NASA Technical Memorandum 4503

Preliminary Flight Results of a
Fly-by-Throttle Emergency Flight
Control System on an F-15
Airplane

Frank W. Burcham, Jr., Trindel A. Maine,
C. Gordon Fullerton, and Edward A. Wells

Frank W. Burcham, Jr., Trindel A. Maine, C. Gordon Fullerton
Dryden Flight Research Facility
Edwards, California

Edward A. Wells
McDonnell Douglas Aerospace Company
St. Louis, Missouri

1993

‘hls:,v$ 2 YA

%

National Aeronautics and
Space Administration

Office of Management

Scientific and Technical
Information Program



Preliminary Flight Results of a Fly-by-Throttle Emergency Flight Control System
on an F-15 Airplane

Frank W. Burcham, Jt.
Trindel A. Maine
C. Gordon Fullerton
NASA Dryden Flight Research Facility
P.O. Box 273
Edwards, California 93523-0273

Edward A. Wells
McDonnell Douglas Aerospace Company
St. Louis, Missouri

Abstract

A multi-engine aircraft, with some all of the flight control system inoperativeanay use engine
thrust for controf. NASA Dryden has conducted a study the capability and techniquer this
emergency flightcontrol method for the F-1&irplane. With an augmentezbntrol systemengine
thrust,along with appropriate feedback parameters, is used to ciiginghath and bank angl&xten-
sive simulationstudies have been followed Bight tests.This paper discussebe principles ofthrot-
tles-only control, the F-15airplane,the augmentedystem, andhe flight resultsincluding landing
approaches with throttles-only control to within 10 ft of the ground.

Nomenclature
CAS control augmentation system
CG center of gravity
DEEC digital electronic engine control
EMD engine model derivative
HIDEC Highly Integrated Digital Electronic Control
HUD heads up display
PCA propulsion controlled aircraft
\% airspeed, kts
a angle of attack deg
y flightpath angle deg
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Introduction

In an emergency situation, throttles can be used to augment or replace fagtaibntrol systems.
Aircraft flight control systemsareextremely reliabldecause of thenultiple control surfaceshydraulic
systems, sensors, control computers, and control cables useti¢ge high levels atontrol system
redundancy anckliability. However, there are rare occasiavisen potentially disastrodkght control
system failures doccur. This is particularlytrue for military airplanesoperating in a hostile environ-
ment. At such times, any other form of flight control, including propulsion, would be welcome.

Some aircraft with mulble enginesmay be contrdéd to a rudimentary degree withe throttles.
The use oflifferentialthrustinduces yaw anthe normal dihedral effect results in roNMany transport
airplanes exhibit nose-up pitching moments frthimust thatmay beusefulfor pitch control. In addition,
most airplanes have positive spesthbility (if speed is increased, tlarplane will climb,and vice
versa).Airplanes withtotal hydraulic system failures have been flofen substantial periods witbnly
engines for control. The following are examples of loss of hydraulic power:

» A B-747 aircraft lost its entire hydraulic system because of a pressure bulkhead failure. It was
flown for almost an hour using throttle control, but the crew were forced to learn by trial and er-
ror, and the plane eventually hit a mountain.

* Anuncontained engine failure on a DC-10 caused the loss of all hydraulics. The crew used
throttles for control under extremely difficult circumstances and were able to execute an emer-
gency crash landing at an airport, and many lives were saved.

In other cases hydraulic loss caused partial loss of flight controls:

» A C-5A cargo airplane had a major structural failure that caused loss of all hydraulics to the tail.
This airplane was flown for 1/2 hr with the throttles, but on a landing attempt, the airplane hit
the ground short of the runway, broke up, and all aboard were killed in the resulting fire.

