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SUMMARY

In September 1976 a flight simulation program was conducted at the NASA
Ames Research Center on the Flight Simulator for Advanced Aircraft (FSAA). The
flight simulation was a part of a contracted effort by MCAIR to provide a
1ift/cruise fan V/STOL aircraft mathematical model for flight simulation
(Contract NAS2-9144)..

The simulated aircraft is a MCAIR configuration c© the Lift/Cruise Fan
V/STOL Research Technology Aircraft (RTA). The aircraft is powered by three
gas generators driving three fans. One lift fan is installed in the nose of
the aircraft, and two lift/cruise fans at the wing root. The thrust of these
fans is modulated to provide pitch and roll control, and vectored to provide
yaw, side force control, and longitudinal translation.

Two versions of the RTA were defined. One is powered by the GE J97/LF460
propulsion system which is gas-coupled for power transfer between fans for
control. The other version is powered by DDA XT701 gas generators driving
Eamilton Standard 62 inch variable pitch fans. The mathematical models of
both versions and the associated information for simulator programming are
contained in Report MDC A4571.

The flight control system in both versions of the RTA is the same. It
consists of a direct mechanical or electrical link from the pilot's controls
to the control thrust or moment producers and a control augmentation system
(CAS). The CAS has full authority and provides pitch and roll attitude command
and yaw rate command in hover. 1In transition the CAS provides pitch and roll
rate command/attitude hold, yaw rate damping, and turn coordination. The
augmentation system is dualized and comparison monitored to guard agaimst
control hardover signals, so that in the event of a channel failure the CAS
is disengaged in the failed axis.

The tes. plan consisted of: (1) evaiuation of the basic handling quali-
ties, (2) investigation of the characteristics and requirements associated with
visual approaches to a vertical and short landing, and (3) evaluatiomns of the
effects on aircraft control and task performance resulting from major failures.
The basic handling qualities were evaluated in hover, at discrete speeds, in
transition and conversion, and in aerodynamic flight to 300 knots. Mission
tasks, representative of NASA's typical research mission, were performed to
study the takeoff and landing characteristics. While performing the mission
tasks, engine and CAS failures in flight were simulated.

MCDONNELL AIRCRAFT COMPANY
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One NASA, two NATC, and two MCAIR pilots participated in the evaluations,
All five pilots had previous V/STOL flight experience, and four of the five
Pilots have flown the AV-8A aircraft,

The simulation test program was highly successful with adequate coverage
for all major areas of interest. Pilot general opinion of the simulator, the
simulated model, and the test setup was favorable and highlighted by enthusi-
astic participation in the program,

The FSAA and the computer equipment functioned reliably throughout the
simulation. One hundred ninety simulation flights were completed for a total
of 25 hours of data taking on the motion base. 4n additional 10 hours with
motion and 5 hours fixed base were used for pilot familiarization.

Some shortcomings in the simulator visual display, cockpit controls, and
the head up display were encountered which detracted somewhat from the overall
simulation results. The visual scene was too restricted for the mission tasks.
At airspeeds of 200 knots or more it was nearly impossible to turn within the
confines of the terrain map. The power management quadrant lever geometry was
somewhat awkward, detents were incorrect, and the vector lever drive motor was
not functioning. A head up display was not planned for these gimulation tests
but was later added at pilots' request before start of data taking., The HUD
symbology was developed for a different simulation program and was therefore
not optimized for the mission tasks of thisg experiment.

Despite the above shortcomings, which in themselves provide a lesson for
future test programs and simulator hardware setup, the test results vield many
valuable recommendations for further design and development of the RTA flight
control system. The major results are briefly summarized as follows:

Hovering

1. All pilots were pleased with the aireraft's flying qualities with the
CAS engaged. Average pilot rating was about 2 on the Cooper-Harper
scale for the hover task without wind, and about 3 with a 15 knot wind
and turbulence. The attitude command control augmentation system is
credited for the favorable pilot opinion.

2. The most notable adverse characteristic in hover was a negative
weathercocking tendency due to the momentum drag on the 1ift fan
inlet. Another annoying characteristic was the overshoot in yaw
rate for pedal input. Two of the five pilots thought the throttle
sensitivity was somewhat too high and roll sengltivity too low.

MCDORINELL AIRCRAFT CORMPANY
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3. Thrust vector change was preferred to pitch attitude change for
longitudinal tramslations. Vector angle could be changed more
quickly than pitch attitude which resulted in better translational
Tesponse.

4, 'The aircraft could be hovered and landed without control augmenta-
tion. Pilot ratings were 6-7 for hovering without roll CAS, 5-6
without pitch CAS, and 4 without yaw CAS. With all control augmenta-
tion disengaged the average pilot rating was about 7 for the hover
task.

5. With CAS engaged the only difference noted between the gas fan air-
craft and the mechanical fan aircraft was the higher thrust-to-weight
ratio in the gas fan aircraft. Some pilots said this made the gas
fan aircraft slightly easier to hover than the mechanical fan air-
craft. Average pilot rating for the mechanical fan RTA in hover was
about 2 to 3.

6. The mechanical fan aireraft seemed easier to hover CAS off and was
thought to ba due to 1fver control lags. It must be noted, however,
that up to 10% thrust modulation the control response 1is basically
the same in both aireraft.

Transition

1. The mode change from attitude command below 35 knots to rate-command/
attitude hold above 35 knots was unsatisfactory. As long as the pilot
was not maneuvering during mode change, everything was satisfactory.
During maneuvering flight, however, the mode change could result in a
severe transient depending on the magnitude of the maneuver. A gradual
rather than a discrete switchover is recommended.

2. Flying qualities in the 60 to 120 knot speed range were very good.
Overall pilot ratings with CAS engaged and no wind were 2 to 3. Atti-
tude hold mode of the CAS reduced pilot workload to a low level, and
turn coordination characteristics were very good.

3. 1In the 60 knot speed range large commanded power changes coupled some
changes in pitch attitude. A reduction in power causes a rapid
increase in sink rate which tends to pitch the aircraft nose up.
There is some direct thrust moment effect, but most of the pitch

coupling is due to momentum drag on the lift fan,
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The.side veloeity feedback in the yaw CAS is very effective in pro-
viding low speed turn coordination, but sensitivity to turbulence
seemed to be increased.

Turn coordination at 150 knots was not as good as at the lower air-
speeds. The pilots also noted a presence of negative dihedral effect
at thot speed. Scheduling of yaw CAS gains with alrspeed and vector
angle 1is condition requires further study.

The pitch attitude hold mode was not as effective as the pilots would
have liked it to be. The system failed to hold the exact pitch atti-
tude existing at stick release. This problem was attributed to

unsatisfactory stick centering and subsequent drift in the simulator.

7. The flying qualities in the 60-150 knot speed range are acceptable
with the roll or yaw CAS disengaged. With pitch CAS off, however,
the pilots indicated the possibility of losing control of the ailreraft.
Conversion
1. The conversion from powered-lift flight to aerodynamic f£light and the

reconversion from aerodynamic flight to powered 1lift were easy to’
perform and received pilot ratings of 2-3. Conversion and reconver-
sion were generally performed at 180-240 knots and required little
pilot workload. As lift/cruise fan vector angle was decreased from
30° to 0°, the 1ift fan was automatically shut down gradually and the
third gas generator reduced to idle. The main pilot effort was
changing pitch attitude to generate additional wing 1ift as the
powered lift decreased to zero. Pilots suggested additional studies
to determine the best combination of airspeed, power, flap, and pitch
attitude so that conversion could be performed with minimum pitch

change.

Aerodynamic Flight

1.

Flying qualiites in aerodynamic flight at 200 and 300 knots were good

but with some annoying deficiencies noted. Roll control was sluggish

at 200 knots, too abrupt at 300 knots. Roll contrel at 300 knots was

given a pilot rating of 5. It may be necessary to use a roll CAS pre-
filter or gain variation with airspeed.

Flying qualities with CAS off in conventional flight were generally

acceptable,

RICDONNELL AIRCRAFT CORMPFARY
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The math model originally contained an angle of attack limiter, which
was later removed because it restricted low speed approach to a com-
ventional landing. The need for an o limiter is not certain. The
aircraft becomes statically unstable for o greater than about 14° but
the CAS stabilizes the aircraft. Even with CAS disengaged, the air-
craft could be controlled at all high angles of attack investigated.

Mlission Task Performance

ll

The mission task performance was satisfactory except for the diffi-
culty in performing the task within the confines of the visual scene.
Average pilot ratings for the tasks were 2-3., Tasks involving wvertical
takeoffs and landings received the most favorable comments. There was

no significant difference between the gas fan aircraft and the mechanical

fan aircraft in the performance of the RTA mission tasks.

Fngine Failures

1.

Engine failures were controllable at any point in the mission task.

The f£light could be aborted or continued after the failure at pilot's
discretion,

On two occasions the pilot attempted a very rapid descent and decelera-
tion by reducing thrust om all fans to jdle and selecting 90° thrust
vector angle. As alrspeed decreased, the pilot eventually lost control
as the aerodynamic control surfaces lost effectiveness. Though maneuver
such as this is not envisioned operatiocnally, nevertheless it should

be considered if some preventive measure is necessary to preclude such

power reduction in flight.

Thrust Vectoring Rate

l'

A brief investigationm, not included in the test plan, was conducted to
study the effects of reduced thrust vectoring rates on RTA mission per-—
formance and handling qualities. The nominal maximum thrust vectoring
rate is 50 degrees/second. Mission tasks were flown with maximum vec-
toring rates of 25, 13, and 5 degrees/second. With a maximum rate of
25 degrees/second there was no apparent degradation in performance

of the mission task or the associated handling gqualities. At

15 degrees/second some degradatiom in task performance was apparent.

A maximum rate of 5 degrees/second was too slow and the pilots could

no longer perform transitions satisfactorily. It must be emphasized,

however, that these test results are not generally conclusive

RMCDONNELL AIRCRAFT coMPANY
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especially with respect to operational conditioms. The thrust-to-
weight ratio and mission tasks are not representative of an opera-
tional aircraft., Therefore, a more comprehengive operational evalua-
tion ig required.

Overall, this simulation program demonstrated a basically sound approach
in aircraft and control system design, provided direction for further analysis
and design studies, and provided a comprehensive and efficient mathematical
model for future programs. The pilot ratiags and comments along with other
recorded data comprise a data bank from which important conclusions and guide-
lines for future design, analysis, and implementation effort can be drawn.
Perhaps the most important conclusions with respect to the RTA are:

1. Both the gas-ccupled and the shaft~coupled systems can provide good

aireraft control characteristics.

2. The dual CAS flight control system falls short of the desired fail

safe performance.

The dual CAS flight control system, evaluated in this simulation experi-
ment, was considered a possible candidate for a cost saving approach to the
RTA program. The summary of results with respect to this evaluation are showm
in terms of the Cooper-Harper categories in the chart of Figure S5-1. As the
chart points out, roll CAS failure in hover and pitch CAS failure in tramsition
or conversion results in control characteristics which are unacceptable and
dictate improvement for safety of flight. The most direct approach to achieve
the desired level of improvement is through the addition of a third control
channel. This very significant conclusion substantiates MCAIR's recommendation

of a triplex control-by-wire flight control system for the RTA.
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FIGURE S-1
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1. INTRODUCTION

This report documents the results of flight simulation tests of a
Lift/Cruise Fan V/STOL Research Technology Aircraft (RTA). The tests were
conducted on the Flight Simulator for Advanced Aircraft (FSAA) at the NASA
Ames Research Center in September 1976.

The RTA was mathematically modeled in two versions, a gas—-coupled and
a shaft-coupled version. The mathematical model definition and all asso-
ciated programming information are documented in a separate report
(Reference 1).

The simulated flight control system is a direct mechanical or electrical
1ink from pilot's controls to the thrust and moment producers, augmented with
a dual channel control augmentation system (CAS). This flight control system
was selected as a potential cost saving approach and, at the initiation of
this simulation program, was considered to be the minimum acceptable flight
control system for the RTA. Although it is not a MCAIR recommended systen,
its evaluation, nevertheless, establishes a referemce for further development
of a suitable flight control system for the RTA.

The RTA £light control system design and mathematical model formulation
are based on valuable V/STOL simulation experience obtained during a series of
simulation tests of the MCAIR Model 253 aircraft at NASA Ames Research Center.
The Model 253 was a 6 engine/6 fan V/STOL tramsport type research aireraft
design. The first simulation tests were performed on the S.01 motion base
simulator in 1971 and are reported in Referemces 2, 3, and 4. A second
simulation program was conducted in 1972 on the FSAA and is reported in
References 5 and 6. The final Model 253 simulation experimemt, which was
completed in 1973 using the FSAA, integrated the flight control system with
advanced cockpit displays for performing decelerating instrument approaches to

a vertical landing (References 7 through 10).

MOCDONNELL AIRCRAFT COMPARNY
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2, THE SIMULATOR

The Flight Simulator for Advanced Aircraft (FSAA) is a six-degree~of-
freedom moving base simulator shown in Figure 2-1. The motion capabilities
of this simulator are listed in Figure 2-2. The equations of motion are pro-
grammed on the Homeywell Information Systems (HIS) Sigma 8 digital computer
with appropriate simulator motion scaling and washouts.

The simulator cockpit is a transport crew station containing slde-by-side
geating., The instruments and controls were mounted on the right side. Visual
scenes were provided by a Redifon visual attachment at both sides of the crew
station. The Redifon terrain map contained a conventional runway, a STOL
runway, a VIOL port and a destroyer sized ship capable of roll, piltch and
heave.

The crew station primary controls consisted of the control stick, rudder
padals, and a left hand power management quadrant. The FSAA has an adjustable
control stick and rudder pedal feel system. This system was adjusted to
provide the desired stick and rudder pedal force gradients.

A head-up display (HUD) was generated on the IMLAC computer, interfaced
with the Redifon visual display, and superimposed on the visual sczne.
Operational instruments were installed on the instrument panel. The crew
station is described in greater detail in Section 4,

The aircraft equations of motion for this simulation were programmed on
1he HIS Sigma 8 digital computer in sufficient detail to represent the
dynamics of the control system including actuators, gas generators, and fans.
Power transfer characteristics through gas ducts in the gas-coupled system, and
high speed shafts with fan blade variation in the mechanically-coupled system
were also simulated. A six-degree—of-freedom digital computer program, written
to a similar level of detail, was used at MCAIR to generate program check cases

for simulator checkout,

MCDONNELL AIRCRAFT COMPANY
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FIGURE 2-1
FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT

FIGURE 2-2
FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT - PHYSICAL CHARACTERISTICS
Motion O i Blial A ocel . Valoe Frequency at
otion .enerate H ISP acement cceleration elocity 300 Phase Lag
Roll +45° 4 radlsecg 1.77 rad/sec 3.1 Hz
Pitch +22%° 2 rad/sec 0.70 rad/sec 1.5 Hz
Yaw +30° 2 rad/sec? 0.70 rad/sec 1.7 Hz
Vertical £5ft 12 ft/sec? 8.65 ft/sec 2.2 Hz
Longitudinal +a 10 ft/sec? 6.32 ft/sec 1.8 Hz
Lateral +50 ft 12 ft/sec? 17.00 ft/sec 1.0 Hz
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3. THE SIMULATED ATRCRAFT

The simulated aircraft is a Lift/Cruise Fan V/STOL Research Technology
Aircraft (RTA). The aircraft is powered by three turbojet engines which drive
three fans, one of which is a 1ift fan located in the forward fuselage and
is used only during the powered-lift phase of flight., This 1lift fan is shut
down during aerodynamic flight and its air exit is closed to reduce drag. The
other two fans, called the lift/cruise fans, are installed at the wing roots
and are used during both the powered 1lift and aerodynamic flight phases., The
exhaust nozzles of the lift/cruise fans can be deflected such that the fan
thrust can be directed at any angle between vertical for hover and horizontal
for aerodynamic flight. 1In addition, the thrust from all three fans can be
vectored side to side for lateral translation (side force) or yaw control.

Two different versions of the alreraft, differing in the methods of power
transfer, were simulated. In one system, the power 1is transferred from the gas
generators to the fans by means of gas ducts which supply high enerpgy heated

air to drive tip turbines om the periphery of each fan. This configuration is

- referred to as the gas-coupled system. The other configuration utilizes

ﬁechanical transfer of power through Interconnecting shafts with all fans
operating at the same rotational speed. This configuration is referred to as
the shaft-coupled system.
3.1 GENERAL DESCRIPTION

The gas—coupled system is shown in Figure 3-1 where the gas ducts, which

transfer energy from the engines to the fans, and the engine and fan locations
are shown in detail. The shaft-coupled aircraft is shown in Figure 3-2, with
engine and fan locations and some of the power transmission included.

Powered~lift and aerodynamic flight envelopes are presented in Figure 3-3

J Y ]

for the simulated RTA. The envelope applies specifically to a 28,000 1b aircraft

at intermediate thrust and at standard atmospheric conditions. The simulation
tests, however, are based on a 90°F tropical day. The powered lift envelope is
for three gas generator/three fan operationm; the aerodynamic envelope is for
two gas generator/two fan operation.

3.2 AIRCRAFT CONTROL

The aircraft control system for the simulated Research Technology Aircraft

is based on a three engine/three fan configuration using fan thrust modulation

and vectoring in addition to conventional aerodynamic contrel surfaces. The

MCCONNELL AIRCRAFT COMPARNY
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alrcraft is accelerated from hover through transition by appropriate vectoring
of the fan thrust, commanded by the pilot by means of the thrust vector lever.
During low speed flight, control moments are gemerated by differential fan
thrust modulation for Pitch and roll, and differential thrust vectoring for
yaw control.

Differential fan thrust modulation in the gas-coupled system is achieved
by means of the Energy Transfer and Control (ETaC) system. Valves, located at
the inlets to the tip turbine of each fan, control the transfer of energy through
the interconnecting ducts between the fans to accomplish the desired thrust
changes. Partial closing of the ETaC valve at ome of the fans causes the thrust
of all the other fans to increase without a substantial change of thrust at
that fan. The result is a net increase in total 1ift. The ETaC aystem is
therefore effectively implemented in conjunction with a fan Thrust Reduction
Modulation (TRM) system to provide greater thrust differential for control
moments and better control respcase while maintaining constant total 1ift.
Coordination of all three ETaC valves and TRM devices is provided to achieve
aircraft control with minimum coupling between attitude control and total lift.

Yaw control is provided by laterally vectoring the thrust of the lift and
lift/cruise fans differentially, such that the horizontal components of the
1ift vectors produce a yYaw moment on the aircraft. To yaw right, for example,
the fan flow of the forward fuselage mounted lift fan is deflected to the left
so that the horizontal component of thrust is a force which moves the nose of
the aircraft to the right. Simultaneously, flow of the 1ift/cruise fans is
deflected to the right such that the side force moves the aft fuselage to the
left, The effective deflection angles required are small so that negligible
total 1ift losses result during yaw control applications.

Stabilator, ailerons, and rudder provide aircraft pitch, roll, and yaw
control throughout the aerodynamic flight envelope and part of the powered 1lift
flight envelope. All of these control surfaces are actuated by irreversible,
hydraulically powered actuators. Thrust is generated in aerodynamic flight by
two lift/cruise fans powered by two gas generators. Control of thrust is pro-
vided by means of a pover lever located on the left of the pllot's seat.

3.3 THE FLIGHT CONTROL SYSTEM (FCS)

The simulated flight control system 1S an alternate system which has been

proposed for the RTA as a potential cost reduction approach. The system is

dual~channel using two £light control system computers which are cross-channel

MCDOMNMNELL AIRCRAFT CORIFANY
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monitored. A failure of a motion sensor, computer or servo causes disengagement
of the stability and control augmentation system and the pilot assumes open

loop control of the aircraft. The major functions provided by the Control
Augmentation System (CAS) are described as follows:

Pilot command of pitch and roll attitude provides superior VIOL handling
characteristics at airspeeds near hover. In this mode pitch and roll attitude
changes are proportional to comtrol stick displacements. Feedback signals of
pitch and roll attitude and pitch and roll rate are used to effect attitude
stability and proper aircraft attitude response. At speeds of 30-40 knots and
above, the pilots prefer to command aircraft rate rather than attitude, Pitech
and roll rate feedback signals are used to provide aircraft rate regsponse
proportional to stick displacement during maneuver control inputs. The attitude
feedback signals are used only during steady state £light to provide attitude
hold for pilot workload reduction. The flight control system operation is
mechanized through the powered 1ift control and the aerodynamic control surfaces.
‘This provides a smoother transition, as the powered 1ift controls are phased
out and the aerodynamic controls become more effective, and insures continua-
tion of good control and stability through conversion. TForward and rate feed-
back gains are scheduled as a function of commanded thrust vector angle.

The outputs from the pitch and roll FCS channels are utilized as input
into the manual control system.

Directional control is augmented by a yaw rate command system which pro-
vides lateral-directional stabilization and good directional control character-
istics at hover and low speeds when the system operates mainly through the 1ift
fan thrust deflection system.

A roll-to-yaw interconnect system coordinated with feedbacks of lateral
acceleration and side velocity are used to provide turn coordination. This
mechanization is particularly important because the turn coordination require-—
ments change drastically with airspeed, particularly in the 0 to 100 knot range.
At speed approaching hover, approximately 30-40 knots, coordinating of turns

must yield to a pure sideslip mode of comntrol.

MOCDONRIELL AIRCRAFT COMPANY
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4, CREW STATION

The simulated aircraft has a two-place cockpit with side-by-side seating.
Both sides would normally be equipped with duplicate instruments and controls.
ta the simulator, however, only the right seat is equipped. The following
paragraphs describe the basic controls, imstruments, and arrangement of the
erew station in this simulation experiment.
4.1 CREW STATION ARRANGEMENT

The basic controls consist of a control stick, rudder pedals, and a
left-hand power management quadrant. A plcture of the cockpit 1s shown in
Figure 4-1. Specific attention is focused on the power management quadrant,
the throttles, and the propulsion system status display. These items are
basic to conversion, and the pilot's conversion procedures and subsequent
discussions are referred to thils arrangement.

The power management quadrant consists of a master power lever for height
control and a transition lever for thrust vector control. The transition lever
is mounted on the left of the power lever. A soft detent in its travel is
provided at the hover vector angle which provides the pilot with a reference
point when hovering. A hard detent is provided at 30 desgrees which requlres
deliberate action by the pilot when performing cenversion to aerodynamic flight.
The transition lever cam also be driven by an electric motor controlled by a
thumb-operated switch on the power jever. The power lever is also equipped
with a thumb button for direct side force control. Movement of the button
sideways causes the yaw vanes to move collectively in the same direction to
produce a side force on the aircraft. This permits lateral translation in
hover without banking the aireraft.

Figure 4~1 shows an additional lever mounted to the right of the master
power lever. This lever was installed for a previous simulation experiment
which used the same cockpit arrangement. This lever was mnot used during this
simulation.

The three individual throttle levers are used only for engine startup
and shutdown. In the actual aireraft, the individual throttles will be
mechanically coupled to the power jever and will normally follow the power
jever motion. In the simulator, the individual throttles were not physically
coupled to the power lever. Instead, appropriate mathematical logic was

provided in the computer.

MCDONNELL AIRCIRAFT CORTPARIV
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FIGURE 4-1
SIMULATOR COCKPIT
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Gas generator and fan tachometers are provided on the instrument pamel to
permit pilot monitoring of engine and fan performance.
4.2 THE INSTRUMENT PANEL

The instrument panel, shown in Figure 4-2, is equipped with conventional
instruments including an ADI and an HSI providing heading, lateral deviatiom,
vertical deviation, and range information. Other instruments include baro-
metric altimeter, radar altimeter, rate of climb, alrspeed, angle of attack,
sideslip, turn and slip, vector angle, and trim usage indicators. Three engine
RPM and fan RPM gages and a flap position indicator are also provided. Various
indicator lights are also provided. Three engine failure lights are installed
on the power management panel. Mode select and failure indicators are provided
for three axes of CAS engagement. Lights are also used to indicate status of
the landing gear, fan doors, height damper, and CAS attitude/rate mode,

4,3 THE HEAD-UP DISPLAY

The head-up display provided essential information for piloting the air-
craft. The basic display consists of an airplane symbol, horizon indicator,
velocity vector indicator, pitch ladder, and scales of airspeed, rate of
descent {or climb), and heading. Altitude, airspeed, thrust vector
angle, and engine power are displayed in digital form; and 1ateral accelera-
tion is imdicated by a circle/bar display just below the headiﬁg scale.
Alrplane pitching is indicated by up-down motion of the horizom indicator
and pitch ladder with respect to the airplane symbol, while rolling is showm
by tilting of the horizon indicator and the pitch ladder. The basic format
is shown in Figure 4-3.

MODORAMELL AIRCRAFT COMPARY
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5. TEST PROGRAM

Flight simulation tests were performed on the NASA Flight Simulator for
Advanced Aircraft (FSAA) at the Ames Research Center. The test program con-
sisted of the following four parts:

1. Evaluation of the basic handling qualities of the Lift/Cruise Fan

Research Technology Aircraft

2. Investigation of the characteristics and requirements associated with

visual approaches to a vertical landing

3. Evaluations of the effects on aireraft controllabilicy and task per-—

formance resulting from certain fallure modes

4, Experiments in special cases of interest
This test plan was used with both the gas-coupled and shaft-coupled versions
of the RTA.

5.1 HANDLING QUALITIES EVALUATION

The handling qualities evaluations were broken down into four separate
tasks to cover the flight envelope of the RTA. The four handling qualities
evaluation tasks were the following:

1. Hover

2. Discrete transition speed

3. Transition and conversion

4. Aerodynamic flight
5.1.1 HOVER - The FSAA is a six-degree-of-freedom motion base simulator with
a closed transport-type crew station. The motion is scaled to correspond with
a special hover display in the form of a VTOL port which is projected on a CRT
in the crew station. During these evaluations the pilot was asked to make
some allowance with respect to the visibility constraints which will not be
present in the actual aircraft. The following maneuvers were performed as a
minimum to evaluate the hovering handling qualities:

i. Deliberate pitch, roll, and yaw inputs to evaluate attitude responsé

of the aircraft

2. TForward-aft translation, using the tramsition lever

3. Forward-aft translation using pitch attitude changes

4. Side-to-side translation by roll attitude changes

5. Side—to-side translation using side force control

6. Height control inputs

MCDONNELL AIRCRAFT CORPARNY

15




MDC A4439

7. 180° turnaround and 360° turnaround

8. Spot hover in crosswind and turbulence
A1l flights were performed with CAS engaged and no wind except in cases where
significant information could be gained from studying wind effects and CAS off
overation,
5.1.2 DISCRETE TRANSITION SPEED EVALUATIONS - It was importamt that adequate
test time was allotted to the transition flight regime because of the inter-

action of many variables affecting the characteristics of flight and handling
qualities of the aircraft in that region., To emsure that this regime of flight
was properly evaluated, it was necessary to stabilize the alirveraft at selected
airspeeds and perform a number of controlled maneuvers. The airspeeds selected
were 60, 90, 120, and 150 knots. At each airspeed the pilot was asked to
perform appropriate maneuvers and evaluate the following:

1. Holding attitude, altitude, and heading

2. Responses to pitch, roll, and yaw inputs

3. Intentional sideslipping

4, Turn coordination

5. S8teady turns

6. Climb and descent
All flights were performed with CAS engaged and without wind unless specifically
required for a meaningful evaluatiom.
5.1.3 TRANSITION AND CONVERSION - To evaluate the overall characteristics in

transition between hover and cruise the following tasks were performed:

1. Establishk hover

2. Accelerate to conversion speed

3. Comnvert to aerodynamic lift flight

4, Accelerate to 300 knofs

5. Decelerate to reconversion speed

6. Reconvert to powered 1ift flight

7. Decelerate and reestablish hover
These evaluations were performed with CAS engaged in calm and windy conditions
to obtain a more meaningful overall evaluatiom.
5.1.4 AERODYNAMIC FLIGHT - The pilot was asked to perform appropriate maneuvers
to evaluate the six characteristics listed im Sectiom 5.1.2 at 200 and 300

knots airspeed.

