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FOREWORD

This report was prepared by the Vought Aeronautics Division of the
LTV Aerospace Corporstion, a subsidiary of Ling-Temco-Vought, Inc., under
Air Force Contract F 33615-69-C-1692. This contract was initiated under
Project 1362, "Crew Escape for Flight Vehicles", Task Fo. 136203, "Crew
Escape Techniques Research". The program is administered under the
direction of the Recovery and Crew Station Branch, Vehicle Egquipment Divi-
sion, Air Force Flight Dynemics Laboratory, Air Force Systems Command,
Wright-Patterson Air Force Base;, Ohio. Mr. B. J. White (FDFR) was the Air
Force Project Engineer.

This report covers work conducted during the period April 1969 to
December 1969. It was submitted by the suthors in December 1969.

The documentation of this project necessitates publication in several
parts. The total documentation includes:

Part I

Volume 1- VWOL Aircraft Equations and Failure Mode
Analysis

Volume 2- Escape System Parameters Analysis

Volume 3- Computer Program User's Manual for VIOL Escape
System Simulation

Part II
Volume 1- Escape Seat Systems Concept Analysis
Volume 2- Escape Seat Subsystems and Detail Drawings

This technical report has been reviewed and is epproved.

GEORGE A, BOLT, JR.

Chief, Recovery and Crew Station Branch
Vehicle Equipment Division

Air Force Flight Dynamics Laboratory
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ABSTRACT

Equetions are formulated for a hypothetical fighter/close support VIOL
aircraft vhich will simulate a realistically severe crew station escape
environment arising from aircraft failures in the VTOL and high speed,low
altitude flight regimes. Four candidate airplanes with dissimilar
propulsive and control concepts are analyzed and a lift-fan configuration
is selected for a digital computer simulation programmed with the intent
to test the feasibility of any crew escape concept. Plotted time histories
are presented of aircraft and crew station positions, rates, and accelera-
tions occurring as a consequence of various failure modes. The time
histories are summarized to reveal the extreme conditions encountered
during VIOL and high speed emergencies, conditions for which existing
escape systems are not designed.

(This document is subject to special export controls and each
transmittal to foreign govermments or foreign nationals may be made
only with prior approval of the AF Flight Dynamics Laboratory (FDFR),
Wright-Patterson AFB, Ohio)
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SECTION I
INTRODUCTION AND SUMMARY

In recognition of the need for improved crew safety, the Air Force
Flight Dynamics Laboratory awarded an eleven month study contract to LTV
Aerospace Corporation in April, 1969, with the objective to derive an
analytical preliminary design of an ejection seat escape system that would
be capable of providing safe crew escape from fighter/close support VIOL
aircraft during emergencies in the VIOL and the low altitude, high speed
flight regimes.

To ensure an optimum design, it was stipuiated that detailed gquan-
titative requirements upon which to base an escape system design must be
eatablished. A primary consideration in establishing such design speci-
fications is the determination of the crew station enviromment resulting
from the wide range of failures peculiar to VTOL vehicles. Additionally,
since VIOL aircraft fly most of the time in conventional configuration,
the high speed failure dynamics must be known. This information is attain-
able only through an accurate simulation of the aircraft. A failure mode
analysis has been done to provide data for the ejection seat escape system
and is the subject of this report.

The failure mode portion of the study has as its objectives the
following:

o Select a hypothetical aircraft as a basis for escape system
preliminary design.

o Establish the failure modes which influence the escape system
concept.

o Provide a post failure aircraft dynamic simulation for use
in preliminary design of the escape system.

A high performance aircraii was to be selected which by definition
eliminates helicopters andpropeller powered aircraft from considerstion.
The characteristics of candidate aircraft are selected from existing turbo-
Jet direct-1ift and 1ift fan types or power system arrangements which have
potential for application in the future. The objective of the selection has
been to define a two place aircraft configuration which would provide the
most difficult escape enviromment within the limits of prudent aircraft de-
sign.