* B-52 airplanes have experienced two cases of total loss of hydraulic power to the rudder and
elevator. Thrust and wing spoilers were used for pitch control. In one case, the crew tried to
land the airplane, and hit very hard, breaking off the nose section on impact. The rest of the air-
plane was destroyed by fire, but the entire crew survived. In the second instance, procedures de-
veloped as a result of the first accident were used. The B-52 had a hard landing, but was repair-
able.

The NASA DrydenFlight Researchtracility has beemronducting flight,ground simulator, and ana-
lytical studies to investigatihe use of the propulsiosystemfor emergency flightontrol. Oneobjec-
tive, determiningthe degree of control poweawailablefor variousclasses of airplanes, has shown a
surprising amount atontrol capabilityfor manyairplanes. The second objective was to provide aware-
ness of and techniques foranualthrottles-only controt. Airplanes studied taateincludethe B-720,
MD-11, F-15, B-727, T-38, Learjeand B-747. The thirebjective is to investigate possiktentrol
modes that could be developed for future airpldnes.

NASA Dryden and McDonnell Dougla&erospace Company (MD/At. Louis, MO) developed an
augmented contrdystemfor the F-15which uses feedback to providarottle commanddor emer-
gency flightcontrol. Aninitial flight evaluation of this propulsion controlled aircraft (PG#jstem has
recently been flown. Comparisons of fligaihd simulation results dhe F- 15airplane flown with
manual throttles-only control are given in ref. 3.
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This paperreviewsthe principles of throttles-onlgontrol, thedesign ofthe PCAsystem, and pre-
liminary results of the first flight evaluation of a PCA system, including approaches flown to within 10 ft
of the runway Also presented ibow the PCAsystem performs at conditions beydhd design enve-
lope.

Principles of Throttles-Only Control

The principles of throttles-onlylight control, presented in refs. 1 and 3, will be reviewed hesiag
examples for the F-15 airplane.

Roll: Differential thrust generatesideslip, whichthroughdihedral effect, results in rotiate. Roll
rate is controlled testablish a bank angle whicksults in a turn andhange in aircraft headinéull
differential thrust for the F-15 yields a roll rate of about 12 to 15 deg/sec.

Pitch: Pitch control due to throttishanges is more complex. Themeseveral effectshat occur on
the F-15.

1. Flightpath angle change due to speed stability. All stable airplanes, including the F-15, exhibit
positive speed stability. For a short time (approximately 15 sec), a thrust increase will cause a
speed increase, which will cause a lift increase which causes a pitch rate increase, and a climb (if
allowed to continue, this effect will be oscillatory, see phugoid, no. 4). The degree of change to
the flightpath angle is proportional to the difference between the initial trim airspeed and the cur-
rent airspeed, hence, the flightpath angle tends to increase as speed increases.

2. Pitching moment due to thrust line offset. If the engine thrust line does not pass through the
center of gravity (CG), there will be a pitching moment introduced by thrust change. For many
transport aircraft, the thrust line is below the CG, and increasing thrust results in a desirable
nose-up pitching moment, the magnitude being a linear function of the thrust change. This is the
desirable geometry for throttles-only control, because a thrust change immediately starts the
nose in the same direction as that needed for the long-term flightpath angle change. The effect is
more a function of change in thrust than of change in speed, and occurs near the time of the
thrust increase. For the F-15, the thrust line passes withim of the vertical CG, depending
on fuel quantity, and this effect is small.

3. Flightpath angle change due to the vertical component of thrust. If the thrust line is inclined to
the flightpath, as is commonly the case, an increase in thrust will cause a direct increase in verti-
cal velocity, i.e., rate of climb, and a resulting increase in flightpath angle. For a given aircraft
configuration, this effect will increase as angle of attack increases (i.e., as speed decreases). For
the F-15, the combined effects of the engine thrust produce a nose-up pitching response of about
2.5 deg/sec for a throttle step from trim to intermediate power on both engines.

