT FROM LEFT

16

12

52

48

42

32

AH-1G USA §/N 66-15283
_ TRACTOR TAIL ROTOR i ) ke ]
WINDS LESS THAN THREE KNOTS

100 FT-

SKID HEIGHT 5 FT.

SKID HEIGHT

NOTE: | .
1. C GIWBDITMIHM
FIG. IMEMMW
HIGHER Cp VALUES. ]
2. DATA AT VARIOUS PEDAL
ITIONS DERIVED FROM
EP' SEMATW

M & 4 S0 5254 56 38 € 62 64 66

oL AL S IR B A e ...4.....,.. = 1K LM-. MO ST W S
G e 2 "

or 1ot -l x et

e e -
o~

ﬁ L ‘ i v t .“"t‘ &



FIGURE NO 6 o

CONTROL TRIM POSITION DURING LEVEL FLIGHT

| AH-1G YSA S/N 66-15283
TRACTCR TAIL ROTOR

AVG GROSS ~ AVGIC:G:~~ DENSITY  ROTOR-
WREGHT STATION = - ALTISNS. | - SPEED-

SYM ____LBS Mmoo (i i

v 8070 191.0 5220 324
o) 8315 191.0 $365 324
o) 8440 . 191.2 10,180 324

g 90
100% Pedal Travel = 5.0 Inches
- 5 r% 70
<~ O
Sk
B = L
g m
[V}
. o)
5 30
& 80 :
w 100% Collective Stick Travel = 8.9 Inches
Seg o
S -t O
ul b
398 40 : % *
(=] O'O'Q————Q-——'e'
O
z
& 20
E 90
100% Lateral Cyclic Stick Travel = 9.6 Inches
2O g 70
2005
& L X
36E = T e,
~ ]
5 30
g 70
< L 100% Longitudinal Cyclic Stick
Zof% 50| Travel = 9.6 Inches
[= )
=258
%BE 30
!
= E
< 0 20 40 60 80 100 120 140

CALIBRATED AIRSPEED ~ KNOTS

2



gl i . PIGmENO 7
;iﬂ.-ﬂ-...:.l MEMHWIM ABILITY
551 I R AR M Al-1G USA S/N 66-1 |
RS o i | -mmun.m

b T
<15 S ST I |
_h__{‘.ﬁﬁ,, TRIM . | AVG GROSS AVG C.G. = DEMSITY ROTOR
U T armseEED | wEdaer BTATION  ALTITUDE SPEED
| SO kcAs 6 | IN_ __FT  _RPM  CONFIG
gﬁ 108 8400 192,2 6300 324 CLEAN
128 8315 192.2 6200 324 CLEAN
_“T i u‘i_m 192.0 6200 324 CLEAN
3751 B L E - 100% Longitudinal Cyclic Brick Travel = 9.6 Inches

:.': ,ﬂ&

60 lﬂﬂlklllr.ti.ﬂ Stick Travel = 8.9 Inches
q
20

22 23

i q.- .HI 100X Lateral Cyclic Stick Travel = 9.6 Inches
wE 60
18
C& 40
¥
B 3
100X Padal Travel = 5.0 Inches
il E 80,
L O™ s | 1
isbid 40}
ZOE TS Wi i 7 n.
! E .J
SR (hed ors] MY . L
3] al LEFT 30 20 10 0 10 20 30 RiGgm
Bl H ANGLE OF SIDESLIP -~ DEG
R L