The modes of failure most important to the VIOL escape system design
are those which produce enviromments different from conventional aircraft
or not provided for by current escape design specifications. The probatle
frequency of failure was not considered in mode selection. To obviate the
design of an obsolescent escape seat syatem, the performance of existing
VIOL designs was extrapolated to the expected level of the next generation
aircraft. To exclude the possibility of a non-optimum design, the extrap-
olation was based on data available for present VIOL designs. The extrap-
olated VIOL configuration simulated with this philosophy will be called a
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"hypothetical"” aircraft.

After screening of the possible propulsion and configuration characteris-
tics for which adequate simulation data were available, four aircraft with
distinctly different propulsion and control traits were selected for evalua-
tion. An abbreviated failure mode analysis was done for each aircraft using
a one-degree-of-freedom analysis technique. The most severe failure environ-
ments were the only ones considered in making the selection of & hypothetical
aireraft. From these four candidates, a 1ift fan configuration (XV-5A) was
chosen as the basis for the hypothetical aircraft, the criterion being to
program & flexible simulation which would impose the severest crew station
emergency enviromment. In addition, the aerodynamic déata were required to be
in a form amensble to simulation of both VIOL and conventional configurations.

A six degree-of-freedom computer simulation was constructed to perform
a more detailed analysis of the hypotheticel aircraft for use in the prelimi-
nary design of the escape system. Mode of failures to be analyzed were
selected such that the escape enviromments beyond those provided for by cur-
rent specifications would be systematically explored. Time histories of these
failures are presented in Appendix II and summary plots are discussed in
Section III.

The airplane simulation was programmed to maintain generality and the
fan serodynamic computations were all programmed in one subroutine; conse-
quently, the program can be used to represent any airplane employing any pro-
pulsion and control concept in both VIOL and conventional flight. The airplane
geometry and engine data were also adjusted to allow supersamic flight up to
mach 2.0 for evaluation of high speed escape in addition to the VTOL mode.

A special control subroutine was incorporated in the computer program to
enable the synthesis of any conceivable emergency or combination of emergen-
cies requiring crew escape. The sequence of events subsequent to escape
initiation is plotted automatically, portraying the aircraft and crew station
positions, rates and accelerations. With this information, the acceptibility
of any escape concept is revealed and parametsr adjustments implemented where
needed.

McmthaMchmwthodrcnfbummuonﬂube
documented in the Volume 3 report to be released later as indicated in the
Foreword of this report.




SECTION II
TECHNICAL APPROACH AND SUMMARY

The determination of the operating limits established by evaluation of
the emergency enviromment is fundamental to the design of any escape seat
system. A primary objective of this study is to define these operating limits
for a high performance VIOL aircraft with a flight envelope encompassing the
airspeed range from hover to Mach 2.0 and the altitude boundary between sea
level and 50,000 feet. This escape system envelope showing the failure in-
vestigation flight conditions is presented below.
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The failure mode analysis investigation was confined to low altitude flight

conditions where VIOL failures and conventional flight failures would result
in the most rapid airplane response and accelerations. The remainder of the
recovery envelope affects the recovery systems and is addressed in Volume 2.

The complexity inherent in the analysis of a system constructed with
these versatile capasbilities dictates the use of a computer simulation pro-
grammed with sufficient detail to enable the corroboration of any design
concept. The computer routine written for this purpose constitutes Volume 3
of Part I "Computer Program Users Manual for VIOL Escape System Simulation."
The data contained in this report were computed from the asirplane option
section of this computer program. Time histories of acceleration, rate and
position of the airplane, and crew station reactions to a variety of deter-
ministic aircraft failure modes were generated and plotted.
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The modes of failure most important to the VIOL escape system design are
those which produce enviromments different from conventional aircraft or are
neglected by current escape design specifications. The probable frequency
of failure was not considered in mode selection. To obviate the design of an
obsolescent escape seat system, the performance of existing VIOL designs was

to the expected level of the next generation aircraft. To exclude
the possibility of a non-optimum design, the extrapolation was based on data
available for present VIOL designs. The extrapolated VIOL configuration
simulated with this philosophy will be called a "hypothetical” aircraft.