4. Phugoid. The phugoid is the longitudinal long period oscillation of an airplane. It is a motion in
which kinetic and potential energy (speed and altitude) are traded. The phugoid oscillation is
excited by a pitch, or velocity change, and will have a period of approximately one minute, and
may or may not damp naturally. Properly sized and timed throttle inputs can be used to damp
unwanted phugoid oscillations.

Speed Control: Once the flight control surfaces odigolaneare locked at givenposition, thetrim
airspeed of most airplanes is only slightly affected by engine thrust. Retrimming to a ddferedtmay
be achieved bythertechniques, such as variable stabilizentrol, CG controlJowering of landing
gear, andlaps, etc. Ingeneral, the speed must be reduced to an accefdallieg speed; thismplies
developing noseupitching momentsMethods for doing thisnclude movingthe CG aftlowering the
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flaps, and extendinthe landing gear. For the F-15noving the air inlets tothe full-up emergency
position reduces thegim speed by at least 24s, and loweringthe flaps lowers thetrim speed by at
least 30 kts.

Trim speed is also affected by changes in weight. As weight is reduced (suchuasiby fuel), the
lift remainsconstant, so thairplanetends toclimb. To maintain level flighthe throttle setting must be
reduced, which reduces speed. On the F-15, this effect reduces trim speed by approximately 1 kt every 2
min.

Stability: Theflight controls-failed stability of an airplane &so an important consideration for
throttlesonly control. Large transpodirplanes typically have good basiatic stability. Yaw dampers
may beused forincreasinghe dutchroll mode stability but goodpitch, roll, and yawstatic stability is
usually built in. This stability remains if the flight control system should be lost. For fighter airplanes, the
airframe may have lower levels of static stability, vattequatestability being achieved withhechanical
and/or electronistability augmentation. Thus in the casdlmjht control system failure in a fighter, the
basic stability may be considerably reduced, and the control requirements for a PCA system will be more
difficult. (The previous comments dmt apply tothe long-term phugoidtability which will likely be a
problem for both fighter and transport aircraft).

Airplane Description

The F-15airplane (Fig. 1) is a high-performance air superiority fighter airplane wittaxamum
Mach capability oR.5. Ithas a high wing witld5° of sweep and twin vertical tails. Theo afterburn-
ing turbofan enginesre mounted closegether (4.25 ft apart at thozzles) in the aftuselage. Air
inlets for the engines are located on the fuselage sides, ahead of the wings.

Engines

The NASA F-15 igpowered by F10@ngine model derivativEEMD) engines, designated PW1128
by theengine manufacturer. These engifesture a 3-stagian and a 9-stage compressor, eddlien
by a 2-stage turbine. Alixed flow augmentor exhausts throughvariable-area convergent-divergent
nozzle. The PW1128 is a derivativetbé F100-PW-22@ngine, and features an improved faigher
turbine temperature capability, and a 15-segment augmentor.

The digital electronienginecontrol (DEEC)systemcontrols the F10@ngine. Closed-loop control
of enginepressure ratio andirflow is provided at intermediafgowerand above. At lowepower, fan
rpm is controlled as a function difrottle angle. At lowpower settingsvith thelandinggear extended,
the nozzle opens to redutteust. The DEEGransmits engin@arameters in digital format the data
bus, and also receives inputs for throttle commands on the data bus.

Because of the development nature of the PWEtghesused in theNASA F-15,the DEEC soft-
ware has some nonproduction effects, oneloth is a slow decay dhrust at low power settings. An
engine model developed by MDA accurately representdyth@micresponse of the PW1128gines at
the low-speed-low-altitude condition.

Inlets

The F-15 is equipped with variable-geometrgighensional external compressioarizontal ramp
inlets. Since thesaletsarewell forward andoutboard of thaircraft CG,pitching, rolling, and/awing
momentsare developed by thelet aerodynamics as engine airflow changes. Althabgke forces and
momentsaresmall inconventional flight, they become significant witae flight controls are locked. If
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hydraulicpressure to the actuators is lost, ithlet rampsboth drift to afull up position. This was the
condition used for all F-15 PCA tests.