FIGURE NO 8
mil  LATBRAIL, RESPONSE
\ . AH-1G USA §/N.66-15283
TRACTOR ‘TAIL ROTOR |
iy - i SCAS ON : : =t

i
! —— 1 . =t

SY AVG GROSS. VT . AVE:(0.C, STATION' AVG DENSTTY.ALY: " NTOR SPRED: CINFIG
8025 LBS 197.5 IN 4200 FT 324 RPM CLEAN

8805 LBS 192.5 IN 5660 FT 324 RPM CLEAN
7280 1BS 194.5 IN 10,660 FT =~ 324 RPM CLEAN

1:0 SENSITIVITY

1

FLIGHT CONDITION - HOVER

0.5

TIME TO MAX - 0D O
ACCEL ~BEC

0
£ 40
b 20

0

MAX ACCE%

~ DEG/SEC

20

40

LT

2.0

1.0

TIME TO MAX
-RATE - SEC

10

l- .
MAX ROLL RATE
- DEG/SEC

= 1.5 1.0 0.5 0 0.5 1.0 1.5
LEFT LATERAL CYCLIC STICK DISPLACEMENT RIGHT

~ INCHES FROM TRIM



\

; i ?Mmi’ t ;. : ' : “ ‘ -
f nﬁ% -mf? NI T
S SOREI , O ——b e

_SYM_ AVG GROSS . WT AVB,C.G smlou Avsmsm ALT. 'ROTOR SPEED nmm:n..

- S ,’gozo ui 197.6 I - 4200/ FT 324 M CLEAN
A 1B fo 2928 N BEBOLFF - - - 324-RPM- - CLEAN
o 7280 LBS 194.8 IV 10,660 FT | 324 RPM  CLEAN

A FLIGHT CONDITION - HOVER

[
Qo

32
tn

TIME TO MAX -
ACCEL - SEC
l
@
E

(=]

40

RT

20

MAX ACCEL

- DEG/SEC2

20

LT

40

2.0

1.0 oA 4P o @™

TIME TO MAX
RATE ~ SEC
Q

RT

20

10

10

~ DEG/SEC

MAX -ROLL- RATE

20

LT

- 1.0 0.5 & 0.5 1.0 1.5
LEFT LATERAL ©YCLIC STICK DISPLACEMENT RIGHY

~ INCMES FROM TRIN :
» i



A
D
*0
*a

*O

rotor configuration

TIME TO MAX

MAX ACCEL
- DEG/SEC2 ACCEL - SEC
RT

LT

RT

MAX YAW RATE
~ DEG/SEC

T TR )

FIGURE NO 10
DIRECTIONAL RESPONSE
AH-1G USA'S/N 66-15283
'mcmn TAIL wron

1

!

mwm ' T
_S.m AYG GROSS WT AVG C.G, STATI'M: W BOTOR SPRER - M&——J
8000 LB%§ 7.4 IN 4200 FY 324 (RPM ¢ CLEAN |
8680 LBS 193.5 IN . 5660 FF . 324 RRM.- - CLEAN-—
7375 1BS 195.0 IN 10,660 FT 324 ' RPM CLEAN |
7490 LBS 195.9 IN 10,550 FT 324 RPM  CLEAN, |
8170 LBS 195.2 IN 4120 FT 324 RPM CLEAN |
7370 LBS 194.8 IN 5040 FT 324 RPM CLEAN
Implies standard tail _SENSITIVITY.
4 FLIGHT CONBITION - HOVER
1.0
a
0.5 £ On O
i @
0
40
20
0
20
40
YAW RATE MEASURED AT ONE SEC
_RESPONSE »
‘A
/
20, NOTE: DASHED LINES
INDICATE STANDARD
TAIL ROTOR
10
0
10
20
-
(4
0173 1.0 0.5 0 0.5 1.0 1.5
LEFT PEDAL DISPLACEMENT RIGIT

~ INCHES FROM TRIM

2



vy  FIGHE %0 11
.. DIRECTIONAL RESPONSE .
| AH-1G USA S/N 66-15283
TRACTOR TAIL ROTOR
T SCAS OFF

. AVG.C.G, STATION . AVG DENSITY.ALT: ROTOR SPEED  CONFIG

P 197.4 IN 4200 FT 524 RPM CLEAN
b 1308.5 IN- 5660 FT -~ 324-RPN- —  CEBAN-
1195.0 IN 10,660 FT 324 RPM CLEAN
1948 IN 5040 FT 324 RPM CLEAN
195.2 IN 4120 FT 324 RPM CLEAN
" Implies standerd tail SENSITIVITY
"~ rotor configuration FLIGHT CONDITION - HOVER

g4 b0 ;
B s

EB BPg—L-al ueAmA o g
R - E o .

