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FOREWORD

Essential to an understanding of the results of aircraft testing
is an understanding of the dirferences between engineering and service
testing.,

Engincering testing, using instrumented aircraft and calibrated
instruments, can determine and record the exact performance, control
response and limits, engine performance and power available, through
accuratc measurements and reduction of data to standard conditions.
Thus, it is possible to determine when an aircraft is approaching or
exceeding design limits or other specified criteria.

Service testing, using aircraft in standard configuration, results
in a qualitative evaluation for user-type information. This informa-
tion is based on a broad scope of pilot experience and technique pro-
vided by pilots ranging from those recently out of school to those with
considerable field operational experience. The installed instruments
and gauges are used to determine significant operating data. These
instruments are not usually calibrated but represent typical instru-
ments found in production helicopters. These instruments and gauges
are verified for accuracy within acceptable tolerances but do not attain
the precision provided by the calibrated equipment used for engineering
testing.

The service test-pilot makes qualitative observations on only what
he experiences during normal service flying, These observations are
not correlated to such factors as the margin of control remaining or
exact rates of control response. [xact measurements of such factors
are necessarily the responsibility of the engineering test agency.
Thus, service testing may show that the aircraft is suitable for per-
forming a mission when, actually, flight has been performed close to,
or within, control margins specified by military specifications., What
may appear to be discrepancies between service and engineering test
reports is actually the difference between qualitative and quantitative
reporting

The Light Observation Helicopter evaluation is the first combined
aircraft engineering and service test program that has resulted in co-
ordination of reports and comparison of reports prior to procurement
decision. Caution must be exercised, therefore, to preclude taking an
item out of context in any one report to establish a particular position.
Seeming inconsistencies can be reconciled only by examination of all
reports with due regard to the specific conditions under which the test
was accomplished,
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\ ABSTRACT

Stability and control flight tests were conducted on the OH-4A
helicopter to determine the stability and control characteristics
throughout the flight envelope for the unarmed (c¢lean) and armed
configurations. -Festé—uwere conducted by the U, S, Army Aviation
Test Activity at Edwards Air Force Base, California and auxiliary
sea level test sites near Bakersfield, Californiev— Ninety:three
test flights were conducted for 75:30 hours productive test time,
These tests were accomplished-during thé veriod of 28 Marth
31 June 1964>Al]1 test data were hand recorded from sensitive
instruments or recorded on an oscillograph,

The quantitative test results and qualitative pilot's somments
indicate that the OH-4A complied with most of the stability and
control requirements of MIL-H-85C1A, The stability and control
characteristics were found to be ge satisfactory for all
conditions tested, except for the fg#fowing:

1, Maximum sideward and rearward Xlight speeds were longi-
tudinally control limited when operating\pear the present forward
longitudinal C.G, limit (Station 99.0).

2. The directional control system exhibited excedsive
mechanical play and the directional acceleration was too high.

Tiie sideward and rearward speed limitations may decrease the mission
capability and compromise safety of flight under certain conditionms,

The armament tests on the OH-4A indicated that the helicopter
was a stable weapons platform which exhibited satisfactory control-
lability characteristics., There are, however, certain shortcomings
which should be corrected. These shortcomings are:

1. Excessive airspeed fluctuation during a firing sequence.

2, Structural damage to the gun mount when firing the XM-8
armament kit and an inadequate shell ejection area in the fairing
assembly on the XM-7 armament kit,

The stability characteristics of the OH-4A were found to be
generally better than those of the OH-13H and OH-23D helicopters.
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SECTION 1 - GENERAL

1.1 REFERENCES

a, Military Characteristics, Light Observation Aircraft, TCTC
Meeting 128, Item 3408, 20 May 1960,

b. Combat Development Objectives Guide (U) (CDOG), Paragraph
533a(l) as changed 25 March 1963.

c. Letter, AMCPM, Headquarters, U, S. Army Materiel Command,
12 March 1963, subject: '"Test Directive, Evaluation of LOH,'" with
1 inclosure entitled '"Test Directive for Flight Evaluation of OH-4/
OH-5/0H-6 Aircraft."

d, Letter, AMSTE-BG, Headquarters, U, S, Army Test and Evaluation
Command, 23 April 1963, subject: "Test Directive for Light Observa-
tion Helicopter,"

e. Technical Development Plan, U, S, Army Transportation Materiel
Command, Project No, L-R-1-41803-D-168, Light Observation Helicopter,
20 February 1963,

f. Military Specification MIL-H-8501A, '"General Requirements
for Helicopter Flying and Ground Handling Qualities,” 7 September
1961,

g. Federal Aviation Agency Type Inspection Authorization No.
CH666-2DM, 14 January 1964,

h. '"OH-4A Helicopter Armament Kit -- Installation and Operation,'
Bell Helicopter Company, 28 February 1964,

i, Final Report of "Engineering Test of the Stability and Control
Characteristics of the OH-1’d Equipped with the XM-1 Armament Kit,"
U, S. Army Aviation Test Activity, April 1964,
' .j. Cocrdinated Plan of Test, USATECOM Project No. 4-3-0250-( ),
"Military Potential Test of the Light Observation Helicopter (LOH)

OH-4A, OH-5A, and OH-6A," U, S, Army Aviation Test Board,
17 September 1963,

1.2 AUTHORITY

Directive: Letter, AMSTE-BG, Headquarters, U, S. Army Test and
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Evaluation Command (USATECOM), 23 April 1963, subject: 'Test
Directive for Light Observation Helicopter,"

1.3 OBJECTIVES

The objective of this program was to conduct engineering
stability and control flight tests of the Light Observation Heli-
copter (LOH) OH-4A to (a) confirm contractor compliance with the
approved Army Military Characteristics for an unarmed (clean) and
armed OH-4A helicopter, using Military Specification MIL-H-8501A
as a guide, ind (b) provide data to assist in selecting an LOH
design for possible future production.

1.4 RESPONSIBILITIES

The U, S. Army Aviation Test Activity (USAATA) was designated
Executive Test Agency for the confirmatory engineering tests in the
LOH program and is responsible for test execution and test reporting
of its assigned program phase.

1.5 DESCRIPTION OF MATERIEL

a. Technical Characteristics

The OH-4A design is a single main-rotor and anti-torque
tail-rotor configuration. The cockpit configuration is ~wo-place,
providing seating for a pilot and an observer. Temporary (stowable)
seating is provided in the rear (cargo) area for two passengers, The
main-rotor blades can be manually folded and unfolded. The landing
gear is of the skid type, A single '"L'-shaped rubber-bladder fuecl
cell is located under the flooring in the passenger-cargo compartment
and has a usable capacity of 76 gallons. The OH-4A is powered by an
Allison T63-A-5 gas turbine engine, with a takeoff power rating of
250 shaft horsepower (SHP) at 6000 revoluations per minute (rpm).
Conventional dual flight controls are incorporated, The pilot's
collective pitch control stick incorporates the engine-starter
button, The pilot's cyclic pitch control stick grip incorporates
switches for armament selection, firing, hover/landing lights, and
intercom or radio selection.

b. Physical Characteristics

The OH-4A has the following physical characteristics:

Rotor diameter 32 ft
Overall length 37 ft
Length (blades folded) R7 ft 2-1/2 in,

(Continued on next page)
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Minimum width - 5 ft. 10 in,

Maximum height - 8 ft, 8-1/2 in,
Design gross weight - 2872 1b,
Empty weight - 1600 1b,
Overload gross weight - 2900 1b,

Cc. OH-4A Armament

The XM-7 and XM-8 armament kits were provided with the
OH-4A, The armament kits were mounted at different times on the
left side of the aircraft,

(1) XM-7 Armament Kit

The XM-7 is a light helicopter armament kit consisting
of two M-60C 7,62 mm machine guns vertically positioned in a single
pod. These kits can be installed on the left or right side of the
OH-4A, or on both sides simultaneously., The XM-7 basic sighting
range is 500 meters, The M-60C has a firing rate of 600 round per
minute, Using one can of ammunition for each kit (600 rounds), con-
tinuous firing time is approximately one minute. With a single kit
installation (left side), the ammunition from both cans can be used
and the firing time is increased to approximately two minutes.

Fire coverage is controllable in elevation from 3-1/2 degrees above
to 35 degrees below the helicopter waterline. With the left-side in-
stallation only, using four ammunition cans, the system weight is

375 pounds.

(2) XM-8 Armament Kit

The XM-8 is a light helicopter armament kit consisting
of one M-75 40 mm grenade launcher. This kit is mounted on the left
side of the OH-4A, The XM-2 basic sighting range is 400 meters and,
like that of the XM-7, includes elevation control from 3-1/2 degrees
above to 35 degrees below the helicopter waterline. The M-75 has a
firing rate of 150 rounds per minute which gives a continuous firing
time of 53 seconds. Normally, ammunition is carried in two ammuni-
tion cans which provide a total of 132 rounds, A single can installa-
tion with 77 rounds (30-second firing) can be used., This permits
the right aft seat to be utilized for cargo, equipment, or a passenger,
The system weight with the single ammunition can is 260 pounds,

The XM-7 and XM-8 armament kits are interchangeable on

the left side of. the helicopter., The right-side XM-7 kit can be in-
stalled with either the XM-7 or XM-8 installed on the left side of
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the helicopter, These kits are attached to the cargo deck, which
is a main fuselage structure, All attachment hardpoints are included
in the basic airframe structure, and necessary wiring is included
in the pasic aircraft, The guns are encased in pods, and ammuni-
tion is routed from cans in the aft compartment through the mount
structure to each gun, Ammo chuting is short, direct and not exposed,

The sight system is usable with either the XM-7 or XM-8
installation, Sighting information is presented visually for both
pilot and observer and may be changed from the XM-7 to the XM-8
setting by a switch on the sight body.

Three axis Stability Augmentation Equipment (SAE) is
provided as an integral part of the armament installation and includes
a heading-hold feature that permits the pilot or observer to trim the
helicopter, thus the guns, in azimuth,

Both armament systems require AC and DC power, The
battery, generator and inverter will normally be "on' and the arma-
ment and SAE circuit breakers will be engaged.

1,6 BACKGROUND
a, Requirement

Paragraph 533a(1) of the Combat Development Objectives Guide
(CDOG), 25 March 1963 (reference b), and the approved Militar)y Charac-
teristics (MC's) (reference a) describe the light observation heli-
copter as follows: '"The light observation aircraft shall be a light-
weight, reliable, easily maintainable, readily air transportable
helicopter capable of performing the following missions: visual
observation and target acquisition, reconnaissance, and command control,
The helicoptei will be of minimum size consistent with the requirement
for a pilot and three passengers, or 2 pilot and 400 pounds of cargo.
Reliability and frontline supportability shali be given primary con-
sideration."

b. General

(1) In October 1959, the Office of Chief, Research and
Development, Department of the Army, initiated an Army Aircraft
Development Plan to develop firm guidance for Army aviation for the
period 1960-1970, As part of this plan, three Army Study Requirements
(ASR's) describing broad development objectives in the area of light
observation, manned surveillance, and tactical transport were pre-
pared. The ASR's were presented to industry at Fort Monroe, Virginia,
on 1 December 1959.
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(2) As a result of the ASR 1-60 study on Army light obser-
vation aircraft, a decision was made to use light observation
helicopters and to phase light observation aircraft out of Army in-
ventory, The Light Cbservation Helicopter (LOH) Design Competition
was initiated on 14 October 1960 by a letter to industry from the
Bureau of Weapons, U, S, Navy, The designs were evaluated jointly
by the U, S. Army and U, S, Navy, and three designs were selected
for prototype testing, The Army model designations for these heli-
copters are OH-4A, OH-5A and OH-6A,

(3) The contracts for "off-the~-shelf'' direct procurement
were negotiated directly with the manufacturers. Contracts were
awarded in November 1961 to each manufacturer for delivery of five
prototype helicopters to be type certificated by the Federal
Aviation Agency (FAA) in compliance with CAR, part 6. The Army had
the cption of accepting delivery before certification providing the
FAA had issued a Type Inspaction Authorization (TIA).

1.7 FINDINGS

At airspeeds above 35 knots calibrated airspeed (KCAS), the static
longitudinal trim stability was positive (stable) for all flight con-
ditions tested, At airspeeds below 35 KCAS, there was a slight long-
itudinal cyclic control position reversal that was not considered
objectionable, Lateral cyclic control and directional control trim
positions did not significantly change over the helicopter airspeed
range, When the helicopter was loaded to an aft center-of-gravity
(C.G,) location, the forward longitudinal cyclic control travel margin
of 10 percent was reached at approximately 106 KCAS, As gross weight
was increased from design to overload, the longitudinal cyclic control
trim position moved slightly aft and the static trim stability became
somewhat less positive, During climbing flight, longitudinal control
position was forward of the level flight position approximately .3
inch and, during autorotation, was aft of the level flight position
approximately 1 inch, The degree of positive trim stability was
approximately the same in climbing flight as in level flight,

The static trim stability for the armed configuration showed little
little change in the longitudinal and directional requirements., The
resulting change in lateral C,G. required approximately 2 inches of
right lateral cyclic displacement,

Tne static longitudinal trim stability of the OH-4A helicopter
is greater than that of the OH-23D and less than that of the OH-13H in
the speed range from 30 to 65 KCAS, The static trim stability of the
OH-4A is considered to be adequate and satisfactory,.