MCOCDONMNELL AIRCRAFT CORMPANY
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5.2 MISSION TASKS

This part of the program was intended to investigate specific operational
characteristics and problems associated with a visual approach to a vertical
landing without outer loop guidance. The task is shown in Figure 5-1 and i
consisted of the following: :

1. Take off vertically or short, transition, and comvert to aerodynamic ﬂ

flight

2. Accelerate to 300 knots and climb to 1000 feet

3. Fly to a specific I.P. on a specified heading

4. Decelerate and convert to powered 1ift flight at 1000 feet when

landing site is at the proper (visually estimated) range

3. Approach to hover at 100 feet over landing spot

6. Make vertical descent and touchdown
The takeoffs for this task were split about equally between vertical and short.

Note that this experiment was specifically oriented to study pilot work-
load, vectoring rates, takeoff and landing time, and touchdown accuracy. These
tests were performed with CAS engaged and varying wind conditions.

3.3 FAILURE MODE STUDY

This part of the simulation program was devoted to evaluation of the

effects of potential system failures on the control characteristics and opera-
tional capabilities of the aircraft. To conduct this part of the simulation,
failures were simulated at various points during the performance of the takeoff
and landing approaches described in Section 5.2.

The control augmentation system 1s at least dual channel in 2ll safety
of flight affecting areas. Critical CAS failures therefore constitute loss
of CAS in one affected axis at a time.
5.4 SPECIAL CASES

Sufficient time was allowed in formulating the test plan to study areas

of speclal interest such as an alternate yaw control concept, thrust vectoring

rates, and effect of control system lags on handling qualities.

5.5 EVALUATING PILOT BACKGROUND :
Two McDonnell Douglas test pilots (A and B), one NASA pilot (C), one USMC E

pilot (D) and ome USN pilet (E) participated in the simulator evaluations of

the RTA. Pilot A has extensive flight experience in fighter aireraft with some

time in helicopters and other aircraft. He has considerable flight time in the
AV~BA Harrier. Pilot B is also an experienced fighter test pilot with time

MCDONNELL AIRCRAFT COMPARY
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in the AV-8A. Pilot C is an experienced test pilot with vast experience in
helicopters and vectored thrust V/STOL aircraft. Pilot D is an experienced
pilot with operational AV-8A experience and time in the VAK-191B., Pilot E
is also an experienced pilot with AV-8A operational experience.

Pilot ratings presented in this report are according to the Cooper-Harper
scale shown in Figure 5-2.

Time histories of various aircraft and control system motlon parameters
were recorded during the simulation flights using 24 strip chart recorder
channels. Time histories for selected flights are presented in various
figures throughout this report. The recorded parameters were multiplexed
(two different parameters recorded on a single channel) as shown on the
sample time history of Figure 5-3. The two signals are labeled "long" and
"short" indicating that the recorder pen spends a longer amount of time
recording the "long" signal and a shorter amount of time recording the
"short" signal. The "long" signal has the appearance of a solid line, while
the "short" signal is the locus of the pulse peaks. Where posible, variables
are chosen to be mutually complementary. For example, flight director
commanded bank angle and actual bank angle may be presented on the same
channel so that an error will be represented by the spacing between the two

signals,

MODONNELL AIRCRAFT COMPANY
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FIGURE 5-2
HANDLING QUALITIES RATING SCALE
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6., HANDLING QUALITIES IN HOVER

A series of simulation flights was conducted to investigate the ailrcraft
handling qualities in hover. The task consisted of hovering the aircraft over
one end of the runway using the visual display. The maneuvers listed in
Section 5.1 were performed.

Most flights were made with CAS engaged without wind and turbulence. Some
flights were performed with turbulence and wind from various directioms to
determine the effect on flying qualities. The effect of CAS failures on
handling qualities in hover was simulated by disengaging the CAS, cne axis at
a time, and sometimes by disengaging the CAS in all three axes simultaneously.
A special study was made to determine the effec of existing control system
lags on CAS off flying qualities.

6.1 HANDLING QUALITIES IN HOVER « CAS ON

A1l pilots were pleased with the aircraft's flying qualities in hover with
CAS on. Average pilot rating was about 2.0 on the Cooper~Harper scale for the
hover task without wind. This is attributed primarily to the attitude command
control augmentation system., Since the airplane is attitude stabilized, it is
not necessary for the pilot to make continuous control inputs to maintain
attitude, Anytime the stick is centered, the aircraft returns to the nominal
wings-level attitude. The hover task consisted mainly of making small changes

in roll and pitch attitude to maintain desired position over the ground.
Time history traces of a typical hover task are shown in Figure 6-1.

6.1.1 NOMINAL HOVERING ATTITUDE - The pitch attitude command system was

originally designed so that the aircraft would return to zero pitch attitude

with the stick released. However, the RTA landing gear geometry was such that
a zero pitch attitude landing resulted in a nose-wheel-first touchdown which is
not desirable. To preclude this and to eliminate the need for the pilot to
increase pitch attitude for landing, a bias was added to the pitch feedback in
the attitude command mode. This results inm a 5 degree nose up attitude during
vertical takeoff and landing when the stick is centered as shown in Figure 6-1,

The 5 degree nose up bias has an additional advantage. On vertical take-
off there is no pitch attitude change on liftoff since the airplane will
maintain approximately the initial ground attitude. With a nose up attitude
following vertilcal takecff, the wing is already at an angle of attack
conducive to generating 1lift during transition.

The disadvantage of the bias is a nose high hovering attitude with reduced
over the nose visibility. While over the nose look-down angle could not be

MCDOMNNELL AIRCRAFT CORMPANY
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accurately represented in the simulator, it must not be lgnored on the actual
aircraft. Desired nominal hover attitude and aircraft ground attitude require
additional study. Other comnsiderations should include nose wheel liftoff
during short and conventional takeoff and possible exhaust gas reingestion.
6.1.2 NEGATIVE WEATHERCOCKING IN HOVER - A noted hover characteristic was a

negative weathercocking tendency which was due to the momentum drag om the 1ift

fan inlet. For example, when the aircraft was hovering in a left crosswind,
the momentum drag on the nose fan inlet caused the nose to yaw to the right.
The lift/cruise fan inlets had only a slight positive effect on the weather-
cocking tendency due to theilr proximity to the aircraft center of gravity.

The negative weathercocking tendency showed up also during the side-to-
side tramslations. When the alrcraft rolled and translated to the right, the
nose tended to yaw left (see Figure 6~1). On occasion, this problem was
described by the pilots as roll-yaw comntrol coupling, but further imvestigation
isolated the problem as negative weathercocking. This control characteristic
was annoying, but did not interfere with the ability to perform the hover task.

The weathercocking tendency can be remedied. A high gain prefilter model
following type control system will reduce the apparent weathercocking. In the
simplified RTA system, however, a heading hold mode, which uses feedback of
heading change in the yaw axis, could be used to control the weathercocking
tendency.

Another problem, which the pilots described as annoying, was noted as an
overshoot in yaw rate for a pedal input. When the pilot simulated a g:ep pedal
input, the airplane established a steady yaw rate. When the input was removed,
the yaw rate returned to zero but with an overshoot to a negative value which
caused a slight reversal in heading. A suitable gain change in the yaw CAS to
produce an overdamped response 1s being considered.

6.1.3 LONGITUDINAL TRANSIATION IN HOVER -~ Thrust vector angle change was pre-

ferred to pitch attitude change as means for longitudinmal translation in hover,

Vector angle could be changed more quickly than pitch attitude which resulted
in better translational response. There were some pilot comments indicating
that the longitudinal response due to pitch attitude changes seemed much less
than they experienced in other aircraft. However, longitudinal acceleration
due to pitch attitude change in hover is an inertial effect and should not

depend on aircraft configuration. It 1s possible that camera motion lags in

the visual display contributed to this sensation. There was a discernible lag

MCDORMELL AIRCRAFT COMPANY
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between the motion of the simulated aircraft, as generated by the computer, and
the motion as seen from the display.

The height damper contributed favorably to the pilot's ability to perform
the longitudinal translations by means of the thrust vector lever. Trans-
lating by means of thrust vector changes required the pilot to shift his hand
from the power lever to the thrust vector lever. The height damper, by making
small continuous adjustments in engine power in response to fluctuatioms in
vertical rates, reduces the need for frequent power adjustments by the pilot
while performing fore-aft translations.

Pilots further indicated that it would be desirable to have an additional
longitudinal force controller similar to the sideforce controller. Some pilots
thought the direct force controller should be located on the stick rather than
on the power lever since the stick is normally used to make fore-aft and side-
to-side translations when using piteh and roll attitude changes., Also, the
stick mounted controller would yeild a more equal distribution of workload
between the pilot's two hands due to the low workload needed for controlling
attitude with an attitude stabilized control system.

While doing the fore-aft hover translations using the thrust vector lever,
the pilots expressed a need for a positive, precise hover stop. The hover
stop is required to be able to return the thrust vector quicklﬁ to the hover
position entirely by feel. A lift-over type braking stop as used on the AV-8A
may be applicable for the RTA.

6.2 HANDLING QUALITIES IN HOVER - CAS OFF
Several simulation flights were made with CAS off to investigate the

effect of CAS failures on aircraft controllability. The primary objective of

these flights was to determine if the airecraft could be landed safely under
emergency conditions after partial or total CAS failure. A typical hover task

without CAS is shown in Figure 6-2.

The Lift/Cruise Fan Research Technology Aircraft has a dual channel
control augmentation system in all three axes, The two channels in each axis
are comparison monitored so that any component failure will cause CAS dis~
engagement in that axes. The possibility of loss of CAS in all three axes
simultaneously is considered extremely remote.

6.2.1 SINGLE AXIS CAS FATLURES - Both the shaft-coupled fan version and the
gas-coupled fan version of the RTA could be hovered and landed with the CAS

failed in any axis. Roll was the most difficult axis to contrel without CAS

and received of pilot rating 6-7 for hovering, With the pitch CAS failed,
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average pilot ratings were 5-6. It is probable that the airplane was easier

to control in pitch than in roll because small changes in pitch attitude could :
be detected more readily than corresponding changes in roll. Both the visual §
out-of~the-window display and the HUD provide better angle resolution in pitch ?
than in roll. Pitch changes can be detected as vertical movement of the horizon
relative to the fixed TV display or HUD, but tilting of the horizon is more |
difficult to detect.

Hovering without the yaw CAS received pilot rating of 4 for the task. The
most difficult aspect of the yaw control task was compensating for the negative
weathercocking tendency. The ease with which the aircraft could be controlled
in yaw, as compared with roll and pitch, is due to the low control lags in the
vaw axis, and the fact that yaw angle does not cau.e aircraft translation and
does not have to be adjusted continuously as does pitch and roll.

6.2.2 HOVERING WITH ALL CAS DISENGAGED - Both the gas-coupled fan version and

the shaft-coupled fan version of the aircraft could be hovered and landed with

all control augmentation systems disengaged. The pilot workload was intense
and the average pilot rating was about 7., It is suggested however that the
hovering task should be somewhat easier to perform in the real aircraft than
in the simulator due to the typical lack of fidelity in the out-of-the-window
display and the lack of peripheral visual cues in the simulator,

6.3 EFFECT OF WIND AND TURBULENCE ON HOVER TASK

The effect of wind and turbulence on aircraft flying qualities in hover
was investigated with and without the control augmentation system engaged. Wind
velocity was 15 knots and the turbulence was random with a 5 feet per second
RMS intensity. The aircraft was hovered with the wind from various directions.
A typical hover flight in wind and turbulence is shown in Figure 6-3.

The wind increased pilot workload but did not significantly influence the
pilot's ability to perform the task. With CAS om, the average pilot rating for
the hover task deteriorated from 2 to 3. Insufficient data was recorded with
CAS disengaged to establish a numerical degradation in pllot rating due to wind
and turbulence. Worklead with CAS off was intense and pilots indicated they
could not land with any precision.

ﬂhen hovering in a headwind some pilots would hold the aircraft againsgt
the wind by lowering the nose, as in Figure 6-3, while others would tend to use
thrust vector angle. The thrust vector angle technique was preferred. The
aircraft was hovered in a crosswind by banking into the wind. This also required

pedal input to prevent negacive weathercocking as discussed in 6.1.2. The pilots
MCDORNELL RIRCRAFT COMPANY
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generally preferred to turn the aircraft into the wind and then trim against
the wind with thrust vector angle.
6.4 DIFFERENCES BETWEEN GAS-COUPLED AND SHAFT-COUPLED SYSTEMS IN BOVER

The initial gross weight of both airplanes was 27,500 pounds. At this

welght the shaft-coupled fan aircraft had a 1.1 T/W capability while thz gas-
coupled fan thrust-to-weight ratio was 1.3. Some pilots thought the gas fan
aireraft was slightly easier to hover than the shaft fan aircraft, Average
pilot rating for the shaft fan aircraft in hover was about 3.0. The higher
thrust-to-weight capability seemed to give the pilot more confidence in the
ability to arrest high sink rates close to the ground. While the pilots
generally preferred the higher T/W of the gas fan, two pilots indicated that
the gas fan power lever sensitivity was too high.

One pilot thought the shaft-coupled fan aircraft was easier to hover than
the gas-coupled fan aircraft due to lower control system lags. Another pilot
could tell no difference in hover between the two aircraft other than the
thrust-to-weight difference. In any case the ratings were about 7.

The gas fan RTA uses a 10% TRM preset to sharpen the thrust response of
the thrust increasing fan. The TRM preset on the thrust increasing fan is
initially removed to provide rapid increase in fan thrust, and then the preset
is gradually returned as the fan speed increases. No difference was therefore
programmed between the control responses of the shaft-coupled and gas-coupled
systems for control inputs not exceeding 10% thrust modulation. A difference
in control response was programmed for large control inputs exceeding the TRM
preset as shown in Figure 6-4. Since control inputs exceeding 10%Z thrust
modulation in hover are improbable, any differences noted in handling qualities

in hover cannot justifiably be attributed to control lags,
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7. HANDLING QUALITIES IN TRANSITION

Simulation tests were made at discrete speeds of 60, 90, 120, and 150 knots
to evaluate the handling qualities in the transition speed regime. This speed
range requires careful evaluation because of the interaction of many variables
such as airspeed, angle of attack, vector angle, and power which affect the
characteristics of flight and handling qualities. This is the speed range where
good handling qualities are required for precision landings; and it is also the
speed range where other V/STOL aircraft have experienced difficult handling
problems.

To assure that the transition regime was properly evaluated, the pilot was
asked to stabilize the aircraft at the selected airspeed and perform a series
of controlled maneuvers according to the program plan (Section 5).

The primary evaluations were made with the CAS engaged and without wind or
turbulence. Additiomal flights were performed with wind and turbulence to
determine their effects on handling qualities. CAS failures in tramsition
were also simulated, A 60 kmot evaluation task is shown in Figure 7-].

7.1 HANDLING QUALITIES IN TRANSITION - CAS ON
Flying qualities in the 60 to 120 knot speed range were reported to be

very good. Overall pilot ratings with CAS on without wind were 2 to 3. The
rate command/attitude hold CAS reduced pilot workload to a low level. This
type of control law proved to be well suited for the transition flight regime.
Rate command in pitch and roll provided precise maneuvering to the desired
attitude, and the attitude hold feature reduced pilot workload by maintaining
existing attitude when the stick was centered. The CAS contains a proportional
plus integral controller in each axis which maintains the aircraft in a trimmed
condition.

Turn coordination was satisfactory in the 6Q to 120 knot speed range and
received favorable pileot comments. The yzw CAS uses a blend of side velocity
and lateral acceleration to provide turn coordination. The slide velocity
feedback 1s most effective at the lower speeds where lateral acceleration due
to sideslip is low. At high speeds the lateral acceleration feedback becomes
more effective as relatively small sideslip angles generate substantial lateral
accelerations.

Pilots with considerable operaticnal experience in fixed-wing V/STOL air-
craft feel that 60 knots is an important operational speed where good handling
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is mandatory. They indicate that for an IFR vertical landing, 60 knots is

the speed they would prefer to maintain until break out of low cloud cover
where they would then complete transition to hover and land. This speed

appears to be a good compromise between a speed which is low enough to provide
sufficlient reaction and decision time under low visability conditions and a
speed which is high enough to keep exposure time and fuel consumption to some
satisfactory level. Since the handling qualities at this speed were satis-
factory the simulated aircraft received mamy favorable pilot comments.

7.1.1 INTENTIONAL SIDESLIPS - Intentional sideslip maneuvers were satisfactory.

The feedback of side velocity in the yaw CAS resulted in a steady state sideslip
angle proportional to rudder pedal deflection. At 60 knots, full pedal input
gave about 20 degrees sideslip amgle. Roll due to sideslip was almost neglipible.
The dihedral effect of the basic aircraft was relatively low which was further
controlled by the roll attitude hold CAS.

To establish a steady sideslip, the pilot held a rudder pedal input and
rolled the airplane in the opposite direction to a bank angle which kept the
airplane from turning. Once the bank angle was established, the stick was
centered and the roll attitude hold function of the CAS maintained the bank
angle. This can be seen in Figure 7-1. On one occasion, the pilot remarked
that this felt a little strange since most aircraft require a crossed control
condition to maintain a steady sideslip.

Removal of the steady sideslip was accomplished by releasing the pedal
input and then rolling the airplane back to wings level. All pilots found it
necessary to return the aircraft to wings level as the aircraft does not right
itself upon removal of the pedal input.

Absence of roll coupling due to sideslip was a very strong point of the
simulated aircraft because this typically is the area where many fixed wing
V/STOL aircraft were shown to be deficient., The simulated aircraft hus a
relatively low dihedral effect and high control power capability; two factors
which normally tend to minimize the impact of roll/sideslip coupling. Further-
more, the yaw CAS limits the sideslip angle while the roll CAS tends to offset
the dihedral effect of the basic aircraft.

7.1.2 PITCH CHANGE DUE TO POWER - In the 60 knot speed regime large power

changes caused changes in pitch attitude which the pilots found annoying.
While some direct thrust moment was generated due to engine power changes,

most of the pitch moment was apparently caused by momentum drag at the lift

MCDONNELL AIRCRAFT COMPANY
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fan inlet. A reduction in power, causing a rapid increase in sink rate,
tended to pitch the nose up. Similarly, power increase resulted in a tendency
towards nose down pitch attitude.

7.1.3 PITCH ATTITUDE HOLD —~ The math model, as originally configured, used a
combination of pitch rate and pitch attitude feedback in the pitch CAS at

transition speeds. This control law caused the nosge to drop when the airplane
was rolled into a turn at low airspeeds., A steady turn holding the nose up
requires a pitch rate q = § sin ¢. Therefore the pitch rate in a steady coordi-
nated turn must be q = g/V sin ¢ tan ¢. Since the pitch CAS tended to force

the sum of q and 6 to zero, a steady turn resulted in the reduction of 8. This
effect is most pronounced at low values of airspeed.

The tendency for the nose to drop in a turn was corrected by using 8 feed-
back instead of q feedback., The 6 signal can be generated by sources already
in the aircraft,sinceé =g¢q cos ¢ -t sin ¢.

The pitch attitude hold system did not function according to expectations.
The pilots complained that the airplane did not hold the exact pitch attitude
when the stick was centered. The pitch attitude tended to drop below commanded
attitude and sometimes drifted away so that continual corrections were required.
Much of this problem was attributed to drift and poor centering characteristics
of the simulator's stick loaders. Since the pitch attitude hold mode holds
attitude only when the stick is centered, any drift in stick centering causes
a continuous drift from the commended attitude. Variations in stick breakout
and centering also drew some pilot complaints that it was too easy to put in
pitch inputs when rolling the aircraft.

The basic implementation of the attitude control mode might have been the
cause for some additional pilot comments. The attitude hold system is
designed to hold the attitude which exists when the stick is centered. Since
there usually exists an attitude rate when the stick is centered following a
naneuvering input, the attitude will tend to overshoot and then return to the
commanded attitude., The pilots tend to anticipate the pitch rate and remove
their stick input slightly before reaching the desired attitude. The attitude
then returns to that which existed at stick centering and the pilots interpret
this as a change from commanded attitude. It may be worthwhile to modify the
attitude hold mode by adding attitude hold anticipation based on attiude rate
at the point the stick is centered.

MCDONNELL AIRCRAFT COMPANY
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7.1.4 TURN COORDINATION AT 150 KNOTS - Turn coordination at 150 knots was not

as good as it was at the lower speeds. There was an initial sideslip and side

acceleration when rolling into a turn. After the turn was established a small
amount of rudder pedal in the direction of the turn was required to maintain
a coordinated turn.

The degradation in turn coordination at 150 knots is due primarily to the
way the yaw CAS feedback gains are scheduled with vector angle during transi-
tion and conversion. In powered-lift flight a blend of lateral acceleration and
side velocity feedback provide the required turn coordination. Side velocity
feedback gain is phased out with thrust vector angle between 45 degrees and
0 degrees. At 150 knots the thrust vector angle is in the phase-out region and
the turn coordination characteristics are therefore degraded., Further study
is required to develop the optimum scheduling of CAS gains in the overlap
reglon between powered lift and aerodynamic flight.

The pilots also noted a negative dihedral effect at 150 knots. For a
right rudder pedal input, the aircraft rolled slightly to the left. The roll
due to sideslip stability derivative is negative for anmy positive angle of
attack which should normally produce a positive dihedral effect. However, the
combination of roll due to sideslip, rall due to rudder, and roll due to yaw
rate results in a left roll for a right rudder input. This characteristic
will be further studied and the roll and yaw CAS will be modified as required,
7.1.5 PITCH CONTROL - 120 TO 150 KNOTS ~ There were numerous unfavorable

comments about pitch comtrel in the 120 to 150 knot speed range. The cause of

this has not been exactly determined and further study of the problem is
required. However, the problem seems to be related to the variation in CAS
gaing with vector angle.

The pitch CAS uses pitch attitude rate feedback to provide a rate command
capability in transition. In conventional flight, the pitch CAS uses a feed-
back signal which is a blend of pitch rate and normal acceleration to provide
a normal acceleration command system with desired variation of stick force per
g with airspeed. The pitch rate and normal acceleration feedback gains are
scheduled with thrust vector angle to achieve the desired gains in both flight
regimes. The selected schedule yields satisfactory flying qualities in con-
ventional flight, in hover, and at low transition speeds. However, insufficient
time was available to perform detailed studies of flying qualities during the

change from one set of gains to another.
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Scheduling of system gains with thrust vector angle deserves & special
review. During powerednlift flight there 1s mo unique relationship between
vector angle and airspeed., At any given speed, the aircraft can be trimmed
over a range of power settings and thrust vector angles depending on angle of
attack, Also, during transition, the pilot often trims the aircraft to high
longitudinal scceleration levels. Therefore, there is a wide range of vector
angles which may be used at each airspeed. This seems to devalue the use of
the vector angle as a gain scheduling parameter. Further study is required.
7.2 HANDLING QUALITIES I TRANSITION — CAS QFF

geveral simulated flights were made with CAS off to investigate the

effects of CAS failures on aircraft control. The primary objective of these
experiments was to determine if the aircraft could be controlled through
transition and then 1anded safely after partial or total CAS failure.

7.2.1 SINGLE AXIS CAS FATLURES - Handling qualities in transition without

roll CAS were acceptable. Pilot ratings for the overall transition without
CAS were about 4.0. For airspeeds greater than about 60 knots, the natural
aerodynamic Toll damping was gufficient to make the task relatively easy.

Flying qualities in transition were much degraded with the pitch CAS
failed. Pilot ratings fell in the 6 to 8 range. Pilots complained of a
general looseness and a lag in pitch response. They thought it might be
possible to get into pilot induced oscillations with eventual loss of control
in pitch. Pitch control power in transition is believed to be adequate. The
trouble however, may be due to lack of good static stability at this speed
range. The power~off aerodynamic characteristics show adequate stability
margin for low angle of attack. However, the momentum drag on the 1ift fan
inlet is destabilizing and exceeds the aerodynamic stability in this speed
range, This problem js further aggravated if the angle of attack is allowed
to jncrease to approximately 14 degrees at which point the aerodynamic
stability becomes negative.

Transition flight is no problem without yaw CAS. Pilot ratings for this
case were about 4. while the dutch roll mode is lightly damped, it 1s stable,
and is not easily excited by roll imputs.

7.2.2 TRANSITION FLIGHT WITH ALL CAS DISENGAGED - Both the gas-coupled fan

version and the shaft-coupled fan version could be flown in the 60 to 150
knot speed range with all control augmentation systems disengaged. Handling

qualities, however, were poor due to loose control characteristics and P10
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tendency in the pitch axis. Pilot ratings, where avallable, were the same
whether all CAS was off or just the pitch CAS was off.
7.3 [EFFECT OF WIND AND TURBULENCE ON TRANSITTON TASK

The effect of wind and turbulence on aircraft flying qualities in the 60
to 150 knot speed range was investigated with and without the control augmenta-
tion system engaged. Wind velocity was 15 knots and turbulence was random
with a 5 feet per second RMS gust intensity. Since the transition task did not
require maneuvering relative to any fixed ground reference, the mean wind
component had no effect on task performance. The turbulence increased pilot
workload but did not significantly influence the pilot's ability to perform
the task.

The effects of turbulence were most apparent in the yaw axis. The side
velocity feedback in the yaw CAS is very effective in providing good low speed
turn coordination, but the ride qualities in turbulent air were rougher than
with the vaw CAS disengaged. The ride qualities were acceptable, but any
increase in side velocity feedback gain would aggravate the ride qualities and
therefore should be constrained.

7.4 DIFFERENCES BETWEEN GAS-COUPLED AND SHAFT-COUPLED FAN AIRCRAFT IN TRANSI-

TION

The omnly difference noted between the flying qualities of the gas-coupled

fan aircraft and the shaft-coupled fan aircraft in transition was due to the
difference in installed thrust-to-weight capabilities of the two aircraft.
Pilots like the snappier performance of the gas—coupled fan aircraft, but
found that it was also easier to overpower the aircraft and generate negative
angle of attack during tramnsition. A large power increase necessitated a
corregsponding large increase in pitch attitude to prevent climbing at a nega-

tive angle of attack.
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8. TRANSITION AND CONVERSION

4 series of simulation flights was made to investigate the aircraft
handling characteristics during comnversion from powered-lift flight to
aerodynamic lift flight, and reconversion from aerodynamic 1lift flight to
powered-1ift flight. Conversion requires an extensive change in aircraft
configuration. During reconversion to powered-lift flight, for example, the
procedure involves lift engine startup, opening fan doors, changes in various
duct valves or blade pitech angle and clutching in the forward fan, and phasing
in all powered 1lift control devices. The pilot procedure is to initiate the
conversion sequence by means of the thrust vector lever.