A s 40

= I | YAW RATE MEASURED AT ONE SEC
/

& 20, MNOTH: . DASHED LINES
INDICATE STANDARD
. TAIL, ROTOR

18 1,7 1.0 ;.. 0.5 .0 0 0.5 1.0 1.5
LEFT _ PEDAL DISPLACEMENT . RIGHT
-/ INCHES FROM TRIM

=T S | SIS FSE S S - .2..




.....

b

T
|

MAX ROLL RATE

| AH-1

FIGURE NO 12
LATBRAL AL RESPONSE
G USA'S/N 66-152
TRACTO! TALL ‘ROTOR
sc:mrr *

fS

- INGHES FROM TRIM
)

":'fhvaémm..fmlc.a. sm:ou uvainwum BOTOR SPEED .. W

i} 8030 :ﬁ 300.0 IN- £220 FT 324 RPM - HoG |
..,.A* l 7105 zoo 0 IN 5370 FT 324 RN . HOG.
' FLIGHT CONDITION -
. - LEVEL FLIGHT
;:‘u’ 3.8 0~105 XCAS
6 A-128 KCAS
8_'_‘ 0.5 : o o
-y O
(P2 0
£ 40
=t 20
43
(7]
-ta 0
35
ol 20
. A
40
RESPONSE
; am.’ 2.0
B o
: 1.0 —o = o-Lel -0 —a
§E
F- 0
£ 20
10 2
TR
S ®
10
[ ]
20
e
= 30773 1.0 ) 0.5 1.0 1.5
LEFT LATERAL CYCLIC STICK DISPLACEMENT RIGHT

N s Tt

1
i



e e e e T Nos e e D R e
; ot dooe + ».-L .-—.-4‘- e - - ‘ v e -+  anat
. #m”xﬁ S/N 56“15“03 g
TRACTOR TAIL ROTOR ‘
< SCASORRT - Al ¢
'.sybg AVG_GROSS. WT Avc,ct,s..!.mum AYGMM msr,g;h; m J
a - sosou& 200,00 IN 5220 PFY 324 RPM HOG |
a- 7705 186 - - 2000/ IN C B3TOFT- - B2ARPM - MOG
SENSTTEVITY. - L
W FLIGHT CONDITION -
4 : O~105 KCAS
g | ] N ~ &~123 KCAS
- . Q
$8 i o
> 0
£ 40
20
20, ©
géﬂ 0
S
!ﬂ
$8 2 a
o}
40
RESPONSE
3§ ; i
A
B 0 & o/ iﬁ
L ¥
o] 0
£ 20
10
E
:U 0
[S%]
32
88 10
- -
[ o "
3ty 1.0 0.5 [] 8.5 1.0 1.5
LEPT mmlﬂa DISPLACEMENT RIGHY

O —



MAX ACCEL
~DEG/SEC2

LT

TIME TO MAX
SEC

RATE -~

RT

MAX YAW RATE
~ DEG/SEC

LT

2.0

40

20

20

40

1.0

20

10

10

20

Ghitw)

RESPONSE

FLIGHT CONDITION - |
~ LEVEL FLIGHT

- O~105 KCAS |
A~128 KCAS'

Bt D,

LEFT

1.5

1,0

0,5 0 0.5
PEML DISPLACEMENT
~ INCHES FROM TRIM

AN

i.0

1.5
- RIGHT



O B wweris
B v ___w,-ﬁngcjxmm mspoNsE. o
T e T AM-1G USA SN 664-15283
| i' e ;“ ;rmron AfL oToR
: ’ T —ae b - -Tw-r--. — - - . —- .
i :: 0 31 | 5229 L 524 Rew HOG
I VIS O zgg.a ; -,—,;.. . 324 RO HOG
} B H
e I saus:trrvrjv | ’ |
"“”‘" 3 f FLIGHT CONDITION -