Flight Control System

The F-15 has anechanical flightcontrol system augmented by a high-authority electraaiotrol
augmentation system (CAS). Hydrauytiower is required foall flight control surfaces. The NASA F-
15 airplane is equipped with a digital electroflight control system(DEFCS) which replaced the
standard F-15 analog electronic CAS. Infllght control mode (CAS off, with thenechanical system
pitch and rollratio changanechanismset in the'emergency" fixegoosition) theflight control system
surfaces remain stationary as long as the stick and rudder pedals are not moved.

Instrumentation

The F-15 airplane was instrumented to measure the parameters required for the throfligktenly
All typical engine and airplanmrameters were measured. Data fiodividual sensors andatafrom
the digital control systemdatabuses (each engine atite digital flight control system)were recorded
on an onboard pulse code modulation system. Data were telemetetieel goound forreal-time
recording, analysis, and display.

The F-15 has a heads-dplay(HUD) which providesflight information such asirspeed and alti-
tude. A velocity vectosymbol displayghe precisdlightpath relative tothe ground. A HUD video
camera was provided and thignal, along wittthe pilot's microphonghot mike) was also telemetered
to the ground.

Propulsion Controlled Aircraft System

The PCA system features tre F-15 are shown in Fig. 2. Much of thguipment used bjhe PCA
system was previousipstalled onthe NASA F-15 forother integrated control researchpest of the
Highly IntegratedDigital ElectronicControl (HIDEC)systent, and includedhe digital flight control
computer, the general-purpose reseatgfital computer, the F100 EM@ngines withDEECs, the
cockpit HUD and contradysteminput-output,interface equipment to allow these systemsdimmuni-
cate, the "emergency" flight control mode, anddhtasystem andape recorder. ThECA system was
implemented by adding only the attitude command thumbwheel controllers in the cockpit.

Figure 3 shows the F-15 HIDE&rplanecockpit, the PCA equipment, tlleumbwheel controllers,
the HUD, the navigation control interface (NCI), and the switches and cpatrels fronthe PCA and
HIDEC systems.

The PCA system was designit a limited-envelope first flight evaluation @ugmented throttles-
only control. It wasdesigned to function at airspeeds betw&&f and 19(kts at altitudes below
10,000 ft. It wasassumedhat theairplane would be trimmed tthe desiredestconditions prior to
PCA system engagement.

Figure 4 is a block diagram thhe PCAsystemstructure.All of this equipment excephe thumb-
wheel controller panel was previously installed. The varaugnics and PCA units communicate with
eachothervia digital data buses. Thiegic for the PCA controlaws resides irthe general-purpose
research computer, in FORTRA®bBbde. Digital inputs are receivedrom the digital flight control
systemtheinertial navigation systerfiNS), the airdata computer, thgital enginecontrols, androm
the pilot's pitch and roll thumbwheels. The PCA system sémazgtle commands tdhe internalDEEC



throttlecommand logiavithout driving the throttles in the cockpit. Neommandsare sent to thalets
during PCA operation.

Figure 5 is a block diagram ¢tie PCA control laws. In the pitcxis, pilot thumbwheel command
for flightpath angle is compared tbe sensedightpath angle, with flightpath anglate and velocity
also available as feedbacks to assist in phugoid damping. Collective fbgusttommandsre sent to
both engines to obtaithe commanded flightpath. The thumbwheel flightpath commamisgayed to
the pilot on the HUD with the box shown in Fig. 3.

In theroll axis, the pilotbank angle command is compared with yae,roll rate,and bankangle;
differential thrust commands are issued to both engines to obtain the commanded bank angle.

The pitch and rolaxis controllaws were developed by MDA and Drydesing linear models, non-
linear simulations, and finally in full nonlinear piloted simulations.