The static longitudinal collective fixed stability was generally

positive (with no objectionable longitudinal control reversals en-
countered at the flight conditions tested). With an aft C.G, location,

5
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the static longitudinal stability became less positive as trim
airspeed was increased, At a forward C,G, location, the static
stability became more positive with increasing airspeed above 60
KCAS, There was no significant gross weight effect on the static
stability, There was a slight decrease in static longitudinal
stability with increasing altitude,

The installation of the armament kits did not have a signif-
icant effect on the collective fixed static longitudinal stability,

The degree of collective fixed static trim stability of the
OH-4A helicopter is generally less than that of the OH-13H and is
considered better than that of the OH-23D, which exhibits negative
stability, The degree of positive static longitudinal collective
fixed stability exhibited by the OH-4A is considered to be satis-
factory.,

The static lateral-directional stability characteristics of
the OH-4A were generally acceptable and positive effective dihedral
was present for all conditions tested, There was, however, a
slight directional control reversal between zero and 10 degrees
right sideslip during level flight at low airspeed. This reversal
was not considered to be objectionable, The static directional
stability increased with airspeed and decreased with increasing
altitude, Static directional stability was approximately the same
for all gross weights. During autorotation, the effective dihedral
was generally less than that for level flight and climb; however,
it remained slightly positive,

Installation of the armament kits did not significantly affect
the static lateral-directional flying qualities,

The degree of positive static lateral-directional stability dis-
played by the OH-4A is generally similar to the amount displayed by
both the OH-13H and OH-23D.

Stabilized sideward flight to the left was determined to be
limited by longitudinal control travel. This limit was observed
to be particularly critical with the helicopter loaded near the
forward C.G, location (Station 99.0)., Sufficient control was avail-
able to permit right sideward flight up to 35 knots true airspeed
(KTAS) under all loading conditions.

Rearward flight with the OH-4A was limited to approximately 10
KTAS by longitudinal cyclic control available when the helicopter
was loaded to a forward C.G, (Station 99.5), Establishment of a
forward C,G, limit of Station 101 would allow rearward flight to be
accomplished up to 30 KTAS and meet the requirements of MIL-H-
8501A.
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With present C,G, limits, the OH-4A has less sideward and
rearward flight capability than the OH-13H helicopter. Data were
not available for comparison with the OH-23D,

The dynamic stability characteristics of the OH-4A were satis-
factory for all conditions tested, The damping was high with the
motions being essentially '"deadbeat'' or damped out in one cycle.

As airspeed was increased,the damping decreased; consequently the
stability was less positive. Increasing altitude and gross weight
had little effect on the dynamic stability characteristics.

The dynamic stability for the armed configuration was found to
be essentially the same as that for the clean configuration. The
SAE slightly improved the dynamic stability in a hover,

The controllability of the OH-4A helicopter was sufficient and
in the proper direction for all conditions tested, MIL-H-8501A was
generally complied with; however, the directional control sensi-
tivity and response was too high to allow good flying and handling
qualities. This high directional control sensitivity and control
response coupled with the mechanical play in the directional control
system, resulted in frequent overcontrolling and difficulty in
stabilizing in turbulent conditions. Longitudinal and directional
coupling was present for lateral control inputs, Directional
control inputs resulted in coupling about the longitudinal and
lateral axes, These coupling effects increased in magnitude with
increasing airspeed,

The controllability characteristics in the armed configuration
were basically the same as those exhibited for the clean configura-
tion. The SAE decreased the controllability by a small amount about
all three axes.

The longitudinal and lateral controllability characteristics ex-
hibited by the OH-4A were as gocd as, or better than, those displayed
by the OH-13H and OH-23D helicopters.

The effectiveness of the OH-4A as a weapons platform was not in-
fluenced by any adverse stability and control contributions from
firing the armament., The lateral C.G., wos limited to 1,18 inches due
to high airspeed transmission spike pounding. The structural vibra-
tory loads induced by the firing tests were quantitatively judged to

be higher with the XM-8 armament, The standard airspeed system was
found to fluctuate ¥ 15 knots and was consequently inaccurate during

a firing sequence. The major deficiency encountered with the XM-7
armament was €frequent jamming of the top gun. This was caused by

the insufficient shell casing exit area in the gun fairing. The XM-8
mounting assembly .is presently unable to absorb the vibration and
loads induced during a firing sequence.
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Autorotational characteristics were good, With a sudden
reduction in power, there was an immediate yaw to the left which
was easily controllable, No pitching, rolling or other adverse
characteristics were noted, There was sufficient rotor inertia
to allow the collective pitch control to be held in the trim
position for at least 2 seconds.

No adverse eharacteristics were noted in the armed configur-
ation and the reaction to a sudden power loss was basically the
same as for the clean configuration.

The cyclic and directional control breakout forces and force
gradients did not comply with the requirements of MIL-H-8501A;
however, the cyclic control forces were high enough to hold the
controls in any given position, The directional control forces
were inadequate and should be increased to comply with the re-
quirements of MIL-H-8501A, The directional control system ex-
hibited a certain amount of mechanical play which made the air-
craft difficult to stabilize during low power and low airspeed
fliyht conditions, There was mechanical cyclic-collective control
coupling with the boost system both "on'" and "off." This coupling
caused the cyclic control to move forward as the collective control
was raised and move aft as the collectivewas lowered., The
collective stick position was not influenced by cyclic stick move-
ment with the boost '"on'"; however, with the boost system '"off,"
cyclic movement caused the collective to move., Although in viola-
tion of MIL-H-8501A, paragraphs 3.4,2 and 3.4.3, this coupling was
small and was very easily overcome by the pilot either holding the
control or using a small amount of friction,

1.8 CONCLUSIONS

None

1.9 RECOMMENDATIONS

None
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SECTION 2 - DETAILS AND RESULTS OF SUB-TESTS

2.0 INTRODUCTTON

Stability and control tests were conducted on the OH-4A
helicopter to determine the stability and control characteristics
throughout the flight envelope specified in Federal Aviation
Agency Type Inspection Authorization (FAA TIA) No, CH666-2DM,
dated 14 January 1964, Tests with a XM-7 or XM-8 armament kit in-
stalled were conducted to determine the effect of these kits on
stability and control, In addition, XM-7 and XM-8 firing tests
were conducted to determine the aircraft's suitability as a
weapons platform, Tests were conducted by the U, S, Army
Aviation Test Activity at Edwards Air Force Base, California and
at auxiliary sea-level test sites near Bakersfield, California,
Ninety-three test flights were conducted for 75:30 productive
flight hours, The tests were accomplished during the period of
28 March through 31 June 1964,

All stability and control tests were conducted at a rotor rpm
of 394 (100 percent Nz) at the following conditions in addition to
those specified in each sub-test:

Density Altitude Center of Gravity

Gross Weight ft Location Configuration
Design 5000 Aft (Sta, 106,0) Clean
Design S000 Fwd (Sta. 99.0) Clean
Overload 5000 Aft (Sta. 106.0) Clean
Design 10,000 Aft (Sta, 106.0) Clean
Design 5000 Aft (Sta, 106.0) Armed (:ﬂ-;)or

All tests were conducted in non-turbulent atmospheric condi-
tions so that the stability and control data would not be influenced
by uncontrolled disturbances. The design gross weight and overload
gross weight for the OH-4A are 2572 pounds and 2900 pounds, respectively.
The longitudinal center-of-gravity (C.G.) envelope was Station 99,0
(forward) to Station 106.0 (aft) and the lateral limits were 3,0 inches
right to 3.0 inches left of the helicopter centerline,

The armament tests (both firing and non-firing) were conducted
at design gross weight at an aft C.G, location over a density altitude
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range of 3000 to 5000 feet, The armament equipment was maintained
and loaded by U, S, Army Aviation Test Activity personnel,
Tersonnel from Springfield Armory, Springfield, Massachusetts,
observed the firing tests in a consulting and advisory capacity.

The stability and control tests were conducted in the following
sequence. The static stability tests were conducted first at the
lower altitude and gross weight combinations, After a major
portion of the static stability tests was completed, the dynamic
and controllability tests were started. This sequence allowed the
test program to be conducted in the safest and most logical manner,

The control rigging was checked prior to the first test flight
to insure conformity with the manufacturer's specifications. At
various times during the test program the control rigging was re-
checked to determine if any change had occurred.

The stability and control characteristics of the OH-4A were
checked for conformity with MIL-H-8501A, where applicable, In
addition, a comparison with the OH-13H and Oi{-23D helicopters'
stability and control characteristics was made where possible.

The test instrumentation used during this program was supplied,
calibrated, installed and maintained by the Logistics Division of
the U, S, Army Aviation Test Activity. The test instrumentation
consisted of sensitive visual indicators and a 14-channel
Midwestern oscillograph. A swivel type pitot-static airspeed
system was used to determine airspeed, and fuel used was measured
by a Potter flow meter installation. The total weight of the in-
strumentation was 116 pounds.

The airspeed and altitudes referred to in this report are
calibrated airspeed (CAS) and density altitude (Hp) unless otherwise

noted.

2.1 STATIC TRIM STABILITY

2.1.1 OBJECTIVE

The objectives of the tests were to determine the static trim
stability and flying qualities as the trim airspeed was varied
during climb, level flight and autorotation.
2.1,2 METHOD

The tests were conducted for the flight conditions listed in
Section 2.0 ,"Introduction" and as specified in the following table,
unless otherwise noted:

(See following page for Table)

10
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Airspeed Range
Conditions KCAS
Climb 30 to 60
Level Flight Approx, 20 to Vmax
Autorotation 20 to 45 (Clean Configuration Only)
Autorotation 20 to 60 (Armed Configuration Only)

Control positions and aircraft attitudes were recorded for
each trim airspeed. The helicopter was stabilized at the trim air-
speeds by varying the controls as required for the flight conditions.

2.1.,3 RESULTS

Graphical test results are presented in Figures No, 1 through
7, Section 3, Appendix I,

2.1.4 ANALYSIS

2.1.4.1 Quantitative Engineering Analysis of Static Trim Stability

a, Clean Configuration

The static longitudinal trim stability was generally
positive (stable) for all flight conditions tested. There was a
slight longitudinal cyclic control position reversal below 35 knots
calibrated airspeed (KCAS); however, the magnitude of the reversal
was small and was not considered unsatisfactory. For all airspeeds
above 35 KCAS, the cyclic control position moved forward with in-
creasing airspeed, and there were no discontinuities, Lateral cyclic
control and directional control variations with changes in airspeed
were small with the controls near their center of travel at 100 KCAS,

As the C.G, location was changed from forward (Station
99,95) to aft (Station 105,80), the longitudinal cyclic control
position moved forward approximately 2,0 inches. Extrapolation
of the test data obtained at 5000 feet indicated that at an aft C.G.
location (Station 105.80) the helicopter would be longitudinally
control limited to 121 KCAS. Ten percent of the longitudinal control
travel remaining appeared to o:cui at 106 KCAS. The forward C.G.
location (Station 99.95) resulted in a slight increase in the low
speed longitudinal control posivinon reversal. Lateral and direc-
tional control position characteristics were similar for all C.G,
locations extept that at the forward C.G. location (Station 99.95)
and at airspeeds below 35 KCAS there was apparently a change in tail-
rotor effectiveness and more left pedal was required.

There were no significant cyclic or pedal control
position changes as a function of gross weight., As gross weight was
increased from a design to an overload condition, the longitudinal
cyclic control position moved slightly aft and the static trim
stability was somewhat less positive. 11
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Longitudinal cyclic control position moved aft approx-
imately 1 inch as the flight regime was changed from level flight to
a steady-state autorotation., This longitudinal position change was
present for all conditions tested. A slow transition from level
flight to climb required the longitudinal control to be moved slightly
forward approximately .3 inch, During climb the static trim
stability was similar to that at level flight with slight control
reversal below 35 KCAS, During autorotation, the static trim stabil-
ity was positive and there were no discontinuities for conditions
tested., As in level flight, moving the C.G. location either forward
or aft during climb and autorotation,only shifted the position of the
trim curve and did not change the basic trim stability characteris-
ties,

b. Armed Configuration

Test results for the XM-7 and XM-8 armed configurations
show the longitudinal and directional control static trim positions
to be essentially the same as those found for the clean configura-
tion, The change in lateral C.G. location with the armament in-
stalled, however, affected all flight conditions in a similar manner
and required approximately 1.5 to 2.0 inches of right lateral cyclic
displacement,

All control position changes for various flight regimes,
altitude, and gross weight changes varied in the same manner ais for
the clean configuration,

With the longitudinal SAE actuator failed in the nose-up
direction, a corresponding forward longitudinal control displacement
was required to maintain a given attitude. This longitudinal SAE
failure would limit the maximum airspeed with a 10 percent longitud-
inal control travel margin to 95 KCAS. No other SAE actuator failure
would appear to limit the flight envelope.