M,; 150 - LBVEL FLIGHT
iﬁ 458 0~105 KCAS

2 A~128 KCAS
! le:5
-3 * A ;
; g8 S — & ©
SR S -
& B s
HY
g 0
3 L
¥
- B &
= RESPONSE__
;§ 2.0
1
.
B - S
|
| S : zo
i & 10
-3¢ M
7]
-~
- 3] 10
: {
e e L 29.
h .
W 70 oS o 0.5 1.0 1.5
B LEFT . PHDAL DISPLACEMENT . RIGHT
« INCHES FROM TRIM



w o

1 & I 4
~;",mc.msmm gva,mmu AT Mﬁw__ﬁ
L 196.8 IN . 6220 PT - 324 RPM
197.0 IN 6220 PT 324 uom-
- Mile SENSITIVITX.
| L% FLIGHT CONDITION -
- LEVEL FLIGHT
: g'ﬁ 10 A ~95 KCAS
: : O ~118 KCAS
-8 0.5 : » -
' Ot —og—d-4- o fato
S ; 40
| 20 o 7y
5
.. SnN
: 25 0
38 ¥
[
& 40
Rk RESPONSE
—- ;8 2.0
' 73]
- 2 [ ] 10 - A A Q
gE s °c &
]
- ~- E 20
- % 10 =
s ag 0
14
--&8 10
; :
e 20
[ ]
, 3 -3 1.5 1,0 0.5 0 0.5 1.0 1.5
S LEFT LATERAL CYCLIC STICK BISPLACEMENT RIGHT
-~ INCHES FROM TRIM



U RS T nE ey

- INOHES M ?ﬂﬁ

s

A 8975 ~ 116 8
O . 8765 197.0.
PLIGHT CONDITION -
&g -1 A0 - LEVEL FLIGHT
4 . A~95 KCAS
‘ O~118 K
g R 5 CAS
s Ap—o—oh- Gt
B 0
£ 40
wd 20
-
< X 0
]
3%
. 20 ©
5 a0
_RESPONSE,
G : F-9
e 2.0
24 —8—
B 1.0 R——0s—— )
=
B 0
g 20
E 10
i
42 |
g a 10
; )
20
[
s 10 0% 0 o5 1.0 1.5
LEFT LATERAL CYCLIC STICK DISPLACEMENT © RIGHT



FIGURE NO 18
DIRECTIONAL RESPONSE
AH-1G USA S/N 66-15283

'TRACTOR TAIL MOTOR'
a 9065 LB 196.8 N © 6120 FT° 1 324 'BPM HOG | ’
o 8875-LB 197.5 W ©6220FF - S2ARPM— CHOG
FLEGHT CONDITION -
22 1.0 - - = LRVEL FLIGHT
$a b a~95 KCAS
] -~
853 0.5 14 o O~118 KCAS
28 o 02 4o
< 0 ;
£ 40
aey 20
83
QOw
<B 0
= &
g, 20
5 40
RESPONSE
59 2.0
- 27|
g1 1.0 O——Hé
=
=] 0
ke 20
10
=
= @ 0
)
20
8 10
g '
20
S 30
1.5 1.0 0,5 0 0.5 1.0 1,8
LEFT . PEDAL DISPLACEMENT - - RIGHT

© INCHES FROM TRIM



t L FIGE MO 19
4 .. .. .l ..., . DIRECTIOMAL RESPONSE
B | +16 USA S/N 66-15283
l TRACTOR TAIL ROTOR
AT S Eeo o seas oFR
L e H 1 -} . !
_SYM_ AVG GROSS WT.. ~  _AVG DENSITY ALY  ROTOR SPEED CONFIG .
a | 9065 1 196.8 IN 6120 FT 324 RN HOG
O 8IS LB - 197.5.IN 6420 FT 324 RPM - HOG
E = ! SENSITIVITY
‘ FLIGHT CONDITION -
i - LEVEL FLIGHT
S 1 BRI A~95 KCAS
X - O~118 KCAS
——t—u3 -0 § } :
3= oo ch g o
R
g 40
el 20
2 O
8@
S 0
< &
; i 20
5 40
] RESPONSE
- 3§ - 2.0 :
B' 1.0 A oo
I gE ) @%"‘— o—& ©
F -2 0
!
go20
o c lo .
g
S~ FTR |
, g 0
25
O
{=T1r® g io P 4
=t 20}
R R R P G 0 0.5 1.0 1.5
LEFT PEDAL DISPLACEMENT RIGHT
) N 1 - INCHES FROM TRIM