Variable gains, filters, multipliers, and gain schedules can be selected by the pitkoe @avallable at
most points within the PCA software. These features provide a great deal of flexibility for testing.

Numerous automatic features wanmstalled to disengage PCAsystem in case of malfunction, if
the predefined limits were exceeded, or if the pilot moved the stick or throttles.

F-15 Simulations

High-fidelity simulations of the PCA system in the F-15 airplane were available at NASA Dryden and
at MDA. These simulations included nonlinear aerodynangiostrol systems, andonlinear engine
models as well athe PCA logic. Pilot-in-the-loogimulators were used for closed-loop pilot evalua-
tions. Batch versions were used for open-leggtem response and to develop, evaluate testdthe
PCA software. The MDA simulatormicluded a high-fidelity visual systemrojectedonto adome,
whereas théryden simulatiorused asmallermonitor; both were adequate for the P@waluation.
Linear models othe PCAsystemwere also developed at MDA and at Dryden for consgatem
development andnalysis. MDAtestsincluded a hardware-in-the-loop pilotsgnulation in which the
actual flight software and computers were part of the simulation.

Test Conditions and Procedures

The F-15 PCA system wasstedprimarily in 2 configurations; 15&ts with flapsdown, and 170 kts
with flaps up. Testaltitudes ranged from 2300 ft (10 ft above ti@way) to 15,000 ft. The pilot
configured thairplane withthe CAS off, and pitch anbll ratios andnlets inthe "emergency" posi-
tion, which is the positionthat would occur ithydraulic pressure were lost. THanding gear was
lowered hydraulically, although it could have been lowered with #rmergency pneumatic extension
system. The flaps were lowered with the electric actuation system installed on the NASA F-15.

The pilot trimmeadhe airplane tothe desiredestcondition with the stick, engaged the PGystem
using the "couple" button on the right throttle, and operated the thumbwheels with no inputs to the stick
and throttles. Thdlight controlsremained activehut not used, as safety feature. In some cases, the
system was engaged 70 kts above its original design envelope.

Testtechniques were developed to assess the throttles-only coapalbility ofthe F-15airplane
and simulation. Open-loopests,including small controlledhrottle steps werdlown, and control
capability was compared to the simulation.

Small stepcommands in pitch and roll duririgvel flight were made wherthe augmentegystem
tests weranitially conducted. Once thedests were complete&ombinations of pitch and roll com-
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mandswere testedandfinally, simulated approachegere madeManualcontrol techniques weraso
used for comparison.

Results and Discussion

The F-15 PCAsystem was evaluated during a series of flights.ifihal tests consisted angaging
the PCAsystem in level flighand observinghe systemoperation. Later tesiacludedresponse to step
inputs and approaches to thewary.

Step Inputs

Numerous stephumbwheel command inputs have been made to flightpath and bank angle axes at
varyingweights, airspeeds, and gain combinations. Thesgnputs allow detailed postflight compari-
sons of actuaflight performance with simulatiopredictions, and betweediffering flight control
configurationgested.Figure 6 shows a response tsraall negative flightpath angle command at 150
kts, with theflaps down. Theinitial throttle decrease ®llowed bythrottle modulation to achieve the
desired flightpath witminimum overshoot. The averaden sped, agoodapproximation othrust, is
also shown in Fig. 6. Approximately 11 sec is required to actirevé.8°-decrease flightpath angle.
A comparison of thaonlinear simulation at this conditi@hows aslightly slower response, but rea-
sonably good agreement with the flight data.