2,1.5 QUALITATIVE PILOT'S COMMENTS ON STATIC TRIM STABILITY
a, Clean Configuration

The static flying qualities were good in most areas. There
were no safety-of-flight conditions to be considered and the require-
ments of MIL-H-8501A, paragraph 3.2.1 were generally fulfilled.

The longitudinal control position gradient was generally positive and
a trim airspeed was easily maintained with a minimum of pilot
effort,

Control forces and control harmony were satisfactory.

Wearing a parachute placed the pilot forward in the seat, and the
longitudinal control could move sufficiently aft to contact the pilot.

12
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This was particularly noticeable at a forward (Station 99,95) C.G.
location, Lateral cyclic, directional pedal and collective control
position variations with airspeed were small and were not
objectionable., The control reversal at 35 KCAS was noticeable but
#as not considered unsatisfactory.

b, Armed Configuration

Static flying qualities were similar for both armed
configurations except that right lateral cyclic was required to com-
pensate for the change in lateral C,G, location with the armament
installed, This change in control position was not objectionable and
the pilot could rapidly become accustomed to the new position,

2,1,6 COMPARISON OF THE STATIC TRIM STABILITY OF THE OH-4A AND THE
OH-13H AND OH-23D

The static longitudinal trim stability of the OH-13H helicopter
is considerably more positive than that for the OH-4A helicopter
during climb, level flight and autorotation., The low airspeed
longitudinal control reversal, however, is greater on the OH-13H,

The airspeed at which this reversal occurs increases as the longi-
tudinal C.G, is moved from an aft to a forward, whereas a change in
longitudinal C,G. on the OH-4A helicopter would only slightly affect
the low airspeed control reversal, The directional control required
to stabilize the OH-4A was less than that for the OH-13H over the same
airspeed range, In addition, smaller directional control requirements
were required as the Ol-4A entered autorotation., These smaller
control requirements provided better control harmony and reduced
pilot fatigue during extended flights,

The lateral control gradient is essentially the same for both
the OH-4A and OH-13H helicopters, Increasing right stick was re-
quired as airspeed increased,

The static longitudinal trim stability on the OH-23D is
slightly positive to neutral for all conditions compared, whereas
the OH-4A was slightly positive, The directional and lateral control
requirements are virtually the same as those for the OH-4A heli-
copter, The neutral longitudinal stability exhibited by the OH-23D
requires the constant attention of the pilot to maintain straight
and level flight, '"Hands off' flying capabilities are practically
non-existent for the OH-23D helicopter,

Yhe static longitudinal trim stability of the OH-13H and OH-23D
are graphically compared to that of the OH-4A helicopter in Figure A,

(See next page for Figure A)

13

FOR OFFICIAL USE ONLY



LEGEND * AIRCRAFT « AVG. Hp * AVG GW, * AVU. LUNG. Q. * KU TUK * = ULL LUNGTT UUINAL
~FT. ~ LB, ~ INCUES RPM CONTROL TRAVEL

~ INCUES
OH-48 5S040 2529  9995(FwD) 394 a.2
—=<= 0U-13U 4760 2465 B8237wD) 344 n.e
—-—- 0u-23p 4560 2560 BZIn(FWp} 370 12.25
0 B T N D |
f '
viqg al . OH-I13H | - )
F 43 [ =S !
W Q ﬂ | \\
'J Z 8 6 4+— }- - ——f— *\n.f —
‘ D
s === = L —OH-4A
0%3 41 — OH-23p=" ~E::<: !
’:-) F i ' [ -~ \\
3T 24—+ — + . :
9 RE : ; ! :
o 20 40 60 80 100

CALIBRATED AIRSPEED “~KNOTS

2.2 STATIC LONGITUDINAL COLLECTIVE FIXED STABILITY

2.2,1 OBJECTIVE

The cbjective of the static longitudinal collective fixed
stability tests was to measure quantitatively the helicopter static
stability as airspeed was varied about a given trim airspeed.

2.2,2 METHOD

Static longitudinal collective fixed stability tests were
conducted as specified for the flight conditions listed in Section
2,0, "Introduction' and for all altitudes, gross weights and C.G.
conditions listed in the following table:

Condition Trim Airspeed Airspeed Range
Level Flight 35 KCAS 15 to S0 KCAS
Level Flight .8 Vne .6 Vmax to Vmax
Level Flight Vmax (Clean .8 Vne to Vmax
Configuration
Only)

The helicopter was trimmed at the specified level flight trim condi-
tion with the collective control fixed. The airspeed was then varied
through the specified range by use of cyclic and pedal controls only.
For each point the control positions and aircraft attitudes were
recorded.

2.2.3 RESULTS

Graphical test results are presented in Figures No. 8 through
14, Section 3, Appendix I.
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2.2.4 ANALYSIS

2,2,4,1 Quantitative Engineering Analysis of the Static
Longitudinal Collective Fixed Stability

a. Clean Configuration

The static longitudinal collective fixed stability
was generally positive (stable) with no objectionable longitudinal
control reversals encountered for the flight conditions tested. At
the aft longitudinal C.G. location (Station 105.7), the longitudinal
collective fixed stability became less positive as the trim airspeed
was increased. Extrapolation of the test data indicates that the
longitudinal collective fixed stability could become neutral before
a trim airspeed of 115 knots calibrated airspeed (KCAS) was
reached, Lateral cyclic and pedal position variations with changes
in airspeed about a given trim condition were small,

As the C,G, was moved to a forward location, the collec-
tive fixed stability became less positive at 35 KCAS and more posi-
tive as the trim airspeed was increased. There was little change
in the lateral cyclic or directional control requirements with a
change in longitudinal C.G. location,

As the gross weight was increased, the degree of
stability decreased, At the overload gross weight, the stability
became neutral at 100 KCAS and the aircraft became unstable at
speeds in excess of 100 KCAS, There was a slight decrease in the
longitudinal collective fixed stability as density altitude was
increased from a density altitude of 5000 to 10,000 feet. This
variation with increased altitude and gross weight was not objec-
tionable since trim speeds of approximately 100 KCAS at 5000 feet
and 87 KCAS at 10,000 feet were generally reached before the longi-
tudinal stability became negative.

b. Armed Configuration

Test results for the armed configuration, both XM-7
and XM-8, show that the static longitudinal collective fixed
stability characteristics were essentially the same as those of the
clean configuration,

2.2.,5 QUALITATIVE PILOT'S COMMENTS ON STATIC LONGITUDINAL COLLECTIVE
FIXED STABILITY

a, Clean Configuration

The static longitudinal collective fixed stability was
acceptable and generally positive for all trim conditions. The

15

FOR OFFICIAL USE ONLY



helicopter was easy to trim at any airspeed and maintain this

trim condition from 35 KCAS to 100 KCAS, When operating the air-
craft near aft longitudinal C.G, limit, the longitudinal stability
gradient became less positive as airspeed was increased, Very
little longitudinal control movement was required to change air-
speed under these conditions, The decrease in stability was not
sufficient to affect the pilot's ability to stabilize and main-
tain a desired trim airspeed during flights in turbulent atmos-
pheric conditions, There was no significant change in the lateral
and directional control requirement as the airspeed was varied * 10
KCAS from trir airspeed,

b, Armed Configuration

There was no significant change in the static long-
itudinal collective fixed stability with either the XM-7 or XM-8
weapon system installed, The flying qualities and the control re-
quirements were essentially the same as for the clean configuration,

2,2,6 COMPARISON OF THE STATIC LONGITUDINAL COLLECTIVE FIXED
STABILITY OF THE OH-4A, AND THE OH-13H AND OH-23D HELICOPTERS

The static longitudinal collective fixed stability character-
istics of the OH-13H are more positive than those of the OH-4A,
The OH-4A, however, is generally positive in all areas tested. The
comparison plot (Figure B) indicates that the stability of the OH-4A
becomes more positive as airspeed increases while the OH-13H air-
craft's longitudinal stability decreases with increasing airspeed.
The OH-23D stability is negative over an airspeed range of 40 KCAS
to 70 KCAS. This negative stability characteristic is in violation
of MIL-H-8501A requirements and is considered unsatisfactory.

FIG B
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As airspeed is varied about the trim point, the directional-..
contwol requirements of both the OH-13H and the OH-23D are greater
than for the OH-4A, These larger control requirements result in
poorer flying qualities since the pilot must make larger control
corrections. This condition is most significant while cruising in
turbulent atmospheric conditions.

2,3 STATIC LATERAL-DIRECTIONAL STABILITY

2.3.1 OBJECTIVE

The objectives of the static lateral-directional stability
tests were to determine the static-directional stability and the dihed-
ral effect throughout the flight envelope for both the clean and
armed configurations,

2.3.,2 METHOD

Static lateral-directional stability was measured by recording
the amount of longitudinal, lateral and directional control and the
resulting bank angle required to produce a given amount of sideslip
angle. Static-directional stability was determined by the relation-
ship between pedal position and angle of sideslip, Effective
dihedral was determined from the lateral control relationship with
sideslip angle. The tests were conducted for all conditions stated
in Section 2,0, "Introduction', with the exception of the forward
C.G. tests, The following airspeeds and flight conditions were
utilized:

Flight Condition Trim Airspeec

Climb 45 KCAS

Level Flight 35 KCAS § .8Vne

Level Flight Vmax (Clean Cunfiguration Only)
Autorotation vmin R/D (45 KCAS)

Autorotation 75 KCAS (Clean Configuration Only)

2.3.3 RESULTS

Graphical test results are presented in Figures No. 15
through 41, Section 3, Appendix I. -

2.3.4 ANALYSIS

2.3.4.1 Quantitative Engineering Analysis of the Static Lateral-
Directional Stability

17
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a, Clean Configuration

The static lateral-directional stability character-
istics were generally considered acceptable., The pedal control
and lateral cyclic control required per degree of sideslip in-
creased with increasing airspeed, Positive effective dihedral was
present for all conditions.

During level flight a slight pedal control reversal was
noted between zero degrees and 10 degrees right sideslip at 35
KCAS, The directional control requirements at 35 KCAS were positive
but nonlinear as sideslip was increased from 10 degrees right to 45
degrees right sideslip and from zero degrees to 30 degrees left
sideslip., At the same airspeed the directional stability became
neutral or slightly negative for left sideslip angles greater than
30 degrees. The lateral cyclic control requirement was generally
positive with additional left lateral cyclic displacement required
with increasing left sideslip angle. The static directional stability
increased as airspeed was increased and decreased as altitude was
increased, A 10 percent control travel margin was available about
all axes during the tests conducted,

The test data indicated that the static lateral-direce
tional stability and effective dihedral were positive during maximum
continuous power climbs for all conditions tested. During auto-
rotations static directional stability and the dihedral effect de-
creased; however, they remained slightly positive, A 10 percent
right pedal control margin at extreme left sideslip angles was not
available during autorotation for any configuration tested. There
was still enough directional control available, however, to accomplish
low speed (25 KCAS) autorotational 360-degree pedal turns in the most
critical direction (right).

b. Armed Configuration

Test results for both the XM-7 and XM-8 configurations
showed the static lateral-directional stability to be more positive
at zero and 15 degrees right sideslip than that found for the clean
configuration, The change in lateral C.G, (1.25 inches left) with
the armament installation introduced a requirement for additional
right lateral control (Reference paragraph 2.1.4.1.b).

An SAE failure in the most critical mode (left roll)
was not tested to determine if the lateral control travel would be

limited. An SAE actuator failure in other modes should not likmit
any control travel,

2,3.5 QUALITATIVE PILOT'S COMMENTS ON STATIC LATERAL-DIRECTIONAL
STABILITY

18
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a., Clean Configuration

The static lateral-directional stability was generally
satisfactory for all conditions testea. The dihedral effect was
positive and was considered satisfactory. Bank angles were uncom-
fortable at the extreme sideslip angles.

The stability was weakest during low speed level flight
(35 KCAS) and autorotation. The weak stability and mechanical play
("pedal slop") in the directional control system made it difficult to
stabilize at zero or small angles of sideslip. This '"pedal slop"
was characterized by a small amount of mechanical play in both
pedals, As a result, small pedal movements did not cause a control
input to the tail rotor. In turbulence, a precise yaw attitude was
difficult to maintain and the best technique was to maintain the
pedals fixed and allow the aircraft to yaw through the small angles.

In a straight line autorotational descent with the
sideslip indicator on the gyro horizon centered, the sideslip angle
would be 7-10 degrees right sideslip. The directional stability in-
creased with airspeed and at velocity never to exceed (Vne), nearly
full pedal was required to bbtain the limit sideslip angles.

b. Armed Configuration

Installation of the armament did not significantly
change the flying qualities. With the left lateral C.G. location
that resulted from the armament installation, there was a right
lateral cyclic control requirement which placed the stick near the
pilot's right knee, With a SAE actuator failed in the left roll
mode, the right lateral cyclic control may be limited by contact with
the pilot's leg.