L.A.-L... A DU IS .i






J30 -~ RLANIZY ONIM FALLVISH

B . 08z vz 002 091 ozt 08 oy o

!
ONINTYRGW TVO3d § 2 Lo
ot : or
sayoul 0'§ = [2A®IL TSP8d J00T |gg

L
zf:

=

I
5

<o
=1
1 o8q ~ 41

SIONX £ 14 0OIY NI ¥'Z261 S¥1 595%

L4TT TInd
WONd INZD¥Ed -
“Ivadd

dHS -

HEINOSASNOH

JAVHS YOLON TIVL

TION HOLId
3CVIE NOION TIVL

Q334 S¥IV ML DAY JANLILTY ALISN3d JAY NDILVLS “D°D AV LHOT3M SSOMD DAY

WOLOYW TIVLI ¥OLOWVML
£8ZS1-99 N/S VSN I1-HY
SHLNNIZV ONIN FJALLYTEY SNOIMVA LV TOWINOD TVNOILDIYIG
1Z ON JHNOI1d

e p



. 980 - HLOWIZV GNIN SALLYIZY
09s 0Zs 082 (1124 002 091 021 08 oy 0

NIVWIY IN3ID¥3d nmll\h.

WOMd-INSONEd -~
Tvaad

Sayou] 0'c = YeAmi] TEpad YOOI _

3 & 8§
1481 110d

{

e -

S EE L
n E
 LAVHS WALON 11Vl

s Sl

)

93 -
TIONV_ JOLLd
V14 NOLON 1IVL

o
-
B |

- S10MX 2] 14 090% NI £°261 STl SSPE
GA3dSeIvV IdL 5. JANLILTY ALISN3Q DAY NOILYLS “9°D 9AV LHO13M SSOMD 9AY

=

d0LOYM TIVI HOLOWHL
£8ZST-99 N/S VSN 91-HV
SHINWIZY (NIM (AILVTIY SNOTAVA LV TONINOD TVNOLLDFMIO
Zz ON JMMId



230 =~ HLAMIZY ONIM FALLVIIY

095 ors 08z orz 00Z 091 0zt 08 o 9,
ONINIVMEY Tvaad INED¥3d E..\ 0z
or
gayouy ("5 = [2A®a1] [¥Pad 2001 09
0
00t
oSt
00Z
0z
"/\kl’/ﬂ—.
| : 0
ot
|
finr . ELOMNE L1 Jd 090y NI Z°Z61 Sd37 S¥E®
S J334SHIV AL DAV BONLLLTY r*_ﬁ_ AV NOTLVIS '9°D 9AV LHOTIN SSOWD DAV
_... M ! i : 'y 4 . "
|
|

HOLOW TIVL WOLOVML
| . £8ZST-99 N/S VSN OI-HY
_. “ mﬁ!ﬂnﬁ:ﬁﬂﬁﬁﬂﬁﬂﬁﬁggﬂuﬁ_n

_|q|.m m $T ON WO

1497 114

WOMd INZD¥3d -
Tvadd

dis -
YN0 SHOH
JAVYHS MOLOW TIVL

o3a -
FI9W HDLId
20v19 ¥OLOW TIVL



1]
!

e

D9t

0Zs

08z

930 ~ HINWIZV ONIN FALLVIZN
0oz

orZ

_ozt

_f

-~ BLONN 02

§E3aSHIV L IAV

_
SR
-
|

|
-

ONINIVWNEN TVadd INED¥dd EI\

14 00y

SHLNMIZY ANIN 3JALL

: I....IL-I |

mgnh-hqt hhnu:- OAV

£8ZS1
.&

) N/

NI 0°'Z61

NOLLVIE *9°2 9aY
¥OLOW .:q.._. WOLOVHL

vSi 91-HY

82Y3UI (°¢ = TSA®IL TPPRd 2001

0
0s
O o)
001
o
o 081

__. i g TVNDLLOINIA

1497 TInd

NOYd INTD¥Ed ~
Tvadd

L]




l 930 - HLWIZY GNIN BALLVIZH
09s ozs 08z obz 00z 091 0z1 08 oF 0

Va3d ONINIVWIY INIOW3d El\w

Bayou] ("¢ = T2ara]l T¥P2d 2001

002
oz =
\\/ o
lo\< | ]
of §
- S1ONI ST 14 09vp NI 5°Z61 sS4 5958
G334SUIV anul OAV ANLILTV ALISN3G DAV NOILVLS “9°D 9AvV LHOI3M SSO¥D DAV