The objective of the transition and conversion investigation was to study
the stability and control characteristics during the configuration change and
to determine the impact on pilot workload. To evaluate the overall character-
istics in transition between hover and cruise flight, the pilot was asked to
perform a series of tasks described in the test plan (Section 3).

At initiation of these tests an optimum speed for conversion had not been
established. A speed of 200 knots was suggested to the pilot as an approximate
point in the conversion investigation. The task was primarily VFR since the
pilot was using the out-of-the window TV display. Most flights were made with
the control augmentation system engaged and without wind or turbulence. Some
additional flights were performed in wind and turbulence to evaluate their
effect on flying qualities, and some CAS failures were also evaluated.

8.1 CONVERSION PROCEDURE

The conversion investigation flights began from hover at about 50 feet
altitude. The thrust vector angle was 85 degrees and pitch attitude was 5
degrees nose up. The transition was initiated by adding power and slowly
moving the thrust vector lever forward to increase alrspeed. The rate at
which the pilot moves the wvector lever is sufficiently fast to produce a
rapid acceleration, but no so fast as to reduce the vertical thrust component
faster than the 1lift increases. As the vector lever is moved forward, the
lift/crulse fan and 1ift fan thrust vector angles remain approximately equal.
When the thrust vector angle reaches 45 degrees, the powered-1ift controls
begin to phase out. At this wvector angle the alrspeed is usually greater
than 150 knots and the aerodynamic controls are adequate for alrcraft control.
At a 30 degree thrust vector angle the powered-1ift controls are completely

phased out and the conversion sequence begins. The 1lift fan thrust vectoring
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louvers are limited to 30 degrees from horizontal. When the thrust vector
lever is moved beyond the 30 degree position, the 1lift fan thrust vector angle
remaing at 30 degrees and the lift/cruise fanm thrust continues to be vectored
toward the horizontal. Tn this range nominal pitch trim 1s maintained by
reducing the thrust of the 1ift fan as the lift/cruise fan thrust vectoring

is continued toward the horizontal. The mechanization for lift fan thrust
control as the lift/cruise fan thrust is vectored toward the horizontal is
different for the two RTA propulsion system concepts.

8.1.1 SHAFT-COUPLED FAN CONVERSION MECHANIZATION - When the shaft fan thrust

vector angle becomes less than 30 degrees, the 1ift fan thrust is automatically

reduced by changing the 1ift fan blade angle as a scheduled function of the
lift/cruise fan vector angle. The 1ift engine power setting is also reduced
according to a schedule as the fan blade angle is decreased. When the 1lift/
cruise fan vector angle approaches zero, the lift fan is at flat pitch
(developing zero thrust) and the third gas generator is at idle (producing
zero power). When the thrust vector lever is pushed fully forward, the
1ift/cruise fans reach full horizontal position, the 1ift fan is declutched
and spins down, the lift fan doors close, and the 1ift/crulse fan VTOL nozzle
exit doors close. This procedure provides a gradual conversion with minimum
pitch disturbances.

8.1.2 GAS FAN CONVERSION MECHANIZATION - When the gas fan thrust vector angle

becomes less than 30 degrees, the forward gas duct is isolated so that the

third gas generator drives only the forward fan, The third gas generator

power setting is then reduced according to a schedule with the lift/cruise

fan thrust vector angle. This causes the 1ift fan to spin down gradually;

and as the lift/cruise fam vector angle approaches zero, the third gas generator
is at idle and the 1ift fan thrust is approximately zero. When the thrust
vector lever is fully forward, the forward duct is elosed and the third gas
generator dump valve is opened. The third engine can now be shut down. At

this time also, the lift and lift/cruise fan doors are closed.

This entire comversion sequence is automatic and is controlled by the
thrust vector lever position. Each event in the sequence is scheduled with
lift/cruise vector angle so that the sequence can be stopped at any position
and continued or reversed as desired. Since the 1ift fan is shut down gradually
as a function of the lift/cruise fan vector angle, pitch disturbances from

direct thrust effects during conversion are minimized.
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With any engine failed, the conversion sequence is altered and no longer
possesses the slow gradual characteristics, In this case, the 1ift fan duct
valve is closed and the lift engine dump valve is opened as soon as the
commanded vector angle becomes less than 30 degrees. This causes a rapid
spin~down of the front fam, and pitch balance is maintained by changing the
lift/cruise fan vector angle to horizontal at a rate which approximates the
fan spin-down rate. In the O to 30 degree thrust vector range, the pilot no
longer maintains control of intermediate vector position. As the pilot commands
a vector angle less than 30 degrees, the configuration change is discrete and
the vector angle is automatically brought to O degrees at appropriate system
rate.

After the thrust vector angle reaches the zero degree, or horizontal
position, the aircraft is in the aerodynamic flight configuration with the
third gas generator still running at idle. The pilot may then choose to shut
down the thrid gas generator or leave it in idle to eliminate the need for
restarting.

The reconversion sequence is simply the reverse of the conversion sequence.
The pilot verifies that the 1ift engine is operating, and then moves the thrust
vector lever from the 0 degree to the 30 degree position. This causes the lift
engine and fan to come up to spesd and the thrust of all three fans is vectored
to 30 degrees.

8.2 TRANSITION AND CONVERSION WITH CAS ON

The transition and conversion from powered-lift Flight to aerodynamic
flight and the reconversion and transition from aerodynamic flight to powered-
lift flipght were easy to perform and received pilot ratings of 2 to 3. Con-
version and reconversion were generally initiated in the 180-240 knot speed
range. Airspeed generally Increased during the conversion sequence and
decreased during recouversion as shown in Figures 8-1 and 8-2, respectively,

The main pilot effort required during conversion was changing pitch
attitude to generate additiomal wing lift as the powered 1ift decreased.
Similarly, during reconversion it was necessary to decrease pitch attitude
and angle of attack to reduce wing 1ift as powered lift increased. The pilots
suggested the performance of additional studies to determine the combination
of airspeed, power, flap, and pitch attitude so conversion could be accomplished
with minimum pitch change. Tt may be desirable to Include an intercomnect

betwzen vector angle and stabilator position to produce automatic changes in
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pitch attitude and angle of attack to generate desired changes in wing 11ft
during conversion and reconversion.
8.2,1 ATTITUDE COMMAND/RATE COMMAND MODE CHANGE - The mode change from atti-

tude command below 35 knots to rate command/attitude hold above 35 knots was

unsatisfactory. This deficiency in the control law mechanization was the
subject of repeated pilot comments, indicating an area requiring some
improvement,

The attitude command mode in pitch and roll is preferred by pilots im
hover. 1In the transitiom regime, a rate command/attitude hold mode is pre~
ferred to achieve an optimum combination of desired maneuverability and low
pilot workload. These modes were provided in the simulated aircraft and
switching between them was automatically implemented as a function of airspeed,
When the airspeed increases to 40 knots, the rate command/attitude hold mode
is switched on. This mode is in effect during transition until the airspeed
decreases below 30 knots. The hysteresis switching precludes oscillations
between the two modes at one otherwise critical speed. When attitude command
mode is on in pitch and roll, the yaw axis is in a rate command mode., When
rate command/attitude hold is on‘in pitch and roll, the yaw axis is in effect
a turn~following mode. A feedback of yaw tate through a washout provides yaw
damping, and a blend of lateral acceleration and side velocity controls
sideslip.

When the system changes from attitude command to rate command/attitude
hold at 40 knots, everything works smoothly as long as the controls are
centered. The airplane simply maintains a reference of wings level and 5
degree nose up attitude. When the controls are not centered, however, because
the pilot is holding other than the reference attitude, the airplane goes
through a transient during switching to rate command/attitude hold. This
occurs because the stick now commands rate of change of attitude rather than
the attitude which was proportional to stick deflection existing at time of
mode change. This transient is shown in Figure 8-3,

When the system changes from rate command/attitude hold mode to attitude
command mode at 30 knots, there is also a switching transient unless the stick
and pedals are centered, and the alrplane is at wings level and 5 degree nose
up attitude. The switching initiates a system command to return existing

attitude to the reference attitude., A transient also occurs in the directional
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axis because in one mode the pedals command yaw rate and in the other mode they
command sideslip angle.

The mode change is one of the major areas recommended for further study.
8.2,2 EFFECT OF FLAP AND LANDING GEAR ON CONVERSION - Transitions, conversions,

and reconversions were done with flaps up and with flaps down. Effects of

landing gear position on conversion and reconversion were also investigated.
Results show that gear and flap positions had no measurable effect on pilot
workload or task performance.

8.2.3 CONVERSION WITH WIND AND TURBULENCE ~ Only a few conversion evaluations

were made with wind and turbulence. During these evaluations no significant
difficulties were encountered. ‘
8,3 TRANSITION AND CONVERSION WITH CAS OFF

Several transition and conversion flights were made with CAS off to
investigate the effect of CAS failures on aircraft controllability. The pri-
mary objective of these flights was to determine if the aircraft could he
converted between flight regimes so that a safe emergency landing could be
made after a partial or total CAS failure.

The conclusions about conversion and reconversion without contrel aug—
mentation are basically identical to those obtained from the discrete speed
transition flight evaluation. Conversion from powered 1ift flight to aero-
dynamic flight, and reconversion from aerodynamic flight to powered 1ift flight
were not difficult with the roll or yaw CAS disengaged. With pitch CAS off,
the pilots indicated that it may be possible to lose control during conversion
or reconversion.

8.4 DIFFERENCE BETWEEN GAS-COUPLED AND SHAFT-COUPLED FAN AIRCRAFT IN CONVERSION

During normal operation (CAS on, all engines operating) there was no sig-

nificant difference noted between the conversion/reconversion characteristics
of the shaft-coupled fan aircraft and the gas-coupled fan aircraft. Some dif-
ferences in characteristics were noted with an engine failure, which are

discussed later in this report.
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9. HANDLING QUALITIES IN AERODYNAMIC FLIGHT

Aerodynamic flight handling qualities evaluations were performed at 200
and 300 knots. The maneuvers performed to evaluate the handling qualities
were according to the test plan as presented in Section 5.

This was primarily a visual flight rules task which was performed using
the out-of-the-window TV display. The visual display, however, was too
restrictive for the task. At airspeeds of 200 knots or more it was nearly
impossible to turn within the confines of the terrain map. It was necessary
therefore to turn almost continuously at bank angles in excess of 60 degrees.
Consequently, evaluation of handling qualities during this task resulted in
high pilot workload. In future simulations the evaluation task should be
designed to be compatible with the size of the terrain map, or the task
redefined to fly the high speed phase of the mission under IFR conditious
with suitable guidance for the pilot to find his way back to the terrain map
for visgual landings.

9.1 HANDLING QUALITIES IN AERODYNAMIC FLIGHT - CAS ON
Flying qualities in conventional flight at 200 and 300 knots were gen—

erally good; however, several annoying deficiencies were noted. The pillot
ratings were scattered around 3.5, although some aspects were rated considerably
worse and requlre improvement. Simulation flights at speeds of 200 and 300

knots are shown in Figure 9-1 and 9-2, respectively.

The CAS stabilized the ailreraft so that the pllot workload in maintaining
attitude, heading, and altitude was low. The pitch CAS has a feedback of pitch
rate and normal acceleration. A high gain proportional plus integral controller
forces the feedback to follow the pilot imput so that steady state normal
acceleration is proportional to pitch stick input. This results in a fairly
constant stick force per normal acceleration of about 5 pounds per g over the
aerodynamic flight regime. The control and stability characteristics were
satisfactory and received favorable pilot comments.

The proportional plus integral controller in the piteh CAS continues
integrating any error signal so that in steady flight the integration always
keeps the aircraft trimmed in 1 g flight if the stick is centered. This auto-
matic trimming reduces pilot workload, but also results in an apparent neutral
speed stability. A decrease in airspeed does not require an aft stick foree,
and vice versa. The comments of one pilot indicated he would have preferred

a more conventional stick displacement with alrspeed.
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The roll CAS uses a roll rate feedback so that steady state roll rate is
proportional to stick force. At the selected CAS gainms, the commanded roll
rate per stick force is approximaely 15 degrees/second/pound. Due to high
roll damping in aerodynamic flight, actual roll rate never reached the com-
manded value. The initial CAS design contained a proportional plus integral
controller to force actual roll rate to follow the command. The integrator
was later removed because it caused a slow rasidual response which manifested
itself as a low roll damping characteristic.

The yaw CAS uses a feedback of lateral acceleration and washed out yaw
rate. Yaw rate feedback improves Dutch roll damping, and the lateral accelera—~
tion feedback increases directional stability and improves turn coordination.
A high gain proportional plus integral controller results in a steady state
lateral acceleration proportional to pedal force.

9.1.1 ROLL CONTROL AT 200 AND 300 KNOTS - Roll control was somewhat deficient

in the aerodynamic flight regime. Roll control was too sluggish at 200 knots,
but too abrupt at 300 knots. Ome pilot gave a rating of 5 at 300 knots. The
sluggish roll response at 200 knots could be improved by using a higher gain
of aileron deflection per stick deflection, but this increases the problem at
300 knots where the roll acceleration per stick deflection 1s too high.

The roll control characteristics in aerodynamic flight need improvement.
This is not expected to be difficult, but some study effort is required. It
will probably be necessary to use a roll CAS prefilter or a galn variation
with airspeed.
9.1.2 ADVERSE YAW AND NEGATIVE DIHEDRAL AT 300 ENOTS - At 300 knots one pilot

rated the aircraft a 6 on the Cooper-Harper pilot rating scale due to adverse
yaw and negative dihedral effects. All pilots noted some adverse yaw and
negative dihedral. A positive roll rate results in a positive sideslip angle,
as shown in Figure 9-2, Yaw moment due to aileron deflection is positive, so
the ailerons do not contribute to the adverse yaw characteristic. Adverse

yaw appears to be due to a high negative yaw moment generated by roll rate,
and therefore some type of roll-yaw interconnect may be required,

The negative dihedral effect at 300 knots was objectionable, For a right
rudder pedal input, the aircraft rolled left. The roll due to sideslip sta-
bility derivative is negative, which should produce a positive dihedral effect.
However, the combination of roll due to sideslip, roll due to rudder, and roll

due to yaw rate results in a left roll for a right rudder input.
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Both of the above characteristics should be further studied and corrected,
9.1.3 ANGLE OF ATTACK LIMITER - The math model originally contained an angle

of attack limiter in the pitch CAS. This a limiter was intended to prevent

angle of attack from exceeding 11 degrees, thus preventing wing stall and
possible departure and loss of control due to stall.

The angle of attack limiter was removed during the simulation tests
because it was too restrictive as designed and interfered with low speed
approach during a conventional landing. The 1lift curve exhibits a slight
break at 12 degrees angle of attack, but continues to increase to anglesg of
attack in excess of 30 degrees. (Simulation data was available ¢ L7 for o
less than 32 degrees.) The aircraft becomes statically unstable £« . _rater
than about 14 degrees. Several stall approaches were made with angles of
attack up to 30 degrees and airspeed down to 80 knots. The pitch CAS was
effective in stabilizing the aircraft even at those high angles of attack.
Recovery was accomplished easily. The need for am o limiter is therefore not

certain. Example of an approach to stall is shown in Figure 9-3,

9.2 HANDLING QUALITIES IN AERODYNAMIC FLIGHT - CAS OFF

CAS off conventional flight handling qualities were generally acceptable,
The roll CAS made little difference in this flight regime because natural roll
damping of the basic aircraft is satisfactory. The pitch axls was more sensitive
and less stable with pitch CAS disengaged but was easily controllable. Dutch
roll damping was low but was not easily excited by roll inputs.

With the CAS disengaged, approaches to a stall were no problem and even
at high angles of attack there was adequate pitch control.
9.3 EFFECT OF WIND AND TURBULENCE ON HANDLING QUALTITIES IN AERODYNAMIC FLIGHT

Since the aerodynamic flight handling qualities evaluation did not rejuire
maneuvering relative to a ground reference, the mean wind component had no
effect on task performance. Turbulence increased pilot workload but did not

significantly degrade the pilot's ability to perform the task.
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10. MISSION TASKS

The mission task evaluations were intended to investigate specific opera-
tional characteristics and problems associated with a typical mission of the
Research Technology Aircraft. Description of the mission tasks is provided in
Section 5.

The takeoffs and landings for this task were split about equally between
vertical and short. The mission tasks were performed satisfactorily except
for the difficulty in performing the task within the confines of the visual
scene. Average pilot ratings, based on the Cooper-Harper scale, were 2 to 3.

This was primarily a visual flight rules task and the pilot flew using
the out-of-the-window TV display. As in the case of the aerodynamiec flight
evaluations, the boundaries of the terrain map contributed to pilot workload.
Maneuvering within the confines of the terrain map was rather demanding and
the pilot workload was probably higher than would be experienced in the real
world. Another difference noted between the simulator and the real world was
the lack of peripheral visual cues which is typical of simulators. This was
a problem in performing the traffic pattern type circuit but not during final
approach when the pilot had the runway in sight.

In future simulations the mission task should be more compatible with the
capabilities of the terrain map, or it may be advantageous to fly part of the
mission task under simulated IFR conditions. When the airplanes flies off the
terrain map, the visual scene could be fogged to simulate flying in clouds.
With suitable guidance the pilot could then fly on instruments to an approach
fix and capture an ILS for guidance back to the runway. When back on the
terrain map, the visual scene could be restored and a visual landing made.

The head up display (HUD) was very valuable and to a certain extent
compensated for some of the missing real world visual cues. During these
tests the pilots also evaluated the HUD and recommended certain improvements
in the symbology and format.

10.1 VTQL MISSION TASK

The VTOL mission task received favorable pilot comments. Some pilots
commented that the task was enjoyable. Generally, pilot ratings were 2 to 3.

A vertical takeoff was initiated by increasing power until the aircraft
lifted off and began climbing. Thrust vector lever was moved forward and the
aircraft accelerated rapidly. Most pilots seemed surprised at the rapid
increase in airspeed. A typical VIOL mission task is shown in Figure 10-1.

RMCOONNELL AIRCRAFT COMPANY REPRODUCIBILITY OF THE
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Pilot criticism was again noted about the mode change from attitude
command to rate command/attitude hold. After takeoff, the airplane was often
held in a nose up attitude greater than 5 degrees and the aircraft tended to
pitch nose up when going t.rough the mode change at 40 knots. This character~
istic of the flight control system was mentioned frequently by all pilots, and
the desire for possible improvement was emphasized.

it was relatively easy to overpower the aircraft and generate negative
angle of attack during the takeoff transition. Negative angles of attack
generate negative wing lift, decreasing aircraft performance, and often cause
a reversal in the sense of dihedral effect. While this was not a major problem
on the simulated airplame, it could cause serious control problems on aircraft
with high roll/sideslip coupling tendencies.

Conversion was usually initiated at 180 to 240 knots with the aircraft
still accelerating rapidly. Conversion was not a difficult task, although
there was usually some transient change in load factor as the pilot corrected
pitch attitude to transfer lift from the fams to the wing. After conversion,
the aircraft continued accelerating. There was never a tendency to lose speed
in conversion and encounter a situation of pure aerodynamic flight with insuf-
ficient airspeed and too little powered lift to maintain flight speed without
a large altitude loss. The effect of gear and flap retraction on pitch trim
was minimal.

Flying the airplane in the traffic pattern at 300 knots was not a problem
except for the requirement of excessive banking turns to remain within the
confines of the terrain map. Deceleration from 300 knots to reconversion speed
required considerable time and thus used up a lot of space. All pilots noted
that the airplane felt unusually clean. Extending gear and flaps helped
increase the deceleration, but some pilots felt some type of speed brake would
be desirable.

As alrspeed decreased to the 180 to 240 knot range, reconversion was
initiated by bringing power up to around 90 to 94 percent, and then bringing
the thrust vector lever out of the 0 degree detent back to the 30 degree
position. There was usually some transient in load factor, although not
uncomfortable, as the pilot found a suitable combination of pitch attitude

and power as 1lift was transferred from the wing to the fans.
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During the traffic pattern cireuit the pilot had the option of shutting
down the lift engine after conversion and then restarting the engine priox to
reconversion, or letting the engine idle through the entire aerodynamic flight
phase. This seemed to be a matter of personal prefcrence; fuel used in idle
was low.

The transition from reconversion to hover was usually performed on the
final zpproach leg with the runway in sight. This was entirely a visual task
with no outer loop guidance. The technigque most often used was to keep pitch
attitude fairly constant while controlling airspeed with vector angle and
altitude with power as evident in Figure 10-1. Actual vertical landing was
no problem and always received favorable pilot comments.

10.1.1 POSSIBLE LOSS OF POWERED LIFT CONTROL WITH POWER REDUCTION - On at

least two occasions the pilot attempted a very rapid descent and deceleration
by reducing engine power to idle and selecting a thrust vector angle near 920
degrees. As the airspeed decreased very rapidly and the aerodynamic control
effectiveness decreased, the pilot lost control of the aircraft due to absence
of powered lift control capability. While this is an unusual maneuver and would
not normally be attempted in a real world situation, it points out a potential
problem of an {inadvertent control input in the cockpit. It deserves sufficient
study to determine if measures such as adding a throttle stop to prevent such
power reduction are needed.

10.2 STOL MISSION TASK

$TO was somewhat of a problem because the aircraft tended to overrotate
on takeoff. The RTA landing gear geometry, which places a relatively large
percentage of the aircraft weight om the nose wheel, causes an overrotation
tendency as the main gear leaves the runway. The overrotation tendency
experienced on the gimulator may have been far worse than that which can be
expected in the actual aircraft. Much of the problem could be attributed to
the landing gear mathematical model, which was designed for a different gimu-
lation program and was not gpecifically suited to the RTA simulatiomn experiment.

A jump STOL takeoff, where the thrust vector is placed in the maximum
horizontal position available in powered 1ift Flight and then rapidly changed
to the STO position when takeoff speed is arrzined, could not be performed
sarisfactorily. This was partly due to the inappropriate landing gear model.
The selected powered-lift control phase-out schedule was the other reason why

evaluation of the jump STOL takeoff could not be made. As simulated, powered
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1ift contrel was phased out between 45 degrees and 30 degrees thrust vector
angle. At 30 degrees thrust vector angle, therefore, all powered-lift control
was phased out and so no powered-lift control was available during the takeoff
run. This mechanization error in powered 1lift control phase-out requires

revision.

A typlcal STOL mission task is shown in Figure 10-2. The STOL takeoffs
worked very well at a constant vector angle of 55 degrees. The aircraft flew
off the rumway at about 80 knots. The takeoff required a ground run of about

700 feet at a 30,000 pound aircraft weight.

The transition, conversiom, aerodynamic flight, reconversion, and transi-
tion in the STOL mission tasks were identical to the VTOL mission tasks. The
increase in gross weight from 27,500 pounds for the VIOL mission to 30,000
pounds for the STOL mission task had no effect on these phases of the mission.

A typical short landing was made at about 80 knots and 5 degrees angle of
attack. Thrust vector angle was about 70 degrees and engine power approximately
96 percent. The landings were entirely visual as no ILS type guidance was
provided. Flight path angle on approach was 5 to 7 degrees. The short landing
generally received pilot ratings of 3 to 3 1/2.

10.3 POWER LEVER AND THRUST VECTOR LEVER

To a large extent, the power lever and thrust vector lever geometry affected

the pilot's ability to adequately perform the VIOL and STOL mission tasks. The
power lever/thrust vector lever quadrant, as used in the simulator, ghould be
modified to incorporate at least the following recommended changes:
1. The thrust vector lever should have a positive hover stop.
2. TForward conversion stop must limit thrust vector angle below value
which shuts off powered lift control.
3. Power lever must have an intermediate power detent or stop.
4, An adjustable STO stop is required for jump STOL takeoffs.
A high quality drive motor is needed on the vector lever which can be
controlled by a thumb switch on the power lever. Response prgference
is for rate proportional to switch deflection.
6. Side force control might be better located on the stick than on the
power lever,
7. Power lever needs to be reshaped and some type of arm or wrist support

should be considered.
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10.4 HEAD UP DISPLAY

The head up display was a valuable asset in performing the mission tasks.
In many respects, the HUD compensated for the lack of some real world visual
cues. The velocity vector on the HUD was especially valuable during short
landing since the required flight path angle could be achieved by simply super-—
imposing the projection of the veloeity vector symbol on the desired touchdown
spot. Recommendations with respect to the HUD are as follows:
1. Angle of attack should be added to the HUD.
2. Engine power and thrust vector angle should be scales rather than
digital readouts.
3. A precise bank angle indication should be added.
4, The fixed aircraft symbol was easily confused with the velocity vector
symbol and should be changed.
5. There should be an engine failure indicator on the HUD.
6. The entire field of view should be lowered so velocity vector symbol

is more usable on approach.
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11. FAILURE MODE STUDIES

This part of the simulation program was devoted to evaluation of the
effects of potential system failures on the control characteristics and
operational capabilities of the ailrcraft. Failures were simulated at various
points during the performance of the takeoff and landing approaches. The two
basic types of failures evaluated were engine failures and control augmentation
system failures.

11,1 ENGINE FAILURES

The simulation mathematical model has the capability of simulating
failures of any of the three engines. For the engine failure investigation,
aircraft gross weight was reduced to 26,000 pounds. While the pilot was per-
forming a typical VIOL or STOL mission task, an unannounced engine failure
was Introduced. Engine failure effects were investigated at several different
points in the mission task. A typical engine failure exemplified by loss of

the No. 1 engine is shown in Figure 11-1.

Engine failures were not difficult to contral and the flight could be
either aborted or continued after the failure. Disturbing moments on the air-
craft following an enmgine failure were almost nonexistent. In both the gas-
coupled and shaft-coupled versions of the aircraft, the engines and fans are
interconnected so the power is redistributed to maintain aircraft moment balance
and the only pilot action required is to increase power to compensate for the
failure. If the engine failed during either a vertical or short takeoff, the
flight could be aborted and the aircraft could remain in the powered~lift
regime. The pilot could return for a vertical or short landing. Altitude
loss following an engine failure on vertical takeoff was typically around
50 feet. If the failure occurred at lower altitude than this, the sink rate
at impact was within the capability of the landing gear. On the other hand,
it was not difficult to convert to aerodynamic flight following the failure.
Also, an engine failure during a short or vertical landing presented no
serious difficulty.