After screening of the possible propulsion and configuration charac-
teristics for which adequate simulation data were available, four aircraft
with distinctly different propulsion and control traits were selected for
evaluation. mammmmmummmmmm
using a one degree-of-freedom analysis technique. -The most severe failure
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aircraft. From these four candidates, & 1ift fan configuration
was chosen as the basis for the hypothetical aircraft, the criterion being
to program a flexible simulation which would impose the severest crew station
emergency environment.
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smbient dynamic pressures in hovering and transition flight simulations.
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gencies requiring crew escape. The sequence of events subsequent to escape
initiation is plotted sutomatically, portraying the aircraft and crew station
positions, rates and accelerations. With this information, the acceptability
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plots are discussed in Section IV,

The most critical failures in terms of airplane attitude or acceleration
were found to result from:

o Hard-over roll control 90 degrees bank angle
failure at 46 knots in .9 seconds










SECTION III

VIOL VEHICLE SELECTION
1. Candidate Aircraft

In designing an emergency escape system from & totally analytical
foundation, it is important that & conservative philosophy be employed
in choosing a hypothetical vehicle to test the feasibility of the myriad
of escape concepts that must be evaluated in the preliminary design phass.
For this study, the simulated airplane was synthesized from four aircraft,
which are representative of future VIOL fighter-attack configurations,
employing dissimilar propulsion and control system concepts.

Sketches of the four configurations, the fan-in-wing GE-Ryan XV-5A,
the direct 1ift Lockheed XV-UB, the vectored thrust Hawker-Siddeley P-1127,
and the propulsive wing VAD ADAM III together with pertinent geometrical
data are shown in Figures 1 through 4. A brief description of those
VIOL aircraft is included below:

a. XV-5A (Fan in Wing)

The XV-5A is a twin engine, tri-fan (two wing fans and a
pitch control nose fan), tricycle-gear, mid-wing, turbojet-powered
research aircraft. Tre hover 1lift is produced by diverting the engines
(J-85-5B) exhaust gasc. Shrough crossover ducts to drive the two wing-
fans and single nose fan. Pitch trim and control is provided by deflection
of the pitch fan exit doors. Wing fan louvers are deflected in various
combinations to produce height control, yaw control, roll control, and
forward propulsion.

b. XV-4B (Hummingbird)

The XV-4B "Hummingbird" utilizes six General Electric
YJ85-19 engines; four are vertically-mounted as lift units and two are
horizontally-mounted for either 1lift or forward propulsion. The use
of the latter engines for either the lift or cruige flight modes is
accomplished through a diverter valve mechanism. Control in the VTOL
flight mode is obtained by ducting compressor bleed air from the six
J85 engines through four visor-type reaction control valves located
at the extreme fore and aft ends of the fuselage and at each wing tip.
Additional flexibility in flightw=path and attitude control is obtained
by vectoring the engine thrust with six fuselage-mounted swivel nozzles.

C. XV-6A (P-1127)

The XV-6A is powered by a two-spool, axial flow, Bristole
Siddeley Pegasus 5 turbofan engine. The aircraft is supported in the
hover mode of flight on four "legs" of high velocity exhaust gas dis-
charging from nozzles located around the aircraft center of gravity.




The forward nozzles exhaust "cold" air from the three-stage forward
fan, while the two rear nozzles discharge turbine exhaust. The

four nozzies are mechanically inter-connected to operate in unison and
vector the engine thrust from zero degrees aft (conventional flight) to
13 degrees forward of the vertical (rearward flight). Control in hover
and low speed flight is accomplished with reaction jets located at the
fore and aft ends of the fuselage and at the wing tips.

d. ADAM III

The ADAM III (propulsive wing) V/STOL aircraft is being
developed by VAD. Several wind tunnel models of the propulsive wing
concept have been built and tested, but at this time no flight test
experience has been gained. The ADAM III configuration consists of
two turbojet gas generators with cross ducting to four wing fans and
a forward fuselage nose pitch fan. The turbojet "hot" gases are ejected
through the wing fan turbines and exhausted over the flaps in a downward
direction. The wing fan turbines drive axial flow compressors which
inject "cold" air through the wing leading edge inlet. The "cold" air
is turned by means of vane boxes to provide thrust vectoring. Lateral
and directional control in hover and low speed transition range would
e provided by differential (left and right wings) fan RPM, vane box
exit area throttling, and vane box deflections.