2.3.6 COMPARISCN OF THE STATIC LATERAL-DIRECTIONAL STABILITY OF THE
OH-4A AND THE OH-13H AND OH-23D

The static lateral-directional stability characteristics of
the OH-4A, OH-13H and OH-23D belicopters cannot be compared on a
common data basis, However, since the stability characteristics
are normally not significantly changed with variations in long:tudinal
C.G. location, the following plot presents an adequate comparison of
the helicopters, (See page 20 for Figure C). Both the OH-13H and
OH-23D helicopters’ static directional stability is stronger than that
for the OH-4A, In addition, the OH-4A exhibits a reversal in the
directional control requirement between zero and 10 degrees right
sideslip while the OH-13H and OH-23D helicopters' directional control
requirements are positive for the entire sideslip range.

19
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The OH-4A, OH-13H and OH-23D helicopters' lateral control

gradients are essentially the same,

This indicates that the effec-

tive dihedral characteristics are positive and similar for all three

helicopters,

2,4 SIDEWARD AND REARWARD FLIGHT

2.,4,1 OBJECTIVE

The objective of the sideward and rearward flight test was to
determine the control required to hover in winds for various C.G,

configurations,

Tests were also conducted in the armed configura-

tion to determine any adverse flying qialities resulting from this

armament installation,

Additional tests were conducted in the armed

configuration with the SAE failed in the most critical directions to

reveal any effect on control power available,

2,4,2 METHOD

Cross wind and tail wind hovering conditions were simulated
by flying the helicopter sideward (left and right) and rearward in
calm air, A calibrated pacer ground vehicle was used to record
speed as the helicopter was stabilized at the various conditionms
listed in the following table:

Lateral
Flight [Gross |Density Center of Center of
Condition|Weight |Altitude |Airspeed Range Gravity Gravity
Sideward |Design {1000 ft |30 KTAS 1t _§rt Fwd(100.8) | 2.77 in, 1t
Sideward [Design | 1000 ft. |30 KTAS 1t &rt Fwd(101,0) | Mid
Sideward |2350 1b {1000 ft |30 KTAS 1t &rt Fwd(99.5) 1,20 in, 1t
(approximate)
Rearward |Design |1000 ft |30 KTAS rearward| Fwd(101,0) | Mid
to 20 KTAS fwd
Rearward |2350 Jb {1000 ft |30 KTAS rearward| Fwd(99.5) 1,20 in, 1t.
to 20 KTAS fwd (approximate)
The resulting comtrol positions and attitudes were recorded
for each stabilized trim airspeed,
21
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2.4,3 RESULTS

Graphical test results and time histories are presented in
Figures No, 42 through 48, Section 3, Appendix I,

2.4.4 ANALYSIS

2.4,4,1 Quantitative Engineering Analysis of Sideward and Rearward

Flight
a, Sideward Flight

With a symmetrical lateral loading at a forward C.G,
location (Station 101,2) there was sufficient lateral control travel
available to attain the sideward true airspeed limit of 20 KTAS
specified in Reference g, A subsequent revision of Reference g,

21 May 1964, allows a maximum sideward speed of 30 KTAS; however,
tests were not conducted to this higher airspeed, Extrapolation

of the test data presented in Figure No, 42, Section 3., Appendix I,
indicates that the maximum airspeed which can be obtained with a 10
percent lateral control travel margin will be approximately 30 KTAS,
both right and left. The lateral control position versus sideward
speed curve is generally nonlinear and positive, Sideward flight to
30 KTAS is not limited by directional control. The static direce
tional stability is positive with right pedal being required to
maintain heading during left sideward flight and left pedal for
sideward flight to the right,

There were no significent changes in the longitudinal
position as airspeed was varied from 20 KTAS left to 20 KTAS right
sideward flight, The longitudidal control josition moved slightly
aft as sideward airspeed was increased in either direction.

While sufficient directional control was available to
maintain the airspeed previously discussed, the poor stability in
the area of translational airspeed (8-15 KTAS) to the left required
many small rapid directional control inputs to maintain 1 stabilized
attitude, In addition, there were requirements forssmall longitud-
inal and lateral contyrol iuputs. As the lata:ral C.G. was moved from
a mid lateral to a left lateral location, this instability in-
creased in magnitude.

There were large undamped but controllable oscillations
about all axes with a left lateral C.G. of 1.18 inches.

As the left lateral C.G. was increased to 2.77 inches,
these oscillations became uncontrollable in left sideward flight
for an airspeed range of 8-15 KTAS., No instability existed during
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sideward flight to the right, This asymmetrical loading caused
the lateral control position to move approximately 2.0 inches
right; however, there was still sufficient righ+ lateral cyclic
control available to obtain 30 KTAS to the right, Directional
control characteristics from 8 KTAS left to 30 KTAS right were
the same for the clean configuration.

With the asymmetrical lateral C.G. loading stated
above, the aircraft did not meet the requirements of MIL-H-8501A,
paragraph 3.3.2,

As the longitudinal C.G, was moved forward from
Station 99,5, the lateral and directional control requirements were
the same, However, sideward flight to the left was limited to
approximately 17 KTAS by aft longitudinal control available.

Allowing a 10 percent control travel margin to overcome
aircraft attitude changes during turbulence reduced the left side-
ward airspeed to 14 KTAS., The longitudinal control requirements
in right sideward flight were much less than for left sideward
flight and 30 KTAS could be achieved with a 10 percent control travel
margin,

In the forward longitudinal C.G. configuration (Station
99.5), with the SAE failed to the full nose down position, the
maximum sideward flight speeds that could be obtained were limited.
Failure of the longitudinal actuator to the forward position intro-
duced a requirement for additional aft cyclic control and limited the
maximum left sideward speed to approximately 14 KTAS. A 10 percent
control travel margin decreased the maximum left sideward speed to
10 KTAS, Sufficient longitudinal control was available for a 30-
KTAS sideward speed to the right. A lateral SAE failure shifted the
lateral control position approximately .90 inches but did not re-
strict the sideward speeds for any condition tested.

A right directional SAE failure required an additional 1
inch of left pedal control. The directional control limit was
reached at 31 KTAS right sideward flight and a 10 percent control
travel margin restricted the speed to 29 KTAS.

To obtain stabilized sideward flight of 30 KTAS both to
the left and right, the longitudinal and left lateral C.G. locations
had to be limited to Station 101,2 and 1,18 inches respectively.

b, Rearward Flight

With a symmetrical lateral loading and a forward C.G.
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location, (Station 101.0), there was sufficient longitudinal control
available to attain the rearward speed limit of 20 KTAS specified
in Reference g, Extrapolation of the test data presented in Figure
No, 47, Section 3, Appendix I, indicates that 30 KTAS rearward
flight could be achieved with a 10 percent longitudinal control
margin,

A significant increase in aft longitudinal control was
required as the aircraft passed through translational lift (8-13
KTAS) in rearwcid flight; however, this control requirement was
positive in direction and the magnitude was not excessive. No
discontinuities in the lateral or directional control requirements
were present and a 10 percent control margin was available for both
axes at all conditions tested.

With an asymmetrical lateral loading of 1,17 inches left
of centerline and a forward C.G. location at Station 99.5, stabilized
rearward flight speed was limited to 10,5 KTAS by the aft longitudinal
control available., The 10 percent control travel margin requirement
in MIL-H-8501A, paragraph 3.2.1 further limits rearward speed to
9.0 KTAS.,

The longitudinal control position was displaced .80
inches aft with a forward longitudinal C,.G, change from Station
101.0 to 99.5 . This loading condition increased the requirement
for aft longitudinal cyclic control in the area of rearward transla-
tional airspeed, The asymmetrical C.G. loading required an addi-
tional 2.0 inches of right lateral control; however, a 10 percent
lateral control travel margin was available at a rearward speed of
12 KTAS., The directional requirements in rearward flight were
virtually the same for both the symmetrical and asymmetrical loading
conditions,

With the longitudinal SAE actuator failed in this air-
craft, nose-down position resulted in an additional aft longitudinal
control requirement and this limited the maximum rearward flight
speed to 9.5 KTAS. A 10 percent control travel margin further de-
creased the maximum rearward speed to 7.5 KTAS. SAE actuator
failures in other modes would not further restrict the rearward
flight capabilities of the helicopter,

2.4,5 QUALITATIVE PILOT'S COMMENTS ON SIDEWARD AND REARWARD FLIGHT

2.4.5.1 Qualitative Pilot's Comments on Sideward Flight

During hover and transition to sideward flight, the heli-
copter was free from objectionable shake, vibration, or roughness,
This meets the requirements of MIL-H-8501A, paragraph 3.3.2,
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In sideward flight to the left at a forward C.G. loading
there was an area of yaw instability at approximately 8-15 KTAS.
This yaw instability in the area of translational lift indicated
that it would be difficult to hover the aircraft in a 90 degree
cross wind between 8-15 KTAS, With a near symmetrical lateral
C.G. location this yawing oscillation could be controlled and, cnce
beyond 15 KTAS, the aircraft was stable in yaw and the flying qual-
ities were satisfactory.

With the aircraft quartercd slightly into the wind, there
was no instability and this critical airspeed range could be flown
without yawing oscillations, There were no difficulties encountered
in right sideward flight at this loading configuration,

Stabilized sideward flight to the left with a left lateral
C.G. of 2,77 inches could not be accomplished in the airspeed
range from 8-15 KTAS because of a divergent oscillation in yaw,
The aircraft was flown in left sideward flight above the 8-15 KTAS
critical area and evaluated qualitatively, The helicopter could be
controlled through the critical area by quartering into the wind
until past the area of translational 1lift, then turning back to 90
degrees with the wind, The yawing oscillation was not present
beyond 15 KTAS, It would be impossible to accomplish a hover in a
90-degree cross wind of 8-15 KTAS at this loading configuration.
No inssability was encountered in right sideward flight at this
loading configuration out to the limits flown. At the extreme left
lateral loading configuration there could be a right lateral control
restriction because the cyclic stick was very close to the pilot's
leg at 30 KTAS in right sideward flight, When the left lateral loading
was reduced to 1,17 inches and a forward C.G,(Station 99.5),
the aircraft was controliable out to 30 KTAS, There was still an
instability in yaw in the area of 8-15 KTAS but the helicopter was
controllable.

With a forward longitudinal C.G. loading and a lateral C.G.
of 1,18 inches left, the maximum left sideward flight limit was 17
KTAS with the longitudinal control on the aft stop, This did not
allow a sufficient envelope for normal operation., No control limits
or adverse flight characteristics existed in right sideward flight at
this loading configuration,

An SAE failure decreased the cyclic control available by approx-
imately .6 inch and the directional control by approximately 25
percent. When the railure was in the critical direction, all the previ-
ously described limits were reduced.

2.4,5,2 Qualitative Pilot's Comments on Rearward Flight

a., Clean Configuration

The flying qualities during rearward flight were good;
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however, the maximum rearward flight speed was limited by some C,G.
conditions. With a forward C.G. loading at Station 101.0 there

was adequate longitudinal control to reach 20 KTAS rearward, With
a forward C.G, loading at Station 99.5 there was insufficient long-
itudinal control to exceed 10 KTAS rearward. The forward C.G.
loading should be limited to Station 101,0 to provide a practical
flight envelope. An increase in aft longitudinal control was noted
as the aircraft passed through the translational 1ift speed range
(8-15 KTAS). It was easy to stabilize the helicvpter and maintain
a trim airspeed in rearward flight., There were no lateral or
directional control deficiencies at this most adverse C.G. loading.

b. Armed Configuration

At a forward longitudinal C.G. loading (Station 99.5)
and a lateral loading of 1.17 inches left of centerline, aft long-
itudinal cyclic control available limited rearward flight to 11
KTAS in both the XM-7 and XM-8 configurations. A 10 percent control
travel margin or a longitudinal SAE actuator failure further limit-
ed the rearward flight speed at this loading configuration.

Lateral and directional control requirements at:this
loading configuration were satisfactory throughout the limits flown.

2.4,6 COMPARISON OF SIDEWARD AND REARWARD FLIGHT OF THE OH-4A AND
THE OH-13H AND OH-23D

2.4.6.1 Sideward Flight

There is no sideward flight data available for the OH-23D
helicopter, The sideward flight characteristics for the OH-4A and
OH-13H helicopter are presented in Figure D (See page 27).