11.1.1 ENGINE FAILURES - SHAFT-COUPLED VS5 _GAS-CQUPLED ~ The handling qualities

and performance characteristics of both aircraft versions were acceptable

followlng an engine failure. The gas~coupled fan aircraft had a higher thrust-
to-weight ratio so an engine failure close to the ground was less critical than
in the shaft-coupled fan aircraft. TFor this reason the pilots preferred the
gas fan aircraft's engine-out capabilities. However, with an engine failed

in the gas-coupled fan aircraft, the conversion sequence is not gradual as in
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normal operation. This isg because with an engine failed, it is not possible to
close the duct isolation valves and shut down the lift fan gradually as the
lift/cruise fan thrust is vectored toward the horizontal. Instead, the 1lift
fan duct valve is closed abruptly as the dump valve is opened. This causes
the 1ift fan to spin down quickly and the lift/cruise fan thrust must be
vectored quickly to keep pace with the spin down to maintain moment balance on
the aircraft. This results in a sizeable, but acceptable pitching transient.
In the case of the shaft-coupled fan aireraft, the lift fan blade pitch
and lift engine power setting are reduced gradually as the lift/cruise fam
thrust vector approaches horizontal. This procedure is also used in the event
of an engine failure. Therefore, the ghaft-fan aircraft has lower pitching
transients when going through conversion/reconversion following engine failure.
11.1.2 CONVENTIONAL LANDINGS WITH A FAILED ENGINE - On several flights the

pilot was asked to land conventionally following an engine failure in cruise

flight. There were no difficulties encountered in making the conventional
landing as affected by the engine failure. However, after the first few
conventional landings, the pilot complained of insufficient 1ift and drag to
fly at a more desirable approach speed. The flaps on the Research Technology
Adrcraft were therefore augmented with drooped ailerons and a conventional
landing was made at 25 degrees of flap and aillerons drooped 15 degrees. This
permitted a comfortable approach at 150 knots. A conventional takeoff and
time history is shown in Figure 11-2.

Conventional landing characteristics were generally good but some comments
were noted. The pllots would have preferred more drag in the landing configura-
t“ion. Adverse yaw was a problem as mentloned in the aerodynamic £light handling
qualities evaluations. Some pilots did not like the apparent neutral speed
stability which was caused by the pitch CAS integrator. Some pilots apparently
rely on stick force as a speed cue during landing approach. All systems
affected by these comments should be reviewed and revised as necessary.

11.2 CAS FAILURES
The control augmentation system 1s dual channel in all safety of flight

areas. Critical CAS failures, therefore, constitute a passive loss of CAS in
one affected axis at a time. CAS8 failures were simulated at various points
in the mission task. 1In some cases the pilot was asked to abort the mission,
remain in powered-lift flight and land. In other cases he was asked to con-

tinue the misslon task through conversion, reconversion, and landing. A few

MCDORMNNELL AIRCRAFT COMPANY

61




MDC A4439

| |
zo_mmma.,._oum:

1
o 1
991 NNH

i

NOILV1OH 33

¢-L1 3HNOId

¥ 11 DUy

ASVL ONIONVT ANV J403NVL TYNOILNIANOD

o) uaran

0005 oy - Tgn

l_f_.._

Y- A

%-9n

ol
gZ-

Bep . Hy

%~ 19y

M

4]

w . fg

MCDONNELL AIRCRAFT COMPANY

62




MDC A4439

conventiconal landings were also evaluated following some CAS fallures.

The mission task could be safely aborted or continued following either a
roll or yaw CAS failure. Pilot ratings for completing the task with a failed
roll or yaw CAS were about 4 to 5 on the Cooper-Harper pilot rating scale.
Pitch CAS failures however were a serious problem. Transitions and conversions
without pitch CAS were considered hazardous and received pilot ratings of 8
to 8.5, Figure 11-3 shows a vertical mission task with a pitch CAS faillure

occuring at 60 knots. The difficulty in controlling pitch in tramsition was
discussed in Sections 7 and 8.

Roll and yaw Were.acceptable, and the only concern was adverse yaw. Pito:_h"
control duri;.g convrenltic:na_l lar;dings with CAS off t:?a.s not acceptable although
consistent landings were performed. At a 150 knot approach speed, angle of
attack is in the region of neutral static stability. Pilots commented that
the aircraft tended to pitch up strongly during flare.

RECDORMNELL AIRCRAFT COMPANY
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12, SPECIAL TESTS

The special tests included studies of the effect of thrust vectoring rate
on mission performance, and a brief investigation of the effect of control
system lag on controllability in hover.

12.1 THRUST VECTORING RATE

Several flights were made to study the effects of reduced thrust vectoring
rates on mission performance and handling qualities., The installed nominal
maximum thrust vectoring rate was 50 degrees/second. Mission tasks were flown
with reduced maximum vectoring rates of 25, 15, and 5 degrees/second. At
25 degrees/second there was no apparent difference in task performance or in
the associated handling qualities. At 15 degrees/second some degradation in
task performance was noted. A maximum rate of 5 degrees/second was too slow
and the pilots could no longer perform transitions acceptably. It must be
emphasized however that these tests were exploratory in nature, and the
resulis are not considered conclusive. Jump STOL takeoffs, for example, were
not attempted, and the evaluation task was not specifically designed for
establishing of the vectoring rate requirement.

12.2 EFFECT OF CONTROL SYSTEM LAG ON HOVERING PERFORMANCE

Results of the hover handling qualities evaluation, described in Section 6,
showed that both the gas-coupled version and the shaft-coupled version of the
RTA could be hovered and landed without control augmentation. Since control
system lags have a strong impact on controllability in hover without stability
augmentation, several hover flights were made to study these effects.

As described in Section 6, the control response characteristics of the
gas-cotpled and shaft-coupled systems were nearly the same except for large
control inputs which exceeded the TRM preset in the gas-coupled system, It
was not surprising that there were no differences noted in CAS off control
characteristics in hover between the two versions of the aircraft. Since the
TRM preset is applicable only to the RTA there was some question whether the
gas-coupled system could be controlled CAS off in hover without the TRM preset.
Several hovering flights were therefore made with the TRM preset removed, which
resulted in some degradation in the ability to perform the hover task without
CAS. Some pilots felt there was considerable degradation while others were
just able to detect the change. The aircraft was considered controllable with

a pllot rating of about 7 to 8.
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This experiment has significance only with respect to the reduced cost
dual CAS flight control system approach for the RTA where use of the preset
TRM in the gas~coupled system is recommended to take advantage of the high
thrust-to-weight capability. For the operational aircraft without the TRM
preset, a triplex control-by-wire flight coatrol system is recommended which
eliminates any considerations of pilot open loop control of the aireraft at
any time. Furthermore, the critical control task with CAS off is not in hover
kbut in transition and comversion where both airéraft versions have unacceptable
handling characteristics. The reduced cost dual CAS flight control system is

therefore not recommended for the RTA in either version.
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13. CONCLUSIONS AND RECOMMENDATIONS

The flight simulation test program of the Lift/Cruise Fan V/STOL Research
Technology Aircraft was very successful. The program demonstrated the basic
soundness of the aircraft and control system design in terms of handling
qualities, provided direction for further analysis and design studies, and
generated a comprehensive and efficient mathematical model for future study
and evaluation programs.

The test plan was executed with adequate coverage of all major areas of
interest. Pilot general opinion of the simulator, the simulated article, and
the test setup was favorable and highlighted by enthusiastic participation in
the program. The pilot ratings and comments, along with other recorded data
in the form of time history traces, produced a data bank from which important
conclusions and guidelines for future design, analysis, and implementation
effort can be drawn.

While many of the conclusions presented in this section are generally
applicable to V/STOL, some of the conclusions and recommendations are applicable
only to the simulated aircraft model. Those conclusions are therefore specific
to the three gas grnerator/three fan configuration as showm i. Sectlon 3, which
is equipped with a control augmentation system (CAS). The CAS is dual channel
selected with the intent of providing a fail safe operating capability. FPro-
jection of these results to other configurations and flight control system
concepts should not be made without a careful consideration of the differences
involved.

13.1 CONCLUSIONS

The following is a list of major comclusions reached from the simulation
test data on record:

1. The pitch and roll attitude command system and yaw rate command system,
as implemented in the CAS, provide satisfactory handling qualities in
hover.

2. The CAS functions of pitch and roll rate command/attitude hold, yaw
damping, and turn coordination provide satisfactory control character-
igtics in transition.

3, Switching between the attitude command and rate command/attitude hold
modes of the CAS can cause disturbing transiznts during low speed

maneuvering, and therefore warrants design improvement.
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Engine failures are controllable throughout the mission tusk. Vertical,
short, or conventional landings with one engine out can be completed.
Both the gas-coupled and the shaft-coupled systems can he designed to
provide satisfactory handling qualities.

Control of longitudinal translation by means of the transition lever
was preferred over pitch attitude changes.

High thrust-to-weight capability enhances good takeoff performance but
makes the aircraft easier to overpower and generate negative angles of
attack in transition which affects ailrcraft control.

Momentum drag at the lift fan inlet affects directional aircraft sta-
bility and makes it desirable to implement directional angle feedbacks
for additional stability and reduced pilot workload.

Side veloeity feedback is very effective for low speed turn coordina-
tion but makes the aircraft more semsitive to side gust disturbances.
Design of appropriate filtering is needed.

Gain scheduling with vector angle is generally adequate, except areas
where control loop performance is highly semsitive to airspeed variation
such as in turn coordination in trancitiom.

Momentum drag at the lift fan inlet results in aircraft pitching
moments in transition during power changes. Power changes cause
changes in the two components of momentum drag, fan flow and aircraft
rate of climb (or descent).

Roll control characteristics are sensitive to airspeed in the aero-
dynamic flight regime (200-300 knots) requiring some form of gain
scheduling.

Basic handling qualities of the airecraft in aerodynamic flight without
CAS are acceptable.

Handling qualities following the loss of pitch or yaw CAS in hover
results in acceptable handling qualities but with considerable pilot
workload increase.

Handling qualities following the loss of roll CAS imn hever border on
unacceptabilityl

Loss of roll or yaw CAS in transition and conversion increases pillot
workload but remains within acceptable boundaries of handling qualities.
Loss of pitch CAS in tranmsition and conversion results in unacceptable

handling qualities.
REPRODUCIBILITY OF THE
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18. Need for angle of attack limiter is uncertain. Aircraft is controllable
at all angles of attack investigated.

19. Vectoring rate of 15 degrees/second is minimum for performance of the
mission task defined in this simulation experiment. Vectoring rate of
25 degrees/szcond is more desirable.

20, The HUD is a valuable aid even in visual flight conditioms. The HIUD,
though not specifically designed for this experiment, contributed
favnrably to the performance of the all visual mission task.

21. Simplification and geometry optimization of the power management
quadrant are essential to good handling qualities because of the
heavy impact on pilot workload.

13.2 RECOMMENDATIONS

The following recommendations are derived from the results of this simula-
tion experiment and apply to the design of the RTA configuration, CAS, crew
station, the simulator, and the simulation program plan.

1. Increase redundancy to provide safe landing capability vertically,
short, or conventionally following a CAS failure. Dual CAS in the
roll axis during hover and in the pitch axis during transition and
conversion does not insure faill safe operation.

2. Design appropriate control laws to eliminate or reduce tramsients
during switching between attitude command and rate command/attitude
hold modes.

3. Add attitude stability in the directional axis to prevent aircraft
weathercocking tendencies.

4. 1 prove gain scheduling in transition to be mor2 adaptive to flight
condition, primarily airspeed.

5. Design appropriate control filters for side velocity feedback to
attain optimum compromise between good turn coordination and sensi-
tivity to side gusts.

6. Optimize the combination of airspeed, power, tlap, and pitch attitude
to minimize pitching disturbances during comnversion.

7. Change powered-lift control phaseout schedule and add appropriate
safety margins to preclude inadvertent phaseout.

8. Consider gain variation with airspeed in the roll axis in the aero-
dynamiec flight regime. Constant gains appear to be inadequate.

MOCOORNELL AIRCRAFT COMPANY
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Study apparent dihedral effect at high airspeeds and add appropriate
flight control system compensation.

Study need for angle of attack limiter, and if required, determine

appropriate angle of attack values at which limiter is to become
ffective.

Review automatic pitch trim system and its effect on speed stability.

Modify as necessary.

A thrust vector rate of 25 degrees/second is recommended based on the

mission tasks evaluated.

Review landing gear model and landing gear design geometry with respect
to problems with overrotation during short and conventional takeoffs.

Consider implementing a minimum power lever position stop to correspond
to minimum flight operationmal thrust setting to prevent inadvertent

excessive power reduction in flight.

Add intermediate power detcnt on power lever.

Add motor drive to transition lever and a comntrol switch on power
lever for thumb operation. Make tramsition lever rate proportional
to switch deflection.

Add hover stop on transition lever.

Add adjustable STO stop on transition lever for jump takeoffs.

Optimize power lever and transition lever geometry and add an arm or

wrilst support.

Place side force control on control stick in preference to the power
laver,

Improve stick centering and breakouf characteristics.

Add angle of attack, bank angle, and engine failure indication on the

HUD. Make power and thrust vector angle indicationm in scale format

rather than digital readout, and provide better contrast between air-
craft and velocity vector symbols. Increase or lower field of view
to make velocity vector symbol more usable on approach.

Design high speed portion of simulation tasks to be compatible with
size of terrain map. Add IFR operation for high speed part of task

if necessary.
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SIMULATION FLIGHTS
AND
PILOT COMMENTS
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Run Flight Coundition Fan Pilot Off Normal Condition
1 Hover Gas c Height damper shut off
2 Hover Gas c
3 Hover Gas C Individual CAS system turned off
4 60 knots Gas c
5 90 knots Gas c
6 90 knots Gas C
7 120 knots Gas c
8 Transition/Conversion  Gas C
9 Transition/Conversion  Gas c
10 200 knots Gas C
11 300 knots Gas c
12 5T0, V Land Gas C
13 STO, Short Land Gas C
14 ST0, Conv., Land Gas C
15 ST0, Conv,., Land Gas C
16 VT0, V Land Gas c #3 engine fail at 100 ft
17 VT0, Conv. Land Gas C #3 engine fail, conv. land.
18 VIO, V Land Gas c #3 engine fail, reconversion
19 VTO, V Land Gas C #3 engine fz*l on landing
20 VTO, V Land Gas C #1 engine fail on takeoff
21 ST0, V Land Gas C #3 engine failure on takeoff
22 ST0, V Land Gas C #3 engine failure on takeoff
23 STO, V Land Gzz C #3 engine failure on takeoff
24 §T0, V Land Gas c #3 engine failure on takeoff
25 VTO, V Land Gas C #1 engine fail during conversion
26 Special Test Gas C TRM preset removed CAS off 1 axis
27 Special Test Gas C TRM preset removed All CAS off
28 Hover Gas C Wind and turbulence
29 yT0, V Land Gas C Pitch CAS fail on VTO
30 YTO, V Land Gas C Pitch CAS fail on VIO
31 VEOQ, V Land Gas C Roll CAS fail
32 VTO, V Land Gas C Yaw CAS fail
33 Hover Shaft C
34 60 knots Shaft c
35 Transition/Conversion Shaft C
36 VIO, V Land Shaft C Pitch CAS fail
37 VIQ, V Land Shaft C Pitch CAS fail
38 VTO, Conv. Land Shaft c #1 engine fail

[ '5:"'.»'-:'."&- .
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Run Flight Condition Fan Pilot 0ff Normal Condition
39 STO, V Land Shaft C

40 Hover Shaft c CAS off

41 Hover Shaft C CAS off

42 Special Test Shaft C Vector Tate 15°/sec

43 8TQ, Short Land Shaft c Alternate control laws
44 VTO, V Land Shaft C #1 engine fail at 30 ft
45 YT0O, V Land Shaft C #1 engine fail at 50 ft
46 VyT0, V Land Shaft C Yaw CAS faill

47 VTO, Conv. Land Shaft C Yaw CAS fail

48 VTO, Conv. Land Shaft C Vector rate 5°/sec. Pitch CAS fail 300 knots
49 No Go Shaft C

50 VTO, Conv. Land Shaft C Vector rate 5°/sec. Pitch CAS fall 300 knots
51 Hover Gas D

52 60 knots Gas D

53 60 knots Gas D '

54 Hover Gas B

55 Hover Gas D

56 60 knots Gas D

57 60 knots Gas D

58 60 knots Gas D

59 60 knots Gas E

60 60, 90, 120 knots Gas E

61 Conversion Gas E

62 Conversion Gas E

63 Conversion Gas E

64 Conversion Gas D

65 Conversgion Gas D

66 Hover Gas B

67 60 knots Gas B

68 90 knots Gas B

69 120 knots Gas B

70 150 knots Gas B

71 150 knots Gas B

72 150 knots Gas B

73 Conversion Gas B

74 Conversion Gas B

75 200 knots Gas B

76 S§TO, Short Land Gas B
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Run Flight Condition Fan Pilot Off Normal Condition
17 STO, Short Land Gas B
78 Hover Shaft B
79 Hover Shaft B .
80 60 - 150 knots Shaft B
81 60 » 150 knots Shaft B
82 VIO - abort Shaft B #3 engine fail at 100 ft
83 VT0 - abort Shaft B #1 engine fail 60 knots
84 VT0, Conv. Land Shaft B
85 VEO, Conv. Land Shaft B
86 VIO, Conv. Land Shaft B
87 VTO, V Land Shaft B Pitch CAS faill 100 ft
38 VIO, V Land Shaft B Roll CAS fail 100 ft
89 VT0, V Land Shaft B Yaw CAS fail 100 ft
90 VI®, V Land Shaft B Yaw CAS fail 100 ft
91 Hover Shaft B 15 knot crogswind
92 Hover Shaf ¢ "B 15 knot crosswind
93 Hover Shaft B 15 knot crosswind
94 Hover Shaft B 15 knot crosswind and turbulence
95 Hover Shaft B 15 knot crosswind and turbulence
96 Hover Shaft B 15 know headwind and turbulence
97 Hover Shaft B 15 knot headwind and turbulence
98 V Land on ship Shaft B
99 V Land on ship Shaft B
100 V Land on ship Shaft B
101 V Land on ship Siaft B
102 V Land on ship Shaft B Ship motion
103 V Land on ship Shaft B Ship motion
104 V Land on Ship Shaft B Ship motion
105 VT0, Short Land Gas D Crosswind and Turbulence
106 V10, Short Land Gas D Crosswind and Turbulence
107 VT0, Short Land Cas D Crosswind and Turbulence
108 Hover Gas D Height damper fail
109 VTO,- V Land. Gas E
110 570, Conv, land Gas E
111 STO, Conv. land Gas E
112 STO, Conv. land Gas E
113 STO, Comv. land Gas E
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Run Flight Condition Fan Pilot Cff Normal Condition
114 VTO, Conv. Land Gas E
115 VIO, V Land Gas B
116 ST0, V Land Gas B
117 STO, V Land Gas B
113 ST0, V Land Gas B
119 ST0, Conv. Land Gas B
120 $T0, Conv, Land Gas B
121 VIO, V Land Gas B .
122 Hover Gas B With and without headwind and turbulence
123 Hover Gas B CAS off
124 Hover Gas B CAS off, no heilght damper
125 Hover Gas B CAS off, no height damper, no TRM preset
126 Hover Gas B CAS off, no height damper, no TRM preset
127 Hover Gas B CAS off, no height damper, no TRM preset
128 Hover Gas B CAS off, no height damper
129 Hover GAS B CAS off, no height damper, double TRM lags
130 V10, V Land Cas B
131 VTO, V Land Gas B Yaw CAS off
132 V710, V Land Gas B Roll CAS off
133 VT0, V Land Gas B Pitch CAS off
134 VT0, V Land Gas B Pitch CAS off
135 VT0, V Land Gas B Pitch CAS off
136 30 knots Gas B
137 Special Test Gas B Fud. fan vector limit 45°
138 Special Test Gas B Fwd fan vector limit 60°
139 VIQ, V Land Gas B #1 engine fail in cruise
140 Hover Gas A CAS off individually, paired and all
141 Hover Gas A Single CAS off
142 Hover Gas A CAS off, crosswind and turbulence
143 Hover Gas A
144 Hover Gas A
145 60 knots Gas A CAS off, with and without wind and turbulence
146 90 knots Gas A With and without wind and turbulence and CAS
147 120 knots Gas A Single CAS off
148 120 knots Gasg A Single CAS off
149 Conversion Gas A
150 200 knots Gas A With and without single axis CAS disengagement
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Run Flight Condition Fan Pilot 0ff Normal Condition
151 300 Knots Gas A CAS off individually
152 VIO, V Land Gas A
153 STO, V Land Gas A
154 5TQ, Short Land Gas A
155 STQ, Short Land Gas A
156 STO, Conv., Land Gas A
157 STO, Conv. Land Gas A
158 $T0, Conv. Land Gas A
159 Conv., TO, Conv. Land Gas A
160 Conv. TO, Conv, Land Gas A
161-169 Conv. TO, Conv. Land Gas A Fixed Base
170 VTO, V Land Gas A #1 engine fail at 100 ft
171 VTO, V Land Gas A #1 engine fail at 100 ft
172 Hover Shaft A Pitch CAS off
173 Hover Shaft A Roll CAS off
174 Hover Shaft A Crosswind and turbulence, CAS off
175 60 knots Shaft A
176 60 knots Shaft A Motion off
177-185 STO, Short Land Shaft A Motion off
186 Special Test Shaft A 15°/sec vectoring rate
187-190 Special Test Shaft A 10°/sec vectoring rate
191 Special Test Shaft A 15° /sec vectoring rate
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Run 1, 2 Hover Gas Fan Pilot C

(Height damper shut off on Run #1)

Height damper makes a big difference

Cood attitude stability - can hold it where I want

Yaw rate response looks good

HUD makes task easier

Negative weathercock but good yaw damping and directional control takes care
of it.

Must be ginger with vector lever, easy to overshoot, visual cues not as good
in pitch as roll.

Overall PR 2 1/2 for hover - biggest problem 1s negative weathercock

Run 3 Hover Gas Fan Pilot C CAS off

Yaw CAS off no problem

Pitch CAS off gives problem, transient, general wandering, SAFE but must
concentrate on attitude

Roll CAS off gave slight roll right

General wandering, must be ginger

PR 6 1/2 Pitch failed )

PR 6 Roll failed ) no wind

PR 4 Yaw failed )

(CAS Back on, 15 knots crosswind and turbulence)

Don't see much attitude disturhance.

Must hold wing dowm.

Boldineg over a point problem with visual display.

PR 3 overall with wind for hover with CAS on

(CAS failures with wind)

Yaw CAS off with wind get transient

Negative weathercocking problem with CAS off and wind

Roll CAS off no big problem

No easier with yaw off than roll off when wind present

Pitch axis most difficult with CAS off

PR 7 with wind and turbulence and any axis CAS off

Run 4 60 Knots Gas Fan Pilot C

Change from attitude command to rate command tco abrupt.
8; = 80 gives 60 knots

Nose wants to drop, quality of attitude hold system not good
Can feally see the nose drop on the HUD

Looseness in pitch attitude more apparent with HUD

Does not hold pitch attitude as well as I would like
Loose in pitch

Roll and heading good

Evervthing but pitch attitude hold looks good

¥No dihedral effect in sideship

Turn coordination looks good

PR 3-»3 1/2 because nose drops in turn

Runs 5, 6 90 Knots Gas Fan Pilet C

Very similar to 60 knots. PR 3 - 3 1/2
Pitch most objectionable,
@3 = 74° No big change from 60 knots

AMICDONNELL AIRCRAFT COMPANY
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Run 7 120 Knots Gas Fan Pilot C

Stick not centering on previous runs,

Corrected stick (pitch) attitude hold in pitch now not too bad.
Nose still drops in turn

Slight negative dihedral

PR 3-23 1/2 would be better if nose did not drop in tura

Run 7 150 Knots Gas Fan Pilot C

Looks good

Slight deterioration in turn coordination

Overall better because nose doesn't drop

PR 3

Dihedral overpowers CAS in developing sideslip then bank angle stays when take
out sideslip.

Run 829 Fransition/Conversion Gas Fan Pilot C

Everything looks good.

Only problem 1s pitch changes
HUD really helps

PR 3

Run 10 200 Knots Gas Fan Pilot C

Attitude, altitude, and heading hold good
Pogitive dihedral

Can't bank too steep at 200 knots.

PR 6 because of low speed operation

PR 3 1/2 for small banks

Lost altitude due to ¢ limitevr

Run 11 300 Knots Gas Fan Pilot C

Get:ing adverse yaw worst thing
Pitch damping good

Negative dihedral

PR 6 due to adverse yaw

Would be PR 3 if adverse yaw fixed

Run 12 Gas Fan Pilot C

S§TO, V Land
Overrotated on STO, hailry, need to develop techniques.

Did not optimize STO

Got to be enjoyable.

Don't like tramsient from attitude to rate command. Needs improvement
Conversion process good.

Need devector schedule (V vs 9873).

PR 3

REPRODUCIBILITY OF THE
T AGINAL PAGE IS POOR

MCOCDOMNELL GIRCRAFT COMPANY
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Run 13 STO, Short Land Gas Fan Pilot C

Pitches up when it unsticks

83 = 75° for landing 60 knots

Take off at 67 = 60°, hard to rotate, was very ginger
Control airspeed with vector angle O0.K.

Need to move HUD down

PR 3

Rua 14, 15 STO, Conv. Land Gas Fan Pilot C

Lost Redifon on landing and crashed!
Difficult to stabilize airspeed on landing.
Lacks high lift/drag devices.

PR 4 1/2 because of conventional landing

un 16 VIO, V Land Gas Fan Pilot C #3 Fail @ 100 ft

No problem, plenty excess thrust PR 1 1/2

Run 17 VI0, Conv..land... Gas Fan Pilot C. #3 Fail @ 60 knots

Slight pitch down
Developing conventional landing skill
Not criticael

Run 138 VT0, V Land Gas Fan Pilot C #3 Fail, Reconversion

Only problem was abrupt transient when reconverting. Was not expecting failure
Most eritical failure so far but no big problem.

Run 19 VIO, V Land Gas Fan Pilot C #3 Fail on Landing

Run 20 VT0, V Land Gas Fan Pilot C #1 Fail on TO

No different than #3

Run 21, 22, 23, 24 STQ, V Land Gas Fan Pilot C #3 Failure on TO

Must fix vector detent at 30°
Continues to climb after failure

0.K.
Run 23 VT0, V Land Gas Fan Pilot C #1 Failure in Conversion
Run 26 Special Test Gas Fan Pilot C No TRBM preset, CAS off

(TRM preset removed CAS off 1 axis)

Run 27 Special Test Gas Fan Pilot C No TRM preset, CAS off

(TRM preset removed all CAS off)

(Add wind aund turbulence,

Negative weatuercocking

Can't tell much difference with TRM off

MCDONNELL AIRCRAFT COMPANY
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Run 23 Hover Gas Fan

(W still 26000)

Pilot G Wind & Turbulence

Can land with wind and turbulence with all CAS off.
Little easier than no TRM present but not much different.

Runs 29, 30 VIO, V Land Gag Fan
(Pitch CAS fail on VTO)

Crashed on Run 29, lost it in pitch.

Big moment to trim out during conversion.
Helps to trim it out before conversion
Easy to get into PIO

100 knots - reduce power and nose comes up
Requires a lot cf pilot attention
Dangerous!

First really bad failure

Could get away any time above 60 knots

PR 8 1/2

Run 31 vIo, V Land Gas Fan

No transient, no problem
No problem at all.

Run 32 VTQ, V Land Gas Fan
No problem, slightly worse than roll fail

Run 33 Hover Shaft Fan

Seems stiffer in roll than gas fan

Looks fine with CAS on

Lower T/W makes height comtrol more difficult
Less vertical velocity damping

PR 3 for pitch, roll & yaw

PR 3 1/2-4 height control and overall rating

Run 34 60 Knots Shaft Fan

Nose drops in turn

Looks same as gas fan

90 knots turn coordination locks good
No different than gas fan

120 knots same

150 knots can see effects of less T/W

Run 35 Transition/Conversion

Pilot C Pitch CAS fall at 60 knots
Pilot C Roll CAS Fail

Pilot C Yaw CAS Fail at 60 knots
Pilot C

Pilot €

Shaft Fan Pilot C

Conversion is better than gas fan, not as much transient.