HOLOY TivL HOLOVEL
£8ZSI-99 N/S VSN 91-HV
SHLMWIZY ONIM FALLYTIE SNOTYVA LV TOMINOD TYNOILOIWIA
SZ ON MNOI4

437 TINd

o4q -
FIONV HALId

3avI4 YOLON TIVL

N4 INJO¥3d -

s -
YINOJISHOM
LIVS ‘NOLOY TIVL

™vaad



930 - HLNWIZY GNIM FALLVTIM

obs (114 08Z oz 002z 091 ov o8 oF 9,
TVa3d ONINIVH INGDWEd _._:|\ —
oy
SIY2UI 0°S = T2ABIL Tepeg XDOT |gg
0
0s
001
051
002
® 5
ot
o
ot 3
SLONX 82 Ld 0¥6S NI £°Z61 , ST Ov¥8
agIdSYIV INUL 9AV "IANLLLTY ALISNIA 9AV NOILVLS "9°D 9AV LHOIIM SSO¥9 9AV

HJOLOY TIVL d0LOVHL
€8ZST-99 N/S VSN OT1-HV
SHIIWIZV ANIM FALILVIIY SNOIMVA LV TORLINOD TVNOILOFYIA
9 ON TNOI4

1491 TInd

NO¥d INTO¥dEd -~
Tvaad

dis -

WIMOdTSMOH
LIVHS YOLON 1TIVL

93d -
TIONY- 1DL1d
§aVIg ¥OLO¥ TIVL



930 = HLNWIZV GNIM FALLVIAY
09s (1149 08z orZ 00z 01 0Tt 08 or 0

TVa3d ONINIVWEN INIOWdd Enl\v

Sayou]l 0°S = [aae1] Twpad 2001

. SLOMX §% 14 0809 NI 1°Z61 STl sezs

TSNV 5861 oAV FNALILTY ALISNID DAV NDIIVIS "9°3 OAV LIDIIN SSOM9 9AV

| YOLOW TIVL HOLOVHL

S i £8ZST1-99 N/S VSN O1-HY

_ . SHINWIZY ONIM JALLVIEM VA LV TOMINDD TYNDILOFMIG
| LZ ON F8NSI4 |

1437 TINd
WNO¥d LNIDN3d ~
AL LD




930 ~ HLMWIZV ONIM FALLYTIN
09% 0Zg 082 0¥ 00z 091 0Z1 08 or ]

1437 TInd
RO¥d INIO¥3d -~
Tvadad

83Yydu] (S = [aavl] Tepad X001

dHs -
WINOITMOH
LIVHS WOLOW TIV1

5 g
v
o —e .
I
o m g
i w3 B
14 056$ NI 6°£61 Sl SST6
.i.ﬂ.—qg. THGNITITV ALISNZG DAV~ NOLLVAS 'D°D DAV IHDTAN $SOW DAV
FOLO¥ TIVL ¥OLOVYL
shogniind 1-99 M/S vsn 91- . _ . !
_ m . SHIAWIZV GNIN Eﬁﬁ g_!s v TYNDILOTNIA _ !
.“. ._ i | i ﬂ g EH‘ —l — PRSI — .|I.|.|-.|m||.L||!I“..| O I 'Im




980 ~ HLNWIZY GNIM SALILYINN
09g 114 08z ovz 00Z 091 0zt 08

ONINIVNZY Tva3d LNIDW3d 01

Sayouyl ('S = TA®IL TEPed 2001

SIONE £1 14 0565 NI 1°p61
“GHIdSHIV dNML DAY FANLILTY ALISN3O DAV NDILVLS “9°0 9AY

YOLOY TIVL ¥OLOVYL
£8ZS1-99 N/S VSn O1-HV
SHLNWIZY GNINM FALLVTIM SNOIMVA LV TOWLNCD TYNOILDTMIGA
67 ON FTUNOi4

e

-

STl S90E

JHOIIM SSOWD 9AV

¥ “ -
LIVHS NOLON TIVL

N

08¢

1433 THd

WOMd INEDNEd -
‘ Tvaad

Holld
I YOLO¥ TIVL



e e ) e e g et

09s (743 08z orz 00z 091 0z1 08 av 0, ,
. -
Elz
o mwmmmm
ONINIWWEN TVa3d INHD¥Ed 01 SOWPRL 0'§ = TeARAL TWPSd X00T |