The OH-4A is longitudinally control limited to an airspeed
of less than 19 KTAS in sidaward flight to the left when operating
at the present maximum forward C.G. location (Station 99.0)., The
OH-13H has sufficient control to achieve 30 KTAS in both directions,
The longitudinal control gradient is the same for both helicopters
over the airspeed range tested. The nonlinear and inconsistent
lateral control requirement sn the OH-13H is undesirable, whereas
the OH-4A has a relatively comstant lateral control position gradient.,
The directional control gradient on the OH-4A is positive with no
large or negative discontinuities over the airspeed range tested.
The OH-13H helicopter's directional control requirement is also
p-sitive but there is a sharp increase in the directional control
gradient as the helicopter passes through translational lift in
right sideward flight,

2.4.6.2 Rearward Fligﬁs

The rearward flight characteristics for the OH-4A and OH-13H
helicopters are presented in Figure E, (See page 28).
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No rearward flight data is available for the OH-23D helicopter.
When at a forward C.G, condition, aft longitudinal control avail-
able limits the OH-4A rearward flight speed to 11 KTAS and the
OH-13H to 19 KTAS. The longitudinal and lateral control position
gradients are essentially the same for both the OH-4A and OH-13i{
helicopters., The directional control requirements of the OH-4A
are less than for the OH-13H,

2,5 DYNAMIC STABILITY

2,5.1 OBJECTIVE

The objective of the dynamic stability tests was to determine
the dynamic stability characteristics of the OH-4A throughout its
flight envelope, Tests were also conducted to evaluate the change
in dynamic stability as a result of the two armament kit installa-
tions, Tests with the armament kits installe. were conducted with
the SAE both '"on' and "off" to evaluate its effect on dynamic
stability,

2.5,2 METHOD

The dynamic stability characteristics were evaluated by re-
cording the helicopter motions that resulted from pulse-type con-
trol inputs., A control fixture was used to obtain more wniform
inputs, The input was accomplished by rapidly displacing the
control for the desired axis approximately one inch, holding the
control in this position for approximately 1.0 second, then rapid-
ly returned it to the trim control position. This trim control
position was then held until the helicopter stabilized or recovery
action was necessary. Control positions, aircraft attitudes, and
angular rates were recorded for each pulse control input., The
following tests were conducted for the conditions stated in Section
2,0, "Introduction':

Condition Trim Airspeed
Hover (IGE Zero
Climb 45 KCAS
Level Flight 35 KCAS and .8Vne
Level Flight Vmax (clean gonfiguration only)
Autorotation 45 KCAS

2,5.3 RESULTS

Time histories are presented in Figures No. 49 through
91, Section 3, Appendix I.

2.5.4 ANALYSIS
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2,5.4,1 Quantitative Engineering Analysis of Dynamic Longitudinal
Stability

a, Clean Configuration

The longitudinal dynamic stability characteristics were
similar for all flight conditions. Damping was high and the pitching
motion was essentially damped out in 1 cycle for aft control dis~
turbances and ''deadbeat" for forward control disturbances. As air-
speed increased damping decreased and the stability was less
positive, As the C.G, was moved forvard, the longitudinal oscilla-
tions became more damped for all flight conditions tested. The
requirements of MIL-H-8501A, paragraph 3.2.11 were generally satis-
fied by the longitudinal dynamic stability characteristics exhibited
by the test aircraft,

The C.G. normal acceleration became concave downward
approximately .2 second following a l-inch aft longitudinal
control displacement, The maximum maneuvering load factor iisted
in Reference b was not reached during the tests. The maneuvering
stability characteristics displayed by the test aircraft complied
with the requirements of MIL-H-8501A, paragraphs 3.,2,11,1 and
3.2.11,2,

There were no adverse dynamic couplings present during
the longitudinal dynamic stability tests, At no time during these
tests was the aircraft control-limited during the recovery phase of
the maneuver,

b. Armed Configuration

Test results for the armed configurations showed the
longitudinal dynamic stability to be essentially the same as that
found for the clean configuration. The helicopter was never control-
limited during recovery from a longitudinal dynamic stability
maneuver, The SAE '"on'' was found to have little or no eifect on
longitudinal dynamic stability characteristics.

2,5.4,2 Quantitative Engineering Analysis of Dynamic Lateral
Stability

a, Clean Configuration

Lateral disturbances resulted in a ''deadbeat" to highly
damped lateral oscillation for ail flight conditions tested.
Damping was highest during hover at a forward C.G, lccat.on, The
damping and lateral stability of the aircraft decreased slightly with
increased airspeed and altitude. Longitudinal and directional
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coupling was present for an aft C.G., loading; however, this coupling
effect decreased as the C,G, was moved to a forward location,

These small pitch and yaw oscillations were highly damped for all
flight conditions tested except during hover. In hover, a right
lateral pulse caused the helicopter to roll right, pitch down and
then yaw right while a left lateral pulse caused a left roll, pitch
up and yaw left, These attitude changes could be easily con-
trolled and were not objectionable, Increasing altitude had little
effect on the lateral and directional coupling,

b, Armed Configuration

The lateral dynamic stability characteristics in both
the XM-7 and XM-8 configurations were found to be basically the same
as those exhibited in the clean configuration,

When the helicopter was at a left lateral C,.G. of 1.25
inches, and at airspeeds greater than 85 knots, abrupt right lateral
cyclic control motions caused the transmission centering spike
(Part No, 206-030-508-3) to contact the spike cradle. This was
a metal-to-metal contact and clearly heard and felt by the crew of
the aircraft.

With the SAE operating the dynamic lateral stability
was not improved except during hover, The SAE, however, did re-
duce the directional and longitudinal coupling that was present
following a lateral disturbance.

2,5.4.3 Quantitative Engineering Analysis of Dynamic Directional
Stability

a, Clean Configuration

A directional pulse to the right in a hover resulted in
a right yaw and the helicopter stabilized on a new heading, A
pulse to the left yawed the helicopter to the left. Following this
initial yaw, there was a right yaw which was not consistent, In
some cases, the helicopter would stabilize at the trim heading; and
in other cases, it would continue to yaw right, The reason for this
inconsistency was the undesirable mechanical play in the directional
control system,

Dynamic dir..tional stability in level flight was posi-
tive, The scability deteriorated somewhat as airspeed was increased
and the C.G, location was moved forward,

Following » pulse-type directional control input, the
helicopter yawed in the direction of the control input then oscillated
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about the trim point with no change from the trim heading, The
oscillation was damped to a small value within 1-1/2 cycles.

Dynamic coupling was encountered in the form of small
heavily damped longitudinal and lateral oscillations, This
coupling was more prominent at a forward C.G. and increased air-
speeds, It was not significant during any of the level flight con-
ditions tested., High altitude and heavy gross weight did not in-
crease the coupling effect,

The dynamic directional stability characteristics
encountered in climb and autorotation were essentially the same as
those during level flight., The longitudinal and lateral coupling
was greater during climb than during autorotation,

b, Armed Configuration

The dynamic directional stability for the armed con-
figurations was basically the same as that for the clean configura-
tion., With the SAE “on" during hover, the directional stability
was improved and the aircraft would return to the trim heading and
attitude, While hovering, the dynamic coupling was also decreased
by the SAE, The SAE had no apparent effect on the damping or
stability characteristics during forward flight,

2,5.5 QUALITATIVE PILOT'S COMMENTS ON DYNAMIC STABILITY

2.5,5.1 Qualitative Pilot's Comments on Dynamic Longitudinal
Stability

a, Clean Configuration

Longitudinal pulses resulted in 2 highly damped pitching
oscillation., During climb and low speed flight there was a small
dynamic coupling evidenced by a tendency to yaw right with a pitch-up
and yaw left with nose-down pitching, This coupling was not notice-
able at higher airspeeds and was not objectionable in any case,

The normal acceleration characteristics were good with
very little load factor change for a relatively large disturbance,

b. Armed Configuration
With the SAE "off'", the longitudinal dynamic stability
characteristics with both the XM-7 and XM-8 configurations were the

same as those for the clean helicopter,

When the SAE was ''on', dyn.mic longitudinal stability
was slightly improved by the additional damping provided by the system.
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This improvement was most noticeable during autorotation and low
speed level flight,

2.5.5.2 Qualitative Pilot's Comments on Dynamic Lateral

Stability

a. Clean Configuration

Lateral pulses resulted in a highly damped oscillation,
There was very little lateral-directional coupling and the charac-
teristics were very similar for all test conditions.

b. Armed Configuration

The dynamic lateral stability characteristics of
both the XM-7 and XM-8 configurations were the same as those tor the
clean configuration with the SAE "off.,"

When the SAE was 'on", dynamic lateral stability was
slightly improved by the additional damping provided by the system,
This improvement was most noticeable during autorotation and low
speed level flight,

2.5.5.3 Qualitative Pilot's Comments on Dynamic Directional
Stability

a, Clean Configuration

Pedal pulses resulted in a highly damped yawing motion
for all conditions, The directional osciliatiun introduced a small
heavily damped complementary roll oscillation, All motions were
essentially damped to zero in 1 cycle with no residual oscillations.
There was a small pitching oscillation which was nose down for right
yaw and nose up for left yawing motions. This pitching motion was
small and heavily damped.and was present at all airspeeds. High
gross weights and altitudes did not introduce any adverse stability
characteristics.

b. Armed Configuration

With the SAE "off," the dynamic directional stability
characteristics with both the XM-7 and XM-8 configurations were the
same as those for the clean configuration,

The heading hold portion of the SAE system produced a
rapid response to the yaw rate. This rapid response and the strong
corrective input were of sufficient magnitude to often cause the
attitude to overshoot the trim position., For some conditions this
appeared to decrease the stability and cause a resulting oscillation.
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2.5,6 COMPARISON OF THE DYNAMIC STABILITY OF THE OH-4A AND THE OH-13H
AND OH-23D

2.5.6.1 Dynamic Longitudinal Stability

The longitudinal dynamic stability characteristics of the
OH-4A are better than those exhibited by the OH-13H and OH-23D
helicopters. The pitching motion is more highly damped and the re-
sulting attitude changes are smaller for the OH-4A, This stronger
positive dynamic stability contributes significantly to the good over-
all longitudinal flying qualities of the OH-4A,

2,5.6.2 Dynamic Lateral Stability

The OH-4A data show higher lateral damping than data for
the OH-13H and OH-23D for a lateral disturbance, In general there
is less lateral-directional coupling present, This reduces the
"Dutch Roll' type of oscillation encountered during turbulent flight
conditions.

2,5.6,3 Dynamic Directional Stability

The dynamic stability characteristics are similar for the
OH-4A, OH-13H and OH-23D., At high speed, the damping is slightly
higher for the OH-13H than for the OH-4A, The lateral-directional
coupling resulting from a directional pulse is smaller for the OH-4A
helicopter. This decrease in coupling reduces the pilot effort re-
quired to fly the helicopter in unstable atmospheric conditions.

2.6 CONTROLLABILITY

2.6.1 OBJECTIVE

The objective of the controllability tests was to determine the
maximum accelerations and rates that result per inch of rapid step
control input. Additional tests were conducted to investigate any
controllability changes contributed by the armament installations.

2,6,2 METHOD

The controllability was evaluated by recording the motions that
resulted from step-type control inputs, A control fixture was utili-
zed to control the magnitudes of the step inputs. The step inputs
were accomplished by rapidly displacing the control to the desired
position, then holding the control in this position until the maxi-
mum rate was reached or recovery action was necessary. The tests
were conducted for each control axis. Control positions, aircraft
attitudes, and rates were recorded for each step input,

The controllability tests were conducted at the following
trim airspeeds for the conditions specified in Section 2,0
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"Introduction', with the exception of the forward C.G. loading:

Condition Airspeed

Hover Zero

Climb 45 KCAS

Level Flight 35 KCAS and .8 Vne

Level Flight Vmax (Clean Configuration Only)
Autorotation Vmin R/D 45 KCAS

The controllability tests for the armament configurations
were performed with the SAE both "on'" and "off."

2.6.3 RESULTS

Test results are presented graphically in Figures No., 92
through 189, Section 3, Appendix I,

2,6.4 ANALYSIS

2.6.4.1 Quantitative Engineering Analysis of Longitudinal
Controllability

a, Clean Configuration

(1) Longitudinal Control Sensitivity

The longitudinal control sensitivity (deg/secz/in.)
of control displacement was similar for all flight regimes (hover,
climb, level flight and autorotation). The maximum acceleration for
the longitudinal axis was usually reached in approximately .50
second, The C.G. normal acceleration at 98 KCAS was 1,60 g's for a
l-inch aft step and 0.55 g's for a l-inch forward step. The time
required to reach these normal acceleration values was approximately
2 seconds. This complied with the requirements of MIL-H-8501IA,
paragraph 3,2.11.1., The longitudinal sensitivity was relatively
constant for all airspeeds. The maximum variation in control sen-
sitivity occurred at design gross weight and a density altitude of
5000 feet where the value increased from 8 deg/secZ/in, to 11 deg/sec?/
in. as airspeed was varied from zero to 98 KCAS (Reference Figure No.
92, Section 3, Appendix I). The longitudinal control sensitivity
was 8 to 9 deg/sec2/in, (Reference Figure No, 92, Section 3, Appendix I)
from hover to Vmax for all other weight and altitude conditions tested.
The control sensitivity for climb and autorotation was found to be
essentially the same as that recorded during level flight,

(2) Longitudinal Control Response

Following the longitudinal control input, the
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resuiting angular velocity was almost immediate and in the proper
direction. The angular velocity then increased in a normal manner,
The angular velocity trace became concave downward approximately .4
second following the control input, This exceeded the minimum re-
quirements of MIL-H-8501A, paragraph 3.2.11,1(b).