MCDONNELL AIRCRAFT COMPANY
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Run 36, 37 VIO, V Land Shaft Fan Pilot C Pitch CAS Fail

Lost contrel in pitch axis

Got big change in pitch with vector angle around 35°
Big nose down pitch change going to 0° 8.

Pitch squirrelly

Run 38 VI0, Conv. Land Shaft Fan Pilot C #1 Fail Conv. Flight

- a wlGeryeptional Landing)

Run 39 STO0, V Land Shaft Fan Pilot C 30000 1b.

Looked same as gas airplane
Does not accelerate as fast, have more time

Run 40, 41 Hover Shaft Fan Pilot C CAS off

Pitch axis requres most attention CAS off

Run 42 Special Test Shaft Fan Pilot C Vectcor Rate 15°%/sec

Can't tell any difference with 15°/sec rate

Nose does not drop in turn - looks good

Conventional landing - turn coordination really bad -
Drooped ailerons real good

Run 43 STQ, Short Land Shaft Fan Pilot C Alternate Control Laws

{(Alternate control laws)

Bad - ball pegs iito turns
A/C doesn't turn when banked
Uncomfortable

Run 44 VIO, V Land Shaft Fan Pilot C #1 Fail on Landing

» » {Vector rate 50°/sec. #1 fails at 60 knots on landing)
No tramsient, only takes more power

Run 45 VIO, V Land Shaft Fan Pilot C #1 Fail on TO

(#1 fail at 50 ft.)
Did not arrest =sink rate, hit 9 FPS

Run 46 VTO, V Land Shaft Fan Pilot C Yaw CAS Fail

Passive failure

Run 47 VIO, Conv. Land Shaft Fan Pilot C Yaw CAS Fail

No problem, even turn coordiaition

MCDONNELL AIRCRAFT CONMPANY
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Run 48 VIO, Conv..-Land Shaft Fan Pilot C Pitch CAS Fail ;‘

i,

(Pitch Fail 300 Knots, Vector rate 5°/sec.)
Very squirrelly in pitch CAS off

A A

Run 49 No Go Shaft Fan Pilot C
3
Run 50 YT0, Conv. Land Shaft Fan Pilot G i

.
(Pitch fail, 300 knots, vector rate 53°sec.) L
PR worse than 6 1/2 j

P

Run 51 Hover Gas Fan Pilot D

Throttle sensitivity too high.

Nose goes left for roll right.

Good yaw sensitivity.

Tend to overshoot in yaw but control is positive.

Tend to overcontrol in yaw when in loop, otherwise nice and steady.

No coupling for yaw input.

Quite happy with yaw.

Speed respomse due to attitude change seems too slow.

Speed response better with vector change.

Like vector change better than vector change for translation.

Positive damping in height. -

gsideforce control looks good.

Roll response a little sluggish, but 1like when attitude goes to zero when release
stick.

Good landing accuracy.

Think sideforce control should be on stick - tend to move throttle.

PR 4 - height too semsitive, roll sluggish

Run 52, 533 60 Knots Gzs Fan Pilot D

Good pitch damping, little sensitive.

Don't like transition from rate to attitude command.

Must add power in turn to keep from decelerating.

Don't need to coordimate with rudder. .

Tend to put in pitch inputs when 1 roll, would maybe like high control forces
near center. ‘

‘Pogitive dihedral, never departed for full rudder, had to watch airspeed.

Must improve mode change PR 3
Too easy to put in pitch inputs.

Run 54 Hover Gas Fan Pilot E

Sluggish in roll.

Don't like the yaw coupling.
Rock steady 1n hover.
Qvershoot in yaw. :
Yaw rate higher than I need. :
Need better stick centering.

Excellent in hover compared with Harrier.

RCDORNNELL AIRCRAFT CORMPANY
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Run 55 Hover Gas Fan Pilot D i

Stick is underdamped in pitch.
Force gradients & travel good.
PR 3 1/2 hover, throttle too sensitive !
PR 4 height control inm hover {
PR 4 for hover turms ;
PR 4 for lateral translations because of negative directional stability
PR 2 for speed control with vector

PR & speed control with piteh

PR 3 for spot hover -t
PR & overall, needs directional stability, lower throttle sensitivity
(60 Knots)

Easy to couple pitch for roll imput
Mode change no good
Turn coordination good

H
i
i
*~
1
&
5

Run 56,57,58 60 Knots Gas Fan Pilot D

Tend to make A/C overbank. i
Speed coupling with power. i
Good touchdown accuracy at 60 knots. i
: 60 knots very important operationally. '
i Really have to work to find problems.
: Must change control law switching.
Got a tuck under with power change.

Run 59 60 Knots Gas Fan Pilot E
Good turn coordination at 60 knots 60° bank
12° right bank for full rudder

Have to take bank out when I remove rudder

Run 60 60,90,120 Knots Gas Fan Pilot E

Doesn't hold exact pitch attitude where I let go of stick.
Pitch damping seems low at 160 knots
Lateral stick free oscillation at 180 knots
' © 150 knots exhibited anhedral
Don't like negative dihedral at 150 knots
Attitude command undershoots.
Sideforce weak at 60 knots.

Run 61,62 Conversion Gas Fan Pilot E
Crashed}
Run 63 Conversion Gas Fan Pilot E

Can't do good conversion due to Redifon travel.

MCDONNELL AIRCRAFT COMPANY
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Run 64,65 Conversion Gas Fan Pilot D

Mode change no problem 1f a:titude is right.
Need more practice to develop conversion technique.
Outbound no problem, inbound little difficult

Run 66 Hover Gas Fan Pilot B

Vector lever too crude
PR3 hover overall

Run 67 60 Knots Gas Fan Pilot B

Handles quite well
PR3, same comments as hover. Any problems are associated with the visual scene.

Run 68 90 Knots Gas Fan Pilot B

No different than 60 knots. PR3

Run 69 120 Knots Gas Fan Pilot B

Detent on vector not good enough
More natural at 120 knots
PR2 -

Runs 70, 71 150 Knots Gas Fan Pilot B

Cant maneuver on map at 150 knots.

Run 72 . 150 Knots Gas Fan Pilot B

Hit mirror!
Speed control poor, altitude control bad
PR due to tight maneuvering task

Runs 73, 74 Conversion Gas Fan Pilot B

Pretty rough finding W&& around
Controllability good

No doubts we can do the job.

Just another airplane at 300 knots.

Run 75 200 Rnots Gas Fan Pilot B

Not an unreasonable speed
PR2-3 but don't like tyim rate
Went down to 80 knots, recoverable

Runs 76, 77 STOQ, Short Land Gas Fan Filot B

Need brakes, throttle and vector stops

MCDONNELL AIRCRAFT COMPANY
A-14
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vk

Runs 78, 79 Hover Shaft Fan Pilot B

Working harder in height control.
Miss engine noise cueing from height control.
Very little difference in flyability.

Runs 80, 81 60-150 Knots Shaft Fan Pilot. B

No different than gas airplane
Power response no problem at 60 knots

Run 82 VIO & Abort  Shaft Fan _ Pilot B _ #3 Fail at 100 Feet

(#3 fail at 100 £ft.)
Makes task more difficult

Run 83 VTO & Abort Shaft Fan Pilot B #1 Fail at 60 knots

(#1 fail 60 knots abort)

Using rudder to get a better look at things.
Reasonably controllable.
Seemed to be more critical than #3 fail.

Runs 84, 85, 86 vid, Cony, Land Shaft Fan  Pilot B

Run 87 VTO, V Land Shaft Fan Pilot B Pitch CAS Fail at 100 feet

(Pitch CAS fail at 100 ft, abort)
Work load higher but can land safely.

Run 88 VIO, V Land Shaft Fan Pilot B Roll CAS Fail at 100 feet

Work load higher down below 30 ft.
More work load than pitch f£ail

Runs 89, 90 VT0, V Land Shaft Fan Pilot B Yaw CAS Fail at 100 feet

(Yaw CAS fail at 100 Ft. abort)
No trouble, more subtle fallure

Runs 91, 92, 93 Hover Shaft Fan Pilot B 15 Rnot Crosswind, Turbulence

(15 Knot Crosswind)
Can hold with either bank or sideforce
Difficult to set down on ome wheel

Runs 94, 95 Hover Shaft Fan Pilot B 15 Knot Crosswind and Turbulence

Not too bad but high workload

Runs 96, 97 Hover Shaft Fan Pilot B 15 Knot Headwind and Turbulence

No Problem

Turbulence makes you work harder
MCDONNELL AIRCRAFT CORMPANY
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B3

Runs 98, 99 VIO, V Land on Ship Shaft Fan Pilot B
Runs 100, 101 VIO and V Land on Ship Shaft Fan Pilot B
Runs 102, 103, 104 VI0 and V Land on Ship with Motion Shaft Fan Pilot B

Runs 105, 106, 107 VIO, Short Land Gas Fan Pilot D Crosswind and Turbulence

Pitch coupling with nozzle in hover.

Need better detent at 85°.

Sluggish in roll at 350 knots.

Trim rate too slow.

Reconvert at 300 knots, Get initial climb.

Landing at 120 knots powered lift with 15 knots wind & turbulence, worked 0.K..

Run 108 Hover Gas Fan Pilot D Height Damper Failed

(Height damper fail)
Overcontrol when coming down from 100 feet.
Used to no height damping on Harrier, but work load is higher.

Run 109 VTO, V. Land Gas Fan Pilot E

Run 110, 113, 112, 113 STG, V Land . Gas Fan Pilot E

Had problems with landing gear model on Tunway.

Run 114 VI0, Conv. Land Gas Fan Pilot E

Need to use rudder'to coordinate turn at 300 knots.
Irim rate too slow at 300 knots.

Run 115 VIO, V Land Gas Fan Pilot B

Very little pitching moment with flaps.

Run 116 STO, V Land Gas Fan Pilot B

(BJ = 50")

Runs 117, 118 STO, V Land Gag Fan Pilot B

(a5 = 40°)
Moment disturbances during conversion not bad.

Runs 119, 120 STO, Conv., Land Gas Fan Pilot B

(65 = 30°)

Run 121 VIO, V Land Gas Fan Pilot B Max Performance Conversion

el RODUCIBILITY OF THE

T A 1
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. I Run 122 Hover Gas Fan Pilot B

Get a lot of pitch down with power when on the landing gear.

(Add 15 knot headwind and turbulence)

Should trim with either vector or pitch because if hold stick force it increases
workload.

PR 1 for no wind

PR 4 for wind and turbulence

Run 123 Hover Gas Fan Pilot B CAS Off

Very demanding task
BR 7
Can load safely but can not make precise landing.

e

Run 124 Hover Gas Fan Pilot B CAS off, no Height Damper

Really adds to workload PR 7
Might not be safe

Runs 125, 126, 127 Hover Gas Fan Pilot B CAS Off, Height Damper Off, No TRM
Preset

Seems to be working harder in pitch now.
Roll seems easier to handle, PR 7.

Run 128 Hover Gas Fan Pilot B CAS Off, Hejight Damper Off

Pitch seems better balanced, roll more difficult PR 7.

Runn 129 Hover Gas Fan Pilot B CAS Off., Dawper Off, 2 X TRM Tags__

Terrible, can't translate much at all
Can not safely land the airplane

Run 130 VIO, V Land Gas Fan Pilot B
PR 2

Run 131 VIO, V Land Gas Fan Pilot B Yaw CAS OQff

Did not notice yaw CAS off at high speed
Yaw CAS off disturbing at 40 knots
PR 3

MCDONNELL AIRCRAFT COMPANY
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Run 132 VIO, V Lamd _ Gas Fan __ Pilot B Roll CAS Off
PR 4 |
Runs 133, 134, 135 VIO, V Land Gas Fan __ Pilot B Pitch CAS off

An untrained pilot would crash during conversion
Strong pitch down as first move vector lever

Pitch down through conversion L
Pitched up during reconversion, crashed!
PR 6

Run 136 30 Knots Gas Fan Pilot B

Run 137 Special Test Gas Fan _Pilot B Fwd fan vector limit 4937

Pitch up in conversiom, down later
Only slightly more transient during outbound conversion.

Run 138 Special Test Gas Fan Pilot B Fwd fan vector limit 60°

Same, but was worst than last time
Degradation now is more than annoying, it is worrysome degrades rating by 3.
Pitch crispness seems low at 135 knots.

Run 139 VT0, V Land Gas Fan Pilot B #1 Fail in Cruise

Increases workload a bit but not as bad as CAS failure PR4

Run 140 Hover Gas Fan Pilot A

No problem hovering
Pitch reference poor
Must look at A/S indicator to determine translation

(Pitch CAS off)
Pitch time constant seems slow but not real bad

(Roll CAS Off)
Awfully sensitive in roll CAS off.
Almost seems like acceleration continues after I remove imput.

(Yaw CAS 0ff)
No big problems .
Slight bias in the pedals

(Roll and Yaw Off)

{All off)
Roll is the least comfortable
Could land it though

(CAS on wind and turhulence)
Need more vispal_referenggjlé

RICDOMNELL AIRCRAFT COMPANY
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Run 141 Hover Gas Fan Pilot A

PR 1 CAS on, no wind
PR 2 hover CAS on wind
PR 5 Pitch CAS off

PR 6 8B roll GCAS off
PR 4 yaw CAS off

Run 142 Hover Gas Fan Pilot A CAS off, Crosswind and Turbulence

Don't think turbulence. is realistic
Visual cues are bad - ) -
PR 6 pitch CAS off

PR 6~7 roll CAS off, Don't like it.
PR 3 yaw CAS off, no big problem

Run 143, 144 Hover Gas Fan Pilot A

(Hover over VIOL port)

Run 145 60 Knots Gas Fan Pilot A

Fly nicely at 60 knots!
Pitch CAS off, lots of lag, need more down trim, sluggish, very poor
Add wind & turbulence, too much work

(Roll CAS off)

Feels better than roll CAS off ia hover.
Might be realistically flyable in real life
Yaw CAS off better than pitch and roll

Run 146 90 Knots Gas Fan Pilot A

Real good

(Add wind & turbulence)
Lot of yaw activity +2° sideslip.
(Remove wind and turbulence)
Pitch CAS off not as bad as at 60 knots but still sluggish in pitch.
Roll CAS off feels pretty good, nmo problem.
Getting aerodynamic damping.
(Add wind and turbulence)
Yaw CAS oif no problem, some roll oscillatioms.

sluggish in pitch

(Pitch CAS off)

Can go out of contol

Runs 147, 148 120 Knots Gas Fan Pilot A

Pitch CAS off not comfortakle, sloppy

Roll CAS off no prchiem,

Yaw CAS off no problem.

150 knots brought up gear & flaps make no difference

Pitch still sluggish at 150 knots

Pitch CAS off wind and turbulence, lacks solid pitch feel. Not real bad,

Roll CAS off no problem.
RMICIDORNELL AIRCRARET CORMPANY
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Runs 147, 148 (Cont'd)

Yaw CAS off feels pretty good.

Little uncomfortable in turbulence with yaw CAS on.
Pitch 4-5 CAS on - needs improvements

Pitch 6-7 CAS off

Run 149 Conversion Gas Fan Pilot A

No problem except for ‘nose down at 0° 83, PR 2-3

Run 150 200 Knots Gas Fan Pilot A

Roll really heavy

Pitch CAS off not bad at 200 knots
Yaw CAS off 4is O.K.

{300 knots)

Roll way too sharp

Run 151 300 Knots Gas Fan . Pilot A

Pitch CAS off, not too bad PR 4
PR 5 harsh lateral with roll CAS off, yaw OK

Run 152 V70, V Land Ga Pilo

PR 2-3 no problem

Runn 153 §TO0, V Land Gag Fan Pilot A

50° nozzles work real good
tend to over rotate at 45° nozzles

Runs 154, 155 STO, Short.land Gas Fan Pilot A
(Weight 30,000 1b)

SJ = 50°

Flew off at 55 knots by itself

Rotated by itself

Control o with vector

101.5% Np 50° o5 fly itself off at 40 knots
Approach Ng = 95%, o =5°, V = 88 knots

83 = 70, a« = 5°, 80 knots, Ng = 96%
Pitch dependent on nozzle angle

Runs 156, 157, 158 STO  Cony. Land Gag Fan Pilot A

(30,000 Weight)
85 = 35 works best for STO
8° o at 168 knots

Runs 159, 160 Conv., TO, Conv. Land Gas Fan Pilot A

Conventional landing no problem but tended to pitch up in flare.
Nose wheel 1lift off is terrible!
Flaps up better than flaps down for takeoff

MCDORNNELL AIRCRAFT COMMPARIY
A-20

NN

teata il S 2y e il e B




B T - o

L
L
4
§
i
T
L
¥
b
¥
Wi
\

4

o
v
4
;
&
H
4
i
.

e —— S ] > e Ty

MDC A4439

Runs 161 - 169 Conv, TQ, Conv. Land Gas Fan Pilot A

(Fixed base)

Runs 170, 171 VTO, V Land Gas Fan Pilot A

No big deal
#1 fail Comvert - reconvert V land.

Runs 172, 173 Hover Shaft Fan Pilot A

Pitch CAS off doesn't feel bad at all
Roll CAS off very uncomfortable
No damping, little more comfortable with CAS off than gas fan

Run 174 Hover Shaft Fan Pilot A Wind & Turbulence

SEERRE 1

i

SR PTRPPEE SO SIS

s b e L 1T

CAS Off

Pitch CAS off better than gas fan

Yaw CAS off no problem

Height damper off can't tell much difference.
Not as positive as I like but not too bad

PR 5 for no wind

Run 175 60 Knots Shaft Fan Pilot A

Computer Crash !

Run 176 60 Knots Shaft Fan Pilot A

(Motion off)
Shaft fan has more tendency to pitch up than gas fan

Runs 177-185 8T0O. Short Land Shaft Fan Pilot A
(Motion Off) .

Run 186 Special Test Shaft Fan Pilot A 15° Sec Vectoring Rate

Runs 187-190 Special Test Shaft Fan Pilot A 10°/sec vectoring rate

Begin to see a little problem
Seems too slow, way too slow

Run 191 Special Test Shaft Fan Pilot A 15°/sec vectoring rake ;

Not too bad, but still too slow.

RMCDONNELL AIRCRAFT CORMPANY
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APPENDIX B

COMPUTED TIME HISTORIES
FOR

SIMULATOR CHECKOUT
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Development of the mathematical model on which the simuiation experiment
was based involved an extensive study and analysis effort. First, the basic
control law concept was established and the flight control system was formulated
in three degree-of-freedom block diagram form. Simplified three degree-of-
freedom linearized mathematical models were then defined for computer analyses
using a root locus dipgital program. System gains were then selected based on
closed loop stability and open and closed loop response characteristics.
Responses were initially checked using linearized three degree-of-freedom
program written in the CSMP computer language.

Stability and response analyses were divided into hover, transition and
aerodynamic flight regions. Gain schedules were kept to a minimum. Various
applicable design guldelines as provided in AGARD R-577 and MIL-F-83300 were
used to aid in the selection of system gains. During the system design effort,
basie programming of a six degree-of-~freedom mathematical model was performed.
As the control laws and system gains became finalized, the six degree-of-
freedom digital program was completed and a series of sample time histories
prepared. The FSAA program was then checked by comparison of the simulator
computer output with the sample time histories generated at MCAIR.

OQutput listings of two sample check cases are presented in this appendix.
The first 1s for an input of 10Z of roll control capability in the shaft
coupled version and the second is for the same input in the gas coupled

aircraft. Definition of the output terms is provided in the following listing.

MECDONNELL AfRCRAFT COMFPANY
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NPER
PEDAL
PEDALP

PDEG

PHI
PHIDEG
PITCH
POWLV
PSI
PSIDEG

QDEG

RDEG

RNG

ROLLSK
RUDDER
STAB

$161,2,3

STLAT
STLATP
STLON
STLONP
THA
THETAJ

THETDG

MDC A4439

Fan speed (percent) (Shaft-coupled system)
Rudder pedal input (inches) (Gas-coupled system)
Powered lift yaw command (volts) (Gas-coupled system)

Airplane roll rate. Inertial velocity about x body axis
(degrees/second)

Airplane roll angle (degrees) (Gas—coupled system)
Airplane roll angle (degrees) (Shaft-coupled system)
Pitch stick input (inches) (Shaft-coupled system)

Power lever position (percent) (Shaft-coupled system)
Airplane heading angle (degrees) (Gas-coupled system)
Airplane heading angle (degrees) (Shaft—coupled system)

Airplane pitch rate. Imertial velocity about y body axis
(degrees/second)

Alrplane yaw rate. Inertial velocity about z body axis
(degrees/second)

Engine speed commanded by master power lever and height
damper (percent) (Gas~coupled system)

Lateral stick input (inches) (Shaft-coupled system)
Rudder deflection (degrees) (Gas-coupled system)
Stabilator deflection (degrees) (Gas-coupled gystem)

TRM port opening on left, right and forward fans, respectively
(degrees) (Gas-coupled system)

Lateral stick input (inches) (Gas-coupled system)
Powered 1ift roll command (volts) (Gas-—coupled system)
Pitch stick input (inches) (Gas-coupled system)

Powered lift pitch cummand (volts) (Gas-coupled system)
Airplane pitch angle (degrees) (Gas-coupled system)
Command thrust vector angle (degrees)

Airplane pitch angle (degrees) (Shaft~coupled system)

MCDONNELL AIRCRAFT COMPARY
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ALLERON
ATLPHA
BETA
BETA1,2,3
DELIPS

FG1,2,3

FGUL,2,3

FT1,2,3

FYLl,3

F71,3

GAML,2,3

GAMAL,2,3

H

HDPT

HP1,2,3

LAERO
MAERO
NAERO
LB

NB

MDC A4439

i
i
3

&
o4
3
4
a

COMPUTER OUTPUT IDENTIFICATION

W I

Left alleron deflection (degrees) (Gas—coupled system)

e et

Angle of attack (degrees)

Sideslip angle (degrees)

A

Fan blade pitch angle (degrees) (Shaft-coupled system)
Rudder input (inches) (Shaft-coupled system)

Gross thrust of left, right and forward fan, respectively
(pounds)

Gross uninstalled thrust on left, right and forward fan,
respectively (pounds)

Tip turbine residual thrust developed by left, right and
forward fans, respectively (pounds) (Gas-coupled fans only)

Resultant side directed thrust of left and forward fans,
respactively {pounds)

Resultant vertical thrust of left and forward fans,
respectively (pounds)

Yaw vane angles for left, right and forward fans, respectively
(degrees)

Altitude (feet)
Time rate of altitude change (feet/second)

Total horsepower generated by engines in shaft-coupled system
{(horsepower)

Tip turbine gas horsepower supplied to left, right and forward
gas—coupled fans, respectively (horsepower)

Aerodynamic moments (excluding ram drag effects) about body x,
vy, 2 axes (foot pounds)

Total external moments exerted on the vehicle about body x, vy,
z axegs (foot pounds)

Moments produced by fan forces about x, v and z body axes
(foot pounds)

Moments produced by ram drag forces about x, y and z body axes
(foot pounds)
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THv1,2,3

TIME

UE,VE,WE

VGDAMF

VT

WFl

X,Y,H

XAERO
YAERC
ZAERO

B
ZB

YF
Zr

ZRAM

MDC A4439

ETaC valve angle on left, right and forward fans (degrees)
(Gas-coupled system)

Independent variable. Control commands input at ome second
(seconds)

Airplane CG velocity components with respect to the earth-
fixed coordinate system (feet/second)

Altitude rate damping for power lever control (volts)
(Shaft-coupled system)

Airplane velocity with respect to air (feet/second)

Fuel flow rate to right engine {pounds /hour} (Shaft~coupled
system)

Adreraft CG position with respect to earth-fixed coordinate
system (feut)

Aerodynamic forces (excluding ram drag effects) along body
X, ¥, & axes (pounds)

Total forces exerted on the airplane along the x, y, z body
axes (pounds)

Total fan and nozzle thrust forces along the %, ¥, 2 body
axes (pounds)

Ram drag force components along the x, y, z body azes
(pounds)
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(Continued)

Shaft Coupled System Hover Time History
Step Input Of Roll Control

MDC A443S

iil-‘.31111111-1111;:(:{;(pﬂa‘ﬂ‘o(.—‘—ﬂ—(-ﬂf_—d—(_p_r_-o&n‘-‘a‘a‘»ﬂu‘dﬂr.c_
Hﬂnuﬂﬁﬁﬂuncﬂﬁﬂunﬂﬂnﬂuﬁnuunﬂuuunnﬁauﬂuad..eﬂbﬂl-u
-qq-.-..---.-.u-u—-n.-..-o.~.~u--
EEEEEEEEEEEEEEEEEEEEEEEE:.EEEEEEEEEEEEE..CE
AONAALFI T P Y T 0 md W4 P s L5 e o L e ) U E2 w2 2T I etk a Ll L-WIAVEVEE AT ITR L]
qsalasucuﬂ._eas82?2321u?3088&G-is?leiﬂu:a-ﬂswtvg??u
Eo{jc.ﬂql.r:lqh.iu-n.jif-tn&-u.EE?.[E?;{?E.-CC.?:«.cf.c.-.l_._aa.‘.1.0.1..‘..
IO OU Dt vt v v el ot et e vl V01 ORI G0 G0 e P e AU WA WAL T 8 P T o NI
L A R R R N N N N N N NN N YT T T T I
IR RN R R EEE

11111_1.14..1111111111111111111114&1111111111
) o e 3 o G o i (e 0 T 3 0 £ e o B 553 el € £l £ £ o R €003 (D e 2 3 ) et 63 LD 3 T
I T R A L e T TS
EEEEEEEEEEEEEEEEEEEEEEEEEEC;EEEE-EEFIEE:-EE
P I P o et o C4) B G220 AU M ek 44 QR AN LI ERD £ 11V e £ TR LEVII 62 {0 a3 L) I3 LB JLTVALY
AWAIE @ (LI - U PP IV o A0 AL L e i e 7 CL O I S ML ES LIS E 9 balalal ol
wTuF F oF P uy LTIV S VWML VS AL Y VY LLVELA LY LA M YUV U LU VAL AL AL AL AL LD LY
ﬂ:.:s—b‘5—.—:.:‘--_.:-‘r—:.—.:—‘-r::—:-::.—-‘..cor—o_boah—n—rmu-h‘:—:uﬁdgndr—cso.—-—-dr’d-h:.—a

$5 6398533 SePo0rtPeePOORNADYgEtaEeeROCeRP RS

CoOOOOOCaAOOOOoOtIOCOONOORNOOIOOISCIEOO OO S OGS
CAT ] o0 6 Bk o o 0 e U €01 53 0 € o2 €294 P 6 ey Do Kol G £ b M Rd G T T LT €, ALY
i e e e R R N L L L Iy
ALRLPALHLI UG L LCH S LS L) LI UL ISR LN LY LA LS LRI P ML LI L LS R IR P e L LEIR L Qa8
SN el B AL S SUS ) W UV T IR LTS T L e LA L 1 e L VYT BRI L St Tl LA A2
P 320 CatS TS LU TS T T a L1 16 VAL KL UL e e e G0 L 67 T3 W U VD H A £ 60 & 2 A €
EFD G o a T TS 9o T TV 1T v 90 T Tt Tt VT Y ety ) o T a0 A LAY
111_1-1111111111111111111111111111111 Lalalbalal ]

00 8¢ 4888 000CPL0PSPSPERO03RanAaBO00uadeanes

CEeoCOOOoUOOECOCOSOEOOOOMOOOEoOOCDOoOIE D
SO OOIOIGNSE SO S OIS OO S I @O OO I ST O CIED
st e i e i i A i
LURILLIL b S L L LS L L UL L AL e L L L G WL L L L DL eI g L L L S ELLES
RO TP Patl 1 CF o 7 U AL 03 (U AT 41 e SO DU C L0+ ST YT U LY O DT S A B LEY (Y5
CUNITU 4= C20 P UV O AN € BV EHEEMI G COAMLY 431 MY ) DIDUR R O P IE 1 ¥ AL &0 o
TR RF LRIV SUIQH OV ED T M (U D 3T T LA AW AL I i e O Gy T 2 QAU O
$0eiie e T e {0 P P P e G G0 G0 C07 400 00 €500 3.0 02 QT2 G220 (2 €647 O CLY 43 T 30 BHiRS 23 e o
ﬁﬁ.'IGBIBDI..O..OD.OE..GOGI.I..DID..C.'.
FV 36 00 2 8000 904 00 808080838000 0aRRty

CUITW 00O OU O W O T PUCUI O EU I OUTUITW T T 000 O QU060 40 O I 0 DU ST T DI T
gﬂuﬂuncﬂnguuuauﬂunﬂﬂnuucﬂ = t=—J
RN N N Ny
LI LU L IR LN L S S R LA L L LS S S R0 B LI LA L SALELLALE M LANLED L) LSRARRINRS
AT P U3 QM ) e L AL LT D0 7PD P L e PO P Y AN 10 AP KNS 3 073 o et o P WG ANI 43 5w VLS
G O QYD O LR D ved MO CY O U P~ G BT W VO M)T D A D UMD S MM
ST LRI Pl P 1 €0 0000 O 0 G 0 ED RS0 42000 o kv e vmd Tt N 003 DUCIOS O
IO DNDAL WD DA AT D U A LD P P Poe o 5 P P Po o P P P [ P e T P B e P
L R I A R T Y Y

i 20 S IR T L I N B R I R R R R R S A G A Y
= ey [ o (=1=g=1=1—~1+F]

COgSEmOOOMOOCOoOONONOaOCOooNONSONaANSDODO RGOS
EOOEaDOUNOCeEnNCOOSGROSODGOROODNEE DO LIS
e e R b ot o R N i Y R R M ST W R S I Y
WA LILIL ) L tad Lt LU R L ke T B NSt LU L A ) Lt e I e A L L S LRI
T P e o P P o P e P P P s e i o P P P P P P e o P e e o e e P o o P o P P Poe g
AL LOSLO LAV LOLO LD LOVEY LOUDD DN ER LOLD LA IO LA LD QDN EN DD IR LN O IR LN
dgaesﬂﬂaaseaaaaeaaaae&eaaaaaaaeaaaaaaaaﬂ
TNV QLRI OO O OJ QS0 O ORI O DS 0 O DU O O 00U O AT O AT I O OGO O3 eI0d T
o-..l.‘.l‘....l...ﬂ.....‘HI....'......‘..