930 ~ HLUWIZV ONIN SALLVINN

S1ONX 81 14 0S6S NI T1°v6l ST 0¥6%

Y 1 DAY FIANLILTY ALISNIO DAV NOLLVLIS "9°2 DAV LHDIGM SSOMD OAV

HOLOW TIVLI WOLIVML
£8251-99 N/S ¥Sn DI-HY
SHINWIZV GNIM FAILVTEY SNOTMVA LV TOMINDO TVNOLLDFMIA
0f ON THNOId



g et 93qg -
09¢ (174 08z orz

HUMMIZY GNIM JALILVTIM
002 091 0zl

o)

os1
00z
5 =<3
mu
'
mmm
B5
T s o1 3 &
izl
S soN 22 14 0009 NI 0°¥61 S¥1 0Z8%
o TGSV miSA FNLILTV ALISNGD SAV NDIIVIS "5° DAV LIBTAN SSO¥9 AV
ISt et 3 ook | MOLOW TIVL HOLDOVEL
bbb $82S1-99 N/S VSN DI-WV
PR e i i SHINWIZY GNIM FAIX THVA LV TOMINOO TYNDILOSMIA
ﬁ..lul.l. — i &_ . _ . | X i - | SIS e .|.Il.||._.g . iu |..| S —— . v I PR EetL) SEe i LS T D T

E3you] 0°S = T@aRai] T¥pPad I001

14371 TInd
NO¥d INID¥3d -~
vaad

g
dHsS -~
AINOdISYOH
JJVHS ¥OILOM TIVL




_ | 930 - HLAWIZV GNIN SALLVIZM
o_wm R....E Jﬁm Eh uE E_

———

.. u__ﬂ.ﬂi TVORd INIW3d Ell\\.,vl

1491 114
HO%d LNED¥Ad - -
. "Tvaad

S3ydu] Q"G = TA®1L [*Ped X001

1
14 0809 NI 67§81 - seTozzE +
WL OAV | BONLLLTV ALISNSA DAV~ NOLLVLS "D°D 9AV LHOIAN SSOMO DAY |

_ S e O O (RS Bi0K 10V WLl
8 561 08 (S S0t 0001 S8 UEHE S SO Sl (5 S S > 4 | | /8 VS OT-HY _
T U T ez GNIN SALLVIEN SHOTWVA IV 0N

1 | ! ¢ S s S o = o GE7 IR b




095 ois

930 ~ HINWIZY GNIM SALLYTI

o8z orz 00z 091 0z 08 or e, .
o 2
s ]
ININIVWEH Tv03d IN3JW3d i il mmu |
or m m Z
*ou3u1 0°¢ = ToAwAL T9POZ 2001 | g
¢ -
=3
0s =
L}
00T - mmm
ost . ¥ m ,
0z

SIONA 1t
THIISHTIV il OAV

o8q -
- TIOW-HLId
3GV YOLO¥ TIVL

14 or19 NI 8" £61 S¥1 0798
JANLILTV ALTISN3d SAV NOILYLS “9°D 9AV LHIIdM SSOHD OAV

YOLOW TIVE OLOVML
£8Z5T-99 N/S VSN OT-HV
SHIANIZV ONIM JALLYTIM SNOTMVA IV TOMLNGO TVNDILIFMIG
€5 ON TN9E4



daa - Z¥ GNIA FALLYTEM

- SioMt o
gﬂﬂﬂdﬂﬂ HANLITTV ALISNGd DAY NOILYLS “9°D 9AY LHOIEM SSOMD 9AY

YOLOY TIVL MOLOVML
£8ZST-99 N/S VSN 91-HY

SHLUNWIZY GNIN SAILVISY SNOIMVA IV TOMLNOD TYNOILDFY¥IG
PE ON NOI4

ovz | z 091 ozt 08 or m .

g
BT T4

T 0N INDDUAd -
va3d

s8ydu] ('C = [eAwi] Yepad Y001

g o©

/

X

- s

tﬂ§

-]
ot

m -
IV 1D3le
2AVIE Wby TIVL

D

2

14 pot‘or NI D°§61 S¥1 SS18

8
’ m 1 .. .- -—
- 34YHS YOO8 HIVE

s

by

L.