The time required to reach the maximum rate varied
from 1,6 seconds in a hover in-ground-effect (IGE) to 1.0 second
at 98 knots calibrated airspeed (KCAS) in level flight., The heli-
copter was generally found to be more responsive to an aft step than
to a forward step for all conditions except hover IGE, This is a
desirable characteristic and the magnitude of this variation was
small and was not considered significant,

During a hover IGE at design gross weight, the
response was 9,5 deg/sec/in., (Reference Figure No. 103, Section 3,
Appendix I)., As the gross weight was increased to overload gross
weight, the response increased to 11.5 deg/sec/in. (Reference Figure
No, 103, Section 3, Appendix I},

In level flight, the control response decreased at
the higher airspeeds and was 6.4 deg/sec/in. (Reference Figure No,
103, Section 3, Appendix I) at 98 KCAS for a density altitude of
5000 feet with a design gross weight loading., Increasing the
density altitude from 5000 to 10,000 feet reduced the response by
11,5 percent,

Longitudinal control response characteristics during
climb and autorotation were nearly the same as those in level flight
at a similar airspeed,

(3) Angular Pitch Displacement

The angular pitch displacement (deg/in.) was basically
the same for all conditions tested. 1In all cases the longitudinal
control input caused a pitch attitude change in the proper direction,
The longitudinal displacement continued to increase until recovery
action was necessary, The pitch displacement was approximately 4.0
deg/in. of stick deflection for a design gross weight and a density
altitude of 5000 feet, This value complied with the minimum require-
ments of MIL-1i-8501A, paragraph 3.2,14, A change in altitude had no
effect on the angular pitch displacement,

The recovery from the attitudes resulting from the
step inputs was easily accomplished and at no time were the control
stops encountered.
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b. Armed Configuration

The longitudinal controllability characteristics
in the armed configuration were basically the same as those ex-
hibited for the clean configuration, The times required to reach
the maximum accelerations and rates were also the same, The SAE
decreased the controllability by a small amount; however, the angu-
lar pitch displacement was still sufficient to comply with the
requirements of MIL-H-8501A, paragraph 3,2.13.

2,6.4,2 Quantitative Engineering Analysis of Lateral Controllability

a, Clean Configuration

(1) Lateral Control Sensitivity

Lateral control sensitivity was found to be essen-
tially the same for all conditions, The maximum angular acceleration
for a lateral step control input was reached in less than 1/2 second.
The characteristics of the angular acceleration curve complied with
MIL-H-8501A, paragraph 3,3.16. The lateral control sensitivity was
19 deg/sec?/in, (Reference Figure No. 125, Section 3, Appendix 1)
for all flight regimes, with no significant variations indicated
as altitude, gross weight and airspeed were changed., The angular
acceleration was immediate’'and in the proper direction within 0,2
second after the control displacement.

(2) Lateral Control Response

There was no objectionable or excessive delay in
the development of angular velocity in response to a lateral control
displacement, This fact satisfied the requirements of MIL-H-8501A,
paragraph 3.3.16, The time required to reach the maximum roll rate
was 0.85 second for all conditions. The lateral control response
was the same for both left and right control inputs,

While hovering IGE at design gross weight the
lateral response was 13,0 deg/sec/in. (Reference Figure No. 136,
Section 3, Appendix I), which was below the 20 deg/sec/in. maximum
limit stated in MIL-H-8501A, paragraph 3.3.15. Increasing the
gross weight from design to overload did not change the control re-
sponse characteristics,

The control response decreased from 13,0 deg/sec/
in, at a hover IGE to 9.5 deg/sec/in., (Reference Figure No. 136,

Section 3, Appendix I) at 40 KCAS for design gross weight and a
density altitude of 5000 feet, Increasing gross weight showed a
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slightly higher response at 40 KCAS., At a density altitude of
10,000 feet the response was a constant 11,0 deg/sec/in, for an
airspeed range of 35 KCAS to 86 KCAS,

Lateral control response during climb was
basically the same as that for level flight at the same airspeed,
In autorotation, the control response was 20.0 percent less than
for other flight regimes at an airspeed of 45 KCAS,

A longitudinal-directional coupling was present
for all conditions tested. Right yaw and a pitch-down accompanied
a right lateral step., This coupling was encountered in all flight
regimes and became stronger as airspeed was increased.

(3) Angular Roll Displacement

The angular roll displacement resulting from a
lateral cyclic step input was in the proper direction. The roll
displacement of 12,0 deg/in. at overload gross weight met the re-
y4irement of MIL-H-8501A, paragraph 3.3.18,

A lateral contrnl input during hover caused an
angular displacement of approximately 11.0 deg/in. This angular
roll displacement increased to 12.0 deg/in. (Reference No. 147,
Section 3, Appendix I) at overload gross weight. There was suffi-
cient angular displacement to comply with the minimum requirements
of MIL-H-8501A, paragraph 3.3.18.

In level flight the angular roll displacement de-
creased to a minimum of 7.0 deg/inch (reference Figure No. 147, Sec-
tion 3, Appendix I) at 40 KCAS then gradually increased to 10 deg/
inch (reference Figure No., 147, Section 3, Appendix I) at 98,0 KCAS
for design weight and a density altitude of 5000 feet. Increasing
the gross weight to the overload condition caused a slight increase
in the angular roll displacement at 35 KCAS and a decrease at 100
KCAS. The altitude effect was insignificant with the roll displacement
having a value of 8,0 deg/in, at 35 KCAS and 8,5 deg/in, at 86 KCAS
(Reference Figure No. 147, Section 3, Appendix I),

The angular roll displacements during climb and auto-
rotation were found to be basically the same as those found for level
flight,

b. Armed Configuration

The lateral controllability was found to be essentially
the same as that for the clean configuration. The angular displace-
ment at high airspeed, however, was greater to the left than to the
right, With the SAE "on" the lateral control sensitivity, response and
angular roll displacement were decreased by a small amount for all fli-
ght conditions but were still considered good. The angular roll displace-
ment was sufficient to comply with MIL-ll-8501A, paragraph 3.3.18,
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2,6.4.3 Quantitative Engineering Analysis of Directional
Controllability

a, Clean Configuration

(1) Directional Control Sensitivity

During a hover IGE at design gross weight and
a density altitude of approximatelg 1000 feet, directional angular
acceleration was 82 and 64 deg/sec¢/ip, (Reference Figure No. 158,
Section 3, Appendix I) for a left and right pedal input, respectively.
At the overload gross weight, the sensitivity decreased to 69 for
left and 54 deg/sec?/in, (Reference Figure No. 158, Section 3,
Appendix I) for right pedal inputs,

For a level flight airspeed of 35 KCAS, the sensi-
tivity decreased to 48 deg/sec?/in. (Reference Figure No, 158, Section
3, Appendix I) for design gross weight and a density altitude of
4800 feet. Increasing the airspeed to 99 KCAS further decreased
the sensitivity to 38 deg/sec2/in, (Reference Figure No. 158,
Section 3, Appendix I)., An increase in gross weight to the overload
condition did not significantly change the sensitivity. As density
altitude was increased to 10,000 feet, the directional control
sensitivity decreased to 38 deg/secz/in, (Reference Figure No. 158,
Section 3, Appendix I) at 35 KCAS and remained the same for all
airspeeds up to 92 KCAS.

Directional control sensitivity during climb and
autorotation was found to be essentially the same as that for
similar level flight conditions,

(2) Control Response

A directional step co.:rol input resulted in an
immediate angular yawing velocity in th- proper direction. The yaw
rate characteristics complied with MIL-H-(L01A, paragraph 3,3.1€.

The time required to obtain the maximum yaw rate
varied from a maximum of 1.10 seconds at 35 KCAS to 0,6 second at
Vmax, The helicopter was generally found to be more responsive
for left than for right pedal inputs. This difference in response
was small for all flight conditions except hover and was not con-
sidered objectionable,

The maximum directional control response in a hover
IGE could not be obtained, Although the directional control
input was held for approximately 3 to 5 seconds, the yaw rate con-
tinued te increase and the maximum was not achieved before recovery
action was necessary. For this reason, the yaw rate was measured
at 1/2 second after the control input, The angular velocity
during a hover at design gross weight and a density altitude of
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approximately 1000 feet was 26 and 22 deg/sec/in. (Reference
Figure No. 168, Section 3, Appendix I) at 1/2 second after left
and right pedal inputs, respectively. Increasing gross weight
to the overload condition had little effect on the directional
response,

Increasing the level flight airspeed decreased
the directional control response. The angular velocity at design
gross weight and a density altitude of 4800 feet was 28 deg/sec/
in. at 35 KCAS and decreased to 8 deg/sec/in. (Reference Figure
No, 168, Section 3, Appendix I) at 99 KCAS. A change in gross
weight and density altitude had little to no effect on the direc-
tional response characteristics during level flight., The maximum
angular yawing velocity resulting from directional control inputs
during climb was slightly less than that obtained in level flight.

Directional response during autorotation was
higher than that observed during level flight, As density sltitude
was increased, the directional response decreased. Increasing
the gross weight had no effect.

Longitudinal-lateral coupling was present for
all conditions tested, The resulting motion for a left pedal
step input was a yaw left followed by a slight pitch up; then as
the yawing motion to the left continued, the helicopter pitched
down and rolled left. The coupling effect resulting from a right
directional step was a yaw right followed almost immediately by a
roll right and pitch down, The coupling hecame stronger as the
airspeed was increased,

(3) Angular Directional Displacement

The angular directional displacement resulting from
a step input was positive for all flight conditions tested. The
minimum directional displacement complied with MIL-H-8501A, paragraph
3.3.5. The angular directional displacement was found to be essen-
tially the same for all conditions tested.

A 1 inch directional control input during hover
caused an angular displacement of 29 deg/in, pedal movement at a
design gross weight and a density altitude of approximately 1000
feet, The directional displacement increased to 35 deg/in. pedal
movement (Reference Figure No, 180, Section 3, Appendix I) as the
gross weight was increased to the overload configuration,

The yaw displacement in level flight decreased
with airspeed and was 20 deg/in. at an airspeed of 35 KCAS and 14
deg/in. (Reference Figure No, 180, Section 3, Appendix I)at 99 KCAS.
An increase in gross weight had little effect on the directional
displacement during level flight but an increase in density altitude
caused the yaw displacement to decrease.
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b, Armed Configuration

The directional controllability for the armed config-
urations was essentially the same as that found for the clean con-
figuration, With the SAE "on" the lirectional control sensitivity
response and angular yaw displacement were decreased slightly,

2.6,5 QUALITATIVE PILOT'S COMMENTS ON CONTROLLABILITY
a, Clean Configuration

The longitudinal control sensitivity and control response
were satisfactory and the characteristics were similar for all the
conditions tested, The pitching motion resulting from a longitud-
inal input was in the proper direction and there was no objection-
able delay prior to the angular acceleration, The longitudinal
control sensitivity and response were sufficient for good maneuver-
ing characteristic during hover. The characteristics were essen-
tially unchanged as airspeed increased and there was no tendency
to overcontrol at the high airspeeds. The normal C,G. acceleration
characteristics were good at high speed and the limit load factors
were never approached. The control system effectively prevented
any feed-back forces from the rotor and there were no stick forces
associated with high speed maneuvering,

Lateral control sensitivity and response were good.
Following a control input the rolling motion was immediate and in
the proper direction., The rate characteristics were good.
Following the control input, rate of roll increased rapidly to a
maximum value and maintained this value until recovery was initiated,
This is an excellent feature which assisted the pilot in rolling the
aircraft to a desired attitude precisely. There was a strong
lateraldirectional coupling with a yaw immediately following the
rolling motion, There was a tendency for the helicopter to pitch
down with both left and right lateral control inputs. This long-
itudinal coupling is not desirable. The lateral-directional
maneuvering characteristics were very good and comply with the
requirements of MIL-H-8501A, paragraphs 3,3.8, 3.3.9.1 and 3.3.9.2.
A lateral control input resulted in well coordinated turns and there
was no requirement for directional control inputs, Although weaker
at low speeds, these lateral-directional stability characteristics
were satisfactory for all flight conditions. The lateral flying
qualities were also satisfactory du-ing climb and autorotation.

The high directional control sensitivity and control

response were objectionable. These characteristics, coupled with

the "pedal slop" in the control system, resulted in frequent over-
controlling and difficulty in stabilizing during turbulent conditions.
This was most apparent during hover and low speed forward flight.
There was very little rolling from the directional control input;
however, the characteristic pitch-down with right yaw and poitch-up
with left yaw were present. The severity of the pitching increased "
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with airspeed and was most objectionable at high speed.
b, Armed Configuration

The controllability characteristics for both the XM-7
and XM-8 configurations about all 3 axes were the same as for the
clean configuration. With the SAE '"on'" there was a slight decrease
in controllability, This decrease in controllability did not
subtract from the good over-all flying qualities and maneuverability
characteristics of the helicopter.

2,6,6 COMPARISON OF CONTROLLABILITY OF THE OH-4A AND THE OH-13H
AND OH-23D

The longitudinal and lateral controllability characteristics
exhibited by the OH-4A are as good as, or better than, those dis-
played by the OH-13H and OH-23D, The directional controllability
characteristics of the OH-4A are inferior to those of the OH-13H
and OH-23D helicopters because of the helicopter's high sensitivity
and response in a hover. The representative values of each heli-
copter are found in Figures F and G on pages 43 and 44,

2.7 ARMAMENT FIRINGS

2.7.1 OBJECTIVE

The objectives of the tests were to determine the effects of
the armament on the basic helicopter controllability during a firing
sequence and to evaluate the SAE contribution to the flying quali-
t.&es.