SoO0otoonEoROOQaoDDOamTROoOQCOORA0aOROOSICIC)
COO00 LGOI G IS GRITIED 6365 69 1l 3 b Wi I O o R S (I I I G TT S
ol e e g e e ek b e e e o e e e e b b b b ek o e e e o b e
LUALRULLI UL WL LAY G LA LA RS EEALEI UL AL T AL LS RN S A AL RS LIS LI AR ILE) LLILE I LIS RS LS LA F
T e d T b vl vl s vl e ST e e v T e e v et v T et
ET3AY V3 VX WS IVD (V) (VI PV} 2 TV IV IV [V (D 103 Iy (W3 AN V) I3 ) A I I3 v} YD (3 v3 M) N I I3 V) VI I 1) b vy
LD WA LU U U OV ALV UV AU LY LR L LY ECVLEV AR LY LV L T VD L N R L0V
Do P oo Fom P Pl Poe P e e P T P e P P o e i P [ P P P o Fm o T o oo g P P e o o P
‘.0......‘.0I..I...Gl..!‘.......'."....

1.11.1.—11.111_1111111111111.111111111,1111111.11
SaP e K (T Gl e M i € ED L e LI . L7 €T ML 30 I CI ST 63 EIF LI I I L hd a EI P £T Y
LR R i b b e i L R TR T T R A R
LAY L A U LU L LRI AR L T LA AR DL A 2 L2 S LA £ 1140 483 LA F LSRN EY 11N LIRS LIS ILE ) Carbad Ltaad sy
Eﬁﬂuﬂﬂﬂﬂﬂﬂﬂﬂuﬂﬂunzﬁunﬂcuuuuuﬁaﬁnﬂuuﬁuunﬂu
SOY000OOMTOOO0 LTI CICDEDEIrS 0T D O DI B O o (I o3t e e
T I A P 00 UV 944N 179 o5 L AL e 00 Y ED o O V2o YU P GV v O AT WD P TI UL
ARG I DD D WP P P P P P P e P P P 3 60 G0 43 6D 00 0 €3 T340 NN (H DTV O T VD DV
LA A AN AN LR R N N N N N N Y Y P T ]

MOCDORNELL AIRCRAFT CONIPANY

B-7

YE

VE

UE

ROEG

PDEG

QDEG

TIHE

AU TUA A AW A O3 AW AR AN LU RO U AN AN S
SIS0 CHOEI I O BACICI Y OIS €9 SHD
ol 6 Je il T L L R R
RLILNL L G LR L S LI T LU Y SR DA RIS LLITEY
L L v LU I LV L e G UV G G v ARSI ) T S
LIOOOQQOOCTHD vt vt wd v v
Bt o T e L L St 3 2l e R o 0 ] e o Gl ol Bd £
RO D L L Ut WAL LOLUM U Y LV LN LD LAY Iy

&% a8 0PN OLOONSORSSQgO oSN

T FPITUN v = S O ey
Tl T €23 e ) EXII I 5D
LI I A I o
uleiieii g sdiag
AU O P 2 O v T
PTG P T G0 T
SF LTINS i T
~f 1 AU ST o el v OV
LI BB R N B BRI I R B RN N ™Y
SOOOoOOoOD

0050 00 0 0 00 £0 £ 0O O 60 40 $0 CO a0 ) a9 C)
S LI L EH P O IO I ) (I G I E 8y
haha it ol S K S I T R
LI W LU AL L LSt T L L f R Lt LR T
PP I IO I AR I I I AP HT AV O M s e ) 1)
L U QU T U U NV O g v e
TR Ll el K T e OO A O L L ) e (O I )
LASIAVIAVERN ARV IRVIAR [T N To FEAVTRNIRVERNT AL FTLRILTE (FTLY )
" ® 9 908 PFOSE SgaaDBe D

et H A H e N D O0S
LHOCO D0 N CMOOR G SO D
LUL I NI I I N O I N I R BN AR Y Y
EUILLILLE LAY LU L UG L L L b f LUags SLeIUes L)
I C T W) P 4 P O ALHT S E) vt U N e 00 W T
L0 o W OM O e CIUEYVT LIV -7 W VO 0D
TP WU MAT DRI DA P S v 07
VT U A e P P 0 AL B L83 01 3 E06 g o et
D0 % &8 wd o assssbaoeay
LIS N IO I O DN T O I IO B N B N )

mMNHHOoOoEoIOoC
TR OO 0
D8Rt o
AL R U LS A LIS
UV TULT (FhT v (G
LN = NN 3y
W QT MIM D QN
O e O 3 P00 P OO
688D OaOohdseDer0tDEE S
LULoOOQUKQOn

Delsabadabatalio 0 =T=l0 = =T 1T _ToI=T= 1.1
CooTLORDUoD GO0 OISO
Y RN R DA bt d bbb oo
(I LT T (S TP P T L T T NS P T T M P THTH
el iumotinon. J M Tt eaMm
PeUVO D UV AT IO OV (U)o D O T 120
QU N TGV v T GI IV I D D LA DY U
[AVITRE STRNT TR N~ Do B T TR ERR T IS oS T F T QAL [P 31741
* 988 3808 00N RTRE SN

A COCY v (N ol 3OS
SoQOIOOOND )
1 +++ i V1)
LRI PLIES TR ITATVRIEY (PAEPEYINTPY)
MmO C P ONHN D
wd NSO O e OV i Y
OV WD MO OO T
ADP= vt IO e H
* 8 i ad gt rneEnewn
QoQIOQOQOO | I I I ]

[ b hibabalabaae b I ]
SOoQLVOmteaEm-eIs
ek e b b b g
TEITE VST IS (PE TIPS PTa A TRY [T A 11 ]
L e e IR e T L o
[T R I T T L W e 3
WD OV T A O
YIS T ST IO
e sdesd e deneasseTes P
oooOooooOioy

FOoOOCOOOCOICoDONOOOOOo I
OSSO O L0 6 R DT 3 S 3 0 fd T
R N Ty
AL | L) LS EU A L AL L S LS UA L LU RS T WL AT
DI P ORI T IS AU P O P U D S
R B M D O VR U =D MI LN 0D
T v QOO M CUR AN v E20 v D)
SO0 QO PO I O vl N L O T
T d e Aavedetgesreesansagaen
1110008y

ONOOOEOOO et rird el v e
rurunuccﬁu.u-tccttccccncnc
bR R L T
LLILLIE L LRI AR A LA L U LI G LR LA LLY
O I I I O CII T S I A L £ Y B3
OEOIW O OO RO IEID ICILIIE S
DD ORI DO SN TG N e
IO T LD TH vt v v 4 ol o ™l e O 6
LA I BB BN N BN B Y B BN BL BF S-BE N B RN SO 3

SUVRTRI Y

Ls

eI PSRy




LSO

S HPRE - et o en

e e —

Shaft Coupled System Hover Time History (Continued)

Step Input Of Roll Control
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(Continued)

Shaft Coupled System Hover Time History
Step Input Of Roll Control
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Shaft Coupled System Hover Time History (Continued) b

Step Input Of Roll Control
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Gas Coupled System Hover Time History

Step Input Of Roll Control
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(Continued)

Gas Coupled System Hover Time History

Step Input Of Roll Control

MDC A443%

O e e e e e ol ol o e e g e K JE B L e e e e e e e e e
I EIMTII IO QOO DT IO O O D 2700 HIFITIONICIES
Rl o o st st it st st st et s sl e e e s e st e . it e e e i
VEPCERS ITATEEFLLIEASEE LA FUURL DRI U AL ) Le VL LR LT VLT e L LUt ) L B LU LU I LS
™ 3 ICIURTHTOYOHDT T 00D B 60 00 -GRr G XD 11D 73 ) 33 GO Y EKT Prae T P e Pm PP o o P P g e
bl e D ORI J D ICHDIOICIC I rADRI DT O JEII I ITITICI LN Y
CUTI AU TN O DU 00 OU DU ORI 004U DU A T D0 (YU 0 Sy nd S ng v DU S IITU D
ADAM UMD WHOHD WM SO D OO O WD AN WD WO YD LN O UhDWD iU QoW

ae 2 8 ¢80 S SO SRS RSy rPgeade 0RO TROSSR PR S ana

C 36 . JC JC T I JC JU O 6 U 25 g Jx K. g6 JU N g8 JC gt I 8 L K JC JC ke
(T RTE I Y = DT PRV TR Y BT ST E P e PN TR Y T = T L T T P T D YL T FL A T S T T & Y )
E R R o o o o e R ol Rl o et Tk ek R K
LEL LIt gt It e D 3 | L3 g gt Led Lttt S LU it e ) el i b s te s e DA
o P e o AL ALY A G W 1S S AT F LB VMY U ALY VA G AN A A U A A VU ) ol o T =T o T =f =T
ALALD ALIELD RJART LRI LAY AL AT R ALTALS LT AL (A AL AU RS AL WP AR WAL A At b U
CAILITICIDIEI JLICICICIICD NI I FET FED I PN TIOICI LI TSI T
Ponfon P o P Pos P P P P P Py P P P Pt o P Tom P P P P P e Pon e PP e P e P e P P s e P e
S0 % E S WSS ES S DS RS ES RPN SO EseEs s A sER TR

I FPFLTLITLTIILTIIISSTITITIETST S TTSTLLT ST T
CIEIC I LI LI CICICI L T D 0D ) FOIES € SIS 3 LI T CIL SN I B DT
e e Y R Rl E N L ek deshn
1EILLI M s ILSY LI L R LI D e L T LI e She d it L et L gt Wl sl J i s W
IO ODYOAOY YOO O T3 O 6 SO 0 €O I3 ) 0 O T3 SO €0 00 00 ) M0 O O 00 07 A DD O
A CR N D0 T30 £ E3 N0 0 £ 60 40 ¢3¢0 02 40 o 79 &3 00 00 & 0 83 o Q0 T 0 70 0 aHD a0 < <)
OIS0 OO0 MO ML ICICTICICHD O MO O DO NI
Toe e P P P e P [ o 10 fe P 50 P P 0 s e o Ty [ P 100 P e e £ P P P P T o o P P P e
D.‘..‘1.00....O..I‘O.ﬂ..ﬂ..ﬁ..l.ﬂ"l."..

FUD (O OJOU U O O DY DI DI O TS O O R T IO OO DU DT FU O3 AU DI R O OO g DI O
LI OCIOEIIICIDICID IS CIFILINI IR LI O CHD CHIIID OIS IR O O
L T T o e e T ok Tt ol o R o R B I A i e s
Lt WA L Ad A U et et i L Lt g L st gt b U et e
I T e 30 (LT OV w43 D P L) P PN w1034 50 0 P A OL0Y T MO PR UM D T Tl O
RO QT 2D T O @0 1 R0 M P P P P fae P o 8 00+ 2 - OV D D DD DD DN LU E
WD LN FU Y DEATI O DV CDVa SV L0 g s L ) LOVAE VDY i MU L0y iy 4 WD VDL LY
O X @ a3 aDX) rd W 2D T aDad MG A @ o I 0D DU D D0 @ o c3a) @) D0 O DDV D
LU N BRI N B B Y B AL B B L B R B B N N B B B B L

EUOY IO OINI O SOOI DU O DU 0 O AJOU DI O AI0 O DU S OU U 8 A0S U N QSO0 O g DI O
LTI T N T NP T L2 T T TR DL L NPT N T~ N TIFRE TR TR T D T ] - MR- I LR U e L]
++++++++++++++t++++++++...++...+++++...+++ + 4 b
[T TR TR 0% TPy DS TRSEPY LY TP I0F TPS S TRV TP TP LTS EOE TN TR T F SPY TN LYS W OIS TENTIN MY (FETER 1) o 1T IS 1%
@ 0. CHONMM TUANMO A A - 3O3R £ MM 20O A 3OO O NIM M0
AT UMN DT T 420 S WD NG 3 AU P MY P LD PN S WAL PO = L Py
LA 2 3 IO OO v /D€ O XN O OV 00 0 G 3 P P P P P s ADADAD ULAD LD EALLOT DY
o 10 QU g EIED D O 00 184 COHID 8 LD 0 Py o oo iy Prop o P P P P P Do e o P o S Pt ™ o o P P
PP 0@ 08 300 0PES ISR O R RO A OREDRE T D N
LI T T I T T TN OO O 2N T T T T T A I A O I IO I O BN IO B R)

e R P B e L R L e L E L R g b L T T e o o o R b o Bt bt . s e o ot it Bk ]
I SHO TSN ILICH I MDD D DD S O CH A EHI DD @I Iy D
P O o 2 o R T kI
EEEEEEEEE.L.&EEEEEEEEEEEEEEEEE_tF_EEEEE_EEtEE
OO ITHD T P MR DD S TR 1S P OO DY 10 DA D 0 Y M Pl P
) PO PP DT IO A0 P F 2 N SO 30NN e PPabefe
TOOHDALNONDOHOPRPNPEEPHOTOODODEOM O MO N TIO
AN ORI C IO ) AIDIOS O PUAFAIOUN (0 CU AR IO O CUA AN RN AN CIOI D 0INI T
At s pu B Opet Ao 0s o peDdYe R sesdTPIOTSOORRDS

CUBTI RO O T IO 00 OGO OU O A O 0 B3 O DRI OL S PO AR OO I DI NI TI O AT
LT T L e e R = e T T ] = B T e T T Y T T P T B Ll n TR Tl b L L L h)
e e kL X gy e T L
Lagad e dad - ot o d gk g dudsadiad adud 9 ghd Whodvdadid altadalind

PG 3 D 3. 273DI LTI D I3 AN D A I NI 33D 3 3 333597.D

R e e I N T - e B R IR TR R T R L LR P T TR T TAr BT Ton B T e Al i hed
el L T b LB e T T T Yo L T T T T B T T o T T T T To T T B e Tom B L Al Iy By L L3 2o |
CUD MM MPNPRNVG WP YOV ST TR OYOVFY R VP OV A ROV TP a5y
LI I I A A I Y SR N R R R R S B R I I A BRI I B B

OEAIOIN TR PO DU O A I P U O U B 300 DI A R D PN A A TIPS P T A
CHI I I I ACIOICH I MIOCGT I TICI T M I ID D CHDI ILI =3I
PR R R R L o o o b e s s e R A R AT T
Vapad VL SR D 0 Wl L AL A LT o T HCIUSLLE LR I F LR AT iba b 1)
IR A B TILed 30303 3D P 3TN0 G ISRy D
YNV IIN MY IVY D 1Y ) S ) IS VT () Y ) B IVE ) ) 1 T IR ) YY) NIV ) Iy MY ) S Sy ey
DT O T D T 0 D)0 D 0 A Y 0 O 0 D 0D A 02D R A0 M 30 DD
=il il Tt adu stua e stoslaate sosTosleado sl b Te sde Boa e tlaoto aTd Yo gty doalo o Yale s layte iloaleslug o s do pli phe bl )

48 &9 20 % 8 OBV I ARSI P QOSSN S e T ESasATaNsNT s

v b et o] v e e e e el o ety
EIS DD A TIC R I A NI IS LA B

ey -
R T | 3
T e e
i JLl
-
k]

+.1
e+dl
2udital
Juuctul

‘iqu'-‘l'-
*-1

L YLy Lo Y S T T Y IS S {PW LER EF PR ALY |

I I T WD DO DD 0 D T
JJ‘..uu.u I I 13 ¥ I PIAID AT
AN T O GG AN ) PO R THI AN TN O
20 00 O DD ORatele Pl fabo b D D BAD.0D OV N
* 8 0% 9 & g 03 s Sawe PFobe st ad o s Se sV

sz

3iuwa

OV
.8 o g

HEudceil

«3Guact.d
1 9589c+ L1

el
a3
+
[t LE}
i Loy
i |
(1 0
o
-

l‘jh
» ‘304..."01
«d7udz

AYCDOMMELL AIRCRAFT CORMPARNY

B~15

. FGUL FGu2 FGU3 Fo1l FG2 FG3

FT3

F72
« 1614E+

e 1OL4ES
satlab +
PEN-B LY

FT1

Ting

FT DT AT T T T FT LT I T T T T
CISDSTCIC I L I IS T ) e 0
P I S U T R L I
Wi L tuls ur st gty W siu ey
o e 3 S 1) 7 YUY P UL U T e L ) i)
OO CUD I RIOTMM MG YN O
LTS TRET¥ I RS TYFRNE Be PSTVTH AL 1EDAERY RISTIRITALERRTL £ 1 §
0L 00 0) 0% @D ) ADE) NG 0 O QO N O
® 2% o rasandpe ®psganentsed

o o . e N e b o e o A
P (o L L R T o PP PR T P TCE T T P T )
T T Y L L L)
LI UL L I R LI Dt 110 D1 HH LIt el
DLW CIN LIl vl =TT = O D P 30
FIMINHOIM LT T F UMV D) w1 T M O g
ST T T T S PO D e D AN DY
WOV OUN TP N O R WOV N
.Billl.l'l'..‘l-.l.ohl

L

FprLdFEE SIS SIS TSI
FICH A I N LRI IO PO I
R I T S AR T,
Ltadti bl Wittt R L LR Y
U DO YT T e L I A BT U = O
IR 00 T ol T T DO P BRI WIN=0)
AT T T T LT T U U T MMM Y I
[=als gl ealvateslosotlvalsrloglaglonioplelaglopteiogleslonlony

t et EPS A reRER Va0 RS

LSOO R LY AL UMDIALDLOLN,
H I I NI I T 1S T AR L0005
R e Bt e il ol oo s et e e e
futleited Lt et b it ks bl s u i iy
et ] DN DO O DU QU O S0 73 DO DU D SO
A DRAS WD L D MDD MM S DA O 1
QIO AN GO EHID DO
P B R e B T L e B R P e e L L 2 e
S 08 % 4GB oW eSS eSO DS

LV ALICHADDIDILLL B U Aot
3D IO IO CICH D 3TN CHICICICICY
EE R R R o R R e o o
wJwitbttiinh LGl il ity
ITFWITSICHISEIF AT A L L o LS L B i DoV ok Lot B g iR T ]
AD O DD L) SO IND 1 0 P PP e Pon P Py P e e
R R L R e R L e e R L LT L L]
ydedvd e v i bl sl e e e e e

e v e H U IO S Aty

AU LD DL AN L D D L LV
L3S D Y T D LD
L L L R ]
[T TR CPY TRV IRY X% LYSTYY LT 1 PWLTT PO 200 LA Lg B ) [T
A0 500 Q- DL} e P NP (LB MY 0 IO O v
AAEE D PP (D) U 2T (e 00 D70 P e o g P
chrtrd v s e v bt S v
v ettt H e el el i e el
LN B EEEESEBNEREEERRNE RSN

FrrtdrrrrrrrIFrr S rSay
FAICACIICINDCIHI LTSI D ICICD
B R R R e b
o had i NS Wb il VS LS LU B
I N L e L e e e
I T R T T T T YT T T LT T T TS TEa 1T
SJrrerrry3rT T FITTISS
vt et o et e A e et
2 o9 9w &9 00 od D s s eEERD

ERERERXKEREENE LRt
b ol Lo B B Lo Tom L P T B P T— o L D TN |
.f.v.f.v.?.f.f.f.f.f.f.f.-..f.r.*.f.?
tud' s b o udtdead i Jtebtd e gtad
FI TS FLOADPANLO AN
e = T SRR A NS H DY TININS
OO0 O 02 D0 U000 .00
11.-—-&11‘-1111111111«
S e 0 8ades v sacpmasvenl

SHErF I rIT LI rIIIIITL
LI CIMIDIS ASEI DDA I IID T D
e L L A L R XX R R
fdag sl gt e e v b i il
PR JC G K P Sl 2 [ NTE L= K B 1o
B e b o L ha L A Ly T R e T ]
N IR I T R IR R TS Y - Y. - R TY
ot vt A A A o ) A )
05 & % 300 e e e BaW EOset e

U 3T ITA NI Dol i s el A
3323233333 )yt rIIVIID
R e L R L E R LR
S WA L S 1 LB GRS 1A R SR Y
O I Lo T B T T BE TR B T B Lor S b Tor T B ]
3133 13IITIDTINYIFT RID
[ P T T B T R Loty LI ATt el ]
ARG T O e DT A ok peir] A NG
m & s g e o g s gasvsasasdg

Q%WOUGOEFEM OF THE

oﬁmmz? RAGE 1S POOR

UESCSRENE.

N PR R oI
-

v
H




I

e WO

TR

AN A

RO

{Continued)

Gas Coupled System Hover Time History

T P b

Step Input Of Roll Control

MDCA4439

€ 5 G - G L E L - L g T b g B L R Bl u.u..u-..n-..-...u.-u.fﬂhﬁ.ﬂ..ﬂ.;ﬂhﬂaﬂ.ﬁ.aﬂ.ﬂ»a.ﬂbabu.n..u':n..u-.qh.rﬂb- - - 0 B B8 O P B S B S 0 L R R N
£372 QE O D €3 CYEIET S IR 760 IO ER 69 LI € (I ) QIO I EEEI £ E9 TER G QI A IO QE O N MO0 OMDGE S 0 O
[ A e e T I o i e b vt e T TR T T ol A L S i
....E.._.__Er__EEEEEEEEEE:.E»CEEEEEpC_.EEF_EC._EEEEEEoCEEE:.—EEEF.—»-EEEEEF_E.—.—.._&._EEEF_EEEEEE
P U AT VD Y T ERI6E0 13 I P oT AN AN o] o] v 173 €23 SV SN Y DAEA DS IO W A0 @2 T e e PP Pt UL G MBS UUEALA LD LR L
RPN £ PNy el vt ored el o e 2 AFAEDE D FIIICO CHT DL CICHTDN CAEY CUP R PSR P R R 0 TL U M OB e O O (RO g g
DBV R TG0 LW i i v a I L A b d ) o) gD L et ksl WYLV VUSRS VA Y Y VALY EEV A YLDV RS L 3w YLD L0 LDV N D Sy
RICT ) 3 0 G €0 £0 D2y €0 4300 60 &0 O CI e0 0 T 60 1360 @ E700 40 0 € €0 00 34 60 60 ey D e ) @« ) G0 F0 60 C0) ) X0 SO0 €D K S D) 0200 63 60 €0 (0 0 &)
'EEEEEEERNEENTIE I NI I R R NI I R N R R N R @ % ¢ B W HS g U RO gEl A GEe

3L IT P T IT I T LT III TSI ILIIIIITIISIISI I IS TSI T LTI ITILTTTIIT TS PPL L PSS
XL LI LI LS 8 G O I R E (D B L 303 £ EICT FII I L AL IR 0L TSI LTt IS D W D L LI P CIE IO E3 LI T (32 2 30D
P L L T N R o o i i st o et e i e et s s
VLM PRI LA AL REO A LI L ST LEAP LI LIRE S ERE 400 FLL I I ML R I | LI L) LA Lt Yy MR ISR L LT LU SNSRI LIRL LI AN R AN L U U L) LUt g L s tet
WOV PO OHATITY Sl DU w4031 UV P DL I s "SIV 20 €0 M Pl P Pt CHD AN 174 L UK LLOI N AN SRVD AN 7 -7
M LAY ST IV 15 P (A b e 2 et et 4 ] o] e =P 1D 26D T2 83657 1P 3302 I LD U O OUP OHP P T OUA BV QAT R e T Y OV D OV O
TS T T T T I T T T T I T T IFTT XT3 TTT _ﬂs_iu!..._...su WYL NI PN ANY PII) I re (43 MY M TII) ) A I R 10 (O PR O ITI MDY
GO OOV OYD N OV A CICYGVCR N TR ON O GUATHOY OVOY (MUMHPP UV QI DO T IV MR U Y M Y O N OO i g OV (Y

20 T A B G g ¥ 3l o0 Do Re FEYTE EROC S PR e A [ EE X NN NN B R B BRI R I A BN R B

FETI IR I LIS L ST IT IS ISAT L ISII SIS ITAS ST TSI IS SISO II I TSI
LI EILT AT et I LI £ EDTHD UL I ICHIR 3 L A S CIN CICY! 34 I @I CILIEIC JET L0 I JETLIT LT W TIEL IO JCT Y 10D
T T R R o o L o o e e e il s e ot e L LI e e
PRI L LI LI 40500 3 £ ke e LNt ) L bLed L £t SR L ke | ey b L ) DL L e Dbt Lt e AL Lt L LS bt Lesha YL DL LI et L)
W R e o Wl A 1 U L ol el R o LA AN VAN v i b A P P AL L Y EAV T =D P DG LA vt vt v vl T L T 0D 6 L LA LD
LD LM EAIEN 1170 172 . £ LA ALI AL Pow Poe P o T [ e P o [ 139 RLIALD U ALMLT AL AL A U A AR UAL) WS G G WA D U WD W i i b e o)
1) T T TaT o T a7 o T F P T o ik o ol T T T TP oo T oIP T T T o o P o {nf f T of =T T P T P X T T b T oF ol I P37 T
GNP AR OO O GV MG OV GG O QY TR CNCVEY LR OV QY P O YD GV N S N R R DY Y S DRV N Ve N g gL G
l....l".‘.'0.lllll!...l...'..l.ﬂ.l"’n.l.......l...ll'lt—aﬂl....-

EvALOIDENNLO LA L RN ARSI LA D U UMD DM N DR SO EEA DD A DGO UMD R DA D IMDO IO ALY
LI L S EICT I ERE VI D CH I A LI LI CITITI LIIDIO OO I NDEI6S €94 €3 LG L B 0 QIS S I LI IO oIS O
P T T Y R N L T R o R e B el i ol o i s o el o
L u S L U b e ] Otk O Sk i S L8 10 L I e d s T S0 SLEE) L) L s Rt e I R LSt Ny Pl ednt e ) bt tadia ) Ldded
Dol (223 (ol M3 T 2 T i3 MO DI 0U KU U DI O P O NUO) DU D O LW O v vty e bor 1 v it vl e S e e e e e el e )
—ﬂEEEEEEﬁE&GBE&EErn-E_.n_..O,ﬂEEE.Q’De..CfDEr«uEE.UEE-.D-U»C,UEE-O&rDrO..DEErD:DEEéEEﬁBéﬁEEEEﬁ
LTI O ICH T CID LI D EID DO MHUD OO 1D LI CHIEE £ (DD S LI I N0 6 I EHD O LI N ISR o
] v v e b e v e ek b et v et e b o e e e e ] v wed e Tt e g T e et e e e T e
.II.......II‘D.O...‘..I.'.O.'..'.I.ﬂ'. I..ﬂD'.I.I.......ll..'a..‘

LAY DU VLS LD B LA LV A LOVLD OV DT A A0V VD LA AL LD AL LA AL, (40 AN S DU A DRI N BN DO N IS
Y IGCIFIDCIITIM CIM EI0NI0 EEEDUIMIMN I OO0 MDD RO ML O OIS M OO QO OOIN0 DO DI

P N L L R L L o s

e ok ok e e e o ot ot st s ol e o i L B B

UL L L IS L DL AT SIS L TLILES e3¢ L6 (3L L L LG L e )l e U et a8 ) Lt Ll g S W ag U wibd oGl L g L g i ud ud
POy A LDV GV D 1 P e P P P P Pl P £ P P P P e P P P T P o P 15 o e P AL AT 2540) WMD) AL 10 W I A VUL S S LI T )
Pl b P Pt DI HEADHOLOAD DO DD D OAD D G D DO NS DN D40-0-0} 00 O DU GO OB DD 00D D1 WD 03-D
ol el b vt v v gl el 1 et el vt v ol e v g bt ed v e e drd e ] e e v e et et e et e e et e e
D R R AP el DR el Al R -l - R R I B B R B B B B R R e ks R s i R R R n b bt ]
llﬂﬂlﬂll..l.‘.‘...COI.OOIIOOIDOIQIDIOCC...lll...l'.l"ll.llll‘...