2. Failure Evaluation

In selecting the hypothetical aircraft, it is beyond the scope of this
program to reduce the aerodynamic data for the many types of VIOL
propulsion and control concepts to the form required for a camplete six
degree-of-freedom computer simulation. Neither is it feasible or essential
to account for such intricacies as automatic control system transfer
functions or system non-linearities. Therefore, for purposes of selecting
critical failure configurations, single degree-of-freedom-linear equations
and full hard over control system failures (100% control auihorities)
are used for comparing vehicle excursions following the fallures.

While it is recognized that this simplified dynamic response is not
representative of the true dynamics of the aircraft, the relative rates
and displacements do provide a meaningful basis for selecting a configura-
tion or composite configuration for subsequent detailed Six-DOF (Degree-of-
Freedom) computer simulation. The directional axis was eliminated from
this study because a distrubance about this axis in VTOL mode does not
position the aircraft in a dangerous attitude relative to the ground for
safe crew ejection. The following additional assumptions were also made:

o Step inputs for all types of propulsion and control
system failures

o Instantaneous full available control power against
an aircraft upset moament caused by an asymmetric
propulsion system failure






















3. Hypothetical Aircraft Selection

From the foregoing equations, the geometry of Figures 1 through 4,
the weight and inertis data of Table I and the dasmping and accelerations
of Table II, the time histories shown in Figures 5 through 14 were com-
puted. Scrutiny of these time histories (& maximm excursion time of
3 seconds was assumed for calculation purposes) shows that:

o The XV-6A was the most critical VIOL configuration relative
to sink rate following the loss of one engine in the hover

flight mode.

o The XV-5A and XV-4B aircraft were the most critical VIOL
configurations relative to longitudinel control system
failures in the hover flight mode.

o The XV-5A with one complete wing fan failure and full
lateral control against the upset moment was the most
severe VIOL aircraft configuration evaluated relative
to bank angle displacement after the failure occurred
in the hover flight mode.

o At the intermediate transition velocity of 80 kmots, the
XV-5A was the most critical airplane evaluated relative
to pitch attitude changes following & hard-over failure
in the longitudinal control system.

o At the intermediate transition velocity of 80 knots,
the XV-4B was the most critical airplane evaluated
relative to bank angle changes following the most
eritical failure, per aircraft, affecting lateral con-
trol.

Heave damping and thrust data were not available for the transition 80
knot speed condition. However, since these data would primarily affect the
altitude loss which is critical in hover where data are available, the
vehicle selection is still valid. The absence of data for the ADAM III
configuration was not crucial to vehicle selection since the failure time
histories for which data were available did not reveal any outstanding
excursions as compared to the other configurations.

From these observations it was concluded that the XV-5A, in general
has the worst failure characteristics. It was selected as the simlator’
model for the detailed 6-DOF study with adjustments in data to permit the
airplane to attain the high speed and altitude envelope prescribed for the
escape system. Also the single engine failure was changed to a dual engine
failure to cause the XV-5A to plunge with a higher sink rate more nearly
like the XV-6A following a single 1lift engine failure.

15

























SECTION IV
FATIURE MODE ANALYSIS

The failure modes discussed in this section are summarized from aircraft
and cockpit acceleration, rate and position post-failure time histories
similar to those of Appendix II. A six degree-of-freedor digital computer
simulation was employed in which the equations of Appendix I were
The primary objective is to define those escape system operating limits for
the hypothetical aircraft selected in Section ITI.

The most severe failure consequences occur with an instantameous failure
initiated at the level of the primary forcing function with no pilot corrective
action being taken. For example, a horizontal tail hard-over command could
result from many malfunctions beginning with the pilot or autopilot and prog-
ressing through the control system to the final servo linkage. The aircraft
responds only to the change in tail incidence, however, end this is considered
to be the primary forcing function; i.e. » only the results of failures not the
causes are considered.