08z

930 =~ HLAWMIZY aN
00z

oz

03T 1 8er

ONINIWWEYM Tvadd INIDW3d 01

14 0901

08 or 0 :
\l}r\\u‘lnﬂﬁ'ln ..nm
_ “ E£d3
o» mmm
saYou1 0°S = [eAPAL [9p9d 20OT | ..
0
e
0s =
[ ]
ost m
00z
oz
(134 ' mm
J mm. _
ot m
NI L°S6l SUT SHZ8

ba g . 11 EE..E.
o ..
uE!.n_.. ﬁ.ﬁ JALLYTSE SNOINYA &

H-.:._._..E ALISNIO DAV

v o

-...F_.E ‘97D oAV

LHDTAN SSOWD SAY

i _.

| | i |
_——m—— - e m e e e — e ——



930 © HLNWIZV ONIM FALILVTHN
9% 0Z¢ 082 02 002 091 0Z1 08 oy 0

Yd.nfel?/@{b\\&\\vlna\ e
\ oz

" ONINIVHEYN TVadd LNIDW3Ad 01

¢,

S34ou] 0°'C = TIARIL T¥pad Y001

4 0st

)

.
|
¢
4 _  ? _
L

[ Moeer | | WEESt ! I.:-i
EE#FEI:?: ._.urah 90 AV ._._Ew-g!q i

tl?ﬁ:gsum.m%. mu.ﬁhini___ ; #

-4
! Lo T

3
mmd
[ tm
G 2
38

dHs -
EEMOdISHOH

TIVL LIVES WOLOM TIVL

O

i - oad -
.
EEEs #
4 = 4 i







=

DIRECTIONAL CONTROL POSITION - SBIRECT: " PRRENNT, FNN

5 £ 8 8 8 2 o 5 8

| WIND AZIMUTH - DEGREES FIOM NOSE OF ALRCRAFT

B0 100 120 140 160 180 200 220 240 260 280 3

RIGHT TAILWIND LEFT TATLWEW® |
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STANDARD TAIL BOTOR CONFIGURATION. |

2,

FULL LEFT DIRECTICNAL CONTROL =

MNEAN DIRECTIONAL
REQUIRED TO
LEFT

STABILIZE AIRCARAFT.

w'rl
4. SOLID SYMBOLS BENOTE

CONTRDL POSITI

19 L MOTOR PITCH.
3. OPEN

324 8090
524 8070
324 8090
324 BD4O

8050

324

DIRECTIONAL CONTROL POST! |
ENCOUNTERED WHEN STABILIZING AIRCRAFT.

S. TEST WAS OONBUCTED IGE AT AN AVERAGH

4 TS .

4'5.

SKID HEIGHT OF 10 FEET.
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* E
ROTOR  G.W. C.G.-IN  Mp  AIRSPEED NOTE: 1. STANDARD TAIL ROTOR CONFIGURATION,

1
SYMBOL -RPM_ -LB  _ LONG_ —=KTAS _ 2. FULL LEFT DIRECTIONAL CONTROL =

o) 324 8040 200.5 (AFT) 5350 _  25.5 197 TAIL ROTOR PITOH.

0 324 7990 200.5 (AFT) 5350 29.% 3. OPEN SYMBOLS DENOTE MEAN DIRECTIONAL

CONTROL POBITISN REQUIRED TO
STABILIZE AIRCRAFT,

4. SOLID SYMBOLS DENOTE MAXIMUM LEFT
DIRECTIONAL CONTROL POSITION
ENCOUNTERED WHEN STABILIZING AIRCRAFT,

5. TEST WAS CONDUCTED EGE AT AN AVERAGE
SKID HEIGHT OF 10 FEET.
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