¥

WU LD VDLV LA AL DA MU D DS LD AN LD AL B LA LMD I LAHLO HAIHINN DL O O U D EMALG I ALD IO AR IR LD
FRR IR T-T% TF LIE LTS, T=- TR T TG U6 T DR~ Rl ¥~ TR R Tle LS RRe T30 Do B LR RS Do I L i Ao RS BRI B [T T L 5 B U T TOR Lo I T3 T3 L= Q. T TRL NG 175 Ly 15, |

P T T L L L L e

T L R e R L

P Ll 30 L B 0 I - 8 30 B0 3710 R 3 o I g Nl Faa e el Ll st gt g dasu el LTI ITY Y 1T Y% 190 (25 [PY LY 0% BN AFE L5
w1 9N RO DX P D DN OO OO O DD QN R NPT MA@V MO PPN OO T R 1P T
P foafe ol LHLH UL U0 WS DA U04E) Sl Lkl P P P U WS UMD D WD U O D U WD DU QETRT IS PERTYS VG 1Y, TVR XY Lrosv e gVOATELTLIN LEVAT) ]
ot o d e o vt 4 vt ol wfimd o vped e vt vt et v el e e e e e e e e S e A e e e e e ettt A it et et
P - -l il - R B P e e R O R L ha i | A R D R L Ll Rt A atu Lakababubedal abalabubotel

WO e B S S G S ASGEAcEN S B0 AST ARG UARDEY O s

e PR I W I A U I e g e R R N R R e e >t
WIS I DI RO PFEICIDCI D EICHTIDITIED D IO QAN MO0 F2 1 DD IO DO I I LDHRIIIITO
A hratruiulr i vr i w1 L e e e A e i s i e
Wil bt ot ted b d Lt i wd et b a0 Wl gt U e Bluu ad e te gt ol e ) Uittt W bl Wil du i b Lo it d o b g ug
AT 2 i D20 0 MO LA T RHAM YN MM M) MY N I M A BN AN CUDI Bat Y L N L L L Ly o e o T e e N L R L
L2 SN LOVLEY LOVLDY LY L LV LDVEDY LY LOVO VSV LA LV LD O BN LD ENEDALO D IR L O LG R 0% L0 LDV LN RSOV AEY L LR LM LN DY POV LY LW L0 £ LY LDVLO LV LIVLSY
PP I T TIPS FT I P IIIIIITIIISINTIITIIO>OST RN JESC R N R - e i -
wtrd o robrd bt b vl e ol vt 74 e e ol vt v e veb o s ool v w ol v vt e v b e e S A A A e e e s e e e ]
PP PR A e T R AN A E E R N T I R N NI I A LI AL IR A L B L AL S ]

FPFIFIFIIFIITIIISIS IS AZIIISIISSI IS S SIS LLF LI 2T IIISL AL FrFI P3P
P e P e e P T P e R Y e R T e L e e L e T e e R e i e e e o e i
R P T L L o Y o s e e e i e e e At A
PP T LY F ra (10 LP0 o0 NPT Y 1Y U0 (39 EYP [N LAY 1Y% (PR LU IRS [0 (y9 FEAYE IPY VS QY TENTVNCFY IS VLT UFS [EV VS LpN L EV I Wrdbatdiad it O g gididianid gty g ading
1 Pl e A0 DOOIN S PP HL AURRIARIA R £ 2 2057 $.3 P T .53 3 HIMMIOMMIG N MM einimmm e minmmem
Clpg byl oo vdodef od aef = e od sf bt ot b et wmf g f3 d 41 o rd vd mfacf rtod A A e bf rd o d A e PVerfr d D L A e e e e E e e e e RR R il f K Es ]
WO AL D DY DD D SO DU D QOO OO DU O D 1O DU 0D 04D LGOI O WD SO0 0D D DO - AD O UHDD
ov e o s puir fur g puyr e i g pipur - e iy i B e R R e R e e L e E et S R bl ot o R kel ls) T e R e e e e e L N R et alaly ]

N EEEEEEEE NN EEN N I A I I BN B A N BB NI B I

[E N E N ENNEIE XN B B SRR B R N N I B ]

TIL LI FLIIISPI P PIIEI I 2T ISITII IS XIS LTSI TS IrFrrlrIrrrrrpyrd
(=] uauﬂﬂuﬂcnunu-ua.uuﬂunuu.nuﬂuu.lhﬂurvﬂa\uﬁ.dnusﬂu..U.uu\our:anh...L.UGru..uﬂunesb.hﬁﬂuDJJ.UﬂwJ.Jaﬁﬂ-Gﬂnﬂu

P N L L R RS R KA

P T L L L E R )

Anzfeedte) LRl e B CEIIAS I A UL LU L) LU s E S i PSS g L8 PRI TLITPALIT SYTTITNY I NT AT [P IFS [IVETIY ICTINS Iy e LIV (RY IE8 (RS IR IEN it ]
CPTVTD ¥ U4y ST LBYWD DU PO O D N PO IOV OV 0 DT T 1 0 D' 202 0 20 S @ 3 @0 a3 010 70 T a0 03D (0 W0 R "M ¢
B e e e e B i e B B B e e e e L e e B B ot I i e et e it A e bes I b s e o B v et e i
L 0D LD WSO UND 0D IhD OUih) Ouhid 00D DO OO0 00 O DD D OO OO 9IS DD OO D D O D
e e L L I L L e R L L e e e R R o h e e s e R Lo bt bl le Arir A el v el vl Sl vl el

R R EERE RN N WA NI NI N AR NN R A NN E RN

rld vl efoed ) vl el e et A e e e e et e sl e v e e e
2 BT Y 3 RIS X DI F I LD SN I T T Y HI NI Y
I TR L EE E E FER TR R R R E L R E L AR R Rl ik
L AU U LI L] 2 97 AN Ll A el LR IR AT LR 18 100 00 3000 23 LEOAEr ) I b L
e I FTICNA T SIS WD 33 TIOPDITTCT Y IO 3T
23937733273 FADIITIIDIIFTAIITI IIII T IID MY

W T e D L 3T S e DOVS NI NG RO OV 3 4N F LR 2N A

A v e R &8s adesE Pt ssEsN SRS

T e e R b e R e e e e i L i)
A3 #3T 3FNITIHD A A NN 3.0 3R
LR R R R R R o Rt i et ol st o
t-.-rr—..—.—.-.—._h.::.—.—.—.—h.—.h.r—.—u.n.fn.r_—rwﬁu:.F—...—._h.r-nb_-u
u
.C

2 FIS5ITIT NI IITIY YIS ETIT ¥}

.
_J}JJJQQ‘ L T Lar Lo B 1= R LI Lo 1— L Lo g Top o= o B To- L Loy T3

NP AJINAJAIMIMIMMMIMEMImti g ¢4 5 T3 720000 AR DN D0 D 30 003 0.0 OfMbcbui-fuibobebe D0 D 20T 9

lonu.'Iclolnlo-.ll..lt.i’l.lnll.l.li.c.|UI-l-..lu|-tlll-oc-ll-cll.

MOCDGNRMELL AIRCRAFT CORPANY

B-16

T DD D IO WD DM T AN TV

sl et

e e e FEAEERT

AL .

RFRTICIGRPREL TR TR

bR bt et




oy

R e N AN

RSN TRl

Rt

TR

TR VAR

shod

LTI LTI

-

Rariagne ¥ TS T I

o

Gas Coupled System Hover Time History

{(Continued)

Step Input Of Roll Control

AT T T T od T T I
0 CIICHD DD CIITITID
Rttt v ol ol e R
QU I S T T INTE TS T T 7T )
T AT T oF T T T T T T T T T
Leanatepdpal dalendaptontnafoalenls e sloyl
R TR LIS TR TEL AR TTA TEATRLINL]
aZa0 o (0 g GO 00 & 40 00 D ) I )
dsso s Rt VENE

P e el e e - 2 -
OO TR DI T T I CIID
hatuaiatsciosieai s it sk ah o
AW UL U b il
TFF T T TP LTI
PO (PO CR IO Oy
Ll Lt DaP R Drlabd b b Do oplog Tielor ]
AP OO UHNOVP GO
Se w0 avaeneanevoe

FEEREE R EEERE
Tl e 2 I LI D FICI T CILJET
o b bk b b
[RYETEE T M TH T IS THTHTH T
AT DL D (LT I LIt
AL G WO HAI LU L
TITFIITIITIITIT
SOOI NP DO D
ad A E P RO

AUO YLD LMS D IO DN LD
TS WD L OO 30D
b et e e o e
LALWIL RGO LS gl
v o vl v et e e
LAD LA DA N WU OW QW
[~ d =l L fim P L e T e = i i e ]
halahnbalobal ol tol ol bt byl
% & g ew hosbewsa

VLR L AL tOH D WY DiDnLh
QOO OOOCHDICICI D SN
b b e g ek e e
el fududie it Jie Lot adaygted
WAL L A I VR TSI
[teileftalo SPRITS T4 BT« TETNS PR oL o 1Y )
vivledydofrd vt wiv bt it
Lt e e L e e Ll L e ]
ECCc e sPaRETTERSES

LD LD AL LA LN ALY
P AIF I 1D D ITHhY
A AR T Nt k]
MY ERLEE PT A ) HIT) LAN LNV ISR LIPS LIE A {1}
Lepaafapteslayioplaple yRustosleptarly le ]
VLIV RV TYP TR TXS YT INEIVE RVE ITE IV e}
wdvd vivd At vt vl vl e
vt v et e vt e vt e
"% DB B E W 98 VY e

EX R X R RN ey
EOOMEDOCOCIDSD
R I e LT
il Led i e i g
N N N Y L N N L LN YT
IDUO UV ALY IR
JE 2 Jre B e g e R e e e
e L R e R e b L I o ]
LEL BN BN B B B B BN B RE BN ]

SrrrrIryaIIrrr
R oI I
LA b R R KRR R
2t g Staad-atteitad ridigdudisg
NG YN VRN MY
el et el e e
YD OO O DD O0OhhO D
[l L L L e Kl e L R IR I )

*P ALV O BT ATNEe

ST > IS P
OIS IDTITICICTS)
LR R R A e R )
[FB 2R TN PO T MR [P L {IYIX) [TRTER NN IT ]
W0 a0 0@ T D QOO NP
et ot v o] e ] o o] e =
WO ITHIND DD WU IO
A At St bl e ]

-

vt 1111 v vt el v g
33 I3 DIXT Y 3
Lk X R K e 2
(S Lo S EEN IRV NI AN M S AN F LY DU (N ]
£ITY 3D DL Y

3T PFIFTAIFIATI N
D P 3 SN UMD ROV
D PP RN P

ZRAM

YRAM

XRap

NF

HF

LF

ir

YF

XF

e
=
-y
-

AMCDONNMELL AIRCRAFT COMPARNY
B-~17

MDCA4439

S0 CHDET I I v A (DTS 63 DI 5 - ALIED vl vd 4 ol bt v vl T =t el e v v bt vt o
0 DI G D €I QDD @ETCIM-T I FDLDITIEY T 720 I QDS ©L) CHOHD CHCH D AT T O3 0
e R N R e bt Rk B R R R R ks
Lo LTl L LI L A Lt UL LU i La e Ll b W tia i st ) witubu s s il aa i e u g g
P CVMF 0 T AT (VP O #m L P €2 D00 AEJUTUYU LD vt O St WL 0T OV T WD A P 20T VNN 1Y
OB S 2 P P P O v 1000 O P P CJ 113 P P (S SP IO O D 4 d 23 7D 3 ML OULN A PP D UG A
AL LU €I S 1Y ] P LD LD O T G0 v P v AL D = N GO L PO N O TP WS R DV WO T e T e MR D
w4 QIO QI N A QYIS T o oF P A LV e v e d OGS O ) T LU DAL AL D Mo P P e N G0 00 €D SO D
O % 40 @R F 4GS O BE $FE GBS0 50 e E PR HsTOCEtI BRSPS

t11 0t LI I I I B I B )

et DU CU N € ©U BT U DI OISO T CU I 1) I M7 1P 80 P 39 B vl P )
CIOL P ETILIC I 1) I “LI oy A R EILIE FOIY S WL A DD 10D I DI I £ CF
EE L EEEEEEEE R EEELE L LR LR R K LT E LR R
LN LIPS TLL b Pt S L s e 0 st UL M L LU e e L UL WS e
NS O 2 ) A P DU D N e 3T P P (PO e T AL T = 4P il
LT LD T 1O €3 600+ DuT M PO ALM I A D O~ T DAL 3T S L3N QN e Ui e g by
T O =0T = D P P I O vt e DY P (D T v vt OO O PO T IR T T
el (IO XY o v O] ST TR LY LV ALIALI e OO EO O (3% b vt v vt el vd oo vl vt vt ook T
S 00 0SSN VS TIDEY S RGN OAEGAORRSRPRLSTTANd BT RSNSOI
[EIR I TR T TTTL T Iy S T NN DN IO TN U N O 0 T 2O N DO 2O DO O DN N N N DO IO N D N O IO A I

LHEICDEDED LI CICHICD ICI D I 4BEI D (D ved vod vl ol v vl el v md vt v o 104 DG €37 2 o el ICTCICICICID CICD
FIad T30 M I THOACI L gLIC I D" JEILIE JEN T e LD L TR L A W S 3 L2 103 SR LM 20D
B N R L e A o O o o N N I I Kk
L) LML U UL L L L P P A L L 3 b L L L s AU U B Ui U o WS
FRAOIOF IO LRI v 203 Do Gl U L 0 1o (AL 4] 10 =¥ ) (S OB UT L U Do 4 3 v L0 A L S-T v 0D
IO I D G wed v G0 2 GO LA B o P01t 3t L G S DAV D L €D T ) 4 F i O a3
(o JaTT-T 5 To LG FUTTIR TR N TTRY LN LS e Py The T o RV RS TLF LA RTN T e R TRIMARN oV E o o R R L o RER VI RLY. LT WIRCTE+ TR [ 28 S o
DIV T I LOAD P P AL 0 e AL G v b s v v v A A D S LD M 0 N DT T T
. 9 o 2 a8 9% o v o®s D das P SO S AGTE o0 SN T SRS PR E S SsD e

AT PP EEY LS LI N T I I O I R B |

B RN KOO DD (G IR I M0 NI PN I I ) P G T M 1)
LICATILICI CICH IO IDCICIIIICTID O 13 AICILICIC AL L IL IL T 236372038
e br bbb bbb bbbttt bbb bbb bbb
it e kgt fag Gtk i g et d e g i tadul d ko e A rd et g
wH ONOMIIC P T O PP 10T O3 T T UM A =AU LU O M v D e
WD Paid) 3w 0 0SS0 TND v 2T TOICW-TH0 TN AU I -
CIEDANT O P e PO PO DU (YO DD €7 - 1 S0 o UV 1 RO 80 0 o UML) DI 0O
OO = T OO U P LT UL WHUA LI D P P P 00 R 0 O a0 OGOV UV Y
" 8 0 08 % 209 W88 s el oe 9y ® a0 o udn?aseREOR. RO e S
L=l i L TP IOV TL. T N N O I O IO I B

O OY e OIS D IO O T NI D T I3 I MDD MO ) O I M M O A O e O O OU I ST v
OGO SICICICHT SICALD I O IO MDD CIC I IO IO I O e 3
B R T R . R R o R o R R R N X
Ladtd Wt obd b bl et e dro e g a i Ja i bt s ite ot oG o Luud v e et e baadoadT L e ¢
AT e ST D T D P - T DU P T N D I N e Y O LT Y P OMN R O TIURO LY
OO IO AO DT YD WD E 1 DV DT DD M O A DD I DT R PO AW D i M) oy O
2369 OV ) D A UL D MO N QLD AP OIS Y P33 DR D P i 0l 0 O O -F YD
€ Dy e OO o vt 0 P D et LD O N Y o WD GY UM M OO A e O TN I IO
MY R N Y E N N TR AR A R SRR S R I RN I

(3 LI T T2 R O O I OO LRI IO I I N B

IR YT T I I T T Yo T B TS AV TN T D T s BT T T T T T Tup s o Lo
JETIE TE RIS TR NN WU R Uy 1o R Lie - BRSS RLLS. T TE B LN To- B - BERLFER- N5 B TR 11 P JE- 1) ]
R o b R o e ks hrh e R
(¥ TR TITY RO LIS OFY (X% CPU LW L UP L O [ LAY L% L TX oW L RRS ATV I L3 A0 U SED ERXIVE LR LFN LW AP I 1A LS 1A A §
P IO MNP A OO OO N Y W 00 TroNO N DG T
O M e S I P T D (U D D O GV G O YD ) 3 e 3 OO S SN
a0 I NG D O] TN S T IS DT e M U D kg MmN b g
S I g T I Phanf e o v AW LD I O ¥4 I P idd pd AU ) T T T Tl 3338 T T 3T
*® P G ¢S P o0 g F S0 GRS FPES SR DS SR BOSE TEPPE PR EST D Rt e
I ERDT 11571t R ERL S

SOOI ALY LIV O DV O DN D R AT N LS A D A D DUAT QIR DO O Dy O D D
0 DD CIEICT 73 O 0 (IODCI AT O EH ICH IO AICIN A O CITBOHIS)
e N T S A A R A R R R XN
wiishid e it bl e o bl ud Wit el Wig i gl eduded u P adte) wl i utd i wyia Ui o
D b3 NMEPUR DA M DD D M e M P ST DN P OV T T @ (VDD (MM 00 Y DTN
FITAIISTIIINMNOONDT I IOCAMNITIIIS IS SIS ISTIIII IS SIS
Fow P ou e Poe e B S P P P P P o T s By i B e e P P Py e P o P P o P e P P P e S P PP P o e o P e
OIS OO N DY A0 U O OU OO DI N O OIOG T SO B AI R EOG RSO N O NI SO B AR O SRR 0 R
l.l'.l..ﬂll...l.'...'..ll.l‘!llllll..‘ll.ﬁ..ll.

[ 3 T T2 T T T T 0 T L 2N T 2O T I T T TN IO N T U T TN T O TN T DO IO AN A B B |

I DI DD Al A At e S et et e e e e e
CIDCIT IR A I AT LD O e IR @0 DO MO
IEE ERE S EEEE L ERNFEEERELELE EARESEE LS EEE LEEEX.]
wH P ebbad halgtud bt b dug dt did oed e RS dadtudra o du aut dt il
P T N 1 P e e T T CININERNG YT P DD AV T D MM D
eyt Y ST L B TR R YoV R (TIPS LIEY I PR T B ot Py R g ke - BEAU VR PE N TS LA B B 2 oV ]
P RO D T D cAC T I8 M P DR 2 P AN I P DR P D X3 DU
PR T I e LT R T TE AT THY s R R e R R PR TaN LAY IAVIRVIANAN SLUT N LN TN [V RAVILE LAV RS I3 VEat
08 P8 B S SRS ES S e REST LR RS LY ST e A0SO enSdOa
FEOTHI I LENE R IA NN E R RN LR YL RNV

OO v ot bt b v b ot o o v e vt e v e e e b e e e e b
LIDLAOICITIT FTICI IS IR "I D BIICDOIDEIILICIT I ECIIAI LI ITICY
P T T LR T e e b R s
I T T T T T T TN T T T R S e T P T O I TN O T T T M R N DL P T P NERTTH T TR T T
UMY T O DS T AP O MU e ™I D UNR OV 1) 3600 OF= DINVINMIIII T T F T T NN e )
T AT T TN DR O NT T AT T I SN T I TSI TS T T I T I LTI
o L 0 B PR T SO =+ Ad I RS AT G A A RIS N A I A I A TIRE AR A AT 3ROSR T TGN
3 0 70 20 0 0 00 6000 €0 00 a0 a7 0 2D T o &0 1Y Va0 a3 090 73 0 & oY AV 401563 40 £ 40 60 T 1 03 00 W A O Y e
l.“".'..llllﬂ'......'l"'..l.l..‘.'.‘l.......