Since conventional aerodynamic controls are ineffective in VIOL flight,
only VIOL control system failures were considered for the VIOL flight mode.
Longitudinally, the pitching moment from the nose fan far exceeded the wing
fan pitching moments and was the obvious choice for longitudinal failure
inputs. Roll control, mechanized by staggering the wing fan louvers to vary
the mass flow rate, was more critical than wing fan yaw vectoring because of
the rapidity with which the airplane became inverted. All VIOL controls and
1ift are dependent upon outputs from the propulsion system, necessitating the
analysis of full propulsion failures for 1ift Joss and partial propulsion
failures for control loss coupling (operable VTOL controls do not exist during
& full propulsion failure). From all these considerations, seven critical
failure modes listed below were selected and are discussed in Section IV-1.

complete propulsion failure

partial propulsion

bardover lateral control failure

partiel propulsion failure with lateral control failure

hard-over longitudinal control failure

partial propuision failure with longitudinal control failure

partial propulsion failure with longitudinel and lateral control failure

In conventional flight, at the level of the primary forcing function, the
variable incidence horizontal tail was the logical choice for hard-over con-
trol failures because of the high pitch effectiveness relative to elevator
control. The choice of a lateral control failure over a directional control
failure was dicteted by the high roll rates resulting from a lateral control
failure as compared to the rates Produced by a directional control failure.
Structural failures resulting in loss of horizontal stabilizer, wing and
horizontal and vertical stabilizer were also considered. Otker structural
failures, such as elevator destruction or partial stabilizer loss, result in
lower loads than a full failure; however, because of the roll rates developed,
loss of one sideofaﬁngmdtobemnrimthmcqpletevinglou.
From this reasoning, the five conventional flight failure modes listed below
and discussed in Section IV-2 were investigated at an airspeed of 600 knots
at 200 feet altitude.
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hard-over longitudinal control failure
hard-over lateral control failure

wing structural failure

loss of horizontal stabiliger

loss of vertical and horizontal stabilizers

00000

I1imit load factors for contemporary fighter and attack aircraft are
generally in the range of 6.4 to 7.5 "g". Realizing that a VIOL fighter/
attack configuration would probably compromise high load factor capability
in the interest of weight saving, a limit load factor of 6.0 "g" was
assumed. For those conditions where wing structural failure could occur
prior to large angular excursions an ultimate load factor of 9.0 i3
(1.5 x 6.0 "g") was used.

1. VTOL And Transition Failures

In the VTOL configuration the airplane stability and control is dependent
almost exclusively upon control of propulsion vectoring devices; consequently,
the failure modes were selected to reflect this dependency. In addition to
control failures, the loss of lifting propulsion has obviocusly serious con-
sequences for VIOL modes and the effects of single and dual engine failures
were investigated.

To ascertain the airspeed at which the most dangerous failures occur,
geveral time histories were run for airspeeds from hovering flight to transi-
tion flight. Figures 15 through 46 summarize these time histories, showing
the maximum excursions of those variables that significently affect crew
recovery. At such low speeds, crew load factors proved to be small as would
be expected and were not cross-plotted. Airplane attitude changes, however,
would demand recovery control to prevent earthward ejection of the crew as the
airplane rolled or pitched toward an inverted attitude. Altitude losses in
all cases were unimportant compared to the attitude chenges.

The maximum values are plotted at three typically critical points in time.
At 0.15 seconds, the failure would probably have been identified and escape
sequencing initiated. By 0.3 seconds the catapult would have fired and the
seat would have travelled up (or down) the rails to a position near tip-off.
At 0.5 seconds the seat would probably be near the limit of collision with
some part of the airplane, such as the vertical tail or wing tip.

The complete time histories from which the hover and 46 xnots data were
extracted are given by Figures 93 through 190. The 46 knot time histories
were chosen for presentation over the 80 knot case because it producsd the
larger ercursions in pitch and roll attitudes. Forty-six knots is the air-
speed at which the fan jet momentum control forces begin to phase out as aero-
dynamic controls stari to become effective.

a. Propulsion Failure - Both Engines Out

The malfunctioning of a single engine in a fan-in-wing vehicle imposes
no stringent demands upon an escape system because more than helf the two engine




1ifting thrust remains and destabilizing asymmetrical control forces are
obviated by cross ducting design. But total loss of all engine power, however
unlikely in a dual engine design, may be envisaged for the purpose of designing
an escape system for those aircraft having only one engine. Figures 15 through
18 portray the changes in the most significant escape system parameters re-
sulting from total loss of power while in the VIOL configuration.