2.,7.2 METHOD

The effect of the armament was obtained by recording the
motions that resulted from a firing sequence. The firings were con-
ducted from a stabilized condition and the firing sequence was normally
2 to 4 seconds in duration. During some of the firings a stabilized
condition was maintained by applying the necessary control inputs.
In other cases, the controls were fixed and the helicopter was allowed
to respond freely to any moments contributed by the armament. All
control positions, aircraft attitudes and rates were recorded for
each firing, The tests were conducted on both armament kits at the
following conditions:

(See page 45 for Table)
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Armament Kits' Test Conditions

Flight Conditions

Rearward Flight (IGE)

Sideward Flight (left and right IGE)

Hovering Flight (IGE)

Transition from Hover to Forward Flight (IGE)
Transition from Forward Flight to Hover (IGE)

Level Flight (0 deg sideslip)
35 KCAS, 50 KCAS, 92 KCAS and 105 KCAS

Level Flight (Yawed), 35 KCAS,
50 KCAS, 92 KCAS and 105 KCAS

Accelerated Flight at a Trim Airspeed
of 92 KCAS at the maximum C,C, normal
acceleration demonstrated by the contractor

These tests were all conducted with guns elevated full up
(3.5 degrees) and depressed full down (35 degrees) for both SAE 'on"
and "off."

During the firing tests, air samples were collected to
determine the degree of cockpit air contamination from the gases ex-
pelled by the armament.

2.7.3 RESULTS
Tire histories illustrating the helicopter response during the
firings are presented for each armament installation in Figures
No., 193 through 240, Section 3, Appendix I,
2.7.4 ANALYSIS

2.7.4.1 Quantitative Engineering Analysis of AM-7 and XM-8
Armament Firings

a, XM-7 Configuration

The .change in controllability (SAE "on" or "off")
as a result of the firing, was very small for all conditions tested.
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In a hover the helicopter tended to yaw left 2 to 3 degrees dur-
ing the initial firing, then remain steady as the firing sequence
was continued, This characteristic was evident for all conditions
tested, With the guns rotated full down (35 degrees) there was a
small ( 3 to 4 degrees) right roll present,

The strong lateral-directional stability of the
helicopter effectively reduced the rolling and yawing tendency as
airspeed was increased,

b, XM-8 Configuration

The effect of the armament firing on tiiec helicopters
controllability (SAE "on'" or "off') was verv small for all condi-
tions tested., While hovering with the XM-8 firing when elevated
to the full-up position (3.5 degrees) the aircraft yawed left
approximately 3 to 4 degrees, rolled right and pitched up 2 to 3
degrees, This attitude stayed constant during the remainder of
the firing sequence. Increasing airspeed tended to damp these motions
and there was essentially no reaction at 105 KCAS (Vne). The
reaction to the XM-8 firing, in a hover with the elevation 35 degrees
down, was to yaw left 2 to 3 degrees, roll right 1 to 2 degrees and
pitch down 1 to 2 degrees. Increasing the airspced greatly reduced
thie motion resulting from the firing sequence,

c. Cockpit Contamination

During the armament firing tests the cockpit was
checked for carbon monoxide (CO) contamination, The CO level was
acceptable for all conditions tested. Even though the CO content
was low; however, there was a strong gas odor present. The cockpit
should be checked for other toxic gases, such as nitorgen oxide
(NO2) and ethyl mercoptan (C,H5SH).

2.7.5 QUALITATIVE PILOT'S COMMENTS ON ARMAMENT FIRINGS

a, XM-7 Configuration

During the initial firing test, it was found that when
the left lateral C,G, location exceeded 1.30 inches, the transmission
centering spike contacted the spike cradle during high speed
forward flight and during normal maneuvering flight. This contact
transmitted unknown structural loads “o the aircraft and the vibration
was disconcerting to the pilot, To eliminate the spike contact the
helicopter was ballasted so that the left lateral C.G, did not exceed
1,30 inches for all subsequent firing tests,

46

FOR OFFICIAL USE ONLY



The SAE effectively corrected for any aircraft movements
contributed by the guns firing, During high speed and maneuvering
flight it was very easy to get '"on target'" and maintain the desired
flight condition with a minimum of pilot effort, The good basic
stability of the helicopter provided a stable firing platform and
the small improvement afforded by the SAE is questionable. The
heading-hold feature of the SAE allowed the pilot to maneuver the
aircraft easily to a desired heading without making control inputs.
The SAE was generally reliable; however, a hardover encountered
during a firing mission would result in a sudden control requirement
and difficulty in maintaining accurate fire,

Frequent jamming of the upper gun occurred frequently.
This was caused by the size of the shell casing exit area in the gun
fairing which was too small and caused the spent shell casings to
jam the weapon, The jamming sequence was believed to occur as follows:

(1) The spent shell casings accumulated in the exit chute
and ricocheted back into the gun breech area.

(2) The gun feed mechanism simultaneously fed an unfired
round into the breech,

(3) The spent casings and the unfired round jammed the
breech and barrel area.

In one instance, the jammed shell casing was found
backward in the breech area. As an interim measure, the gun fairing
was removed, After the removal of the fairing, over 7000 rounds were
fired without a malfunction of the type described.

During the firing test the debris (shell casings,
misfired rounds and ammunition belt links) from the weapons was
sufficiently clear of the aircraft, The cjection pattern was such
that the material fell down and away from the aircraft, While
firing, the ejected material came nearest the aircraft during a left
rolling pull-u;,

The standard airspeed system was found to be 1naccurate
during a firing sequence., The airspeed indicator fluctuated 215 KIAS.

This condition was attributed to the change in the airflow around the
pitot-static port,

b. XM-8 Configuration

The flying qualities were basically the same as with the
XM-7 armament system,
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The structual vibratory loads induced by the firings were
not quantitatively investigated, The vibrations were qualitatively
judged to be higher with the XM-8 than with the XM-7 armament system,

Two torque tube mount assemblies of the XM-8 system were
damaged by vibration loads to the point where firing could no longer
be conducted safely, Cracks and fractures were also encountered on
the ammunition mounting rack assembly.

2.8 AUTOROTATIONAL CHARACTERISTICS

2.8,1 OBJECTIVE

The objectives of the autorotational entries were to quanti-
tatively investigate the attitude changes and the control inputs
required to stabilize the helicopter in the event of a sudden loss
in engine power,

2.8.2 METHOD

The autorotational entries were performed by first stabilizing
the aircraft for a given trim condition and then rapidly reducing
power to enter autorotation. The collective pitch control trim pos-
ition was maintained for at least 2 seconds after the simulated power
reduction, at which time the collective control was lowered., All
other flight controls were held in the trim position until the heli-
copter was in stabilized autcrotation or until corrective action was
necessary. Control positions, aircraft attitudes and rates were
recorded for each autorotation entry. The tests were conducted at
an airspeed of 15 KCAS to 97 KCAS for the conditions specified in
Section 2.0, "Introduction."

2.8.3 RESULTS

Time histories are presented in Figures No. 241 through 243,
Section 3, Appendix I,

2.8.4 ANALYSIS

2.8.4,1 Quantitative Engineering Analysis of Autorotational
Characteristics

a, Clean Configuration

A sudden reduction in power did not cause any adverse
pitching or rolling moments and the autorotational entry characteristics
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generally comply with the requirements of MIL-H-8501A, paragraph
3.5.5.1., There was sufficient rotor inertia to allow the collective
control to be held in the trim position for at least 2 seconds after
the power reduction, without causing the rotor speed to decrease to
a value below the minimum rpm power off,

Following the power reduction the predominant motion
of the aircraft was to yaw left immediately; however, this trim
change was mild and easily controllable. The highest autorotational
entry airspeed investigated was 97 KCAS. Autorotational entry
characteristics were not affected by variations in altitude or gross
weight,

The rotor speed decay rate was nonlinear with a high
decay rate at the initial power loss and a decreasing decay rate as
rotor speed decreased., The rotor speed decay rate was found to be
primarily a function of collective control position with the highest
decay rates being at high power and high collective pitch conditions
such as hover, climb, maximum airspeeds, and heavy gross weight.
Rotor speed buildup and the collective control of the rotor speed
were satisfactory under all conditions tested.

b. Armed Configurations

Test results for the armed configurations showed that
the autorotational entry characteristics were basically the same
as those for the clean configuration.

2.8,5 QUALITATIVE PILOT'S COMMENTS ON AUTOROTATIONAL CHARACTERISTICS
a, Clean Configuration

Autorotation entry characteristics were very good., Auto-
rotation entries were performed at airspeeds from 15 KCAS to Vmax
at 5000 and 10,000 feet density altitude and at both forward and aft
C.G. loadings. With a sudden reducticn in power, there was an immed-
iate yaw to the left which was easily controlled. No pitching,
rolling or other adverse characteristics were noted. There was
sufficient rotor inertia present to allow the collective pitch control
to be held in the trim position for 2 seconds after the power reduc-
tion, With the collective fixed, rotor speed decayed rapidly but
the rate of decay slowed after 1 or 2 seconds. The rotor speed
stabilized at approximately 75 percent; however, the value of the
stabilized rotor speed was influenced by some residual power from
the engine. When the collective pitch was lowered rapidly, there was
a slight pitch up, With the collective pitch down, rotor speed in-
creased rapidly and a rotor overspeed would result if the collective
pitch was left in the full down position. ¢
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b. Armed Configuration

No adverse characteristics were noted in the armed
configuration and the reaction to a sudden power loss was basically
the same as for the clean configuration.

2.9 FLIGHT CONTROL SYSTEM EVALUATION

2,9.1 OBJECTIVE

The objective of these tests was to quantitatively evaluate
the flight control system for force gradients, static and dynamic
friction, The control systems were also evaluated to determine
compliance with MIL-H-8501A with the hydraulic boost system both
"On" and "Off. "

2.9.2 METHOD

The control system '"breakout' forces and force gradients
were evaluated by recording the force required for a control move-
ment with the frictional control varied from the full "on' to the
full "off" position (where applicable). The tests were conducted
with the helicopter on the ground with the rotor static and
hydraulic pressure being applied to the control system by an ex-
ternal source., Qualitative tests were also conducted on the con-
trol systems during the stability and control tests.

2,9.3 RESULTS

Test results are presented graphically and summarized in
Figures No. 244 through 247, Section 3, Appendix I,

2.9.4 ANALYSIS

2.9.4,1 Quantitative Engineering Analysis of Flight Control System

a, Longitudinal Control Forces

The longitudinal breakout forces with the boost system
operative were found to be above the maximum allowed in MIL-H-8501A,
paragraph 3.2,7. The breakout force varied approximately 1 pound
as the adjustable friction control was varied from the full '"on" to
the full "off' position,
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The longitudinal force gradient was found to be slightly
negative when the cyclic stick was traveling from a full forward to
full aft position., The longitudinal force gradient was positive
when moving the cyclic stick from aft to forward. This stick force
reversal was contrary to the requirements of MIL-H-8501A, paragraph
3.2.4,

b. Lateral Control Forces

When the boost system was operative the lateral break-
out forces were larger than the maximum allowed in MIL-H-8501A,
paragraph 3.2.7. The change in breakout forces with the control
friction setting was found to be approximately 1 pound between the
full “'on" and full "off" position,

The lateral force gradient was found to be slightly
negative when the cyclic stick was displaced in either direction,
This negative force gradient was in violation of MIL-H-8501A, para-
graph 3.2.4.

¢, Directional Control Forces

The directional control breakout forces with boost
system operative were found in most cases to be below those required
in MIL-H-8501A, paragraph 3.2.7, These forces were inadequate and
should be increased to comply with the requirements of MIL-H-8501A,

The directional force gradient was positive over the
entire pedal travel range. There were no objectionable discontinu-
ities in the force gradient and the requirements of MIL-H-8501A,
paragraph 5,2.4, are complied with.

d. Longitudinal and Lateral Control Travel Limits

The longitudinal control travel limits were found to
be a function of the lateral cyclic position. The lateral control
limits were dependent upon the longitudinal control position. These
changes in the control limits were caused by the irregular shape of
the cyclic stick pattern, which consequently caused a change in the
available control travel, The data in this report were based on
maximum full longitudinal control travel (8.2 inches) and maximum
lateral control travel (9.5 inches). The following figure graphically
illustrates the cyclic control pattern, (See Figure [i, Page 52),
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2.9.5 QUALITATIVE PILOT'S COMMENTS ON FLIGHT CONTROL SYSTEM

The breakout forces were less than 2 pounds for all the con-
trols. These forces were low enough to give a good feel and yet
high enough to hold the controls in any position they were placed.
The magnitude of the breakout forces appeared to be the same
throughout the full range of control travel,

There were no apparent force gradients present in the control
system, The moving friction was the same as the static breakout fric-
tion and the control could be moved through the full travel by apply-
ing approximately 2 pounds of force.