DI AT DO H TSI A A H e A A e e e e A A e
TPFICFITI IS Y IINA P YT 2 RINI I NI 2D DRI IFITID NI NINI Y
P L e N R R R R E LR R E R R EREREREEXEES&584
P Ak A L R W L WD QT UL LA U L LD U S U L U Ul
LA TIMITIT N 3 PUACHIITDAPDIICI IIT PN RICI AR TFTIRTIY 3 R IOV
3T IT 1IN HIT NN IIDDI LY NI NY 4TI IDNIITIIIFFD DY
I 30 1A T NI D OT 3T DGR o AT DR D0 3 DTN
AT AN Nt fed vl f...-a YRR IV L M IR TS b Lab s Lar Rt bop B Lot Db B ol K E 0= i - o
® o 8 P e % 2O 09 A E B 8 A4S B " S A E S EST S S ST A S AT s eRE e




* —

(Continued)

Gas Coupled System Hover Time History

Step Input Of Roll Control

MDC A443%*°

A e T L e T T LA FACTAV AN AVTINY TN T oY FRYRANT (R TAVEANTANTA N NPV TR LN AR TN T TRV LAY N T LN EENTRN LV LN TLRTER (N T N T VT P AN T VRN FINT ANV AN )
©OIOSIICICO O SHOODS O WG CHS G CICHT RIS I DO O E D O3 O O BV G D) D SHIIED O S CHD I &Y
Ral b K S I L LD I R L R e i L I R R I I L R TR R R B A o e
Latad WL 0 DR S L L b Yt e S L T £ CAR R S LEIALS Y Jhe A TS A Cd W) bR tar b T b p Lt L g Bl L b by L Bo L R L il
TPIDI AL AL wed v i U GO0 Y ) (T 00 M2 D D0 T (LAY D1 S N 20T P (THE AT o A1 Y P D1 TP HLY P 20U O3 Y20
N DT O O LTINS P T S e R U Y 2 P UV O U M P D O A NO  C CO ) vl vl o w DU O DY UM D MY
A+ AT T ORI T IR S L g g o] Tt ¥ T 8 ] e T ] g DU OV OO QA DI O DO Oy O Y T O DALY
PO (N A r v H e A S A et e e e s e el e e e

*P oM ess o st et Seae rar R et gObtensdesrid annlensReBgsaaDqgD%ewd

100 NI NG I IO ) MR I I 00 G R0 NI IR I G R0 I DI I M I M MG I N0 P N0 NIV
L ICICICHCICI LI GIR AL I ] I TIED LICHICIC IO T IEII LI Ol LT CD EI0D O3 £0) I Q3 - IO LSt e ot
R R A I R L R R R Ll R Rl R R R L X R R
LRI LU ESLLIET AL BT g ] 1 LI L U LA P L AL LI LR SETR 1 B L VLI P AUt e PR UL E L ALl L YRS N 2 1 1SS RE S AT
I D LT P LY PUCHIELY wmd P ] U U0 P vt VG OGS EY O DY TD o4 MU @IND O L2 00D OY = Do VU0 U 0T ad 0 3 F S AUN DA I
SUNP IO T e U Y T T E L AT 1 P P P W2 00 SOOI 63 TR0 b g wrd e vl vt UM O OUTU DU VYT IR ) RO 3 073 0300
T T T G LY LD ROV RDY ANV AU MDD DR IO ID U O WD OO O O b O Wt Gl GOl B il D AU D WD)
byt v v e A e et e e T e S A e S A e e S e s e e e e
asnoses o vesusjosdiasn s U tENLYPRER QRO e s e Rt ssoRsBetRNeDgs

{3 20 N T I T T TN U TN I IO I IO A U T T DN TN N B NN IO U NN A BN 2 NN N TN IO IO I A B B B I )

1D EHIIOCIIWIOOAHLIH il el e A e e v e et e A e e e e e e e e
pp i Doa LI Lol Do T DD T L B JTN- D R L DL T o SR L P L= LS DB DR LT A TS D o FU L PR L L T T T U LY S0 [ TR RN DU LS R L= )
L o R N e L R R e N ER
s Ukl bt u e i b Lo L ot L uta s i i) Lld i e b duSu il i i o uituia i 1 ate ste st it
L FRTHIL o Lo o -.n.F—rC_IuE?c‘J P LA (U YDA P ) S LT T i ) M S OO LY WU P O TS = DIV ) N L F
P ST T DA P IOMSET M UMDY P DO o DO T O IOY W= OU P (U P D W i O T O DA O I P e T
LA F LY WL Y GO A U T D ] v 0 YD T T L VAL P P A2 L3033 0 7d IO ) I T 4 LDV AR W T o £ O3 SOV OV 3 ) vl 1
2 O ST AN LDAOOAD P P SO G TV ot wrd vl ot e vl vl et e e o U OO O VOB QO O B D D QU N S D P O D
4 &80 ¢ 0c8Cc o0 aa0Dfes s SN EES0 A0 ESEEASD0 SRS S SR SY LGS ARG Eaesnd

(20 T IO IO B TN T O N (U N AN I DO I DN T O O N A IO N R IO IO I NN B D I B R NI B DN B B N O

PN WRITIIO ) PO IR0 (I V) 0 601 (7 PO 0 MG ) IO ) PR IV 00 10 (O 00) NI D PG T I p VI B IO D
€, IO I HT O LI SIS I ITI S M OICI ) I3 6) T LD (O IO I I LD O I G Y
B e kb L R i e o o et o R R R b o R R R R R e I
i WG e kg b G WD S g L LU W L f O D b el bl T Bl b it b Dt Wt LU e L L
WA QP SO 3 03 M O D OV U O a0 LD o 00 o 3 P M D QU L w4 00 - € R 193 YAy w110 e DU R (4 o vl W €2 o P
WD AR A MO QUM T A P @O OO OOI R T IN M e B @ VT 2w d e ng MY o 00 O D P e SO O VD
B I U LALLM LD P P P oo P P P Poa, €0 @O I €D 600 €0 13 €0 €10 ) D S Q0 0 OCD T OY O VOV OO ORI QR OV Y VO GOy
VPGV YOI DI AN OV O GV YO CYU YR OV P I U YO R OV D U YR OY U YO QYN
cun.-Ullna¢'-vl.lllnlo.Il.‘.an.ll.I!Dlu.l.ﬂ..lOt.Ot.Ol

CUOI NI DI OO ORI O OO ALOS O SOJ 0L O O DY A OO S DU O O O O SIO 0 D AT OO O OU O O OU O SO S OU DI Od SO O DI O 0
SIS NI CICICITCIO NI I CITIOD O OICIEIO (DN SICICILINI ICILTOEICT DI CHSIQIDCI LI ILICHD
LR R e o R e R I e R T R o o
wiwlufuiigek dusu il diser it aitoid id Sladu i Lus sl i G sl bl e fa) digp gl usa bt i i
TILIOD J T ONA JOMDY MO TERIMISI0T @ T A0S TMINIGYWILNIER w4 DY J ST T P tTT e I O T e )
+iN B I ) & AN LO NS D MDD AT D I P U P Y A MY RN A MIPUUO A O i 303 SO e NS Doy O N
PN D OO D HOION T OO0 v TV P HA T T MM A OIS Oy 00 I OO O M M M o o
OO DN INOAD-D PR R e fe Pe e Foe Ao 0 OO SUND YDA O WO 1O WUDI0 O D D OO LY

a4 o @® &9 C atees * % & 4% e P o bE SS9 sE SO TS0 e DS s oSS aDR

MY NIV (VI IV ) 2D A TV £ (v IV IND IV NN e YD VD (VI VI IR IVE (I MY VR A IV VD) 1) N VDIV ) N VD () 3 VI YD VD M) ) NS
£3 TP H 1 W03 M 2R 0D ) 3T D 1 00D Y 309 I 0.0 Haeho 1D i3 3D 31633
Ll T e T R e L A e e e e e Tt i i A e e ik A ot ]
gt gt dnrgngguda g pduiggudond b niigs e iipgnfidedeeing gu g dea tadieiut urgud dhi e gl
2O M PO R CIANW D MTUIN N U OOM OO D v WD RN MR O M UGMALE O DN
T T Ry B R P e Y ML NTL T B T AT I T TS R VTN T B N JT R . TS T T, Bl VTS T T T VRIS ]
U AN LDV BN LY LI OO LAY LY U LD D LY WY I 0D OO D WO A DA DD DN D 0 UATHLIUG WL A0 P Poa e
FFPIN AT TG T PN I T I T T I ISP I AT IS IIFTIFII TSI FIT LTSI IS S TIS ST
Q9 o % 2o 8@ D eassfe s P I R gV VoD eed R go A D g R g el e to s De oSN

oA OLOO O S LOV O OO D IO IDLO SO VI Dy B VLA LD VO UV IO T O DO A I AL LA LA TALD TTUA VAN
LIS IOHIDEOOCH AN OHDOIE GO DE OIS AT DS 30 SO0 OO0 C0 D DD
Fipiaarinangrggrgrgrgin gt rgrang gl igngng g e g rarir g g
U0 L] Lotk ) L Lt st Ll Lo e 0 i St ied Lt b Lt Gl P L e Ll d bl g i U ad il et L ud
Pt e St 9100000, T2 01 040 OO IR LA LA N RO A DG A 1 B LR LR TR LA LN SATRE IR SN 1 UL
ez SR RPN S 08 e ST S e P S e 3 N 3 S P JC B 6 3 SC J. T 3 0 Qe g JEE 4 O JE ST B P N R g e g
Pt P Mo o R P Pea i P om P e o P P P P P P P P P o e o P B o B o o P P s PP P o B P P e s P B P P e
A I O O 0 1 I S AT AR B RO AN R AN O PJOEA A B IOG O O A A AT A N 8 OO0 RN

PO R e d g e e e s e s h e 0 b e e e e s oS OO0 e Ced dE AT e AR

L2 T IO O T DO TN N { N IO 2N DN N DN R DN O IO TN AN U N DO I I B R B BN NN}

hod g e Al et b e el et e b e v e et e e e i e e
[t Tee I Lm e T R e e L 03 OISO D Iy IS P TS TN oo oINS OIS
F R A R F N P R R TR R R R RN R N R T K A R b Ak R
uradid ol ed ettt U o L Judtadudiad sk g Bl g e dndasaladul ol e i Jdlding
T3 PR TAISIOWISIIM O 00,308 F 0N AP FOD IS WANO=TAID 0D
T VMUV P g T D ¢ VP e NP AU RPN MR I T P UV T VDY QUMD O D P P i P
M =ey 37937373 3 P I Db sl vl e rh el A b d At ed o Al St e e b A e A A et
B e T B R L T T T Rl S R T T T T L T e T o L T Tt T R T L TR L e b o R B B B e T T L L b R B Lp L W T )
B8 8 ® 0 8 33D eSS A CEaNY PO EEE N ES ST E s a0 E A s o

LI I I I I B B O O [ T IO N T T IO N IO OO IO N N RO N IO R T DN IO TR DN IR LB )

B e e e o L T I B B e P B R R B e L B B P T L e R D A ba Lol bate b L Lake ot ia b ba baie s baieln
OO JIECIMDUIMIDHIN OCIDO 0 I DCIIILIDOICI IO I ICICHIACCI DLEIFIEI D I 3D
R I R R R L R E L S NN
LU ) ab Lt G E LA sl R SIS 1 U301 1 HLES b AU U A U L A0 T JIU L Ll a0t fdish il udus
YD D Pt foo DUOWD LED D PN P 3 P L F T NI e A3 YRR N Y SO DO DI O
e b r L b b L Lp b L s | Y ISV Y Y 1Y) ) () ) Y YT I YA IS T ) N ) Y ) I INL V) ) Y NS SR V) () MR R IS I
FICIOE A NN AY O SN U P PN AN O T NGO W AU TN EIEU A U0 R 1O URG O P S A A B N AR SO e
I D 0 00 O GO0 Q0 43 D D0 00 1) T 6 00 2040 T 0 S0 0 0 ) 20 00 00 O e K0 99 S 10 €0 10 O D 20 0 D ) MO @) DD o0 <D

40 88 P Ps e e e ® 8 % 9 48 % A% PR P OoTH OSSR g s E P ea s st e aaE

i v ed e dod ol Ll e L L e e ] 111
I35 IS BN ) RIS T ...-..u..w.d.u

J gt e et et A
S
t++++++*+t+++tr+r§++¢t+*++ YL
4.
-2

11.
$ 3 ILIINTIYVEDI D 2D
L R R R R ok
LIS LR SR A LIS LR T 18T 110 LPLLE W I LA i Uity 'y ALl
CHATFTICNT NP TID IO W IOWCIO) WL NTHIIOD VDR WA IR0 IS ATI TN ACT DI
I3 NVIFINIFI)D D3 VI LET D WY 23RN ID Y ¢ TITDVTMIATAAITISNITTIOD
IV I SN T . D O AN Tudal e DOV UM T SO M@ DN .3 U TN DO 9 i) J Hwiie 23 00VD
ST N MDA D00 DO D0 QG Ol A TIOO T D O RR 00N BT RM MR DR MmOy

e P B e 3O A% 30 88 At e oa®e U e e s 0wt gae 9 8T a2 ae e s SRS

MCDOXNNELL AIRCRAFT COMPARY
B-18,

(TERS YIRS RYRIVERLE R WU s LI N b (XN T F LVX |

ud-_."i.a.

—d
g 70
*
el
e B |
372

LRAH HRAM NRAH XAEROQ YAERQ ZAERO LAEFC KAERC NAERQ

TIMZ

SN I
Qs 3mch3Ioa
LOVLINE I I O O O |
LIELIV AT} CREANITRAP) )
TOUMD M
TCINTTY D @
HAMORO WD e T
S D
L N

wiririvivlrleied
QoI 0
11114800
Ldidustieruiuiw
NI PO oI
U b I T
AWM I P LY
- OIOSNTI ) YY)
LI N N
(A RN IR

L0 DL
133153 DD
E 2L I O I
W= naadtarg
N ad D OO 1
VN PN
DI D e T 1D
L LT PR VAT N[N
- 8 & 0 no 38
LI I B N B B |

CRUCRC I BN BB N
QDI

bl el e 30Y
e = You Jo= P Yl T |
T
03 L9t LA
~ DS A
TN T b
2O 2D
HOUTIALP I+ GV
e e & 05 8 5

L B B B B BN
oooOoDOoq

e 1T T T= T 1o ]
b yed 3§ 23D
LR R R L X R
JYTALEITEG VO TLTEIVE BT )
FITHTITHINICD
;332 3T
B I I FP
AN PN e
LI B L B B B B

i
3
4
:




YA

VIR

T

e SR MR T

St

{Continued)

Q
o
7]
)
=]
@
E
-
=]
M
1]
5
Q
o]
=}
Q
o
5]
)
5]
o
a
i
P
=]
=]
L]
7]
o
o

Step Input Of Roll Control

MDC A4439

E.-»Euiii12::/.—59._-_(2?:‘9._..622—1-29..92_57.:.....7.:‘2'.‘»1;5—(_.62.’._..C25.__.(_p(_-ﬂ—cz-‘./.:/_zﬂf.nC-_f_.?-a?_z;—?nL-C-I_-1-2 '
ﬂuﬂﬂn.un.uaﬂﬁuaﬂ-ﬂuu.luuauauﬂuﬁ-nucnﬁuﬂ.q-nunnen..unun.luﬂnh.ﬂu...u.u-uuﬂﬁqduﬂhGnu..ugn.uﬂa-uﬂ.-ﬂu.auadﬂ_nuauacﬂ«nun..o‘.u
R R L o S o SN el s e e e e ol e e ol o i e ol T o ch bk b b
EEEEEE#CEEEfHEF._EEEEEE~GEEatEpE“CE.-P_-r-EEE”P-EE...E.C.EEE_&__EE-:EEE::P—EEEEEEEE..r—..LEEEEE
13 EOH D P AN ¥ 1% 3 1P et T T LY o T T LD MUY LIVENS LD WS el 10 I TED L3 e P2 1) vt Q3 w4 T AN OV DU B3 T 4D (D P QU PN Uy & R O U
) BUD L D 1 U 0 B8 TP v B w0 0 DL O F D00 1D wmd DI I 120 o T YD MOTUOS b€ 3O O T P el} HUHPT I MO O] et o= U3 P2 OO
W TGN EIOY O P sl IV LAY (T Y LU LS L ™ T 00 ML O LAV B ) ot LIt L ) et et G e PRI et (P UTG N OV GGG e Y U QM U GV D I O
e T Y Y R T R T R L VLN TN O T VTN T NT\RT NENTR S TR B T e T T g LD bp e Do Lo Do Daefar Tt A TaS Tt At D A TUIE O O O IO O Cg O 0D D DS
a8 0 G 4 08 4 SP B BB S0 SR PO NS TE BT TSN NAOE PN P T ARG GBS PRSP BENOIEPAT DS e

o .-.a-.-—._aﬁ._.--q—-_.-...__-—._-a-._-..q-_—.-.—_..-.---

I.ulv1.1111108800011111111111111111.1111111.111111111111111111111111.111
ALY EI I THI I I CICH D JENTET { I EATILI L 3T AN A0 I S LI I IO INI IIRE TR JEJILDACHID DI TLITICS
R E L LR RN R R R R b A ol e e s ol P A L K A R T e T T ol e e e e
EBEE:CE:.__C_E.ur.n;r_::.r:.r._.r_._.:...CE.:EE.:-C.C.C—EF_E:-r—-_.p_r-._EE.CF.E.:E:Z.E_EC:._»:..—_..:-.:..p-n?_:EE:.:F.E::EE-CEE:?:
O (77 0T G U AL =3 (7 P WUF DACR I 0D MIALI 3 G wef 119 w4 113 £ 3 U Y o V0N v ot 3L SAURID v I DL v UMD N v T 4L e e o P e e CQ 0D
X 7 (NI VD IHI¥3 P o el P £ 3 E23 P P73 P Y3 ETV LY s GO o e £19 SOLSY T 3 P £3 5 DI et T U AT DOV DS AU 20 O OUR UL R O D w20 r) o LY
et T P 1§ € %D d 4 T P LI TV T 4 E T T 3 99 IOV CL 1 o 170 et D A8 Py £ =4 £33 7 o LML ALY P e €D 03499 63 02 000 7T R EnNan v
DR v QW PP = OIS e T IO U OGO A D OO A IO DI I T IR V) o o T T o3 PP TTETTFT T X FT ST T T TS
IIUI.....BCl'l.l'-lﬂﬂll.llﬂl.l.l‘..ll..ﬂ.....ﬂll..ll!ﬂl.lﬂ‘.ﬂ.."

[N IR N ]

LS S et b 04 N OIS O DU P M0 3 30 MAIVI X 3 3[40 I3 143 13 B Y3 PN M) S IV WD MR NIV IO 1) () 1 MY MY I3 1 ma [0 M) i 1 pa )
PP Lo IRT ST IR T, T - 157 Y LI YU T -4 T TIR Tl RO Y PEFLVR I T I TN, PR NS [LTL LR PO TRE L3 Lo T L LI LU I E WD EII LT oy JL I TR M AT JOIES
PR e e e Y L ol T v s T i e b i B T e i i S A g o e o e e A
LN LLIRE P L LU L LRI FT LD 1 S (LI L L UL E LT L) L P b LT S LU LU LBl tad b S U B LUt T it it LU L s
1..&:;1130-555..cc.c.:.tf?b.:.[fc:c.bz(laE.u.ritc..u.l.u.r..ur.r.uoc.c......HC‘.C..C..—.C«E‘.E.».E!.C.E..,.c:.—.ic..i
P OV TINFALIT LRI PP 30 o ot oT Pow £ 1L AT w30 =T 7 9 GALI G0 050 TP U o AL LA U DRI 3 OUT AL NPT W e 60 VD1 (U 1 LT 3 L UTe O O
Lp w00 QML LY o4 LI 6T VICI NPT T P €7 1 1. 344 AN 19 21V b ALY REVALI ST [ €0 CU T3 VU VUM D £ ITIED 3 w1 40 e 1) U1 et UL EL U DU O N
B113912.&.558911111111222229,22222222222233337u331u333333333333333333
ll‘.'CC.!.l..ﬂl.ﬂ..l...ll...Ilﬂ.t.‘.l.‘IlO.I....I...‘.....!..‘...
[ —a___..-nc_..—-.-....-.-—.-.--a_.—-.-.-n-.._-o-——-.-.___-

ilﬁﬂﬂvﬁﬂuild&iliii1111111111111111111—11-.111111111111111..1.111.1111.111_.11
oS DRI LI CICLID LI I EI CL 303 (B LAICICICICT €44 £ ICICHI LI LICICID (IR CHH2 3, IED DU I DDA Mo B0 e o
Tl bbb dbdd bbb bbbt ot bbb hbdbbbpdptbddd bt tagddhtdtddtestst b
E._.-E_._-E_r_t:.r_E—E.C..EEE.?-E.L-&QMEEEE:_:.._.t:.:_..C.“EE.P_EF_C_EE—._,C.EEEE.:..CEE_.:Er—_.t.bEE:._EF_..__:._:..E__..:.;E.t
b..u._f?_1531h.12539382392585582957.7.121?_.48555753.03355&.155935393&8987517
RN AD N U D w10 F el 72 @ D 1) GV AN B Pt Ol e i 107 Y| o 13 P P 01 £DED I P LA TN e L AIUD += LDV  Poa O P DV P AN WD SR AN P L
OB ETLE v MY € v 0 O U U P ©3T P33 PG O T Pom O vt AT LMD G5 PN S O Q) T T LV WAL B P 00 DD EOCROVEN I 13T v d kot
ST E OIS T3 e = I OU 7Y 3 S P AUV ATYACYLTY AT ALIL U0 P Fon o o P Do P 0 A L 41 ) £ ELEEAD 02 G0 ) T Q) AL D M I LD AT UMP QI P QWP DY L
l.-.C.C.ulﬁa..ll..-.-C..'olllllvllU...Olaoeo.-n.-.n....l.l..-llﬂnil
_._—__-..n-qoﬁ.-.._-_._nm_--_-.._q.u--—.-.-_-...-an_._-_-.__-

e e LSO (U MY NI M D PP N I A TN S (O R MY MO T T T LI TP IT I IFTLSITIII TS TTIITTTPTLT
nuuunnuﬂun..aunueucnﬂnnuuuuﬁnucﬁuUaﬂuabcuu-ﬂ-ﬂunﬂuuﬂuﬂﬂgsﬂ_uaﬂu—uaunuuaﬂ\huﬁﬂunnuu
P T S N S T T T e T s T T A R 0 AT s i i A Lt e e s e S
EC.—E_E.EE—CEEEEFEEEEnt.P.EE:._EEE—tEEE_r_rr__.r_EE_EEE.LEEEEEEEEEEuGEEEE.LEEE.EEEMEEEEEE
T Doeo GO U3 Y P A e {3 e 3 M T~ ¥l 1] 03 PR 3O v O - PO T P P P OV LU U A 0300 T (Y T QO I UM T Pe VUL D2
..40:211.&.4623-(355317.13305?7..4.93.4317-2013%5567599AUquli??333k.;».ﬂ55555555?
e U O e 8D 1) TP Dl d P D v AN GO P Ol I P DD Y3 2OLIL . Sl vl e S e A e e e el
6231359112233-&&.55bﬁﬁ???88899999911111111111111111111111111111111
.llﬂ.ﬂl.'.....ﬂlnll.'l..l..ﬂ.Il..l.l'..lllﬂl.lll...ll.ﬂlﬂ..."‘ﬂ.
nuu-_u.....o..“._._..-.—_w...._...-._u._ca_...m...._.-_-._._._._..

YRR 333333322221.111111111111111111—11111111_1_1.1.1.1.1.11111111111111100
DT 2. DI IS Y Y FEF IR B 316 I I L oL T3 HAT IO . s 1 DAY 34 DT LI I I
....-p-a_ﬂ-_..____-.».-..ﬁ__.___-.._...-._-_-.__a._.,....f.f
O T TP Ty ot Y S TN L T Sy L L e LT LY O O T E Ry (LY RS (Y YA TRA TW A RS TEN TRE ST IO e ) s B L N e AL R UL et e U O il
123.929J_93332572?_?63?35].0135119121.3ﬂ.356?63795955“9329178327?2&.1524
oIS VI 2 3 P o 3T TS P 0 0 Jd Pm L) P £ Y00 LT DSV ELS Pt P S A8 57D DALY o S O (130 vt MDA P U0 - D IACIOND CuPe Dl P N D 32 3
I3 O EAD P P DG LEY e P o (LN Pa C30 o 173 T o DAY 50 12 L0 P 20 (o] T U AN £0 U e DU PIUY WO P D DD E3 ol UMY LA S b O D ONTHINED 2D
21...7:..4.....9:.:.31363112233..«.HEEG..GEEGEE?.??.?7.7.77-5558Bﬁaunuc_c_c.qc.nao.ﬁ.a.q.c.c.ué.c.i1
.Ql..ll.'...ll.Ulll...‘ll.ll.lI'lllll.lllllIllul!..lill...l...ﬁ'ﬂ

11 .—--._-_--_-_.--m--_—-.---.-.-.----.-_o

?_9_22?_33.....3353.J33333335333333333333333333333333333335333533343333
DO ) 5 £ IS CH I DO IS EEIEICH 1D OO IO IO QOO IOGHIIO M ID OO0 DI DM
prgrarerinarphpninariitriatrlfarpnprariprphanpmprgrgingrararrrirggnarg g gy g Tl T i A e A
EEEEE_.r_EEE..—..EEF_EEEEEEF_EEEEEEEEEE_EEEF_EEE_E_EEEEEEEEEEEEEEEEEEEEEE.EEE
SN T 3 2MOTHO DO J.5 M0 A DM IV eif b et LN D3RR 0rd 2 0IPem) -F Mrld 2l 3TN WG .0 N
oSl 13 L3 b WA D D AT OO L TYVELD DT 00 a3 I P P A B B D VD (V72 1) 3D D £1IAILNS 3 0 NN TH I P O R ALY
I DM F F3 IR vHA D MO T D0 N T D7 R AN £ 1O © DA M THAHOM @70 MOV 37 e =0T ) M M T
O U DI vt 4 =t N I Y T FIOLALA . HD £ 0 PP P T e o 00 0 S0 0 D DI 00 00 D S D MNP UP I PRP N O OVTHD NN
-u-lnun.u..lc..c.n.laoliaoo.lttuoclllttooooi-.-l-.nlcnnllnl-U.0..

nuU_w_n_-_--_.-..-._..—.u——--—--ﬁa-__-.¢-..-_-_-.__.___.-.--_

T DI el 1111111111_u11222222222222222222222222322222?—222222&222222
RN O Mo am’ 13D (D eI M3 £ MIC 0 M DN I D O oD DD N IO Qo I on
++++++.r.r..........r++++*++++.f...++.-.++.r.f+.r+++.r++a..r.r+.r.r.f.t R R RPN R R R
LI I ] 3P e B el ap b I e S ] b d ) e d i ud a u i Sl i e s TCTS YO LI TRV IRY (7S (¥ LN {7 |
S S (P DI DU 2 DAt I ed FDAM.O0VIM ¢ t5 2.0 TRaMad M) o Gl a4 h D T P F. 3D AN D M D "9 =ith 0 Iy P O T
-4 TR I PALNAY RN DI @ Y SR A T YD A NG LT A e TN AA I A I VAL THD —t O a1 73 TAIANN
AR DI T I FTI A IM ) M3 AMNE RO MR D T DT MO I et e TNV PN R P T AN TN DD PP
s v e 4 F OSAND DD T I e T U MDAT LT 2o £ T TS BN O UMD D U NG AN T WDl bl D 0.0 O0hi OW

lll..‘illl'Uil.l..lllal-Ill.llil.".l.l...C'I'-‘l...llll.lll'!.lt

]

LR I S O A -«-..-...-...--.—.-.9-.__-_-..-—_u«_..-.-_-.

23333333222&22?_222..(_../._222?_222223333333533333333533335333353333333
(D3INE A TR DD CIFICI D IICSICICIIICD I D43 ILIDDICHI ICHIMCINI I IO DI TICN JOEDHD O 3P =15
f+,..+....+++..-.tf+++++++.r...++++.r+++++.r+...+.f+++++.r+.r++...++&+...+.v++...++t++++
E,_LE,LFTE..r_:EE:......_CE‘CEE.EEL&.EE.r__trh..r_.h.EEE.t.r_:._F_ AUl Y il L Lo Had o L s UL A v LR b L) et I
Pt O DIV LD SO P DY T OVT 240310 0 M L AP UV TR OV OV § (I D v wd ) DD MUV D v fidy TP T PN T
PP 0 037D PR NN T o Ve M I M TR NI T SPJE I OPe Y D =R M T TINO DM b Q@RI NTYI CILF
O™ T d IO UD AR I AN TN = T TRy Y2 P T T TR L VR TN TRV AN o VIV RN VTGN EON Tl R S VI fg it L 4
511.1-1111988??6bb???r???uaagggi11—11—111111—1111-11111111—1 Hedvrd v Al e
0...!...000.GQOlll.UllllaOl..all.'illlilll.l.llﬂ".l.l..l.ll!.lIl!

.U.U_-.--.»-_..-_..n.-.-a—-.-.-..-__.-.-.c-q..--—-_..-a.u-

v .
...11l1_111111.1.11.1_11111111111111111111111111111111.111111111111111111
13 1S 313 31 DI NS 4 1A KA MDI NI P AIID I I TS I3 ELF I R O L U T - RS TH B R B - o
...4....f...................f.vf.......v.v.......—..f.-........f....r+++4..r++++++...+++++...++..........r++++¢.+to..v++++*
L gL LG Ll gl LAY (L NS L UL L L] L A AT Ut th sl L U a0 Lt i e il et e il il
Sy D) ACICDCAMIIA D D I DITID AT MM NPT IEIP IR IS IADCI 7Y I 3 D3I e S 1= B L |
3333939 25?13V PI AT NIINIIIDININTIBIIIIFINDIWIWINIIG I A 232
23 3 + 40NN Dhe DO 2 =-40dF TN DOV O 00 e DA 3 NI FUVYOP=DO IO N 3t ) DM@ I R Iht Ly )
el gl el Byl Jer g S PR A ETE T PNTIVEN LS Tty AP RT L LTTS SE . 20 J S g g e s AMADU 0030 8.0 00 Ohabtaby
llll-ll.Il..ll.to...l-lniullll..l..t.l.lt.l--lnu.t.noullll.l..-lt

REACDONMELL AIRCRAFT CORSPARNY

B-19

2




&
L
&
*

ﬁqﬂﬁﬂﬁ.&&ﬂl}k& — -

{Continued) .

Gas Coupled System Hover Time History

*

Step Input Of Roll Control
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Step Input Of Roll Control

Gas Coupled System Hover Time History
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Gas Coupled System Hover Time History

Step Input Of Roll Control
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(Continued)

Gas Coupled System Hover Time History

Step Input Of Roll Control
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(Continued)

Gas Coupled System Hover Time History

Step Input Of Roll Control
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