In both hovering and transition engine failures, the airplane evidences a
pitch-down tendency because of the cessation of upwash on the wing from the 1lift-
fans. Figure 17 shows that this pitch-down characteristic becomes more pro-
nounced at higher speeds because of the increase of horizontal tail effective-
ness at higher dynamic pressures; however, the magnitude is too small to consti-
tute a hazard to crew recovery and the rate, Figure 18, is low enough to allow
sufficient time for failure identification and escape initiation.

b. Propulsion Failure - Single Engine Out

Figures 19 through 22 show the variation of critical escape parameters
when a single engine fails, reducing the gas generator effectiveness by LO%.
Point by point comparison with Figures 15 through 18 shows that this failure
is naturally less serious than the dual engine failure. It is included here

for later comparison with control failures occurring during a single engine
malfunction.

¢. Hard-Over lLateral Control Failure

The ingestion of a large, solid object through a wing duct would oblit-
erate the turbine blades, causing both a 1ift loss and catastrophic control coup-
ling in the lateral-directional and longitudinal degrees of freedom. Figures 23
through 26 delineate the consequences of an and
the right wing fan with no compensating inputs
hovering maneuver is to be less critical
is evident in Figure 25 which shows a increase in bank at 46 xnots
and in Figure 26 which shows a 17% increase in roll
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As in most VIOL emergencies, the attitude changes predominate over
translatioral excursions and the bank angle, Figure 25, is the significant
parameter in this failure mode. With such a rapid increase in bank angle at
the 46 knot failure initiation, the airplane has reached the critical 90° in
0.9 sec. with a roll rate of 2.7 rad/sec (Appendix II, Figures 140 and 143),
and a conventional escape system must have completed seat separation »~r pro-
grammed an ejection delay until 1.6 seconds when the airplane has rolled *o a
safe recovery attitude of 270 degrees; i.e., safe ejection could be accomplished
only between bank angles of +90 degrees.

d. Partial Propulsion Failure with Lateral Control Failure
Figures 27 through 32 show that this failure combination is less

severe than the single lateral control failure., This demonstrates anew that
VIOL control effectiveness is dependent primarily upon propulsion magnitudes.




The bank angle, Figure 29, is less for the single engine hard-over malfunction
then for the hard-over failure with full power available, Figure 25. In
Appendix II, Figures 159 and 162, the bank angle requires 1.4 seconds to roll
to 90 degrees at which time the roll rate is 1.5 rad/sec -- about half the
roll rate from the lateral control failure alone.

e. Hard-Over Ioggitudinnl Control Failure

Pitch control in VIOL flight is mechanized through nose fan doors, or
buckets, which divert the gas efflux from the ducted nose fan. Pitch-down
control power from the nose fan is limited by design in the XV-5A and the
hypothetical vehicle to approximately 20% of the nose up control power & megni-
tude only slightly in excess of that required to trim. In contrast, enough
g:itclar effectiveness is available to constitute a possibly serious hard-over

Figures 33 through 36 are summary plots from Appendix II showing the
effects of hard-over failure in hover and transition. Figures 115 through 152
demonstrate the effe:ts of & full pitch-up moment from the nose fan. Figure 119
is a graph of the pitch attitude showing how quickly the airplane becomes in-
verted as a consequence of this failure. Unlike a conventional asrodynsmic
control, the pitch fan maintains sufficient angular acceleration to invert the
aireraft, even from hover, in about 2.4 seconds.