Roll response to &l roll stepcommand is shown in Figg(a) and 7(b)Roll control wasinitially
poor because of low roltate, asshown in Fig. 7(a)with 28 sec required to achietlee commanded
bank angleOnly a small differentialhrottle command wagenerated by the control lawBhis lowroll
rate was dictated bgesults from the hardware-in-the-logpnulation, in which higher gainsaused a
limit cycle oscillation. Extensive flight evaluationgere then conducted tnprove roll performance.
After several iterationgheroll response was greatly improved by changes in ggave ratefiltering,
and adding bank angle feedback as shown in#lg, with thecommanded bank angle being reached
within 6 sec. Asignificantdegree ofifferentialthrust wascommanded in thigest. No evidence of the
limit cycle oscillation was seen ithe flight tests.Again, comparison téhe nonlinear simulation predic-
tion for this condition is reasonably good.

Runway Approaches

The PCA system wagpically engaged on the downwirnelg of approaches tine Edwardsunway.
Turns weremade tothe base leg, ananto final approach about Biles ait. Figure 8 shows the com-
mand and actual flightpath (gliddope) and bank angle values a low approach and PCA go-around
at 150 kts. Engine throttle settinggight abovehe ground, and airspeed are also sholims ap-
proach showed good control with very light turbulence. Flightpath was maintained within approximately
1° of command untithe go-around wamitiated. Most ofthe throttle motion iglifferential to maintain
the commanded bank angle. Bank angle lags pilot inputs by approximasely. At 100 ft above the
ground, aplannedthe pilotinitiated ago-around bymovingtheflightpath command up to command a
climb. The system response was considered adequate by the pilot.

In a test toevaluate PCA response in ground effect, the fidet with PCA control towithin 10 ft
of the runway. The pilot decoupled thgstem at this point as planned, and maalg a minimal stick
input in theremaining 2secuntil touchdown.Figures9(a) and 9(b) show ame history of this ap-
proach. Weather conditionscluded a5-kt tailwind and very light turbulence, with occasiorsahall
upsets caused by thermals. Fig@@) shows 83 sec of the approa€étightpath command varied
between -1 and -2° for most of the approach, fightpath wasmaintained within0.5° of the com-
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mand, except whemild thermal activity caused a pitchup at 23 sec and again ae&@0Bank angle
commands were generaliynalland bank angle was maintained, considettireg3-sec lagwithin 3°. At
70 sec, the pilot increased the flightpath command to initiate a landing flare.

The last 6 sec prior to touchdown are shown in Fig. ${mhtpath gradually waseduced andank
angle remained small. ABe F-15 entered grouradfect atabout 15 ft above the ground, imgrease in
flightpath angle caused by increaseguift was seen. At 10 ft, the pilot disengaged the Rggtem
and made amallaft stick input (seen in thetabilizer positiordata) to reduce thankrate. At about 5
ft, a nose-down pitch is seen in the piteteand angle oattack databecause of theffect of ground
effect onthe fixed horizontal tail. Thisreduction in angle ofttack, which reduceslift, causes the
flightpath to remain constant for the last second. Touchdown rate of sink was about 4.5 ft/sec. The pilot
made a larger aft stick input &uchdown to control de-rotation. The pilot considered fysem
performance to bgood onthis approach. A total of 24 approachesve been flown, including some
with slightly higher levels of turbulence, and performance has generally been acceptable.

Engagement at Unusual Attitudes

Anothertestwas to engage the PGHstemafter theairplane was maneuvered to unusatsitudes,
such as might occur with an actual losdlight controls. Although the PCAystem wasot specifically
designed to handle such conditions, simulation studies inditdaa¢dt couldsafelyrecover the F-15
from a range otipsets. The most sevaest(Fig. 10) wasinitiated at250 kts at 15,000 fiyith a 22°-
nose down and 78°-bank situation. The pilot movedrilets tothe emergency position and engaged
the PCAsystem. The PCA system increaskd rightenginethrust tointermediate power; theings
were rolledlevel within 15sec, the pullout reachedg3and 320kts, with a loss of altitude of 3000 ft.
Following the pullout, thairplaneentered alimb. With nopilot action and aero bankcommand, the
airspeed would have decayed to approximat@ kts; inthis casethe pilot terminated theest at an
airspeed of 150 kts.