Since there were no forces to oppose a control movement from
trim, there was no trim system present, nor was there a requirement
for one, The controls would remain in the position in which they
were placed and hands off flight could be accomplished, so far as
the control system was concerned., Removing the copilot controls
unbalanced the system and with no friction applied at airspeeds
above 85 KCAS, the pilot's control would move aft when released,

This was easily corrected by a slight increase in the friction setting,

There was a mechanical longitudinal-collective coupling
present with the boost system both operative and inoperative, The
longitudinal control moved forward as the collective control was
raised and moved aft as the collective was lowered, Movement of
the cyclic did not cause any collective movement with the boost '"on';
however, with the boost "off" cyclic movement caused the collective
control to move, The longitudinal control travel available was not
affected by this control coupling. Although in violation of MIL-H-
8501A, paragraphs 3,2.4 and 3.4.3, this small coupling was very easily
overcome by the pilot, ecither by holding the control or by using a
small amount of fricticn.

The seat was not adjustable; however, the longitudinal cyclic
and the pedals could be manually adjusted. The range of adjustment
was sufficient for the project pilot and the controls were comfortable
throughout the control pattern, The longitudinal cyclic friction
adjustment was difficult to reach in flight, while wearing a para-
chute,

The directional omtrol system did not meet the requirements
of MIL-H-8501A, Table II, in that the pedal breakout forces were less
than 3 pounds and there was no friction on the directional controls.
There was some '"slop" in the directional control around the neutral
point, This condition, coupled with the low breakout forces and high
directional sensitivity, made the present control system undesirable.
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Turning the single boost system'"off" did not introduce any
control movement or forces., Increased control forces were apparent
only when the controls were moved, The forces were not measured in
flight; however, they were considered satisfactory. Boost "off,"
the pedal forces were highest and the lateral cyclic forces were
lowest, The helicopter could be adequately maneuvered and a landing
could be accomplished satisfactorily with the control boost "off,"

2.10 AIRSPEED CALIBRATION

2,10,1 OBJECTIVE

The objective of the tests was to determine the airspeed
position error for both the standard and test airspeed systems.

2,10,2 METHOD

The airspeed calibration of the test and standard system
was determined by using the ground speed course method, The aircraft
was flown over a meas::red ground course at a stabilized airspeed on
reciprocal headings from 20 KIAS to 110 KIAS using approximately
10 knot airspeed increments, The tests were conducted at a density
altitude of 1950 feet, a gross weight of 2475 pounds, 393 rotor rpm
(average) and in the clean configuration.

2,10,3 RESULTS

Te<! resul.s are presented graphically in Figures No. 248
through 24. Sectio 3, Appendix I,

2.10.4 ANALYSIS

The standard system indicated low for all airspeeds above
35 knots and high for all airspeeds below 35 knots, The position
error curve was nonlinear with an increased negative position error
with increased airspeed, The position error appeared to be greater
as the sideslip angle was increased during climb, level flight and
autorotation. At low airspeeds (below 50 KCAS) and large sideslip
angles (above 30 degrees), the standard system appeared to become
unreliable. (See Figure I, Page 55).
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LEFT LATERAL PULSE

OL-4 A, LIS AL, S/NG2-4204

FLIGHT CONDITION : LLEVEL FLIGUT
TAM CAS: 103 KNOTS

DENSITY ALTITUDE i <4505 FEET
RO SPEED - 394 RPM

SAE CONDITION 2 OFF

CONFIGURATION : CLE AN

FULL LATEDAL TRAVEL: 95 INCHES
AVERAGE GROSS WEIGHT: 2535 LBS
LONG. C.G LOCATION: 99.4 IN (FWD)
LATERAL C.G LOCATION: .35 IN (RT)
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FIGURE NO.&&
O AL, LS A, S/ING2-4204
'ONFIGURATION : CLE AN FLIGHT CONDITION : LEVEL FLIGHT
FULL LATERALTRAVEL: 9.5 IN TOM CAS : 89 KNOTS
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FLIGHT QONDITION . CLIM®

FULL LATERAL TRAVEL: 95 INCHES TRIM CAS [ 4s KNOTS
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CONFIGURATION: CLEAN FLIGHT QCONDITION ® 2 KOTE N
FULL LATERALTRAVEL: 9.5 INCHE TRM CAS: 45 ki
AVERAGE GROSS WEGHT: 2650 LBS  DENSTY ATITUD CPEeT
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FIGULURE NO. 70

LEET LATERAL PULSE

OH- A4, LS A, S/NG2-4204
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FIGURE NO.7I

LEFT LATERAL PULSE

O 4 A, LS AL, S/N G2-42 04

CONFIGURATION:XM-7 STOWED FLIGHT CONDITION: HOVER [I5E
CULL LATERAL TRAVEL: S5 INCHES  TRM CAS: ZERO

AVERAGE GROSS WEIGHT: 2580 LBS  DENSITY ALTITUDE : 760 FEET
LONG C G LOCATION: 104,6 IN (AFT) ROTOIR SPEED: 3094 RPM
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FIGURE NO. 72

LEFT LATERAL PULSE

O 4 A, LIS AL, S/NG2-4204

CONFIGURATION : XM-7 STOWED FLIGHT CONDITION = HOVER(
FLLL LATERAL TRAVEL:DE IN TAM CAS: ZEKO

AVERAGE GROSS WEIGHT: 2560 i-85 DENSITY ALTITUDE ¢ 700 FEET
LONG. CG LOCATION: 1045 IN AFT) ROUTR SPEED 1 3394 RPM
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LEFT LATERAL PULSE

OH-A A, LUS.AL, S/NG2-42 049

CONFIGURATION @ X\ /7 STOWED FLIGHT QONDITION: L bk Foishild
FULL LATERAL TRAVEL @ 45 INCHE' TRIM CAS! Q¢ KNOT,
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FICULURE NO. 74

LEET LATERAL PULSE

O AL, LIS AL, S/NG2-4204

CONFIGURATION * XM-7 STOWED FLIGHT CONDITION:LEVEL FLISHT
FULL LATERDAL TRAVEL: 95 INCHES — TRIM CASI92 KNOT.
AVERAGE GROSS WEIGHT : 2505 L5 DENSITY ALTITUDE :4840 FELT
LONG. C.G LOCATION: 104.7 IN (AFT ROTOR SPEED :27)c] N
LATERAL C.G. LOCATION: 125 N LT} SAE CONDITION SON

PITCLL

ROLL

YAW




FIGURE NO. 75

LEFT LATERAL PULSE

OH- AN, LL.S A, S/M 2-42 DA

FLIGHT CONDITION SLEVEL FLIGHT
TAM CAS-.Q8 KNCTS

DENSITVY ALTITUDE 5050 FEET
ROTIR SPEED 394 RPM

CONFIGURATION : XM -2 STOWED

FULL LATERAL TRAVEL : 98 INCHES
AVERAGE GROSS WEIGHT : 2495 LBS
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FIGLURE NO. 7

LEFT LATERAL PULSE

OH- 4L, LIS.A,LS/NG2-4204

CONFIGURATION : X M-8 STOWED
FULL LATERAL TRAVEL : 95 INCHES
AVERAGE GROSS WEIGHT : 2585 LBo

LONG. C.G. LOCATION * 105.1 IN
LATERAL C.G LOCATION = 1.3
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CONFIGURATION : CLE AN FLIGUT CONDITION: HOur R(IGE'
CuLL DEDAL TRAVEL :12.6 1N e TRIM CAS:ZERO
AVEQAGE GROSS WEIGMT @ (455 1LAG DENSITY ALTYTUDE : 1070 FEET
LONG C.G.LOCATION T 1OS,0 IN. (AFT, ROTOR SPEED : 44 RPM
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Ok DA, WUS.AL, SN G2-4204

CONFIGURATION :
FULL PEDAL TRAVEL: -
AVEQM;E GROSS WEIGHT : 2470 LPS.
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FiGunRneE NO.7&
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CONFIGURATION:: CLE AN FLIGHT CONDITION: F
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QIGLJT D\DECTIONAL PULSE
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CONFIGURATION : CLEAN FLIGUT CONDITION: LEVEL FLIGHT
FuLL DEDAL TRAVEL:?2.6 INCHES TRIM CAS: 100 KNOTS
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CONFIGURATION : CLEAN
fuLL DEDAL TRAVEL:Z2.6 INCHES

RIGHT DIRECTIONAL PULSE

OH- 4 A, US.ALS/NG2-420C 4

FLIGHT CONDITION: LEVEL FLIGHT
TRIM CAS: OO KNOTY,

AVERAGE GROSS WEIGHT : 2570 LEOS DENSITY AITITUDE : 445 FEET
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FiGgule NO. &2

FIGHT DIRECTIONAL PULSE

OH- 4 A, US.AL S/N G2-420-)

CONFIGURATION ¢ CLEAN FLIGHT CONDITION: LEVEL FLGHT
FULL DEDAL TRAVEL T2.¢ INCHES TRIM CAS: 99 KNOTC

AVERQAGE GROSS WEIGHT: 2825 L& DENSITY ALTITUDE: 4820 FELET
LONG. C.G.LOCATION : |04 IN (AFT)  ROTOR SPEED : 394 RPM
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RIGHT DIRECTIONAL PULSE

OH- 4A, LS. AL, SN G2-4204

CONFIGURATION : CLEAN FLIGUT CONDITION: LEVEL FLIGHT
FuLL PEDAL TRAVEL: % 2.6 INCHES TRM CAG * 92 KNOTS

AVERQAGE GROSS WEIGHT: 24905 LBS DENSITY ALTITUDE : 9395 LELT
LONG. C.G.LOCATION [0S IN (AFT ROTOR SPEED @ 304 RPM

LATERAL C.G LOCATION @ .35 IN (KT) SAE CONDITION: OFF
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FIGuUunE NO. 84

CONFIGURATION : CLEAN
FuLL PEDAL TRAVEL:%Z.6 INCHES

AVERAGE GROSS WEIGHT: 2615 Lt

LONG. C.G.LOCATION : 105.7 N (AFT)
LATERAL C.G.LOCATION . .35 IN(RT

RIGHT DIRECTIONAL PULSE

OM-4a A, LS. A, SN 62-4204

FLIGUT CONDITION: CLIMB
TRIM CAS: 95 KNOTS
DENSITY ALTITUDE : 5000 FEET
ROTOR SPEED : 204 RPM

SAE CONDITION: OFF
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FGuRe NO. 8%

RIGHT DIRECTIONAL PULSE

OH-<aA, US.ALL,S/N G2-4204

CONFIGURATION CLEAN FLIGUT CONDITION ¢ AUTOROTATION
fuLL DEDAL TRAVEL: T 2.6 INCHES TRM CAS 1 45 KNOTS

AVERQAGE GROSS WEIGHT: 2500 Lo DENSITVY ALTITUDE : 5000 FEET
LONG. C.G.LOCATION : 10555 IN (AFT' ROTOR SPEED : 334 RDM

LATERAL C.G. LOCATION: .35 IN (RD SAE CONDITION:OFF
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FIGuRE NO. ec

RIGHT DIRECTIONAL DULGE

OH- AA, US.ALL SN G2-4204

CONFIGURATION : XM-7 STOWED FLIGUT CONDITION: LOVER/1GE
FULL PEDAL TRAVEL :*2.6INCHES TRIM CAS: ZERD

AVERQAGE GROSS WEIGHT: 2650 LB  DENSITVY ALTITUDE : 2050 FEET
LONG. C.G.LOCATION: (OS50 IN (AFT ROTOR SPEED: 20 <} PM
LATERAL C G.LOCATION : 1.25 (N (LT SAE CONDITION: OFF
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CONKFIGURATION : XM-7 STOWED
FULL DEDAL TRAVEL:*2.6 INCULS

RIGHT

FlGgune NO. &7

DIRECTIONAL PULSE

OM- 45, J.S.AL,S/N G2-42 0013

AVERQAGE GROSS WEIGHT: 2670 LBS

'ONG. C.G.LOCATION & 105.0 IN (AFT

LATERAL C.G. LOCATION: 125 IN (LT’

FLIGUT CONDITION: LOVER(|GE |
TRIM CASZERD
DENSITVY ALTITUDE @ 20F
ROTOR SPEED: 394 RPM
SAE CONDITION :ON
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CONFIGURATION: XM-7 STOWLD

FULL PEDAL TRAVEL:t2.€ INCHES
AVERQAGE GROSS WEIGHT : 24 /5 L BS
ONG. C.G.LOCATION : 1045 IN (AFT
LATERAL C.G.LOCATION : .25 |
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FIiGunRE NO. 832

RIGHT DIRECTIONAL PULSE

OH- 4L, LS.ALL S/N G2-4204

FLIGHUT CONDITION: LEVEL FLIGHT
TRIM CAS:92 KNOTS

DENSITY ALTITUDE : 4890 FEET
ROTOR SPEED : 394 RPM

SAE CONDITION: OFF
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CONFIGURATION : xM-7 STOWED FLIGUT CONDITION: LT VEL [LUGHT
fuLL DEDAL TRAVEL:*Z. & INUKE TRIM CAS: 92 KNOTO
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LONG. C.G.LOCATION : (O, 4 IN (AFT ROTOR SPEED : 204 KIN
LATERAL C.G.LOCATION |25 IN (LT SAE CONDITION:ON
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