In aircraft having equal nose-down and nose-up control powers, there
would be essentially no difference in the magnitude of nose fan induced
angular excursions for the hover and 46 knot case. Also, for the time inter-
vals of interest, altitude change following & nose up or nose down fallure
would be only slightly affected since the nose fan force is emall relative
to the total propulsion lifting force. Hence, the time histories for nose
fan failures causing & nose-up moment can be treated as a nose down moment
with a corresponding sign change in pitch attitude and rate.

f. Partial Propulsion Failure with Longitudinal Control Failure

With only 60% of the thrust available for control power through the
nose fan, a full nose up pitching moment failure is less hazardous than the
same failure with full available trim thrust. Figures 37 through 40 (reduced
from Figures 153 through 190) show the pitch attitude and pitch rate to be
1ittle more than half the values for the same control malfunction with full
trim pwer.

g. Partial Propulsion Feilure with Longitudinal and Lateral Control

Failures

The effects of coupled failures in 1lift propulsion, hard-over roll
control and fully open pitch fan buckets are seen in Figures 41 through L6,
By comparing these figures with those for single control failures, it cen be
established that a dual control malfunction results in escape conditions that
are less dangerous than single control failures. This is because the upsetting
moment which becomes greater for a single roll failure than for simultaneous
roll-pitch inputs, positions the aircraft more rapidly in the inverted position.

R

s

RE—



of Figure 29 with Figure 45 reveals that the bank angles
are nearly identical for the first helf second but, soon efter, increase faster
for the single lateral control failure. For three simultaneous failures at
46 xnots, for exsmple, the airplane 48 inverted in sbout 3.0 seconds while
requiting only about 1.6 seconds for the double failures (Figure 178). The
pitch attitude, after an inttial inertially stabilizing pitch-up for the
triple failure stays about the same order of magnitude for both types of
failures {Figure 176). A triple failure with a hard-over, nose-down pitching
moment is inertially destabilizing and would be the worst failure possible,

if realizable.
2. Conventional Flight Failure Modes

Structural failures and excessive aerodynamic control inputs are the
emergencies similated in the conventional flight regime. Figures 191 through
226, Appendix II, are time history plots depicting the consequences of the
five kinds of emergencies considered to be the most hazardous at low altitudes
under high dynamic pressure. The summery plots in this section include crew
station load factors, which were inconsequential in the low speed emergencies.

To permit the supersonic speeés required for

the ejection seat design

envelope, the XV-5A data were modified for speeds to Mach 2.0. The wing-body
axial drag coefficients (Appendix T) were reduced to reflect & thinner wing
mechanizable by telescoping fan ducts and/or higher aspect ratio fan blades
operating at lower RPM. Further drag reduction was assumed to be realizable

by construction of & smaller horizontal teil. A
thrust was also hypothesized.

a. Hard-Over longitudinal Control Failure

20% increase in available

The airplane flying at 600 knots at e 200 foot altitude will respond
to 1imit horizontal tail inputs with excessive load factors which integrate
rapidly to dangerous airplane attitudes such that aircraft spatial orientation

with respect to the earth may preclude safe crew

escape. Figures 47 through 50

reveal the serious consequences of a full trailing-edge-down horizontal tail

failure.

The time history, Figures 191 through 209, Appendix II, was run with a
step horizontal tail. A conservative 30% loss in control power due to aero-
elasticity was assumed based on A-7 aircraft experience. Assuming an ultimate

load factor of 9.0 "g" based on a limit load fact
fail structuraslly in less than O.1 seconds.

b. Hard-Over ILateral Control Failure

or of 6.0 "g", the wings would

Figures 51 through 54 show the demands imposed on any escape system
when the roll control surfaces are driven instantaneously to the limits at

high speeds.

The bank angle, Figure 51, at the 600 knot condition hes elready

reached 64° at the end of half a second, and the

complete time history,

Figure 197, shows that the airplane is inverted at 1.3 seconds and that
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ejection through the canopy would propel the seat toward the earth during
the time interval between 0.7 and 1.9 seconds.

A 20% loss in lateral control effectiveness due to aeroelasticity was
assumed, in contrast to approximately 25% for & conventional fighter/attack
aircraft based on A-7 eircraft experience for example.

¢. Ioss of Horizontal Stabilizer

A fighter/close support VIOL aircraft will be exposed to battle
conditions which can compromise its structural integrity and result in loss
of the horizontal tail. Time history plots, Figures 210 through 228, portray
the results of such an emergency. After 0.9 sec. the airplane is inverted

(Figure 21k4).