Hydraulic System Failure Simulation

Tests were also conducteddeterminethe trim speed variations aftersimulated hydraulic failure.
Starting from 260 ktandlevel flight, the CAS was turnedff andthe inlets were switched to emer-
gency as wouldccurwith loss of hydraulipressure. The PC8ystem was engaged, atfé newtrim
speed was 200 kts. The flaps were then loweledrically, andhetrim speed was reduced 160 kts.
Landing gear extension caused no change in trim speed. From this comaiicould be burned off to
achieve a 150-kt approach speed.

Concluding Remarks

The first flight evaluation of an augmented propulsion controlled aircraft systene ¢irl5airplane
has beerronducted. An augmented throttles-only feedback cosyrstem has been shown to provide
stable operation tetepinputs and acceptable operation landingapproaches. Approaches wathin
10 ft of touchdown have bedlown usingthe propulsion controlled aircradtystem. The system has
also been tested at conditions beyond its design envelope, including engagement at unusual attitudes anc
at speeds 100 kts above approach speeds.
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Figure 1. NASA F-15 HIDEC flight research aircraft.

Figure 2. PCA features on the F-15 airplane.
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Figure 3. F-15 PCA cockpit configuration.
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Figure 4. PCA hardware block diagram.

Figure 5. Simplified block diagram of the F-15 PCA logic.
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Figure 6. Response of the F-15 PCA system to a flightpath angle step from 0.to -1.8
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(b) Improved bank angle control logic.
Figure 7. Effect of step bank angle command on a bank angle, 150 kts, flaps down.
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Figure 8. Time history of a PCA approach and go-around.
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(a) 83 sec of landing approach

Figure 9. Time history of F-15 PCA landing approach, flaps down.
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(b) Last 6 sec of landing approach

Figure 9. Concluded.
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Figure 10. Time history of F-15 PCA engagement at unusual attitude.

18



REPORT DOCUMENTATION PAGE OMB No, 0704-0185

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis

Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503
1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
June 1993 NASA Technical Memorandum
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

Preliminary Flight Results of a Fly-by-Throttle Emergency Flight Control RTOP 533-02-34
System on and F-15 Airplane

6. AUTHORS(S)

Frank W. Burcham, Jr., Trindel A. Maine, Gordon Fullerton, and
Edward A. Wells

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

NASA Dryden Flight Research Facility

P.O. Box 273 H-1911

Edwards, California 93523-0273

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING

AGENCY REPORT NUMBER
National Aeronautics and Space Administration
Washington, DC 20546-0001 NASA TM-4503

11. SUPPLEMENTARY NOTES

Presented at AIAA 93-1920 at the 29th AIAA/SAE/ASME Joint Propulsion Conference, Monterg
CA, June 28-30, 1993.

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Unclassified — Unlimited
Subject Category 08

13. ABSTRACT (Maximum 200 words)

A multi-engine aircraft, with some @il of theflight control system inoperativanay useenginethrust
for control. NASA Dryden has conducted a studytbé capability and techniqudsr this emergency
flight control method for the F-1&irplane. With an augmentembntrol systemenginethrust, along
with appropriate feedback parameters, is used to control flightpath and bank anglsiv&siemulation
studies have been followed Bight tests.This paper discussdse principles ofthrottles-only control,
the F-15airplane,the augmentedystem, andhe flight resultsincluding landingapproacheswith
throttles-only control to within 10 ft of the ground.

14. SUBJECT TERMS 15. NUMBER OF PAGES 16. PRICE CODE
F-15 airplane; Flight control; Flight-propulsion control integratiqriL6 A02
Propulsion control; Throttles-only control

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified Unlimited

NSN 7540-01-280-5500 For sale by the National Information Service, Springfield, Virginia 22161-2171 Standard Form 298 (Rev 2-89)

Prescribed by ANSI Std. Z39-18

Y