This emergency was simulated by setting the horizontal tail reference
ares to zero and reducing the horizontal tail pitch damping to zero at time
history initiation. An initial condition of 6.0 G's occurring in level flight
following dive recovery was assumed for this failure study.

d. Wing Structural Failure

The loss c the complete right half wing in high speed flight is
simulated through estimates of the lateral c.g. shift, weight and inertia
changes, and by assessments of the variation of static and dynamic aerodynamic
coefficients. (With the rigit half and left half wing aerodynamics being simu-
lated independently, this type of failure is easily sccomplished by nulling the
dynamic pressure for one wing half.)

Flguma?llthmxth%shwth&tthea.trplmrespondstothhfmm
very nearly as if full lateral control had been applied to the airplane, with
no wing failure, The roll rate, Figure 219, oscillates slightly about 2.3
rad/sec. The load factors at the cockpit c.g. represented by Figures 226, 227,
and 228 reveal that the accelerations at that point are not excessive, mainly
because the cockpit c.g. location is very close to the roll axis of the airplane.

At time history initiation, the airplane was assumed to have a hori-
zontal tail position which would impose a 6.0 G normal load factor and the
time history was then begun with the right wing dynamic pressure nulled. (The
smaller normal load factor, Figure 224, reflects the instantaneous loss of
one wing half), Stabilizing inertial coupling results from the positive pitch
rate corresponding to the positive load factor (Figure 217).

e. Ioss of Vertical and Horizontal Stabilizers

Because of the T-tail configuration, both horizontal and vertical
stabilizers will be lost if the vertical stabilizer suffers complete struc-
tural failure., Figures 210 through 220 are time histories generated through
the assumption of total loss of both stabilizing surfaces. Weight, inertia,
and c.g changes were estimated, the horizontal tail reference afeu was set
to zer. in the computer simulation, tail pitch and yaw damping were nulled,
and the lateral-directional aerodymamic coefficients were shifted to tge
tail-off unstable region. In addition, an initial sideslip angle of 3" was











































APPENDIX I
VIOL SIMULATION EQUATIONS AND DATA

SECTION I
GENERAL

The equations formulated in this section have been used in
conjunction with the accompanying data to mechanize a six degree-of-freedom
digital computer simulation of an airplane operating from the VIOL regime
to high speed conventional flight conditions.

The body axis equations of motion are derived from fundamental
physical laws expressed as vector relations which are transformed to
matrices for the computation of three angular acceleration components and
three linear acceleration components. The resulting coupled acceleration
components are converted to six first order differential equations soluble
oy digital computer through a numerical integration algorithm. The
integrated variables are the desired time histories, revealing the aircraft
response to an arbitrary combination of forcing functions.

The aerodynamic data are referenced to "slipstream q" and,
therefore, present no computational difficulties in hover, transition or
conventional flight. Curve-fit and table-look-up techniques are utilized
to compute the non-dimensional aerodynamic coefficients and are efficient
enough to provide computation time less than real time.

The aircraft attitude with respect to the earth is computed
by integrating six of the nine conventional direction cosine rates.
The remaining three direction cosines are determined through an orthogonal
relationship involving the six integrated rates. From the appropriate direct-
ion cosines the Euler angles are computed.

All the symbols needed to understand the equations and data
curves are summarized in Section II.
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SECTION X
TRIM COMPUTATIONRS

The necessity for trimming the airplane, to initialize each time
history with all acceleration components equal to zero, always requires
repetitive hand calculation or graphical iteration for the non-linear
configurations that are encountered in engineering practice. To obviate
the tedium of trimming by hand, and to enhance the computer turn-around
time, trimmed values for

Bv’ 8‘ and 6B
in VTOL flight are computed automatically by one of the programmed optioms.

The method of successive approximations, as opposed to an interation
technique, is the most efficient procedure for computing the values of
vector, stagger and nose fan bucket positions that will cause all accel-
eration components to vanish. These trimmed values are required at each
time history initiation and, additionally, are desirable for performance
information.

The successive approximation technique employs the following truncated
Taylor's series formulae.
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